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ABSTRACT 
DE84 0 1 3 4 9 8 

The Mirror Fusion Test F a c i l i t y being designed and cons t ruc ted a t t h e Lawrence 

Livermore Laboratory requires a liquid helium liquefaction, storage, 
distribution, and recovery system and a liquid nitrogen storage and 
distribution system. To provide a powerful analytical tool to aid in the 
design evolution of this system through hardware, a thermodynamic fluid flow 
model va developed. This model allows the Lawrence Livermore Laboratory to 
verify that the design meets desired goals and to play "what if?" games during 
the design evolution. For example, what if the helium flow rate is changed in 
the magnet liquid helium flow loop; how does this affect the temperature, 
fluid quality, and pressure? 

This manual provides all the information required to run all or portions of 
this program as desired. In addition, the program is constructed in a modular 
fashion so changes or modifications can be made easily to keep up with the 
evolving design. 

DISCLAIMER 

This report was prepared i s an account of work sponsored by an agency of Hie United Stales 
Government. Neither the United States Government nor any igency thereof, not any of their 
employees, males any warranty, express or implied, or assumes any legal liability or responsi­
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights, Refer­
ence herein to any specific commercial product, process, or service by trade rumc, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
fflendation, or favoring by the United States Government or any agency thereof. The views 
and opiaiofts of authors expressed herein do not necessarily state or reflect those of the 
United States Government jr any agency thereof. 
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FOREWORD 

This Program Users Manual, LMSC-D673325, and the Final Report, LMSC-D673326 
(under separate cower) were prepared for the Lawrence Livermore Laboratory 
(LLL), University of California, under Purchase Order No. 1025609. Mr. W. H. 
Sterbentz and R. L. Nelson of LLL were Technical Monitors for the program. 

The Lockheed Palo Alto Research Laboratory conducted the program within the 
Theraophysics Group of the Materials Sciences Laboratory. R. T. Parmley was 
Program Manager. Key individuals who contributed to the success of this 
program and their contributions are as follows: 

o R. F. Hausman - Developed the program for the liquid heLiuiti 
distribution system ar.d prepared the Program Users Manual. 

o L. G. Naes - Developed the program for the liquid nitrogen and helium 
gas recovery systems and analyzed in detail the recuperator used in 
the helium recovery system. 

Information concerning detailed use of the p:ogram is provided in the Program 
Users Manual. A complete description of the cryogen systems that were modeled 
and the mathematical basis for the models are given in the Final Report. 
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Section 1 
INTRODUCTION 

A Mirror Fusion Test Facility (MFTF) is being constructed at the Lawrence 
Livernore Laboratory of the University of California. This facility is one of 
a number of projects being funded by the Department of Energy to demonstrate 
fusion power as a potential commercial energy source by the end of this 
century. The large electromagnet system located within a high-vacuum chamber 
is required to confine the energetically charged plasma necessary to achieve 
the extremely high temperatures needed for fusion. To dramatically reduce 
power requirements for the electromagnet, the magnet temperature must be 
reduced to the superconducting range, ~ 4.35 K. 

In addition, cryopanels at both liquid helium and liquid nitrogen temperatures 
are required as cryopumps to maintain the desired low vacuum pressure during 
fusion operation. Consequently, a cryogen liquefaction, storage and 
distribution system is required to support the test facility. This supply can 
be subdivided into three subsystems. 

(1) The liquid helium liquefaction, storage, and distribution system 
(2) The gaseous helium recovery systems (used during cooldown, waraup, 

and emergency magnet quench conditions) 
(3) The liquid nitrogen storage and distribution system 

To ensure the cryogen system can maintain the temperatures required plus meet 
other engineering specifications such as heat rates, pressures, and fluid 
quality, a thermodynamic fluid flow computer model was developed. This 
program provides a powerful analytical tool for rapid analysis of the design 
and variations on the design as it evolves to the hardware stage. 

This Program Users Manual provides all the necessary information required to 
use Lhis program. A complete description of the cryogen systems being 
analyzed is found in the Final Report. 

1 
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1.1 PROGRAM DESCRIPTION 

The MFTF Cryogenic Systems Analysis Program is a flexible, broadly applicable 
systems parametric analysis tool. The program will effectively accommodate 
systems of considerable complexity involving large numbers of performance 
dependent variables such as are found in large-scale magnetic fusion test 
systems. Basically, the program logic structure pursues an orderly 
progression path through any given system in much the same fashion as is 
employed for manual systems analysis. 

The system configuration schematic is converted to an alpha-numeric formatted 
configuration data table input starting with the cryogen supply source and 
identifying all components, such as lines, fittings, valves., etc., and ending 
vith the fluid return connection. Then, for each of the constituent component 
assemblies, superconducting magnet assemblies, cryopanels, 
refrigerator-liquefiers, etc., the performance requirements are assembled in 
input da:a tabulations. Systems operating constraints and duty cycle 
definitions are further added as input data coded to the configuration 
operating sequence. Characteristic performance data over the range of 
temperatures, pressures, and flow rates of interest for each of the functional 
component assemblies, is input to the program or table lookup data arrays to 
be called as need in the analysis sequences. The use of table lookup data 
combined with closed-form solution analysis, where needed, permits the rapid 
computation of the desired parameters as the analysis proceeds through the 
system configuration. 

The program permits system analysis to either single or multiple sets of 
operating demands and constraints, and, produces as output, the required 
component and system sizing information and computed performance values 
necessary for tradeoff studies. Data output in report-type format is easily 
acconmodat<;d into the program structure. 

The intended purpose of the program is to provide an analytical cool which 
permits rapid parametric evaluation of cryogenics applications programs and 
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systems currently under study in the national energy program. The 
mathematical techniques built into the program provides the capability for 
in-depth analysis (combined with rapid problem solution) for the production of 
a larger quantity of soundly based trade-study data than normally would be 
obtained in hand calculations. Program flexibility in accomodating advanced 
systems resides in its modular type programming which permits program growth 
with simple addition of new subroutines and the addition of variables to 
existing common banks. Conversely, the program is easily dismantled if it is 
desired to limit analysis to only one or two systems and utilize a smaller 
computing machine. 

In summary, the purpose of the program may be said to be that of providing an 
improved general analysis tool for cryogen technology applications. 

1.2 PROGRAM STRUCTURE 

The MFTF Cryogenic Systems Analysis Program consists essentially of three 
major sections as illustrated in Fig. 1. Within each of the major sections, 
the structure is further broken into block subsections, each of which is 
reserved for specific functions of data management, data utilization, or 
analytical data display. 

1.2,1 Program Input Data Logic 

Of necessity, the program accommodates large data banks capable of providing 
characteristic performance data for the wide variety of component assemblies 
found in typical cryogen systems. 

Program data requirements are divided into two types. The first type consists 
of the "semi-permanent" data tables which the program employs to compute 
performance, strength properties, and other characteristics, as a function of 
up to four variables per data table. 

3 
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PROGRAM INPUT 
SYSTEM(S) CONFIGURATION 
INPUT PARAMETERS 
TABLE DATA BANK (FUNCTIONAL PROPERTIES DATA) 
PROGRAM OPTIONS (INPUT/OUTPUT CONTROL) 
PROGRAM INSTRUCTIONS (COMPUTATION OPTIONS) a 

PROGRAM COMPUTATION 

MASS TRANSFER - ENERGY REQUIREMENTS - FLUID 
STATE DETERMINATION-THERMODYNAMIC PROCESSES -
RESIDUALS - FLUI D FLOW COMPUTATIONS - HEAT TRANSFER -
SIZING.CALCULATIONS-CUMULATIVE PARAMETER STORAGE 

- F O R -

CRYOGEN FLUIDS - LINES - FITTINGS - VALVES - MAGNETS -
CRYOPANELS - REGULATORS - REFRIGERATOR-LIQUFFIERS -
TANKS - COMPRESSOR-PURIFIERS - HEAT EXCHANGERS -
RECUPERATORS - PRESSURIZATION PROCESSES - CONTROLS n 

PROGRAM OUTPUT 

OUTPUT FORMAT - HARD COPY 
- PLOT COPY 
- TAPE GENERATION 

PARAMETRIC RECYCLE- DATA RETRIEVAL 

Fig. 1 Major Program Structure 
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The table data bank contains the necessary component performance 
characterization data for the system configurations to be considered, as well 
as specialized crycgen properties data and required material properties daLa. 

The "source data," as obtained, is verified as being authoritative, and i/ 
then processed into a formatted tabular array which specifies the table name, 
ID codes, the dependent variables, and the independent variables - in order of 
use. The tabulated array datt are carefully ordered such that curve-fitting 
routines can extrapolate data points with good accuracy and speed. The 
prepared data array is punched into data card decks and verified for 
correctness. All data tables are logged as to reference, source, date of data 
acquisition, and pertinent data limitations such as range of application, etc. 

Since a large volume of table data can be required by the program, a unique 
data management set of subroutines is employed to retrieve any particular 
table and extract the required information with remarkably high speed and 
accuracy. 

The MFTF*CSA program currently contains six tables, and will accommodate up to 
fifty tables for a total of 7000 words. 

The second type of input data is "variable" and contains the variable input 
parameters which may be perturbated for parametric system studies. These data 
include duty cycle characteristics, configuration description, and operational 
requirements of the system being studied. The variable input values are 
printed out just prior to the system computed data output-as a means of input 
verification, 

1.2.2 Program Computation Logic 

For the MFTF*CSA program to acconjnodate the possible range of cryogenic 
systems likely to be considered and perform as a general systems analysis 
tcol, the following three premises are established: 

5 
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(1) Any logical combination of supply tanks, lines, fittings, valves, 
regulators, heat exchangers, superconducting magnets, cryopanels, 
and "cryogon-consumer" components can be specified as a system 
configuration point. 

(2) The "cryogen-consumer" component may be any of the components being 
supplied with cryogenic fluids, 

(3) An integrated cryogenic system may contain a number of similar 
and/or different cryogen subsystems to be fed from a common cryogen 
supply source. 

Although these premises appear to force the generation of a very large 
program, an examination of a number of individual cryogen system concepts 
reveals a marked similarity and commonality of components by kind. 

There are less than 25 kinds of major component assemblies to be considered. 
Additionally, the temperatures, pressures, and flow rates are for the most 
part within reasonable range spans, thus further reducing the quantity of data 
to be manipulated. 

1.3 PROGRAM DATA STORAGE 

The program makes use of a number of defined C0KM0N storage blocks in order 
to provide for the relatively large amount of daija input, storage and transfer 
which occurs in the various subprograms. These O0MM0N blocks are defined 
only once in F0RTRAN PROCEDURE DEFINITION PR0CESS0RS (PDP's) and thereafter 
are transferred to any using subprogram by the use of the FORTRAN INCLUDE 
statement. The form of the F0RTRAM procedure employed is described in the 
following paragraph. 

The @PDP statement calls the Procedure Definition Processor, which is used to 
create or change procedure elements. Procedure elements (macros) are symbolic 
elements, which can augment the text of a source language program. The end of 
each procedure is delimited by "END," which must begin in column 2, and any 
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number of procedures can be defined in an element. FORTRAN V procedure 
elements are brought into the text by means of the INCLUDE statement (the 
general form of which is, INCLUDE n, LIST, where "n" is the name of a PROC 
created by a Procedure Definition Processor). The option clause (,LIST) will, 
if entered, cause the included statements to be listed whenever the source 
program is listed, A typical example of the F0ETKAN PDPs employed in the 
program is presented in Table 1. 

Table 1 

TYPICAL FORTRAN PROCEDURE DEFINITION PROCESSOR 

»P&P.Fl CCNTRL 
PDP-9U LMSC42 12/11/78 16M6:i5 

PEOOOl CCNTRf PROC 
0002 C 
000J PARAMETER NBRSY-4, N8R5R=4 
C004 C 
0005 INTEGER SCRIT.SYSNUM 
0006 C 
0007 C0MI0N /CCNTRL/ NAMSYS(NBRSYI .SCRIT.SYSNUM 
0008 1 , iNrGSY.MDTRCdD.KSUBCINBRSy.NBRSN), LREPT 
0009 C 
0010 C SCR1T « 1 FOR SUB-CRITICAL 
OOn c r 2 FOR SuPER-CRmCAL 
OOIJ C SY5NUM = 1, MAGNET LHE SUPPLY SYSTEM 
0013 c • 2, CRYQPANSL LhE 5UP = '.Y SYSTEM 
00U c ' 'X GHE RECOVESV SYSTEM 
0015 c * <t't M SUPPLY SYS "EV 
0016 C 
0017 C 
00i8 C 
0019 ENO ! 

END PDP ERRORS ! NONE 

The FORTRAN PDPs employed in the program will contain, usually, PARAMETER 
statements, declaration statements for SEAL or INTEGER variable names, 
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/ 
C0MM0N definitions and labels, LOGICAL statements, DIMENSION and EQUIVALENCE 
statements, and, usually a set of C0MMEMT cards which define the variable 
set listed in the labeled C0MM0N. 

1.4 PROGRAM OPERATIONAL SEQUENCE 

The program capability for accomodating a number of different kinds of 
systems analysis derives from the use of built-in sequencing indices. The 
indices are stored as data statements in subroutine ST0DTA, and are readily 
available to a programmer or knowledgeable program-user for restructuring, if 

^necessary. The indices are used by the various system analysis subprograms to 
direct the analysis from one set of procedural steps to the next in a 
preprogramed manner. The details of the program operational sequence for the 
various systems to be analyzed are explained in the following subparagraphs, 

1.4.1 Program Initiation and Control 

Program initiation is accomplished through the driver subroutine C0NTRL. 
This subroutine initializes the data storage subroutines and reads the first 
card of the.input data deck for the user's name and program title. Following 
this, a call to subroutine INTAB reads in table data deck (or file) to 
storage. As a check on the correctness of the data table input, subroutine 
INTAB causes an "echo" printout of the selected table numbers to be printed 
for visual reference, A typical "echo" print is illustrated in Table 2. Note 
that the "echo" also permits verification of the number of words in any given 
table, thus aiding the user in troubleshooting incomplete table entries. 
C0NTRL then reads in the name and type of system to be evaluated. This is 
followed by a call to subroutine C0MPIL which reads into core the cryogen 
system input data deck containing the system data input, configuration 
sequence, and pertinent system and component parametric information. 

Subroutine C0NTRL next calls subroutine MAGNET to process the calculations 
required for the system being considered. Completion of the required 
calculations causes program control to return from MAGNET to C0NTRL. 

8 
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Tab le 2 

DATA TABLE "ECHO" 

TEST CASE FOB THE MFTF MAGNET SUPPLY SYSTEM ICVl) 
TABLE INPUT SUMMARY 

NUMBER OF NUMBER OF NUMBER OF 
DIMENSIONS SUBTABLES .. WORDS 

i 1 34 
2 1 34 
2 t 34 
2 1 34 
2 t 34 
2 1 3B 

TOTAL TABLE STORAGE • 206 

Subroutine CDNTRL then tests to see if additional system data decks are to 
be read in; if so, it does and repeats the cycle; if not, C0NTRL calls EXIT 
and terminates the run. 

Abbreviated flow-charts for C0NTRL and C0MPIL, are presented in Figs. 2 and 
3. Detailed flow-charts for major subroutines are provided in Appendix C. 

1.4.2 Program Sequencing Subroutine 

The mechanism for controlling the analysis sequencing is set up in Subroutine 
C0NTRL. This subroutine performs the major branching functions of calling 
in the various subprograms needed for each specific system type analysis. 
Key variables used by C0NTRL to effect this control over the analysis 
sequencing are SYSNDM and SCRIT. For each cryogen system (and system kind), 
there exists a preprogra-.med set of indices stored on a data statement KSUBC 
(SYSNUM, I) which defines the order in which the major analytical subroutines 
will be called. This set of indices are used in C0NTRL for sequencing 
purposes. 

The initiation of specific system calculations occurs in Subroutine C0NTRL. 
For any of the cryogen systems, C0HTRL will obtain from labeled common 

TABLE TITLE OF TABLE 
NUMBER 

1 FTU OF 321/347 ST.STEEL 
2 FTU OF 2219-T87 ALUM. 
3 FTU OF 6061-T6 ALUMINUM 
4 FTU OF INC0NEL-718 
5 FTU OF TI-6AL-1V 
6 FTU OF 3oa ST, STEEL 

9 
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C0NIRL 
C0MPIL 
MAGNET 
CRYPAN 
HEMKUP 
CMPCAL 
GASRCV 
N2MAIN 
LNSYST 
DPCAL 

SAMPLE PROGRAM PRINT-OUT 
MFTF MAGNET SUPPLY SYSTEM 
MFTF CRYOPANEL SUPPLY SYSTEM 
MFTF REFRIGERATOR-LIQUEFIES SUBSYSTEM 
MFTF LIQUID NITROGEN SUPPLY SYSTEM 
MFTF GASEOUS HELIUM RECOVERY SYSTEM 
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C-0 
CI 
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C33 
M O 
C86 
C95 
C103 
C123 

D-0 
M l 
D30 
M l 
D57 
D77 

( 
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_v 
INITIALIZE D A T A 
S T 0 R A G E ROUTINES 
A N D S E T D A T E 

C A L L S T 0 D T A 
C A L L J6TUNIT 
C A L L D A T E 

NCASE « 1 
INTGSY - 1 

1 
- t > R E A D (5000) N A M E , D E P T , B L D . . E X T , T I T L E 

f < J 

COLLECT DATA TABLES AND STORE DATA ARRAYS 
- CHECK ARRAY AND 
ECHJZJ TABLE i SUMMARY 

R E A D (5001) 
NSYS, NI, NC,Rr.'T. 

T A B L E DATA 
DECK FTT.F-
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Pig. 2 Flow Chart for Subroutine C0NTR0L 

(Simplified) "" 
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( 
SUBROUTINE ^ 

C0MPIL J 

V 
| INCLUDE 

REQUIRED 
! LABELED 
i C0MM0N 
j BW*CKS 

| 

G#T0 (no, 1ft), 1 3 0 , UiO ) , 5TS1TCM 

SYSNUM 

i * uzm 
2 - CETOPAimS 

3 = REF.-LIQ'TH. 

4 = HITR00EK 

110 READ MAGNET DATA - ECHO DATA 

1?0 READ CRYOPANEL DATA - ECHO DATA 

1 M READ REFRKHlATOR-IIOtJIFIER DATA - ECHO DATA 

HlO READ NITROGEN ST5TEM DATA - ECHO DATA 

c Si 30 I - l.ICHF j V : V -1/ 
(7 

READ CONFIGURATION ! 
TABLfi - ECHO DATA, I 
TEST FOR ERRORS AND 
STORE DATA DJ 
PACKED ARRAY 

VL CONTINUE 'J >' 

i. 
(RETURN "} 

Fig. 3 Flow Chart for Subroutine C0MPIL 
(Simplified) 
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CCNTRL, the values for SYSNUM and SCRIT. This permits access to the indices 
stored in the preprogramed set of data statements KSUBC (SYSNUM, I). The 
branching index JKM then can assume the value of each scored sequencing index 
in a given KSUBC data statement as C0NTRL cycles through its "I" loop. The 
KSUBC data statements are physically located in Subroutine ST0DTA and are 
available through labeled common CCNTRL via an INCLUDE statement. 

1.5 INPUT DATA 

The input data deck structure provides wide flexibility in modeling the MFTF 
cryogen systems, permitting the evaluation of system modification tradeoff 
analysis. The segments of input data to be read are generally divided into 
two groups: (1) input data common to all system analyses, and (2) input data 
specific to a given system analysis. Necessarily, a variety of read statement 
formats must be used and these are defined in labeled card formats given later 
in this discussion. 

In general, a data input deck, for any system to be analyzed, will be made up 
of a set of card groups from the following group list; 

(1) User Identification Card (First Header Card) 
(2) Case Title Card (Second Header Card) 
(3) Table Data Echo Control Card 
(4) Add-File Card - To cause loading of "Table Data" file - or - Actual 

"Table Oata" cards may be placed here, replacing the Add-File card 
(5) System Definition Card 
(6) MAGNET Input Data Cards 
(7) Magnet Configuration Definition Data Cards 
(8) CRYPAN Input Data Cards 
(9) Cryopanel Configuration Definition Data Cards 
(10) REFLIQ Input Data Cards 
(11) Refriger'ator-Liquefier Configuration Data Cards 
(12) LIQNIT Liquid Nitrogen System Input Data Cards 
(13) GHE Helium Recovery System Input Data Cards 

14 
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Cards ( I ) , (2), and (5) are read directly by subroutine CONTROL. Cards (3) 
and (4) are re.J by subroutine INTAB, called by C0NTRL. Cards (6) through 
(13) are read by subi'outire C0MFIL, called by C0NTRL. Cards (12) are read 
by subroutine WMAIN and Cirds (13) are read by subroutine OATAIM, each called 
by sub routine C0NTRL. 

1.5.1 Input Data - Card Definition and Description 

Data definition and input card descriptions for data contained in the nine 

data cards groups are presented in detail in the following subsections. Card 

data formats are presented in section 1.2. 

1.5.1.1 User I.D. and Case Title Cards 

gp(a) Card-1 

The User I*D. card identifies the analyst making the program run. This card 

is required in every run deck. The card contains tha following information: 

Name, Dept., Bldg., Extension 

Gp(b) - Card-1 

A ease title card is to be provided for every system data deck as a means of 
providing run identification for the system being evaluated. Seventy-two 
spaces are provided for Che title. Short titles are to be centered in the 72 
spaces. 

1.5.1.2 Table Data Input Cards 

Gp(c) - C^rd-i 

This card is the Table Data Echo control card. The variables contained on the 
card are: 

I7T, 0FT, NPRT, MPRT2 

15 
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IFT * Table Data Input Drum Unit 
0FT * Table Data Output Drum Unit 
NPRT = Table Data Echo Print Control 

* 0, Print All Tables, One Table per Page 
3 1, Print No Table,Output 

2, Print All Tables With no Page Eject - Table Dump 
NPRT2 - Control for Table Sumary 
NPRT - 1 Print Brief Table Suamary 
NPRT2 * 1 Print Brief Table Summary 

Gp(d) - Card-1 (Norrtfl Setup) 

If the Table Data has been entered and stored as a DATA File, then the Data 
File may be assigned and Card-1 here will be a simple: 

@ ADD,P FILNAM 

where 

FILNAM is the Data File mnemonic. 

If the Table Data are on cards to be road in at this time, then the Gp(d) 
cards will be the actual table data card sets as described in detail in 
section 1.5.6. 

Alternate Table Deck Input: (N-sets) 

Gp(d) - Card-1 

The Table I.D. and Control Card will contain the following information: 

Title - Table Title (Description) 
ND - Slumber of Dimensions in Table (MAX = 7, MIN = 2) 
NC - Number of Comments Cards in Table 
IP - Plot Option 

(0 " No Plot, 1 - Plot Table) 
NT - Table Number 

16 
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Gp(d) - Card-2 

Table Comment Card - Gives further description of table data and data 
reference sources. These may be NC comment cards. 

Gp(d) - Card-3 

Table Subset Variable Card - Specifies additional variable and its values for 
Table Data Subsets. 

UBV - Variable Label 
NP - Number of Values to be used (is also number of data subsets) 
TAB - Value, Value ... value z 7 np 

Thers must be (ND-2) of these cards present in Table Set. (ND = Number of 
dimensions in Table.) 

Gp(d) Card-4 

Table Plot Control Card - Contains X-axis label, Y-axis label, X-MIN value, 

X-MAX value. One card is required for each Table Set. (Not currently used.) 

Gp_(d) - Card-5 

Table Data Subset Characterization Card - card contains: 

NV - Number of Data Point Sets (X,Y) or Number of coefficients 
TYPE - Type of Data in Table 

* 0, Coefficients of polynomial ' 
x 1, Discrete data points from curve 
* 2, Equation 

NIP - Number of points to be used for data interpolation 
* NV 
\ 1 
• 2, Linear Interpolation 
• 3 , Parabolic or Hyperbolic Interpolation 

17 
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There must be one of these cards for each data subset in the Table Set. 

Gp(d) - Card-^6 

Table Data Card: 

For discrete data there are three data sets (X,Y) per card arranged in 
order of increasing values of X, for NV sets of points. 

Coefficients are arranged in order of power and NV coefficients are 
read. (For example: CjX + Cfl * Cj » 0; Input as C,, C ?, 
C 3 and NV = 3) 

There are NV/3 discrete data cards required, or NV/6 coefficient data 
cards required. 

There will be N sets of the Gp(d) table card sets, where M equals the number 
of Table Data sets required for the program. 

1.5.1.3 System Definition Card 

Gp(e) - Card-1 

The system definition card provides che system identification; specifies 
whether the system has a subcriticsl or supercritical fluid supply subsystem; 
and, specifies whether or not additional systems are to be read in for 
additional case corsideration. The variables which are read are: 

NSYS - First three letters of syc^em name 
Kl - Additional six alpha spaces for rest of system name 
XRIT - First three letters of subcritical or supercritical 

There must be one system definition card in eaci. rystem input deck. 

1.5.1.4 primary Component Characterization Data Cards 

For each of the MFTF cryogen system and subsystem fluid circuits considered, 
there are primary components such as magnets, cryopanels, refrigerator-
liquefiers, etc., which must be characterized in terms of energy transfer into 
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or out of the system. The input data cards for each o£ these primary 
components provide the boundary conditions and parameters necessary to compute 
the sceady-scate operating conditions resulting for a given set of input 
conditions. 

1.5.1.4.1 Magnet Component Data Cards. The magnet characterization data are 
presently input on two data car^s. The variables employed are definad as 
follows: 

Gp(f) - Card-1 

PHAGDW - Magnet Dewar Pressure (kPa) 
THAGDW - Magnet Dewar Liquid Helium Temperature (K) 
HEMWT - Molecular Weight of Helium (4,0026 Gm/Mol) 
QMAGI - Magnet Heat Load Into Helium System (J/s) 
VHEMAG - Volume of Liquid Helium in Magnet (liters) 
VHEMDH - Nominal Volume of Liquid Helium in Magnet Dewar (liters) 
VHESDH - Nominal Volume of Liquid Helium in Storage Dewar (liters) 

Gp(f) - Card-2 

HDMAGI - Liquid Helium Head Height at Magnet Inlet (m) 
HDMAG0 - Liquid Helium Head Height at Magnet Outlet (m) 
HDMAGC - Liquid Helium Head Height at Magnet Center (m) 
NUMMAG - Number of Magnets in Assembly 
WDTLHI - Mass Flow Rate of Liquid Helium Leaving Magnet Dewar (kg/hr) 
QLKSDW - Heat Load Into Magnet Storage Dewar (j/s) 
QLEAK1 - Heat Load Into Fluid Lines (J/s-ra2) 
QLEAK2 - Heat Load Into s Valve Assembly (J/s-m2) 

1.5.2.4.2 Cryopanel Component Data Cardp. The Cryopanel characterization data 
are input OP. three data card types. Variables are defined as follows. 
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NUMCRP - The Number o f C r y o p a n e l s To Be C o n s i d e r e d 

PCRYDW - Cryopar-1 Liquid Helium Dewar Press.'" (kpa) 
TCRYDW •- Cryopanel Liquid Helium Temperature in Dewar (K) 
VHECDW - Nominal Volume of Liquid Helium in Cryopanel Dewar ( l i ters) 
WDTLCH - Mass Flow Rate of Liquid Helium Leaving Cryopanel Dewar 

(kg/hr) 
HEMWT - Helium Molecular Weight (i.0026 Gm/Mol) 

Gp(g) - Card-2 

QCR(I) 
VHOT(I) 
HDCRI(I) 
HDCR0(l) 
WDTCR(I) 

Heat Load Into ith Cryopanel (J/s) 
Fluid Volume of ith Cryopanel (liters) 
Liquid Helium Head Height at Inlet of ith Cryopaiwl Cm) 
Liquid Helium Head Height.,at Outlet of ith Cryopanel (m) 
Liquid Helium Mass Flop Rate Into ith Cryopanel (kg/hr) 

There will be MJMCRP sets of Card-2. 

Gp(g) - Card-3 

QLEAKl - Head Load per Square Meter Into Cryopanel Lines (J/s-m 2) 
QLEAK2 - Heat Load per Square Meter Into Cryopanel Valves (j /s-nr) 

1,5.1.4.3 Refrigerator-Liquefier Data Cards. The Refrigerator-Liquefier 
characterization data are input on s ix data cards with the variables defined 
as follows! 

Gp(h) - Card-1 

Eleven Cold-Box temperatures are input for points of interest in the 
Refrigera'.or-Liquefier subsystem: 

TCB(l) - High Pressure Helium Gas Temperature Into Cold Box - From 

Compressor (K) 
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TCB(2) - Lc-.j Pre^ure H:lium Gas Temperature Out of Cold Box - To 
Compressor (K) 

TCB(3) - High Pressure Helium Gas Temperature Out of Liquid 
Nitrogen Precooler (K) 

TCB(4) - Saturated Liquid Nitrogen Temperature at 1 Atm. (K) 
TCB(5) - High Pressure Helium Gas Temperature Out of Second 

Intermediate Heat Exchanger, and Inlet Temperature Into 
Warn Gas Turbine Expander (K) 

TCB(6) - Warm Gas Turbine Expander Exhaust Temperature Into Third 
Intermediate Heat Exchanger (K) 

TCB(7) - High Pressure Helium Gas Temperature Out of Fourth 
Intermediate Heat Exchanger, and Inlet Temperature to Cold 
Gas Turbine Expander (K) 

TCBC8) - Average Low Pressure Helium Gas Temperature Into Cold 
Box (K) 

TCB(9) - High Pressure Helium Gas Temperature Into Joule-Thompson 
Valve. (K) 

TCB(IO) - Joule-Thompson Valve Exhaust Fluid Temperature (K) 
TCB(11; - Cold Gas Turbine Expander Exhaust Temperature Into Fifth 

Intermediate Heat Exchanger (K) 

Gp(h) - Card-2 

Eleven Cold-Box Helium Enthalpy values are input for the corresponding 
tenperatures and pressures at positions of interest in. the Refrigerator-
Liquefier subsystem (Enthalpy values are in J/Mol): 

HENTH(l) - 'Enthalpy at TCB(l), PCB(l) 
HENTH(l) - Enthalpy at TCB(3), PBC(l) 
HENTH(3) - Enthalpy at TCBC5), PCB(l) 
HENTH(4) - Enthalpy at TCB(7), PCB(l) 
WWH(5) - Enthalpy at TCB'9), PCB(l) 
HKNTH(6) - Enthalpy at TCB'*:, PCB(2) 
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HENTH(7) - Enthalpy at TCB(3), PCB(2) 
HENTH(8) - Enthalpy at TCB(6), PCB(2) 
HENTH(9) - Enthalpy at TCB(ll), PCB(2) 
HFNTH(lO) - Enthalpy at TCB(8), PCB(2) 
HENTH(ll) - Enthalpy at TCB{10), PCB(2) 

Cg(h) - Card-3 

Three Cold-Box pressure values are input for the steady-state pressure 

conditions (pressures are given in kPa): 

PCB(l) - High Pressure Helium Side of Cold Box 

PCB(2) - Low Pressure Helium Side of Cold Box 

PCB(3) - 'Nitrogen Precooler Pressure 

Gp(h) - Card-4 

Five Cold-Box raass flow-rate values which characterize Refrigerator-Liquefier 
steady-state conditions are input as follows: 

WDTCB(l) - Mass Flow Rate Into High Pressure Helium Side of 
Refrigerator-Liquefier Assembly 

ffl)TCB(2) - Mass Flow Rate of Bleed Helium Into Harm Gas Expansion 
Turbine 

KD7CB(3) - Mass Flow Rate of High Pressure Helium Through 
Intermediate Heat Exchangers 3 and 4 

WDTCB(4) - Mass Flow Rate of High Pressure Helium Through Cold Gas 
Expansion Turbine 

WDTCB(5) - Mass Flow Rate of High Pressure Helium to 'Replenish 
Storage Dewars 

22 



LKSC-D673325 

Gp(h) - Card-5 and Card-6 

Ten values characterizing conditions ascribable to the Nitrogen Precooler, and 
the molecular weight are input on Cards 5 and 6. The variables are as defined 
as follows: 

TN2L - Liquid Nitroge.i Saturation Temperature at Prescribed 
Pressure (K) 

PN2L - LH 2 pressure (kPa) 
DN2L - LN 2 Density at Stated Tip ^g/m 3) 
HN2L - LN 2 Enthalpy (J/Mbl) 
DN2LL - Saturated N 2 Vapor Density (kg/m3) 
HN2V - Saturated N 2 Vapor Enthalpy (J/m) 
TN20 - Temperature of N^ Gas Leaving Head-End Exchanger (K) 
DN20 - Enthalpy of N 2 Gas Leaving Head-End Exchanger (kg/m > 
RN20 - Enthalpy of N 2 Gas at PCB(3), (j/ia) 
GMWTN2 - Molecular Weight of Nitrogen 
HIMWT - Molecular Weight of Helium 

Gp(h? - Card-7 

Two values characterizing the heat load, en the lines and valves in the 

Refrigerator-Liquefier are input as follows: 

0LEAK1' ' - Heat Load Into Refrigerator-Liquefier Lines (j/s-m" 
_̂ 0tEAK2.v'- - Heat Load Into Refrigerator-Liquefler Valves (j/s-n/) 

v. 
1.5.1.5 System Configuration Definition Data Cards 

Gp(i) - Card-1 

The system configuration definition data represents the program image of the 
system schematic diagram, Only one (1) card' format is employed vhich 
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functions as a data input card, and as a configuration tabLe END card. The 
flexibility of the data format card in providing different kinds of 
information resides in the technique of reading the array and changing the 
variable name to correspond to the value entered at any point in the array. 
Since each data card represents a specific item, such as, fluid, component, or 
line segment, and their associated parameters, the data array is conveniently 
manageable. 

The variables which are allocated to the card are as follows: 

CFONCT - Six alpha characters which specify either the fluid, 
consumer assembly, or system component item, currently 
being considered. The allowable names are defined in DATA 
(FNAME) located in subroutine ST0DTA, and further 
described in PDP-CONFIG 

CFTYPE - A single, or, two digit number which characterizes the 
type or kind of fluid, consumer assembly, or system 
component item 

CN0PER - Single digit number - for number of consumer assemblies, 
or component items operating in parallel; or, in the case 
of a fluid, the digit specifies the fluid state (i.e., 1 = 
gas; 2 * liquid) 
Change in head-height (+ or -) for specified component 
relative to previously entered head-height change. (Real 
Number - meters) 
Single digit number which specifies the material type for 
the system component item. CMTYPE values are defined in 
PDP-CONFIG. For fluid parameter card, CMTYPE is used 
for-variable GL00P to i icate a subbranch of a major 
fluid circuit loop 

FRC0EF - Variable containing the friction coefficient applicable to 
the system component item being considered 

L0D - Length over diameter ratio, or length applicable to the 
system component item under consideration (Real Slumber) 

CHEAD 

CMTYP 
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DIAM - Diameter (i.D. or Port) applicable to system component 
item being considered 

CITVPE - Integer defining insulation type employed for system 
component item being considered 

ITHICK - Insulation thickness (Real Number) for system component 
item under consideration 

WBAR - Number (Real) of insulation layers per-'inch'of thickness 
for component item being considered 

C0DE - Six alpha character code name for component item under 
consideration (i.e., PS02, etc.) 

There must be one card for; (a) each fluid and fluid state change, (b) each 
fluid system component items, and (c) each fluid system line segment item. A 
typical configuration table is illustrated in the Input Data Deck Example 
given in section 1.5.5. The very last card in the configuration data set must 
have END entered in the CFDNCT field, since this is required in subroutine 
C0MPIL to terminate the READ loop, (It is also advisable to use card 

colunns 73-80 to number the configuration data cards.) 

1.5.1.6 Liquid Nitrogen System Data Cards 

Gp(j) - Card-1 

Line geometry and description for each of the six lines to be analyzed is 
initialized by reading the variable LINE. 

LINE - An integer specifying the line number to which all 
succeeding data cards correspond. A preset flag 
terminates data for the given line number. 
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Gp(j) - Card-2 

Description of each line section is contained on one card. Data input for 
each line section is completed when a negative value for XLEH is encountered. 
The variables contained on the card are: 

XLEN - Geometrical line length (m), A value of zero is used for 
any component other than a line. 

ZIN - The elevation of»the component at the flow inlet (m). 
20UT - The elevation of the component at the flow exit (m). 
EFF - Effective length to diameter ratio to be used in pressure 

drop anaiysis (consistent units). 
Q0,Q1,Q2 - These variables are used to compute total heat flux into 

each line section (QHET). QO is an additive constant in 
the expression for QNET and represents the actual heat 
leak for line components determined from either tests or 
specification. QO is currently set to zero for all 
components, except Dewar shields, magnet section 
cryopanels, and magnet heat shields, where specific values 
have been provided by L.L.L. For shielded lines only, Ql 
and Q2 represent the shield diameter and length. For all 
other line types, Q2 is a dummy variable which is not 
referenced. Ql is a constant multiplier in the geometry 
dependent expression for QNET. When QO is zero, Ql is 
unity, and when QO is set to a real value, Ql is set to 
zero. 

TYPE - A real number between 1 and 6 which specifies component 
type: 
1 1, Ctryogen Line 

• 2, Elbow 

- 3, Valve 

» 4, Iiyonet Fitting 
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" 5, "T" Branch 
= 6, Shield Line 

TNUM -' Real Number referenced only when a "T" branch in a line 
occurs. Beyond the "T," the initial line flow is divided 
equally into each of TNUM branches. 

Gp(.i) - Card-3 

This card provides the initial constraining parameter for line 1 of the 
nitrogen system, defined as follows: 
• 

PST0R - Nitrogen storage tank pressure (kPa) 

QUAL - Initial fluid quality as input to Line 1 

Gp(j) - Card-4 

Card 4 provides the cryogen line insulation characterization and the upper 
temperature boundary ronditions against which computations are to be made. 
The parameters are defined as follows; 

RNLAYR - The number of layers of multilayer insulation to be used 
on cryogen lines and shields (Integer) 

TH0T - Hot boundary temperature existing on outside of insulation 
materials (K) 

Gp(.i) - Card-5 

Card 5 inputs the flou requirements of the open loop nitrogen system. Each 
flow requirement is sunned with the resultant being subtracted from the 
initial mass flow rate at the exit of line 1. The variables are defined as 
follows: 

WLH14 - Flow requirement to the external vacuum system (kg/s) 
WLN16 - Flow requirement to the magnet 'raat exchanger (kg/s) 
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WLN17 - Flow requirement to the refrigerator cold box (kg/s) 
WLN18 - Flow requirement to the helium purifier (kg/s) 

Gp(j) - Card-6 

Seven parameters are input on Card-5 which provide the initial mass flow rate 
and the six line diameters necessary for the analysis. Parameter definitions 
are as follows: 

FLOW - Initial mass flow rate from liquid nitrogen storage tank 
(kg/s) 

DIA(l) - Line -1 diameter (m) 
DIA(2) - Line -2 diameter (m) 
DIA(3) - Line -3 diameter (m) 
DIA(4) - Line -4 diameter (m) 
DIA(5) - Line -5 diameter (m) 
DIA(6) - Line -6 diameter (m) 

NOTE: A negative value in FLOW is used to terminate the run if only 
a few of the total number of cases available are to be run. 

1.5.1.7 Gaseous Helium Recovery System Data Cards 

Gp(k) - Card-1 

The description of each line section in the low-pressure section of the helium 
recovery system is contained on one card. Configuration description is 
completed when a negative value for C0MP is encountered. The variables 
contained on the card are: 

RL1 

RN1 

Geometrical line length (ra). A value of zero is used for 
any component other than a line. 
The number of elbows included in the Line of length RLl, 

28 



LMSC-D673325 

RLD1 - The effective L/D ratio for line sections other than tine 

( i . e . , valves) 
C0MP(l,t) - A Real Number which identifies major plumbing components 

of a line section. The identifiers used are: 

1 - recovery blower (low pressure line) 

2 - dessicant dryer tower (high pressure line) 

3 - filter (high pressure line) 

4 - purification system (high pressure line) 

A negative value terminates the reading of data for the 
low pressure line definition 

Gp(k) - Card-2 

Description of each line section in the high pressure section of the helium 
recovery system is contained on one card. Configuration description is 
completed when a negative value for C0MP is encountered. The variables 
contained on the card are: 

RL - Geometrical line length (m). A value of zero is used for 
any component other than a- line. 

RN - The number of elbows included in the line of length RL. 
RLD - The effective L/D ratio for line sections other than lines 

(i.e., valves), 
C0MP(2,I) - A Heal Number which identifies major plumbing components 

of a line section. The identifiers used are; 
1 - recovery blower (low pressure line) 
2 - dessicant dryer tower (high pressure line) 
3 - filter (high pressure line) 
4 - purification system (high pressure line) 
A negative value terminates the reading of data for the 
high pressure line definition. 
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Gp(k) - Card-3 

The limits for the mass flow rate D0 loop are described on a single data 
card: 

MINIT - 100 times the minimum flow rate (kg/s) • 
HFIUAL - 100 times the maximum flow rate (kg/3) 
HSTEP - 100 imes the mass flow rata increment (kg/s) 

Values input are 100 times the required value in order to 
allow integer input for the D0 loop. 

Gp(k) - Card-4 

The limits for the diameter D0 loop are described on a single data card: 

IDIAM1 - 100 times the minimum line diameter (m) 

IDIAM2 - 100 times the maximum line diameter (m) 

ISTEP - 100 times the diameter increment (m) 

Value input are 100 times the required value in order to 
allow integer input for the D0 loop. 

Gp(k) - Card-5 

Description of the temperature and pressure parameter is included on a single 
data card: 

TG - Gas temperature (K) 
PBAG - Recovery gas bay pressure (kPa) 
PC0MP - Recovery compressor exit pressure (kPa) 

Up to 10 cases nay be investigated per run by adding additional data cards. 
Fewer cases may be considered by inputting a negative gas temperature. 
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1.5.2 Input Data Card and Card Format Description 

The input data cards which make up the program input data deck are defined by 
the Head statements located in Subroutines C0NTRL, INTAB, and C0MPIL. This 
section presents a graphic description of each input card as an aid in 
visualizing and arranging the individual system input data decks needed for 
the analytical operation of the program. Included as aids are several tables 
which explain and define the construction and insulation material types 
employed by the various subprograms. Included also as aids in program data 
sttup are several tables which define and explain important variables that 
occur repeatedly. Table 3 presents the variable names employed for control, 
branching and switching purposes. Table 4 presents the configuration variable 
names and definition. Following the tables are the data sheets which present 
the input data card formats. 

Table 3 

VARIABLE NAMES EMPLOYED FOR CONTROL, BRANCHING, 
AND SWITCHING PURPOSES 

1. System Identification: (Subroutine C0NTRL) 

Variable Alpha Variable Integer 
Read Input Equivalent Value System Defined 

NSYS MAG NAMSYS 1 MAGNET Cooling 
Circuit 

NSYS CRY NAMSYS 2 CRYOPANEL Cooling 
Circuit 

NSYS REF NAMSYS 3 Refrigerator-
Liquefier Circuit 

NSYS LN2 NAMSYS 4 LIQUID NITROGEN 
System 

NSYS GHE NAMSYS 5 GHE RECOVERY SYSTEM 
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Table 3 (Cont.) 

2. Control Variables: (Subroutine C0NTRL) 

Control Integer 
Variable Value Description 

SYSNUM X 1 Controls Selection of Subprograms for 
MAGNET 

X 2 Controls Selection of Subprograms for 
CMC-PANELS 

~ 3 Controls Selection of Subprograms for 
REF-LIQ 

"" 4 Controls Selection of Subprograms for 
LN2 System 

= 5 Controls Selection of Subprograms for 
GHe Recovery System 

3. Branching and Switching Variables: 

KSUBC - Preprogrammed Branching Variable for specified 
system analysis program selection - Used in 
subroutine C0NTRL. Defined in ST0DTA. 

r 
KSUBC (SYSNUH, I) 

— System Specification 
Subprogram Index 

DATA STATEMENT DEFINITION: 

DATA (KSUBCU, I), 
DATA (KStfBC(2, I), 
DATA (KSUBC(3, I), 
DATA (KSUBC(4, I), 
DATA (KSUBCC5, I), 

* 1, NBRSRJ/1, 0, 0, 0/ 
- 1, NBRSR)/2, 0, 0, 0/ 
- 1, NBRSR)/3, 0, 0, 0/ 
• 1, NBRSR)/4, 0, 0, 0/ 
= 1, NBRSR)/5, 0, 0, 0/ 
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Table 4 

CONFIGURATION VARIABLE NAMES AND DEFINITIONS 

(Used by Subroutine C0MPIL, and CMPCAL) 

1. Defined Configuration Names; 

Defined Input Variable Integer Component 
Variable Alpha Equivalent Value Item 

CFUNCT GAS FNAME 1 FLUID 
CFUNCT MAGNET FNAME 2 MAGNET 
CFUNCT LINE FNAME 3 LINE 
CFUNCT CONTRL FNAME 4 CONTROL 
CFUNCT FITING FNAME 5 FITTING 
CFUNCT TAP FNAME 6 FLUID TAP 
CFUNCT TEE FNAME 7 TEE 
CFUNCT ELBOW ' FNAME 8 ELBOW 
CFUNCT VALVE FNAME 9 VALVE 
CFUNCT REG FNAME 10 REGULATOR 
CFUNCT CRYPAN FNAME 11 CRYOPANEL 
CFUNCT REFLIQ FNAME 12 REFRIGERATOR-LIQUEFIER 
CFUNCT TANK FNAME 13 TANK 
CFUNCT C0MPUR FNAME 14 COMPRESSOR-PURIFIER 
CFUNCT HEX FNAME 15 HEAT EXCHANGER 
CFUNCT END FNAME 16 END OF TABLE 

33 



LMSC-D673325 

Table 4 (Cont.) 

2. Configuration Variable Definitions: 

CONFIGURATION FUNCTION CODE AND TYPE. 

CFUNCT 

CFUNCT 
CFUNCT 
CFUNCT 

CFUNCT 

CFUtfCT 
r 

1, GAS 

2, MAGNET 
3, LINE 
4, CONTROL 

5, FITTING 

6, TAP 

CFTYPE - 1, Helium 
• 2, Nitrogen 

No options 
CFTYPE x 10 a fixed number 
Uses two digit index as follows, 
IDV ' Tens digit (10, 20, etc.) 
CFTYPE = Units digit (I, 2, etc.) 
IDV = 10 for light weight control 

• 20 for medium weight control 
= 30 for heavy weight control 
* 40 for extra heavy control 

CFTYPE * 1 for orifice 
* 2 for flow meter 

Uses two digit index as follows, 
LDV = Tens digit (10, 20, etc.) 
CFTYPE = Units digit (1, 2, etc.) 
LDV = 10 for use in line only 

= 20 for 50X reducer 
= 30 for 20% reducer 
= 40 for bayonet fitting 

CFTYPE = 1 for miscellaneous fitting 
Uses two digit index as.follows, 
LDV - Tens digit (10, 20, etc.) 
CTTYPE ' Units digit (1, 2, etc.) 
LDV = 10 for use in line only 

= 20 for 6 x 4 x 6 R-O-TEE 
= 30 for 6 x 2 x 6 R-O-TEE 
= 40 for 2 x 2 x 2 Y-TEE 

CFTYPE • I for TAP 
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Table 4 (Cont.) 

CFUKCT 7, TEE Uses two digit index as follows, 

CFUNCT 

CFUNCT 

3, ELBOW 

9, VALVE 

LDV 
CFTYPE 
LDV 

CFTYPE 

Tens digit (10, 20, etc.) 
units digit (1, 2, etc.) 
10 for use in line only 
20 for 4-WAY TEE 
30 for 3-WAY TEE 
1 for TEE 

Uses two digit index as follows, 
LDV = Tens digit (10, 20, etc.) 
CFTYPE = Units-digit (1,_2, etc.) 
LDV = 10 for use in line only 

= 20 for 45 deg elbow 
= 30 for 90 deg elbow 
= 40 for 180 deg elbow 

CFTYPE » 1 for elbow 
Uses two digit index as follows, 
IDV 
CFTYPE 
IDV 

CFTYPE ' 

CFUNCT = 10, REGULATOR CFTYPE = 
IDV 

CFTYPE = 

CFUNCT = 1 1 , CRYOPANEL - No o p t i o n s 

CFUNCT = 12 , REFRIGERATOR-LiqUEFIER - No o p t i o n s 

CFUNCT = 1 3 , TANK - No o p t i o n s 

Tens digit (10, 20, etc.) 
Units digit (1, 2, etc.) 
10 for use in line only 
20 for ball valve 
30 for butterfly valve 
40 for globe valve 
50 for JT valve 
1 for valve 
Units digit (1, 2, etc.) 
10 for line use only 
20 for single stage regulator 
1 for regulator 
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Table 4 (Cont.) 

CFUNCT = 14, COMPRESSOR-PURIFIER - No options 
CFUNCT = 15, HEX CFTYPE » 1 for high pressure 

" 2 for low pressure • 
CFUNCT '• 16, END No options 
CMTYPE - CONFIGURATION MATERIAL TYPE 

CMTYPE - 1, 321/347 Stainless steel 
- 2, 22I9-T87 Aluminum alloy 
* 3, 6061-T6 Aluminum alloy 
* 4, Inconel-718 Alloy 
= 5, Titanium TI-6AL-4V Alloy 
* 6, Type 304 Stainless steel 
= 7, CRES Vacuum jacketed line 
= 8, 2219 Vacuum jacketed line 

CITYPE - CONFIGURATION INSULATION TYPE 
CITYPE - 1, Dbl alum Mylar/silk net 

2, Dbl gold Mylar/silk net 
3, Dbl alum Hylar/Tissuglas 
4, Crink dbi alum Mylar 
5, NRC-2 crinkled aluminized Mylar 
6, Superfloc 
7, Microspheres (104-135 micron) 
8, Polyurethane foam 
9, Fiberglass batting (JM) 
10, Vacuum jacket insulation 

CN0PER - NUMBER OF OPERATIONAL UNITS (CFUNCT) 
CNSTBY - NUMBER OF STANDBY UNITS (CFUNCT) 
C0NFIG - CONFIGURATION TABLE 

COLUMN 1 Contains the above 6 variables packed one per byte 
in the order they are listed from left to right in 
the word. 

COLUMN 2 Contains the flow friction coefficient. 
COLUMN 3 Contains the length of £ line or the effective L/D 

for other components. 
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Table 4 (Cont.) 

COLUMN 4 Contains the diameter of a line, 
COLUMN 5 Contains the insulation thickness for a line. 
COLUMN 6 Contains the number of insulation layers 
COLUMN 7 Contains the ID of the component 
COLUMN 8 Contains the delta head at the ..component position in 

the system. >. 
' / * - ' _ .' • 

Computed Variables Definitions: (Lie System) 
"\ 

PRZS - Pressure at each point in the configuration (kPa) 
TEMP - Temperature at each point in the configuration (K) 
WD0TN - Total mass flow-rate at each configuration point (kg/hr) 
WD0TL - Liquid mass flow-rate at each configuration point (kg/hr) 
WD0TG - Gaseous fluid mass flow-rate at each configuration point 

(kg/hr) • 
QOAL - Fluid quality at applicable configuration points 
DELP - Pressure drop at each configuration point (kPa) 
VEX0 - fluid velocity at each configuration point (ra/hr) 
RDENS - Fluid density at each configuration point (kg/nr) 
SEYN0 - Reynolds Number at each configuration point 
CMPV0L - Component volume at each configuration point (ni ) 

MACH - Mach number at applicable configuration points 

Computed Variables Definitions: ( L N Distribution System) 

PKPA - Pressure at each line configuration point (kPa) 
WD0T - Total mass flow rate within the line (kg/s) 
WD0TL - Liquid mass flow rate (kg/s) 
WD0TV - Liquid mass flow rate (kg/s) 
FRICT - Friction factor for use in kinetic pressure loss 
REYN - Reynolds Number 
VAPVEL - Vapor phase liaear velocity (m/s) 
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T a b l e 4 ( C a n t . ) 

7APMCH - Mach number o f v a p o r 
QL'ALl - Mass qualicy at inlet of line section 
QUAL2 - Mass quality at exit of line section 
PGRAD - Linear pressure gradient in line sections where applicable 

(kPa/m) 

DENS -r Liquid/vapor mixture density (kg/m-*) 
T2 - Temperature of mixture at exit of line section (K) 
QNET - Heat rate to line section (W) 
C0NMLI - Thermal conductivity of double-aluminized mylar over 

insulated lines (conversion to SI units accomplished in 
expression for QNET) (W/cm-K) 

HLN14 - Flow rate required for external vacuum system (kg/s) 
WLN16 - Flow rate required for magnet heat exchanger (kg/s) 
WLN17 - Flow rate required for refrigerator cold box (kg/s) 
WLN19 - Flow rate required for helium purifier (kg/s) 

5. Computed Variables Definition (Gaseous Helium Recovery System): 

DIA - Line diameter (m) 
MDQT - Max flov rate (kg/s) 
REYN - Reynolds Number 
F - Friction factor for use in kinetic pressure loss 
DP - Pressure drop incurred across the line section (kPa) 
PGRAD - Linear pressure gradient computed for plumbing lines only 

(kPa/m) 
RMACH - Mach number of the gas at the section exit plane 
DEN - Density of gas at exit of the line section (kg/ra ) 
XLD - Effective L/D ratio for the line section which combines L/D 

ratios for components with geometrical L/D 
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Approved by: Dot* 

LOCKHEED Miff ILE* a SPACE COMPANY. INC. 

Tiflo 

TABLE DATA CARDS 
(FOR STORED TABLE FILE) 

Pa«* '«"* 

Roport No. 

CARD TYPE - G ( c ) CARD-1 
P 

CARD FUNCTION - TABLE DATA ECHO CONTROL CARD 

READ BY - SUBROUTINE INTAB 

CARD FORMAT - ( 5 1 5 ) 

CARD TYPE - G ( d ) CARD-1 
P 

CARD FUNCTION - TABLE DATA FILE - ADD CARD 

READ BY - SUBROUTINE INTAB 

CARD FORMAT - @ADD - FILE ADD COMMAND 

REF. - UHIVAC-UOO MANUAL 

V 
@ADD,P FILNAM 
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Approved by: Dutf 
ALTERNATE TABLE DATA INPUT 

-TABLE DATA DECKS- Raport No. 

CARD TYPE 
CARD FUNCTION 
READ BY 
CARD FORMAT 

C (c) CARD-1 
P 

TABLE DATA DECK ECHO CONTROL CARD 
SUBROUTINE INTAB 
(515) 

CARD TYPE 
CARD FUNCTION 
READ BY-
CARD FORMAT 

Gp(d) CARD-1 
TABLE I . D . AND CONTROL CARD 
SUBROUTINE INTAB 
(4A6, 4 1 6 ) 

/ 

TITLE 

g i g g i o g g g g g g g o g i g g i g g i g g 
I I I " I I I I I IIIII11111 li li IIII1) il II II '.III 

ND 

g g g g g 

NC 
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li li ini JI ii II il li II li« II mi II II il 

IP 

i g g g g g 

NT 

1 * 0 0 0 
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CARD TYPE 
CARD FUNCTION 
CARD FORMAT 

- G p(d) CARD-2 
- TABLE COMMENT CARD 
- ( 1 3 A 6 , A2) 

/ 

COMMENT 
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CARD TYPE - G p ( d ) CARD-3 
CARD FUNCTION • - TABLE SUBSET VARIABLE CARD 
CARD FORMAT - (3A6 , 1 7 , 5E10.O) 
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i i i i i i i i il it i l r : n i l 'i i n i i . : II ii ii :i i] 

NP TAB 
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TAB TAB 
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ALTERNATE TABLE DATA INPUT 
- TABLE DATA DECKS -

Mo*»l 

Raport Ho, 

CARD TYPE 
CARD FUNCTION 
READ BY 
CARD FORMAT 

- G p ( d ) CARD-4 
- TABLE PLOT CONTROL CARD 
- SUBROUTINE INTAB 
- (3A6, 3A6, 2E12.0) 

UBX 

i a a P a a o a a o a a a a a D I I 
i : 11 s i * 11 'i ii i] i]«is ii II ii ii ii it r? n 11 ii ii :i it ji :i ii n li H ii 

LABY XMIN 
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XMAX 
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CARD TYPE 
CARD FUNCTION 
CARD FORMAT 

- G p ( d ) CARD-5 
- TABLE SUBSET DATA CARD 
- (316) 

CARD TYPE 
CARD FUNCTION 
CARD FORMAT 

G p(d) CARD-6 
TABLE DATA CARD (POLY NOMIAL COEFFICIENTS) 
(6E12.0) 

/ 
XTAB 
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XTAB XTAB XTAB 
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XTAB 

CARD TYPE • G p ( d ) CARD-6 
CARD FUNCTION • TABLE DATA CARD (DISCRETE DATA) 
CARD FORMAT • ( 6 E 1 2 . 0 ) 

/ 

XTAB 
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-1 1 1 i 1 1 1 1 1 1 n 'i 1: 

XTAB 
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1 u 'i 111111 -111111 n 

XTAB 
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XTAB 
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XTAB 
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SYSTEM DEFINITION 

INPUT CARD 

M»J.I 

Riport No. 

CARD TYPE G i.e) CARD - i 

CARD FUNCTION - SYSTEM DEFINITION CARD 

READ BY - SUBROUTINE CONTRL 

CARD FORMAT - (A3, A6, 3X, A3, 14X, A3) 

- THIS IS A BLANK SPACE 

GO TO NEXT PAGE 
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DATA CARDS 

Model 

Approved by: Oete 

Title 

MAGNET DATA IHFUT 
DATA CARDS Report No. 

• 
CARD TYPE - G ( f ) CARD-1 

P 

CARD FUNCTION - HAGNET DATA CARD 

READ BY - SUBROUTINE COHPIL 

CARD FORMAT - ( 7 F 1 0 . 2 ) 

/ 
3 a o 3 1 i s 1 
£ •§ a 1 a: H 
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CARD TYPE - G ( f ) CARD-2 
P 

CARD FUNCTION - MAGNET DAT* I CARD 

READ BY 

CARD FORMAT 

- SUBROUTINE COMPIL 

- (3F10.2, 15, 2F10.2, 2F10.4) 

i g a s ? i o J o o 
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CRYOPAHEL IKPUT DATA 

DATA CARDS Rttaft Ho. 

CARD TYPE 

CARD FUNCTION 

READ BY 

CARD FORMAT 

G (g) CARD-1 

CRYOPANEL DATA CARD 

SUBROUTINE COHPIL 

(15, 5X, 5F10.2) 
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CARD TYPE 
CARD FUNCTION 
CARD FORMAT 

- G p(g) CARD-2 
- CRYOPAHEL DATA CARD 
- (5F10.2) 
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INPUT DATA CARDS Approved by: >«(• 
REFRIGERATOR-LIQUIFIER 

INPUT DATA CARDS ft*p*tt No. 

CARD TYPE - G ( h ) CARD-1 
P 

CARD FUNCTION - REFRIGERATOR-LiqUIFIER DATA CARD 

READ BY - SUBROUTINE COMPIL 

CARD FORMAT - ( 1 1 F 7 . 3 ) 
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- (11F7.3) CARD FORMAT 
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CARD FUNCTION 
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CARD FORMAT 
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- CONFIGURATION DATA CARD 
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1,5.3 Example - Use of Table Data Cards 

The use of a semipermanent table data and che general means of acquiring such 
data has been previously discussed in section 2.2.2: and graphically outlined 
in Fig. 3. However, the use of an actual example will serve better to 
illustrate, and demonstrate, the procedure to be used in setting up cables for 
the user's own specific applications. 

The example chosen is the Ultimate Tensile Strength of Type 304 Stainless 
Steel for low-temperature application, utilized in Data Table 6 of the current 
program table sec. The data is presented in graphic form in 7ig. 4 and 
represents a typical data source obtained from study reports and texts. The 
Ultimate Tensile Strength (Ftu) is given as a function of temperature in 
degrees Kelvin for a veriety of Type-300 stainless steels. Type 304, however, 
is the subject of interest. 

In translating curve data to table data, the limitations of computer data 
array manipulation must be kept in mind. Normally, if a computed independent 
variable is slightly off the end of a curve, the analyst simply cakes a ships 
cuLve, or straight-edge, and fits the curve to extend the graphic function. 
But a computer table look-up program will only see the first or last value in 
the curve point data array and (if programmed) state that tl»e value currently 
considered is out of range for the table. This problem is avoided by 
extending (extrapolation) each curve in the set (both ends) to ensure chat Che 
resulting table is adequate for the data range required in the planned 
analysis. 

Translation of the data from Table 5 into the table data card format then 
consists of assigning the program variable names and values in the order 
illustrated in Fig. 5, 
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Table 5 
ULTIMATE TENSILE STRENGTH - TYPE 304 STAINLESS STEEL 

Temperature 
00 (R) 

Stress 
(PSI) 

4. 7.2 276,000 
10. 18. 274,000 
15. 27. 270,000 
20. 36. 266,000 
25. 45. 263,000 
50. 90. 250,000 
75. 135. 235,000 

100. ISO. 220,000 
125. 225. 206,000 
150. 270. 188,000 
175. 315. 172,000 
200. 360. 155,000 
225. 405. 139,000 
250. 450. 124,000 
275. 495. 109,000 
300. 540. 96,000 

Taking the variables as they appear for each of the table cards shown in Fig. 
5, the following assignments are made: 

Card-1, Title Card 

Title * FTU OF 304 STAINLESS STEEL 
ND * 2 (Number of variables in table) 
NC * 3 (Number of command cards) 
IP • (Blank) (Table will not be plotted) 
NT » 6 (Table I.D. number) 
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Card-2. Command Card 

Four Conmand Cards are used (MC*3). Two cards contain description of table 
and source data reference, while the third card is simply used as a spare card, 

Card-3, Table Subset Variable Card 

This card contains the name of the third variable (when used), the number of 
values the variable can take on, and the values themselves. 

Card-4, Table Plot Control Card 

This card is used to enter the X-AXIS and Y-AXIS labels and the X value 
minima and maxima for plot output of table date. 

LABX = Temperature (R) (X variable) 
LABY = Ult. Strength (PSI) 
XMIN = Min. Value (if used) 
XMAX = Max. Value (if used) 

Card-5, Table Subset Data Card 

There will be a subtsble of X and Y values for each value that T.ABV can 
assume. Each subtable will have a Card 5 giving the number of X, Y sets of 
points in the subtable, the "type" of data, and the number of points to be 
used for interpolation. 

NV = 16 (sixteen sets of X, Y values per table subset) 
TYPE = 1 (discrete data points from curve) 
NIP " 3 (use 3 points for interpolation since curve is somewhat 

parabolic) 

Card-6, Table Data Card 

Use 6 data cards per table-subset, entering three sets of X, Y data per card 
with Che last card having one set of X, Y daca (NV » 16). 

The completed Table is illusCrated in Appendix R, lines 58 through 70. 

59 



IJISC-D673325 

1.5.4 Use of Program Files and Data Files 

In the use of the MFTF*CSA Program as an operational analysis tool, it can be 
quite inconvenient to have to load the entire program, data tables, and 
problem deck each time a run is to be made. It is therefore recommended that 
the program and data tables be maintained as stored files in the facility, 
memory, or DISC storage. 

1,5.4.1 Program Pile 

The basic Program as currently structured contains approximately 4840 source 
cards including the thermodynamic properties subprograms. The program 
therefore is usually maintained on a master tape which can be read into core. 
It is considerably more convenient, however, to maintain the program file in 
memory storage or DISC storage and simply call in the file and copy it for use 
in a run. 

For the UMIVAC-1100 OS, the procedure in setting up a mass-storage file and 
using it are generally as follows. 

Creating a Program File. Ass ume that the mnemonic MFTF^CSA is used as the 
program file name, 
Tape and Program F 

@RUN 
SLID 
@DELETE,C 
@DELETE,C 
@ASG,UP 
gASG,UP 
@PD?,IFL 
@F0R,IS 
0F0R,IS 
@C0PY 

then the file creation cards are as follows: (A Master 
le will be created.) 
varies with facility operating procedures 

MFTF*CSATAPE. 
MFTF*CSA. 
MFTF*CSATAPEM 1611,T 

MFTF*CSA., F40 

CCNFIG 
C0MPIL, C0MPIL '• 
C0NTRL, C0NTRL-
TPF$.,MFTF*CSA. 

Purges tape name 
Purges file record 
Assigns tape requirement 
Assigns file on DISC 
Source Deck Cards For 
Entire Program 

Copies program to cata­
loged file 
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@C0PY, GM MFTF*CSA.,MFTF* Copies program to file tape 
CSATAPE. 

@FREE MFTF*CSATAPE. . Frees tape 
3FREE HFTF*CSA. Frees file 
@FIH Ends run 

A run is made and the Program File and Program Master Tape are created and 
logged in the Facility Program Library. The user is now protected in the 
event of a system which causes the loss of the stored program file since the 
Master Tape is a backup file. A program listing will be found in Appendix A. 

Using the Program File. The stored Program File (MFTF*CSA.) may be called in 
for use in the following fashion: 

@RtW 
@LID 
@ASG,A MFTF*CSA. 
@C0PY,P MFTF*CSA.,TPF$ 

@FREE MFTF*CSA. 

1.5.4.2 Combined Run Stream and Table File 

Since the DATA TABLES of use to the program consist on only 71 cards, it is 
advantageous to include them in the program RUN STREAM. A convenient method 
for building a large data file containing a number of smaller data riles is 
provided in the FILE processor, The large data file can then be conveniently 
EDITED from a terminal when changes are necessary. 

A copy of the master original data file should be stored on tape, as well as 
copies of any updated files that may be of future interest. The large data 
file will contain, in order; the Table Data, the Magnet Characterization Data, 
the Magnet Circuit Configuration Data, the Cryopanel Characterization Data, 

Assigns file 
Copies file to user 
portion of core 
Releases stored copy 
of file 
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and the Rt>frigerator-liquefier Characterization Data 

A complete RON STREAM data f i l e will he found in Appendix B. The following 

data f i le skeleton will serve to il lustrate the f i le structure: 

@FILE,0P MFTF-A*RUNMFTF*A Assign FILENAME 
(?ASG,T CSATAB. Assign Table Data File 
@DATA,IL CSATAB. Declare as DATA File 

( T a b l e D a t a Deck F o l l o w e d b y One Blank Card) 
(SEND End o f DATA F i l e 
@ASG,T CVIDATAMAG. Ass ign Magnet F i l e 
@DATA, IL CVIDATAMAG. Declare as DATA F i l e 

(Magnet Charac ter i za t ion and Conf igurat ion Cards ) 

(SEND End o f DATA F i l e 
ASG,T CVIDATAMCR. Ass ign Ref. Liq . F i l e 
@DATA,TL CVIDATAMCR. Declare as DATA F i l e 

(Cryopanel Character iza t ion and Conf igurat ion CardsV 
@END End o f DATA F i l e 
ASG,T CVIDATAMCR. Ass ign Ref. Liq . F i l e 
<§DATA,IL CVIDATAMCR. Declare as DATA F i l e 

(Refri^rator-liquefier Characterization and Configuration Cards) 

flEND End o f DATA FILE 
@ENDF End o f L a r g e DATA F i l e 

U s i n g t h e HUNSTREAM D a t a F i l e . The s t o r e d RUNSTREAM d a t a f i l e 
(MFTF-A*RUNMFTF-A.) may be c a l l e d i n for use by p l a c i i g the f o l l o w i n g ASG card 
and ADD f i l e card in the job deck as f o l l o w s : 

?RUN 
@LID 
(?ASG,A ,MFTF*CSA. Assign Program File 
(3C0PY,P MFTF*CSA.,TYPF$. Copy Program File 
(3FREE MFTF*CSA. Free Program File 
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?ASG,A MFTF-A*RUNMFTF-A. Assign RtWSTREAH File 
@XQT TPF$.ABS Execute Absolute 

Element of Program 
@ADD MFTF-A*RUNMPTF-A. Add the RUNSTREAM 
8FIN End of File for Run 

Should the user desire to run the program on a computer other than the 
UNIvAC-100 OS, then very probably, all control cards will have to be changed 
to conform to the requirements of the different system. 

1.5.4.3 Altering the RUNSTREAM Data File 

For the case where a group of analyses are desired and the "run-to-run" -
changes in the data deck are relatively few, it is advantageous to make the 
input deck into a data file and use change cards to alter the file when it is 
called in. Or, if the facility has a DEMAND system with termi als, it is 
possible to usi the system EDIT0R processor and alter the data file prior to 
calling it in for a run. 

The use of change cards to alter the data deck is a simple procedure, however, 
and the original Input Deck Data file can be preserved for repeated use by 
creating a temporary file containing the changes. For example, it is desired 
to change the value of NPRT2 to zero to suppress all table output on the TABLE 
ECHO CONTROL CARD. This requires a zero in column 20 of the card. The new 
file will be temporary for one run only and for this purpose use MFTFCHG-l. as 
the temporary file name. 

The procedure and deck setup to be used follows: 

(a) Before the run XQT card, insert these cards: 

SASG.A MFTF-A*RUNMFTF-A. 
@ASG,T MFTFCHG-l. 

@DATA,L MFTF-A*RUNMFTF-A.,MFTFCRG-1. 

- 7 6 , 7 6 
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LO 1 0 
(b) After the XQT card, and in place of a data input deck, 

insert this card; 
3ADD,P MFTFCHG-1, 

The program will now run using the temporary MFTFCHG-1. file, and, will list 
MFTFCHG-1. as a record of the temporary input data used in the run. The 
temporary file vanishes and the original unchanged file is still available for 
use. 

1.6 SYSTEM CONFIGURATION INPUT DATA DESCRIPTION 

The system configuration input data is literally the computer coded equivalent 
of the cryogen system schematic diagram, wherein each component is identified 
and characterized according to its function in the system. (A complete 
description of the cryogen system is provided in the Final Report.) Figure 6 
depicts the major components, the piping, flow-paths, and necessary 
instrumentation for system operation and control. Using the P&ID in 
conjunction with scaled component drawings, scaled plant layout sketches and 
the system specification, it is possible to closely characterize each 
individual component in the system. The system configuration for each major 
section of the overall system is best arrived at by the construction of a 
simplified line drawing which includes every component in each of the 
applicable fluid circuits, starting with the cryogen supply source and 
traversing the entire fluid path to its termination. Each component is 
identified uniquely with a six-character code. If there are several fluid 
paths, or branching paths, then each circuit is treated on a separate loop. 
The first, or primary loop, will originate at the cryogen supply source and 
terminate at the overall circuit end point. Secondary circuits, or loops, 
will originate at the point-where they branch off from tne primary loop and 
extend only to the point at which they rejoin the primary loop. The same 
logic is used for other subloops if they exist in the system. Branching will 
only occur at a TE? (equal flow splitting) or at a TAP (unequal flow 
splitting). 
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As an example, the configuration line drawing employed in setting up the 
Magnet Helium Supply system is illustrated in Fig. 7. For clarity, only the 
primary loop is labeled. The secondary loop will begin at TEE (FS-101) with 
Line (MS-202) and will end at TEE (FR-115) with Line (MR-213). When all 
components have been identified, they must then be characterized as to 
function, redundancy, material type, flow friction coefficient, line length 
(or length over diameter ratio if component is a fitting), and line diameter. 
Additionally, if the component position vector is such that its extremes 
represent a relative fluid head change, the value and sign of the head change 
must be given. A tabulation of components which make up the Magnet Helium 
Supply System primry and secondary loops is presented in Tables 6 and 7. The 
characterizing data provided for each component is given in the appropriate 
column. The function type (CFUNCT) for each item is defined in Table A, The 
same logic applies to the configuration buildup for the other major segments 
of the cryogen system, 

1.7 MAJOR PROGRAM ELEMENTS DESCRIPTION 

The major program routine and subroutines of primary interest are C0NTRL, 
C0MPIL, MAGNET, CRYPAN, HEMKUP, CMPCAL, LIQNIT, and GHEREC. All other 
supporting subroutines either provide thermodynamic data, fluid flow 
characterization data, table data interpolation, variable array storage, or 
handle specific computational functions/ 

/ 
The major routine and subroutines will be briefly described as to function and 
presented in flow-chart form for the user's detailed examination. 

Subroutines LIGNIT and GHEREC are essentially dummy routines which simply call 
the subprograms described in sections 1.8 and 1.9. 
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TABLE 6 
MAGNET HELIUM SUPPLY SYSTEM 
(MAGNET CIRCUIT LOOP-L) 

COMP C3MP FUNC. NUMB. NHEAD MATRl. FLOW fRICTION LINE LENGTH LINE 
NAVIE C30E TYPE OPER. <M) TrPE COEftCIENT OR L-OVER-0 OIAMETE 

GAS HE-LIO 1 Z - . 0 0 1 -.00000000 - . 0 0 - . 0 0 
TANK HE-SV2 0 - . 0 0 6 -.00000000 - . 0 0 - . 0 0 
LINE V3-1O0 10 1.48 6 ,70000000-02 .23 .15 
TEE FS-IOI 31 - . 0 0 6 .70000000-02 60.00 - . 0 0 
LINE MS-102 10 - . 0 0 6 .70003000-02 1.07 .15 
VALVE CV-135 31 - . 0 0 6 .70000000-02 400.00 - . 0 0 
LINE MS-103 10 - . 0 0 6 .70000000-02 1.00 .15 
ELBDW FS-104 31 - . 0 0 6 ,70000000-02 13.00 - . 0 0 
LINE MS-105 10 2.59 E .70000000-02 2.59 .15 
ELB3W FS-106 31 - . 0 0 6 .70000000-02 13.00 - . 0 0 
LINE MS-107 10 - . 0 0 6 .70000000-02 12.40 .15 
ELSOw FS-ioa 31 - . 0 0 S .70000000-02 13.00 - . 0 0 
L INE M3-I09 10 17.25 S .70000000-02 17.25 .15 
EL03U F5-110 31 -.CO 6 .70000000-02 13.00 - . 0 0 
LINE MS-111 10 - . 0 0 6 .70000000-02 ,60 .15 
ELEOW F5-112 21 - . 0 0 6 .70000000-02 8.60 - . 0 0 
LINE MS-113 10 - . 0 0 6 .70000000-02 5.00 .15 
ELB3W Fs-114 31 - . 0 0 6 .70000000-02 13.00 - . 0 0 
LINE MS-115 10 -3 .00 6 .70000000-02 3.00 .15 
ELBOW FS-H6 31 - . 0 0 6 .70000000-02 13.00 - . 0 0 
LINE MS-117 10 - . 0 0 6 ,70000000-02 4.00 .15 
ELBOW F5-118 21 - . 0 0 6 .70000000-02 B.60 - .00 
LINE M5-119 10 - . 6 4 6 .70000000-02 .SO .15 
MAGNET MAG-01 0 -4 .24 B .70000000-02 10.96 .15 
LINE IM-101 10 - . 64 6 .70000000-02 .90 .15 
£Lfl3« FH-102 21 - . 0 0 6 .70000000-02 0.60 - . 0 0 
L INE MR-103 10 - . 0 0 6 .70000000-02 4.00 .15 
EL03W F3-I04 31 - . 0 0 6 .70000000-02 13.00 - . 0 0 
LINE Ml!-105 10 -4 .00 6 .70000000-02 4.00 .15 
EL0M F1-106 21 - . 0 0 E .70000000-02 8.60 - . 0 0 
LINE MS-107 to -4 .75 E .70000000-02 7.27 ,15 
ELBM F*-10B 21 - . 0 0 6 .70000000-02 8.60 - . 0 0 
LINE MS-109 10 - . 0 0 6 .70000000-02 12,40 .15 
ELB3W FR-110 31 - . 0 0 6 .70000000-02 13.00 - .00 
LINE WR-111 10 -2 .59 6 .70000000-02 2.59 .15 
ELB3N FR-1U 31 - . 0 0 6 .70000000-02 13.00 - . 0 0 
LINE M9-113 10 - . 0 0 6 .70000000-02 .61 .15 
VALVf- Cif-146 31 - . 0 0 6 .70000000-02 400.00 - . 0 0 
LINE' MR-114 10 - . 0 0 6 ,70000000-02 1.98 .15 
TEE FR-115 31 - . 0 0 6 .70000000-02 60.00 - . 0 0 
LINE Ms-ne 10 -1 .48 6 .70000000-02 1.52 .15 
TANK HE-SV2 0 - . 0 0 S -.00000000 - . 0 0 - . 0 0 

NOTE:- RELATIVE HEAD CHANGE, LEN'GTH, AXD DIAMETER ARE IX METERS. 
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TABLE 7 

MAGNET HELIUM SUPPLY SYSTEM 
(MAGNET CIRCUIT LOOP-2) 

CC'.IP COMP FUNC. NUM6. NHEAO MATRL. FLOW FRICTION LINE LENGTH 
NA.ie CODE TYPE OPER. (Ml TYPE COEFlCIENT QH L-OVER-D 
GAS HE-LIO 1 2 -.00 2 -.00000000 -.00 LINE MS-202 10 1 -.00 6 .70000000-02 1.07 
VALVE CV-136 31 1 -.00 6 .70000000-02 400.00 
LINE MS-203 10 1 -.00 6 .70000000-02 1.00 
ELBOW FS-204 31 1 -.00 6 .7000COOO-02 13.00 
LINE MS-205 10 1 2.59 6 .70000000-02 2.59 
ELB3W FS-206 31 1 -.00 6 .70000000-02 13.00 
LINE M3-207 10 1 -.00 6 .70000000-02 12.40 
ELBOW FS-208 31 1 -.00 6 .70000000-02 13.00 
LINE MS-209 10 17.25 S .70000000-02 17.25 
ELBOW F3-210 31 -.00 6 .7000COOO-02 13.00 
LINE H5-2II 10 -.00 6 .70000000-02 .80 
ElBJW F5-2I2 21 -.00 e .70000000-02 6.60 
LINE MS-213 10 -.00 6 .70000000-02 5.00 
ELB3W FS-214 31 -.00 6 .70000000-02 13.00 
LINE MS-215 to -3.00 6 .70000000-02 3.00 
ELBOW F5-3I6 31 -.00 6 .70000000-02 13.00 
LINE MS-217 10 -.00 6 .70000000-02 8.30 
ELBOW FS-218 21 -.00 6 .70000000-02 8.60 
LINE MS-219 10 -.64 6 .70000000-02 .90 
MAGNET M4G-02 0 -4.24 6 .70000000-02 10.96 
LJNE MR-200 10 -.64 6 .70000000-02 .90 
ELB3W F3-201 21 -.00 6 .70000000-02 6.60 
LINE MS-202 10 1 -.00 6 .70000000-02 8.30 
ELBOW FS-203 31 -.00 6 .70000000-02 13.00 
LINE MR-204 10 -4.00 6 .70005000-02 4.00 
ELBOW FR-305 21 1 -.00 6 .70000000-02 B.SO 
LINE MS-205 10 1 -4.75 6 ,70000000-02 7.27 
ELBOW Ffl-207 21 1 -.00 6 .70000000-02 a.60 
LINE MR-208 10 1 -.00 6 ."0000000-02 12.40 
ELBOW ffi-209 31 1 -.00 6 .70000000-02 13.00 
LINE MR-210 10 1 -2.59 6 .70000000-02 2.59 
ELBOW FR-211 31 1 -.00 6 .70000000-02 13.00 
LINE MR-212 10 1 -.00 6 .70000000-02 .61 
VALVE CV-146 31 1 -.00 6 .70000000-02 400.00 
LINE MR-213 10 1 -.00 6 .70000000-02 1.98 END 0 0 -.00 0 -.00000000 -.00 

NOTE: RELATIVE HEAD CHANGE, LENGTH, AND DIAMETER ARE IN METERS. 
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1.7.1 Program C0NTRL 

Program C0NTRL is the initialization and driver routine which sets up TCIMM 
for any of the five cryogen system analyses. The routine initializes the data 
storage subroutines, establishes the date, reads in the data tables via 
subroutine INTAB, and reads in the program data deck via subroutine C0MPIL. 
In so doing, C0NTRL sets up a number of index values relating to system type 
and kind and whether the input data deck is for a single case or multiple case 
run. 

Input data for C0NTRL is read from the first several cards of the input data 
deck. These data are used and transferred to storage in labeled common areas 
defined by Procedure Definition Processor elements. The labeled common areas 
used by C0NTRL are: 

C0MM0H/C0NTRL/ 
C0MM0N/CI0UNT/ 
C0MM0N/CKEYS/ 
C0MM0N/CPAGE/ 

Calling Sequence. CfStTTRL is the driver routine and as a main program it is 
not called by any other subroutine. 

SIGNIFICANT VARIABLES 

NAME TYPE I 

NAM A 
DEPT I 
BLD I 
EXT I 
CTITLE A 
NSYS A 
NI A 

f0 DIMENSION DESCRIPTION 

l 1 User Name 
[ 1 User Department 
[ 1 Building Number 
[ 1 Phone Number 
: 1 Case Title 
'• 1 System Type Index 
[ 1 Rest of System Name 

71 



1MSC-D673325 

NAME TYPE I/O DIMENSION DESCRIPTION 

NCRT T I I 1 System Kind 
INTGR A I 1 Case Index 
NAKSYS I I 5 System Name Index 
SCRIT I I 1 System Kind Index 

A listing of subroutine C0NTR1 will be found in Appendix A. 

The flow chart for subroutine C0NTRL is presented in Appendix C. 

1.7.2 Subroutine C0MPIL 

The principle function of subroutine C0MPI1 is to read the input data deck, 
storing all variables in their proper arrays. The input data is "echoed" to 
provide the user with a means of verifying input data value to assure accuracy 
in the analysis, This function is performed for each of the primary systems 
and their system configuration definitions. Tests are made in reading data to 
ensure the use of legal function code. The user is warned if errors are 
detected. 

The labeled coranon areas used by C0MPIL are: 

C0MM0N/CCNFIG/ 
C0MM0N/CCNTRL/ 
C0MH0N/CMAG/ 
C0MM0N/CI0ONT/ 
C0MM0I1/CNAMES/ 
C0MM0N/CPAGE/ 

Calling Sequence 

C0MPIL is called by driver routine C0NTRL. 
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Significant Variables 

SYSNDH - Controls G0 T0 branching in C0MPIL 

A listing of C0MPIL will be found in >p«endix A. 

The flow chart for subroutine C0MPIL is presented in Appendix C. 

1.7.3 Subroutine MAGNET 

Subroutine MAGNET provides the program capability necessary to characterize 
the fluid and thermodynamic conditions existing in the superconducting magnet 
as a function of any given set of input operating conditions. For any 
specified inlet fluid temperature and pressure, fluid mass flow rate, and 
magnet heat load, the subroutine computes the outlet fluid state, quality, 
density, pressure drop, velocity and Reynolds Number, and outlet fluid 
temperature and pressure, for both no-flow conditions and flow at input 
mass-flow rate. The computer values are output in tabular format. 

The subroutine additionally computes helium boil-off in the large helium 
storage tank based upon an input storage vessel heat load. 

Finally, the subroutine calls CMPCAL to execute the computation of the fluid 
state changes and thermodynamic processes occurring in the entire magnet 
helium supply system configuration. 

The labeled common areas used by subroutine MAGNET are: 

C0MM0N/CMAG/ 
C0MM0N/CFLUID/ 

Calling Sequence. MAGNET is called by the driver rritine C0NTRL. 
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Significant Variables. Input variables are defined in section „.5.1.4.1. 
Computed variables are; 

NAME TYPE I/O DESCRIPTION 

QUAL0 R O Fluid Mass Quality 
SVLIN R 0 Sp, Vol. Inlet Helium Fluid 
SVLMIX R 0 Sp. Vol. Outlet Helium Fluid 
RH0MIX R 0 Density Outlet Helium Fluid 
WD0TI (I) R 0 Mass Flow Inlet Fluid Per Magnet 
W0TCHE R 0 Mass Flow Outlet Gaseous Helium Per 

Magnet 
H0TLHE R 0 Mass Flow Outlet Liquid Helium Per 

Magnet 
WDGST0 R 0 Mass Flow of Gaseous Helium From 

Helium Storage Vessel 

A listing of subroutine MAGNET will be found in Appendix A. 

A flow chart for subroutine MAGNET is presented in Appendix C. 

1.7.4 Subroutine CRYPAN 

Subroutine CRYPAN performs essentially the same calculations for the cryopanel 
as are performed in subroutine MAGNET. The major difference is the number of 
branching loops required for multiple cryopanels, and the necessity for 
keeping track of a larger number of different mass flow values in the 
two-phase fluid present in the separate loops. 

It is expected chat this subroutine will require some modification when the 
final cryopanel configuration is fixed by CVI. The subroutine characterizes 
the specified cryopanels and then calls subroutine CMPCAL for a complete 
characterization of the Cryopanel Supply System. 
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The labeled common area used by CRYPAN i s : C0MM0N/CMAG/. 

Calling Sequence, CRYPAN i s cal led by the driver routine C0NTRL. 

Signif icant Variables. Input variables are described in sect ion 1 . 5 . 2 . 4 . 2 . 

Computed variables are: 

NAME TYPE I/O DESCRIPTION 

SLVIN(I) R 0 In le t Helium Fluid Specif ic Volume 

to each Cryopanel 
QWAL(I) R 0 Fluid Mass Quality of Helium out of 

each Cryopanel 
SVLMXd) R 0 Specific Volume Outlet Helium 

Fluid - each Cryopanel 
RH0MX(I) R O Density of Fluid Mixture out of each 

Cryopanel 
W0TG(I) R 0 Mass Flow of Gaseous Helium out of 

each Cryopanel 
WDTL(l) R 0 Mass Flow of Liquid Helium out of 

each Cryopanel 

A l i s t i n g for subroutine CRYPAN w i l l be found in Appendix A. 

A Flow Chart for subroutine CRYPAN i s presented in Appendix C. 

1.7.5 Subroutine HEMKUP 

Subroutine HET-UP characterizes the Refrigerator-Liquefier operating 
conditions and addit ional ly computes the LN requirements for the 
Refrigerator-Liquefier Nitrogen Precooler. 
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The subroutine makes use of the nominal "cold-box" (refrigerator-liquefier) 
parameters provided by LLL/CVI to compute the amount of heat to be removed 
from the high-pressure '.wt helium entering the cold box, ani the amount of 
heat that can be removed by the low-pressure cold helium gas entering the 
"cold box" from the Dewars. The subroutine then computes the amount of LH. 
fluid needed to make up the heat removal difference, and permits the 
production of the necessary makeup liquid heliisj to keep the overall system 
operating. After completing the characterization of the "cold-box," 
subroutine HEMKUP calls CMPCAL to characterize the fluid intake and 
thermodynamic processes throughout the entire helium makeup and resuppl.y 
system. The labeled common area3 used by subroutine HEMKUP are: 

C0MM0N/CMAG/ 
C0MM0N/CFLUID/ 

Calling Sequence. -HEMKUP is called by the driver routine C0HTRL. 

Significant Variables, Input variables used by subroutine HEMKUP are 
described in section 1.5.1.4.3. Computed variables gene-ated within HEMKUP 
are utilized in a single output table characterizing the Refrigerator-
Liquefier. 

A listing of subroutine HEMKUP will be found in Appendix A. 

A flow chart for subroutine HEMKUP is presented in Appendix C. 

1.7.6 Subroutine CMPCAL 

The subroutine CMPCAL is designed co perform fluid flow and thermodynamic 
analyses for all of the component units which make up the system 
configuration. The system configuration being defined is the computer image 
of the system main flow schematic diagram wherein all components and line 
segments are arranged in their normal logical sequence. The subroutine 
requires that each system or subsystem fluid segment begin with a data entry 
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which flags the fluid kind and state and further requires that when a fluid 
state changes (i.e., gas to liquid), a second data entry must be available. 

The subroutine currently will process systems which employ helium and nitrogen 
as the cryogen fluids. The logic: employed requires that the configuration 
data be entered starting with the cryogen supply source and proceeding to the 
fluid return to the storage tanks, thus permitting the accumulation of 
pressure drop data and thermal changes in an orderly fashion. 

Subroutine CMPCAL is normally employed for the evaluation of a multibranch 
system and normally processes the primary branch of the system, followed by 
the other branches in order. It can, however, process any branch, or, just 
one branch, depending upon the setting of the input fluid flag variable?. The 
program calls in required subprograms as needed for characterizing the 
individual components and line segments as they are encountered in the 
configuration sequence. The CMPCAL analysis procedure is based upon 
accomplishing a one-by-one analysis of the sequential component stream defined 
by the configuration table as read in by subroutine CMPIL. Based upon the 
input data, the subroutine accomplishes the computation of the individual 
component contribution to fluid state change, pressure drop, and energy change 
and presents the calculated values in tabular formatted output as a "Summary 
of Computed System Configuration Parameters." 

The principal computations accomplished in subroutine CMPCAL are as follows: 

(a) Upon being called, the subroutine first initializes a set of flag 
and flumnation variables. It starts the configuration loop by 
calling for the decoding of the first branching variable as entered 
in the first configuration data card. The primary branching 
control variables employed are CFUNCT and CFTYPE as defined in 
subroutine C0MPIL and PDP-C0NFIG, The branching variable CFUNCT 
contains the coding for (in successive data entires)) the fluid 
identification, primary component identification, and, in turn, 
each component unit sequentially considered in the system. The 
secondary branching control variable CFTYPE successively contains 
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the coding for, the fluid state, the consumer characteristic type, 
and, in turn, the controlling characteristics of each component 
unit sequentially considered in the system. Subroutine branching 
to the specified analysis region of the coding is accomplished via 
a computed G0 T0 statement, controlled by the variable CFUNCT. 

(b) The subroutine identifies the fluid to be considered and identifies 
its state condition and then initializes the sequential indices. 

(c) Identifies the cryogen supply source and sets up the source fluid 
flow rate, fluid pressure, and fluid temperature with their 
respective sequential indices. At this point the actual 
configuration analysis has begun. 

(d) The subroutine then processes a line segment (whenever called for 
by CFUNCT) through the sequence of the line analysis to compute 
flow conditions, pressure drop and thermal changes. Fano-flow, 
compressible-flow, velocity effects, as well as fluid head height 
are all taken into consideration in the analysis. 

(e) Processes a control unit (valve, J-T valve, or regulator) through 
the sequence of the control analysis to compute flow conditions, 
pressure drop, and thermal changes. Volume characteristics as a 
function of type for the control unit, are specified in the "tens" 
digit of CFTYPE. Selection of the type of control unit is made via 
the "units" digit of CFTYPE, as defined in PDP-C0NFIG. 

(f) The subroutine processes a fitting or tap in much the same fashion 
• as for the line segment analysis, taking into account the flow 

geometry effects. It computes the flow conditions, pressure drop, 
and fitting or tap volume characteristics. 

(g) Processes a magnet; computes new fluid state conditions based upon 
inlet temperature, pressure and magnet heat load; computes pressure 
drop, fluid velocity, mixed phase density, quality, and Reynolds 
Number; defines mass flow for liquid and gaseous fluid states. 
Accounts for head height deltas. 

(h) Processes a heat exchanger, sets up the fluid conditions, inlet and 
outlet cold fluid temperatures and pressures, and heat source 
mixtujB ratios; then calls subroutine HEATEX to assentially design 
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the heat exchanger and calculate pressure drop, hot fluid flow 
rates, and heat exchanger veight. 

(i) Processes a cryopanel taking into account the particular branching 
loop to which the cryopanel belongs, computes new fluid state 
conditions based upon inlet temperature, pressure, and cryopanel 
heat load, computes pressure drop, mixed phase density, quality, 
and Reynolds Number. Accounts for head height changes in the above 
computations. 

(j) Processes a refrigerator-liquefier assembly based upon the CVI 
nominal refrigerator-liquefier design parameters. Computes new 
fluid state conditions based upon inlet temperature, pressure, and 
refrigerator^liquefier heat load values. Computes pressure drop, 
density, velocity, and Reynolds Number for fluid paths involved, 

(k) Processes a compressor-purifier assembly. Computes new fluid state 
conditions based upon inlet temperature, pressure, and compressor-
purifier operating specifications. Pressure drop, fluid density* 
velocity, and Reynolds Number are computed. Makeup helium added to 
the flow stream at this point is taken into account in the 
recomputed mass flow calculations. 

(1) The subroutine then processes a fluid supply tank, first setting up 
the tank temperature and pressure. The program checks to r-e which 
cryogen supply source/tank it is addressing and whether it is the 
first, or, second time it has encountered this particular tank, 
since this makes a difference in whether or not it will consider 
certain computations, and save certain specified values for use in 
other calculations. 

(ra) CMPCAL then outputs the computed configuration component data in a 
tabular formatted output with all components identified and in the 
same sequence as given in the original system schematic. 

Input data for use in subroutine CMPCAL is read in at program initiation time 
via subroutine C0MPIL from the configuration data cards. Data from each 
card are stored in a packed array by subroutine ST0C0N using equivalenced 
array variables defined in the Procedure Definition Processor CCNFIG. 
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Retrieval of the data is accomplished in CMPCAL via repeated calls to 
subroutine GETC0N which unpacks the data as needed. 

The input data and computed parameter values are stored in various regions of 
cr.e labeled C0MM0N storage defined by PDP elements. The labeled common 
storage employed by subroutine CMPCAL are as follows: 

C0MM0N/CONFIG/ C0MM0N/C0NTRL/ C0MM0N/CFLUID/ 
C^MM0N/,CI0UNT/ C0MM0N/CMAG C0MM0N/CNAMES/ 
C0MM0N/C0NST/ C0MM0N/CPAGE/ C0MM0N/TABL0K/ 

Calling Sequence. Subroutine CMPCAL is initialized and brought into execution 
via a simple call statement from either subroutine MAGNET, subroutine CRYPAN, 
or s subroutine HEMKUP. 

Data transfer to and from subroutine CMPCAL is effected through the use of 
INCLUDE statements which bring in the appropriate PDP element defining the 
required labeled C0MM0N storage areas. Upon completion of the CMPCAL 
computations, the program control returns to the calling subroutine. 

Significant Variables. Significant variables employed in, and processed by, 
subroutine CMPCAL are defined in the following list! 

NAME TYPE I/O DIMENSION 

ICNF I I 1 

IDX I 0 1 
ISIGN I 0 1 
CFUHCT I I 1 

CFTYPE I I 1 

DESCRIPTION 

Number of configuration data 
cards input 
Configuration item index 
Analysis directional index 
Integer corresponding to 
configuration item function 
Integer corresponding to 
function type 
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NAME 

OHTYPE 

CITYPE 

TYPE I/O 

CN0PER I 
CHSTBY 
FRC0EF 

I 
R 

L0D 

DIAM R 
ITHIK R 
MAR R 

C0DE R 

IGAS I 

GSTATE 

PRES 

DIMENSION 

1 
1 

100 

100 

100 
100 
100 

100 

1 

1 

100 

TEMP R 0 100 

WD0TN R 0 100 

WD0TI R I 6 

FLD 

DESCRIPTION 

Integer corresponding to 
material type 
Integer corresponding to 
insulation type 
Number of units operating 
Number of units on standby 
Characteristic friction 
factor for flow region 
Length over diameter, or, 
length 
Diameter 
Insulation thickness 
Number of layers of 
insulation per inch 
Identification code for 
configuration unit 
Integer corresponding to 
fluid kind 
Integer corresponding to 
fluid state 
Fluid pressure at each point 
in system 
Fluid temperature at each 
point in system 
Fluid flowrate at each point 
in system 
Input fluid max flow rate at 
primary component 
fl/D for configuration unit 
considered 
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1 Integer pointer for control 
volume characteristic 

1 Integer pointer for fitting 
and tap configuration 

1 Fluid density 
1 Fluid pressure drop across 

component 
1 Cross sectional area of flow 

region 
11 Integer defining branch-loop 

number 

The subroutine CMPCAL listing will be found in Appendix A. A flow chart for 
subrountine CHPAL is presented in Appendix C. 

1.7.7 Program Element Monitoring and Statusing 

The MFTF*CSA. program currently contains 76 symbolic elements, 60 relocatable 
elements, and 1 absolute element. The status of any element in the file in 
terns of when it was last updated, the position of the element within the filf 
and the element texc size in sectors (a sector is 28 words), can ba determiner 
with a call to the Program Reference Table processor, using the "T" option t 
get a table of contents (viz: @PRT,T MFTF*CSA.). The current table of 
contents for MFTF*CSA. is presented in Fig. 7 given on the next several pages. 

A second useful tool in the monitoring of a program file is the Cross 
Reference processor (viz: @XREF MFTF*CSA.). This processor produces a cross-
referenced table which alphabetically list! the relocatable elements by name, 
and beside each element name lists the element entry point and entry point 
name. Next to the entry point name are listed all the relocatable element 
names which reference this entry point, thus giving a cros3-reference for t 
whole file. The current XREF table for MFTF*CSA. is presented in Fi°. 8. 
Note, for example, c*!at the element CMPCAL has the entry point name "MPCAL, 
and is referenced (or called) by CRYPAN, HEMKUP, and MAGNET. Note also the 

IDV [ • I 

LCV I I 

RH0 R 0 
DELP R 0 

A R 0 

GL#P I I 
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FILE: 63571V-SQUELCHS TIME: 10:17:17 DATE 040579 
Fig. 7 Program Reference Table - FIJ.e Element Listing 

*FTF«C5M1 1 ELEMENT TABLE 
N I U L V E R S I O N t Y P t DAI E T I M E S E Q * S I Z E - P R E T E X T ( C Y C L E W O R D P S R M O D E L O C A T I O N 
A S S A B S O L U T E O S A P R 7 9 0 9 2 9 5 7 1 1 0 2 2 1 7 9 2 
A M A L Y S I S F O R S V M D 2 9 M A R 7 9 21 17 0 9 2 3 3 B o 2 0 1 4 
A M A L V S I S R E L O C A T A B L E 2 9 M A R 7 9 21 17 3 d 3 2 3 8 2 B 4 7 
CCHtIG F O R P R O C 2i F E B 7 9 12 so 0 4 4 5 7 i 0 2 U 8 7 ClCN1HI F O R P R O C 2 9 M A R 7 9 0 8 51 1 9 5 6 I 0 2 9 4 4 C F L U I D F O R P R O C 21 F E B 7 9 1 7 3 5 2 9 C 3 1 0 2 9 5 0 
CfTjt F O R S Y M U 3 0 S E P 7 8 1 4 17 3 B 7 10 5 0 1 2 9 5 3 c F t d R E L O C A 1 A B L E 0 6 O C T 7 8 0 9 21 5 7 a 1 7 2 9 6 3 ClOi.nr F O R P R O C 3 0 S E P 7 B 1 4 16 5 5 9 5 1 0 2 9 7 1 
C H E v s F O R P R O C 3 0 S E P 7 B 1 4 10 5 5 10 1 1 0 2 9 7 6 c«A;; F O R P R O C 2 4 F L O 7 9 I S 15 2 2 11 12 1 0 2 9 7 7 O M r x i F O R P R O C 2 9 M A R 7 9 I S 0 6 1 3 12 17 1 0 2 9 B 9 c a p c A i F O R S Y M U 2 9 M A R 7 9 21 O B 4 7 13 4 1 0 5 0 3 0 0 6 C M P L A L R E L O C A T A B L E 2 9 M A R 7 9 21 10 1 4 *4 5 1 7 6 3 4 1 6 ctiA-.trs F O R P H O C 2 7 F E B 7 9 1 4 0 6 5 B 15 2 1 0 3 5 9 9 COJ.1I I D F O R S Y M B 2 7 M A R 7 9 1 2 5 7 0 4 16 2 3 5 0 3 C 0 1 CUrJI L D R E L O C A T A B L E 2 7 M A R 7 9 1 2 S 7 2 3 1 7 2 11 3 G 2 4 CUMi'UP F O R S Y M B 2 3 M A R 7 9 2 3 3 5 2 7 IB 3 5 0 3 6 3 7 cOMi'im R E L O C A T A B L E 2 8 M A R 7 9 I S 14 2 5 19 1 3 3 6 4 0 •-Dr.1,'1 L F O R Ei'MU 2 7 M A R 7 9 1 6 17 3 6 2 0 1 2 5 5 0 3 G 4 4 CDMi'lL R F L O C A l A B L E 2 7 M A R 7 9 1 6 IB 3 3 21 4 6 5 3 7 6 9 C O N S T F O R P R O C 1 7 F E B 7 9 1 5 4 6 2 B 2 2 4 1 0 3 U 3 B (.•MI1L f O H 5 Y M B 2 9 M A R 7 9 0 8 5 3 2 0 2 3 2 4 5 0 3(142 
C O N : II L R E L O C A T A B L E 2 9 M A R 7 9 oa S 3 S 6 2 4 3 13 3 0 6 6 LI" F O R SYC'B 2 8 S E P 7 B 0 7 S B 5 6 2 5 4 5 0 3 0 B 2 C P R E L O C A T A B L E O G o c t 7 B 0 9 2 4 0 9 2 6 2 3 3 8 B 6 C P A 2 C F O R P R O C S O S t P 7 B 14 IB 5 8 2 7 a 1 0 1 3 8 9 1 
' n r c A N F O R S Y M B 0 6 D E C 7 B 1 1 51 1 1 2 S 4 5 5 0 3 B 9 9 C H Y P A M R E L O C A T A B L E 2 4 F E B 7 9 IS 2 0 1 6 2 9 3 3 4 3 9 4 4 C S U U P T O R SYr.lfl 3 0 S E P 7 B 14 17 3 6 3 0 7 5 0 3 9 8 1 
CSLIIIP R E L O C A 1 A B L E 0 6 O C T 7 B 0 9 2 2 5 3 31 2 4 3 9 B 8 CSUUtf r O H S Y M B 3 0 S E P 7 B 14 17 3 7 3 2 7 5 0 1 3 9 9 4 csuuu R E L O C A T A B L E 0 6 O C T 7 B 0 9 2 2 5 6 3 3 2 4 4 0 0 1 
csvbwr F U R P R O C 3 0 S E P 7 B 14 16 5 9 3 4 6 1 0 1 4 0 0 7 CTAI1 ion PHOC 3 0 S E P 7 B 14 16 5 9 3 5 10 1 0 1 4 3 £ IAUA F O R P H O C 3 0 S E P ?a 14 17 0 0 3 6 2 I 0 1 4 3 
cv F O R S Y M B 2 B S C P 7 0 0 7 5 6 S O 3 7 3 5 0 1 4 0 2 5 
cv R E L O C A T A B L E O B O C F 711 0 9 2 4 1 1 3 8 1 3 4 0 2 8 C V I M T F O R SYI.IU 2 B S E P 7 0 0 7 5 7 0 2 3 9 12 S 0 I 4 0 3 2 
C V t "J 1 lltlOCA' \JLE O B O C T 7 8 0 9 2 4 1 3 4 0 2 19 4 0 4 4 
CVOl. F O B SYl.tB 0 7 F F B 7'J 21 13 1 5 41 2 B 5 0 1 4 0 6 5 
CVOl R E L O C A T A B L E 0 7 F E B 7 9 ?1 13 2 9 4 2 1 2 0 4 0 9 3 D A I A 1 l| F O R SYMI1 2 9 M A R 7 9 2 2 3 0 1 3 4 3 to 5 0 1 4 1 1 4 
D A T A 111 R E L O C A I A B L E 2 9 M A R 7 9 2 2 3 0 3 7 4 4 2 11 4 1 2 4 
[ 0 0 1 F O R SY11B 211 S E P 711 0 7 5 7 O S 4 5 7 5 0 1 4 1 3 7 
CltlD 1 R E L O C A T A B L E Oii O C T 7 U 0 9 2 4 1 4 4 6 1 5 4 1 4 4 
U O I 1 L I F O R S Y M B 2 B S E P 7 B 0 7 5 7 0 8 4 7 9 5 0 1 4 1 5 0 UOHET R E L O C A T A B L E O C O C T 7 B 0 9 2 4 1 7 4 8 2 14 4 1 5 3 
['ELI F O R S Y M U 2 6 S E P 7 B 0 7 5 7 . 1 1 4 9 2 5 0 1 4 1 7 5 OCLT R E L O C A I A B L E 013 O C T 7 8 0 9 2 4 . 1 8 5 0 1 2 4 1 7 7 HF.NCAI F O H S Y M Q 2 9 M A R 7 9 1? 4 5 0 5 5t 1 1 5 o 4 1O0 
riENCAL R E L O C A T A B L E 2 9 M A R 7 9 I B 0 0 4 4 5 2 1 12 4 1 9 1 
O E N S L F O R S Y M B 0 3 A P R 7 9 2 2 0 0 5 2 5 3 7 5 0 1 4 2 0 4 



F i g . 7 ( C o n t . l 
OCNSL 
OIMbV 
OHLDP 
3NLDP 
BPCAL 
OPCAL 
OPCIDD 
UPCLOD 

riELDCAIAilLE 04 A''R 79 1 1 17 50 54 7 a n i OCNSL 
OIMbV 
OHLDP 
3NLDP 
BPCAL 
OPCAL 
OPCIDD 
UPCLOD 

FOR 5YMB 03 APR 79 22 00 53 SS 7 5 O 4219 
OCNSL 
OIMbV 
OHLDP 
3NLDP 
BPCAL 
OPCAL 
OPCIDD 
UPCLOD 

HtLOCAIABLE 03 APR 79 1 1 59 07 56 B 4226 

OCNSL 
OIMbV 
OHLDP 
3NLDP 
BPCAL 
OPCAL 
OPCIDD 
UPCLOD 

IOK SVMI3 03 APR 79 22 00 56 57 B 5 0 4235 

OCNSL 
OIMbV 
OHLDP 
3NLDP 
BPCAL 
OPCAL 
OPCIDD 
UPCLOD 

RCLOCAIABLE 12 MAR 79 15 30 22 50 9 4 24 3 

OCNSL 
OIMbV 
OHLDP 
3NLDP 
BPCAL 
OPCAL 
OPCIDD 
UPCLOD 

FOR SrfJU 03 APR 79 22 00 49 59 41 5 o 4253 

OCNSL 
OIMbV 
OHLDP 
3NLDP 
BPCAL 
OPCAL 
OPCIDD 
UPCLOD 

HI I U C A H D I E 04 APR 79 l 1 17 03 60 49 4294 

OCNSL 
OIMbV 
OHLDP 
3NLDP 
BPCAL 
OPCAL 
OPCIDD 
UPCLOD r on svr.m 30 51 P VO 07 57 1 3 61 2 5 0 1 4345 

OCNSL 
OIMbV 
OHLDP 
3NLDP 
BPCAL 
OPCAL 
OPCIDD 
UPCLOD RELOCATABLE OC OCT 711 09 24 19 62 3 4347 
3PCLUT FOH S>MO 38 SLP 7B 07 57 16 63 2 5 0 1 4351 3PCLUT fit LUCAIAOLE oe OCT 7B 09 24 21 64 3 4353 
•porVP FOR SYMO 20 SLP 7U 07 57 18 65 7 5 0 1 4357 
bporvp REIOCA1ABLE 06 OCT 78 09 34 24 66 9 4364 
BPLIHC FOR SVHO 39 MAR 79 (7 4G 38 67 6 5 0 4374 BPLItlE HELOCAIA8LE 29 MAR 79 ia 02 14 68 7 •4380 DPVALV FOR STMU 39 MAR 79 17 47 37 69 3 5 0 1 4388 
OPVALV RELOCATABLE 39 MAR 79 IB 03 46 7a 3 4391 
DSAIL l-OH SVMD SO St P 78 07 57 20 71 4 5 0 1 4395 
D5AIL HELOCAIABLE OG OCT 78 09 24 SC 72 4 4399 
ClSAIV FOR SY1.IP. 30 SEP 78 07 57 21 73 4 5 o 4404 OSA1V RELOCATABLE OG OCT 73 09 34 28 74 4 440B 
&T1II t FOR SVMSI 38 SLP 78 07 57 24 75 10 5 0 4413 
DTHI r RELOCAtABLE 06 OCT 73 09 34 31 76 2 15 4423 
PUHj) FOR PHOC 13 MAR 7J 01 S2 04 77 3 1 0 1 4440 
CJuurj FOR S(MD 38 SEP 78 07 57 25 78 7 5 0 4443 
D2DIJI 2 RELOCATABLE 06 OCT 7B 09 24 33 79 5 4450 
ENTHAL run SYME) 2E9 SEP 7B 07 57 27 8o 4 5 o 4456 ENTMAL UELOCAIAUIE 00 OCT 78 09 24 35 SI 4 4460 ENtMOP FOR SYMU 38 SEP TB 07 57 29 82 4 5 0 4465 
ENT«OP RELOCAIABLE OB ocr 78 09 34 36 83 5 4469 
FltlUU FDR SYI.1U 30 SEP 7B 07 57 32 B4 5 5 0 4>V.'S FIN >il RELOCATABLE 06 OUT 78 09 24 38 B5 5 4480 
Fisnfj FOB SYMQ 17 FEB 79 15 15 13 86 3 S o 4 466 
FlNim RELOCATABLE 17 FEB 79 15 15 27 87 2 44B9 
F1NIAQ FOH SYMB 27 MAR 79 12 59 3S 88 It 5 0 4492 
FINIAB RELOCAIABLE 27 MAR 79 12 59 52 89 2 6 4503 
Fianto FOR SYMB 17 FEB 79 15 37 36 90 8 5 0 451 1 
FLOiJLO RELOCATABLE 17 FEB 79 15 27 4 8 91 3 4519 
GETCON FOR SYMB 27 MAR 79 \J 01 .24 92 7 5 0 1 4523 
CETCQN RELOCATABLE 27 MAR 79 13 01 .50 93 2 3 45-SO 
GIIEWCV SYMBOL1C 27 MAR 79 16 09 = 12 94 1 5 o 1 4535 
GHEl.CU RELOCA TABLE 27 MAH 79 16 13 03 95 t 4536 GN2UCN FOR SVMU 03 APR 79 22 00 54 96 10 5 0 4538 
GN2ULN RELOCATABLE 29 MAI) 79 07 3D 29 97 12 454S 
HEF1 1 FOR SVMU 2B SLP 78 07 57 35 98 9 5 0 1 4 561 
HEFI 1 RE LOCAI 'BLE OB OCT 715 09 24 44 99 a 12 4S70 
Httiro FOR SYMB 04 OCT 70 16 35 46 100 2 5 o I ' 45B4 
H""M1 D HELOCAIABLE 06 OCT 78 09 23 10 101 i 2 45B6 Htr.uup ELT 5«IU is FCO 79 14 43 05 102 38 5 0 1 45B9 
HEMKUP RELOCAIABLE 24 FKO 79 15 2D 35 103 3 S3 4627 
HEPHOP fOH SYMO 09 acr 7H 12 3B 29 104 41 5 0 465 rt 
HEPHOP HEt-OCA TABLE 09 ocr 7H 12 38 28 105 3 25 469.1 
HINT FOR SYMB 20 SLP 70 07 57 30 106 9 5 0 4722 
HINf OELOCATABLE 06 OCT 711 09 24 48 107 2 16 4731 
HVAP FOR SYMU 03 APR 79 22 00 59 108 17 5 0 4749 
MVAP RELOCATABLE 12 MAR 79 15 29 39 109 3 19 4766 
1NTA6 FOR SYMB 13 MAR 73 01 59 16 1 10 66 5 0 1 47B7 
INTAB RELOCATABLE 09 OCT 78 12 38 20 1 11 2 57 4853 



F i g . 7 ( C o n t . ) 

LIO -4I! SYMBOLIC 27 MAR 73 IB 07 21 1 1? 1 5 0 1 4913 
LIO'H T RELOCATABLE 27 H/l'l 79 IB 12 13 1 13 T 1 4913 
LNSYSI FOR SYMB 05 Aim 79 OB 05 46 1 14 89 5 0 1 4915 
LKS.-.i RELOCATABLE 05 APR 79 OH OG 30 1 15 3 78 5004 
LOCATE FOR SYMU 27 MAR 79 13 03 39 1 16 1 1 5 C 1 50B5 
LOCATE RELOCATABLE 27 MAR 79 13 03 5 2 1 17 2 6 5096 
MIG'IE 1 FOR SVMd 21 FEB 79 17 35 50 1 IB 82 5 0 1 5104 
MAGNCI RELOCATABLE 24 FEB 79 15 27 d6 1 19 4 20 5IB6 
MFTI MAP SYI.IB 30 SEP 78 14 17 50 120 1 3 0 1 5210 
MIPE rOR SYI.1U 27 MAR 79 13 06 04 121 26 S 0 1 521 1 
MIME RELOCATABLE 27 MAR 79 13 06 • 9 122 2 16 5237 
N2MAIN FOR SYMB 05 APR 79 09 2G 19 123 44 5 O 1 5255 
N 2 H M N RELOCATABLE 05 APR 79 09 36 5 0 124 2 35 5299 
M ? P H Q P FOR SYMB 13 MAR 79 IB 03 04 125 • 4 5 0 1 5336 
N2PIIOP RELOCATABLE 13 MAR 79 IB 03 04 126 3 4 5340 
OUTPUT FOB SYf.lB • 3 MAR 73 02 01 29 127 13 5 0 1 5346 
OUTPUT RELOCATABLE 06 OCT 7B 09 23 35 128 2 19 5359 
PAGE I JR SYMB 13 MAR 73 02 01 43 129 31 5 0 1 5380 
PAGE HELOCATABLE OB O C T 78 09 23 3 7 130 2 7 541 1 
PCAL FOR SYMB 20 SEP 7B 07 57 40 131 2 5 0 1 5420 
PCAL RELOCATABLE OB OCT 78 OS 24 50 133 1 3 5422 
R lion* 5 FOR SYMB 04 OCT 73 IE 25 42 133 14 5 0 1 5426 
RIIO.;AS RELDCA1ABLE 06 oc r 78 09 23 40 134 2 8 544 0 
RHOl 10 FOR 5YAIB 04 OCT 78 16 25 45 135 14 5 0 1 5450 
RllOi IO RELOCATABLE Ob OL'T 78 09 23 •12 13B 3 a 5464 
S.NI FOR SYMU 20 SEP 7B 07 57 43 137 10 S 0 1 5474 
S1NI RELOCATABLE 06 OCT 78 09 24 S3 138 a 17 5484 
SlC'MII FOR SYM1) 03 APR 79 23 00 5 6 139 5 S 0 1 5503 
SlE'lTH RELOCATABLE 12 MAR 79 15 30 19 140 1 5 5508 
SOU-J FOR SYMQ 2B SEP 78 07 57 45 141 3 5 0 1 5514 
SGU:i RELOCATABLE OG OCT 78 09 24 55 142 2 3 5517 
SPCf III FOR SYMB 03 APR 79 22 00 S 4 143 6 5 0 5522 
SPCFHI RELOCATABLE 28 UAH 79 18 53 34 144 1 6 5528 
SIOl OH FOR SYMB 30 SEP 78 14 17 18 145 7 5 0 5535 sxor;oN RELOCATABLE OS OCT 78 09 23 48 146 1 3 5542 
STOUT A FOR SYMB 29 MAD 79 OR 54 4 3 147 64 5 0 5546 
STOilTA RELOCATABLE 29 MAR 79 08 55 13 148 3 24 5010 
svE-irii FOR SYMU 03 APR 79 22 GO 5 0 149 39 5 0 5G37 
SVENIH RELOCATABLE 12 MAR 79 IS 30 17 150 2 42 5G76 
TAQIOH FOR PROC T4 FEU 79 19 4G OG 151 2 t o 5720 
ICONU For SYMU 30 SEP 78 14 17 54 152 22 5 0 5722 
TCO'ID RELOCAIABLE 06 DC T 78 09 23 51 153 1 17 5744 
TEL FOR SYMCI 30 SEP 78 14 17 52 154 15 5 o 5762 
TEL RELOCATABLE 06 OCT 7B OB 23 54 155 2 9 5777 
TVP TOR SVI.1B 03 APR 7 9 22 00 5 5 156 13 5 0 578B 
tvP RELOCA1ABLE 21 MAR 79 22 4G '14 157 2 16 5BOI 
VELI TOB SH.10 30 SEP 78 14 17 23 15B 2 5 0 5019 
VELF UELOCAIAOLE OG O C I 78 09 23 56 159 1 2 5B2I 
VGVS FOR SYMU 30 SEP 78 14 17 5 6 1G0 13 5 0 5B24 
VGVS RELOCATABLE OC OCT 70 09 23 59 161 2 5 5B36 
VIRI1 FOR SYMU 20 SEP 78 07 57 49 162 7 5 0 5043 
V1RB RELOCATABLE 30 SEP 78 07 57 48 163 1 4 SB50 
vise FOR SYMB 12 MAR 79 15 29 33 164 a 5 0 1 5B55 
WJSC RELOCATABLE 12 MAR 79 IS 29 32 165 1 3 5B58 
VISCOT FOR SYMU 09 OCT 78 12 3B 37 16G 6 5 0 1 5B62 
VISCDT RELOCATABLE 09 OCT 78 12 3S 37 167 1 7 5BGB 
VISUHE FOR SYMB 09 OCT 73 12 38 32 16B 7 5 0 1 5B78 
VISCHE RELOCATABLE 09 OCT 78 12 38 32 169 1 ? 5683 



F*E. 7 (Cotit.) 
vises 
VISCK 
VPN 
VPH 
VPTEMP 
VPTEMi-
YLG1MT 
YLCINT 
ZCALC 
ZCALC 

NEKT AVAILABLE LOCATION-
ASSEMBLED PROCEDURE TABLE EMPTY 
COKIL PROCEDURE TABLE EMPTY 

FOR SYMB 09 OCT 7B 12: :3B: :34 RELOCATABLE 09 OCT 7B 12: :3B: :3a 
FOR SYMB 2B SEP 7B 07: :B7: :S1 
RELOCATABLE 06 OCT 7B 09: :25: :00 
FOR SYMB 20 SEP 7B D7; :57: :S3 
HCLOCATAULE 0G OCT 70 09: :2S: :OI 
FOfl SfVB 30 SEP 78 14: :«7: :SS 
RELOCATABLE OG o n 7B OQ :24: :0S 
FOR SYMB 20 SEP 78 07: :57: :5S 
RELOCATABLE OB OCT 76 09: :S5: !03 

17o 
171 
172 
173 
174 
179 
176 
177 
176 
179 

2 
3 
7 
B 
5 
a 

43 
15 a a 

5B91 
5893 
S897 
5904 
591 3 
591 S 
592S 
5967 
5983 
5985 
5988 

FORTRAN PROCEDURE TABLE 
0 NAME LOCATION L I N K D NAME LOCATION LINK D NAME LOCATION LINK CCKIFlc B0U39 4 CCNTHL 82434 5 CFLUID 82603 6 

ClDOJt B319D 9 CKEYS 83330 to CMAG, 83 359 11 
CMATRL 83094 12 CNAMCS 100774 15 CONST 1 107466 22 
CPACC 100950 27 CSYSWT 1 1 2 1 98 34 CTAB 1 1 12366 35 
CTABA 112C4G 36 

ENtor POINT TABLE 
DUMMY 124322 77 TABLOK 1 160162 191 

D NA.1L LINK D HAUL LINK D NAME LINK • NAME LINK D NAME LINK 
CFIW a CMI'CAL 14 CO'AFLO 17 COMPDP 19 COMPIL 21 
CP 26 CRYPAN 29 CSUHP 31 C5UBV 33 cv 38 
CVIIfT 40 CVOL 42 DATALN 44 OOOT 46 DDHEF 48 
OELT 50 DENIAL 52 DEMS'L 54 OENSV 56 DPCAL 60 
DPULUD 62 DPCLDT 64 DPDIVP 66 OPLIME 6B DPWALV 70 
DS1 IL 72 OSATV 74 DTHEF 76 •2DBT2 79 EN'HAL 81 
ENIH5L 140 EHTI45V ISO E N T R O P 83 FINDO B5 FINDM B7 
F1'J1«I) 89 FLQI3E0 91 GA5RCV 3 GETCON 93 GHERCV 95 
GN^UEN 97 HEF IT 99 HEHEO 101 HEMKUP 103 HEPROP 105 
MINI 107 IIPKA1 68 HTI/AP 109 INT AB 111 LIQNIT 1 13 
LNSY51 1 If. LOCAT »17 MAGNET 119 MIPE 122 N2MAIN 124 
N2PUOP 126 OTUMIT 128 OuTPA 128 OUTPF 128 0UIPF1 128 
OUTF-I 128 OUIPW 128 PAGE 130 PCAL 133 RHOCAS 134 
RIIQLtO 136 RVMIPE 122 SIMT O B SOUN 142 SPACE 128 
SPCfHI 144 srocoM 14B STODTA 148 TCOND 153 TEL ISS 
tVP 157 VELF 159 V/GVS 161 VIRB 163 vise 165 
WISCOT 167 VISCHE 169 UISCX 171 VPN 173 VPTEMP 175 
YLCINT 177 ZCALC 179 



FXREF H F t F - C S l - X P -
MREF Ol» LWSC43 0 4 , 0 5 / 7 9 0 0 : 2 0 i - l 9 
MEF OF FILE I1HF.CSA-IP 

F i g . Program Cross Reference Table 

CFTW 001 0OOIO3) ICFTW) 
CUPCAL 001 005404 1 (CMPCAL) .CHVPAN.HEMKUP.MAGNET 
COMFLO) 001 0OO2O4I (CUHFtO) ,CMPCAL 
COMPDP OOl 0000301 ( CO'.IPDP ) ,ANALYSIS 
COMPtL OOI OOl 141 1 (COUP 1L) .CONTRL 
CP OOl 0OOO431 (CP) ,SQUM 
CRYPAN OOl O005071 (CRYPAN) , COII1HL 
C3UDP OOl O00O4Hi (CSUUPl ,COMFLO 
CSUBV OOt O0OO47 1 (CSUBV) .COMFLO 
CV 001 000031) (CV> .CP.HEPROP.SOUN ^» 
CVINT OOl O00443) (CVINT) .CV 
CVOL OOl 00035 1) ( C V Q L 1 .CMPCAL 
BATA1N OOl 0 0O2O4) ( D A T A I N ) .GMERCV 
M D t OOl 00004G) ( o o n i i ,CVIUI.DPCLDF.M1NT.SINT 
HJHEF 001 000331) IDDHEF) .CP.F1NDD,HEPROP.SOUN 
DCLI 001 000011) ( DE LI | .DPDTVP.VPN 
BENCAL 001 000237] IPENCAL) .ANALYSIS 
CCNSL 001 00O115) (DENSL) ,N2PRDP 
K N S V C10I 0OOI21) (DENSV) .N2PR0P 
DPCAL OO) 001132) (DPCAL) .LNSYST 
OPCLOO 001 0OO023) (DPCIDD) .DDHEF 
DPCLUT oot 000031) (DPClbT) .DTHEF 
DPDIVP 001 0001 1-1) (DPDTVP) .V P TEMP 
BPLII1E 001 O00I30) ( D P L I M E ) .ANALYSIS 
DPVALV OOl O00031 1 (DPVALV) .ANALYSIS 
DSATL 001 0O0O4O) ( D S A T L ) .HEPROP 
DSATV 001 00004a) ( D S A T V ) .HEPRDP 
D1HEF OOl 000347) ( OthlEF) .CP.MEPROP 
D2DDT2 OOl 000052 1 (02DBT2) .CVIHI 
EN THAI. 001 00005'J) (EltlllAL) .HEPROP 
ENTHSL OOl 000056) (SLENIH) ,DHLDP 
ENTHSV 001 0011521 15VENTH) .SLENTH 
EHIHOP 001 000061) ( ENfliOP) .HEPROP 
FltJOD 001 00007-11 (FINDD) ,HEPROP,RHOGAS.RHOL10 
FINDR 001 000012) (FINDR) ,COHFLO.VGVS 
FII1IAB O O I OOOI13) ( FINT AD) 
FLODEO 001 000042) (FLODEO) ,COMFLO 
CASHCV oot 000721) (ANALYSIS ) .DATAIN 
CETCON oot 000031) (GEICON) .CMPCAL 
CHERCV 001 OOOOOO) (c.iicncv) . CONTFJL 
GN2DEH 001 00023'i) (GN^I)EN) ,DPCAL,LNSYST 
H E F U 001 000301) (KEF IT ) , F 1 N D D 
HEIIEO OOl 000011) (KEIIED) .CMPCAL.CHYPAN.MAGNET 
MEMKUP 00 1 0O0330I IIIE'-lKUP) , CONTRL 
HEPRDP 001 OO0S4'j) (HEfliOP) . LT.1PCAL , CR YPAN . CSuBP. CSUBV , HEMKUP • MAGNET VGVS 
HINT 001 0003611 (MINT) .ENTHAL 
HPRAt 001 0001321 < DHL DP) .N2PR0P 
HTVAP 001 0003571 <HVAP| .N2PR0P.SLENTH 
1NTAB 001 001467) (1MTAB) ,CONTRL 
Liquu 001 OOOOOG) < LIQNIT) ,CONTRL 
LNSYST 001 002257| ( LNSVST) .N2MAIN 
LOCAT 001 00012G) (LOCATE) ,M!PE 
MAGNET 001 000260) (MAGNET) .CONTRL 



• IPC OOl (0O0377) (WIPE) F 
N2MAIN 
N2PROP 

OOl IO0O577) 1»12.'11N) .LIQNIT N2MAIN 
N2PROP OOl (000063) (N2PKOP) .DPCAL.LNSYST,N2MAtN 
OTUNt T ODI 1000442) (OUT Cut) .CONTRL 
DOTPA cot I 000375) (OUTPUT) 
DUIPF DOI (0OO333) (OUTPUT) 
OUIPFt OOl (O0O347I (OUTPUT) 
OUIPI 001 (0003601 (OUtPUT) 
OKJTPW OOl (0OO412) (QUI PUT) 
PACE oot (0OO11G) I PAGE > .ANAI.YSIS.CMPCAL.COMPIL.I 
PCAL OOl (00002'il (PCAL) .HEFXT 
RIlOGAS OOl (0000621 (RHUGAS) .CMPCAL 
mtDuo OOl (0000G21 (RKDLlQ) .CMPCAL 
RVMIPE 001 1000-1 OBI (MIPEI 
SINT 001 10003771 (SINT) .ENTROP 
SOLHI • 01 (0000411 (SOUN) 
SPACE 001 (000437) (OUTPUT) 
SPCFHT OOl (OoOt13) (SPCFHT) ,DPCAL,LNSYST 
STDCDN oot (OO003GI (STOCON) .COMPIL 
STOOIA 001 (OOOOO'j) (STODTA) .CONTRL 
tCOND OOI I0O036')) (TCOND) 
tEL 001 I000153) 1 ICt) .MIPE 
IVP 001 I0003D3) (TVP) ,0I1LDP,N2PR0P 
VELF 001 (O00O2I) (VELF) ,CMPCAL 
VCVS 001 (OO007'j) (TOUSI 
VI HO 001 (000040) (VtRB) .DPCLDD.DPCLDT,PCAL.SINT 
vise OOl (000O37) (VISC) .N2PROP 
VI SCOT OOl (000121) (VISCDT) .V1SCHE 
VISCHE • 01 (000142) (VISCHE) .HEPROP 
VI SCX 001 1000030) (VI5CX) .VISCHE 
VPN 001 looonri) (VPN) .DPDTVP,VPTEMP 
VPTEMP OOl (000113) (VPTEMP) ,HEPROP,RHOGAS,RHOLIO 
VLGINT 001 (O0037O) (YLG1NT) .TEL 
ZCALC • 01 (OOOOtS) (2CALC) .HEPROP 
• •• DOME • »* 
•FREE MFTF •CSA-XP. 

PXOT TPF* .ABS 

F i g . 8 ( C o n t . ) 

r 
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Not included in the current analysis is the utilization of four lines which 
also branch from the inlet liquid nitrogen valve box. These lines shown in 
Fig. 10 as LN 2-14, LN,-16, LN 2~17, and U 2 - I 9 support an external 
vacuus system, the magnet heat exchanger, the refrigerator cold box, and 
helium purifier. They are all open-loop systems which will effect a reduction 
ir rluid availability to the elosed-loop system described above. 

1.8.2 Program Description 

The program to analyze the liquid nitrogen distribution system LIQNIT is 
composed of four separate subroutine programs - N2MAIN, LNSYST, DPCAL, and 
N2PR0P. Calling LIQHIT from the main system program subroutine C0NTRL will 
transfer program control to the subroutine N2MAIN. Subroutine N2Ms.IN in turn 
calls the remaining three subroutines as required to perform the analysis. 

1.8.2.1 N2MAIN 

This subroutine reads in a l l data pertinent to the liquid nitrogen systems 

analysis from a data deck (or data f i le) . N2MAIN will f i r s t set up the line 

geometry for each of the six flow il~:s analyzed. The line number is first 

read in, followed by a sequence of cards which contain the line length, inlet/ 

exit height, effective L/D ratio for components, three heat rate terms, the 

line-type identifier, and number of branches should the line section be a "T" 

branch. Up to 100 data cards are input for each line number, with termination 

being made after a negative line length is encountered. 

External parameters are next read into the system. The first card init ial izes 

the thermodynamic state of the nitrogen by specifying the storage tank 

pressure and inlet quality. The next card inputs the number of layers of 

multilayer insulation to be wrapped about the insulated lines and shields as 

well as the ambient boundary temperature. Flow rate to the four open-loop 
systems is input followed by the flow rate and line diameters of al l six lines 

to complete the data necessary for a run. This last input is read in as part 
of a D0 loop which allows for up to 10 different cases to be analyzed for 
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any given run. Fewer caiei may be run by inserting a negative flow rate on a 
data card following the last caie of interest. 

The program proceeds to first evaluate the multilayer insulation thermal 
conductivity and, second, the net heat rate to each of the line sections. A 
printout is then provided to the user summarizing the input line geometry, 
heat rates, and line type. Control is then transferred to subroutine LNSYST 
where the thermal analysis is performed. 

1.8.2.2 LNSYST 

Subroutine LHSYST controls the step-by-step evaluation of the pressure drop 

and change in thermodynamic state of the nitrogen in consecutive line 

sections. Given the vapor pressure, the following properties are evaluated -

temperature, liquid density, liquid viscosity, vapor density, vapor viscosity, 

heat of vaporization, and the enthalpy versus pressure slope of the saturated 

liquid. The Reynolds Number and friction factor are then computed. The line 

configuration variables are changed to reflect the next line section under 

analysis to complete the set of data required for the pressure drop 

calculation. Subroutine DPCAL ia then called to determine both the change in 

pressure along the line section as well as the change in thermodynamic state 

of the nitrogen. 

Included in subroutine LNSYST is a routine to adjust the mass flow rates in 

each of the four parallel lines (LNQ-11, LNJ-12, LN2-13, and LN3-15 in 

Fig. 1) until an equal pressure is realized at the LN. return valve box 

where the lines recombine. 

1.8.2.3 DPCAL 

Given the input thermodynamic state of the nitrogen and the line section 
description, subroutine DPCAL computes the pressure drop across the component 
and change in thermodynamic state of the nitrogen. The vapor velocity, vapor 
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Mach number, as well as the combined liquid/vapor mixture density, are also 

determined. 

Called at several locations in the subroutine (as well as in subroutine 

LYSYST) i s a subroutine which evaluates the nitrogen thermodynamic properties 
from the equation of s tate , N2PR0P. 

1.8.2.4 N2PR0P 

Subroutine N2PR0P determines thermodynamic properties of nitrogen required 
in the pressure drop calculation. Input is the line pressure and the nitrogen 
temperature from the previous calculation. H2PR0P solves the vapor pressure 
equation for the new nitrogen temperature and then uses that temperature co 
compute the liquid and vapor viscosity, density, and enthalpy, heat of vapor­
ization, and the slope of the liquid enthalpy curve with respect to pressure. 
These variables float through LNSYST, DPCAL, and N2PR0P using C0MH0fT 
statements. 

1.9 GASEOUS HELIUM RECOVERY SYSTEM ANALYSIS SUBPROGRAM 

The GHe Recovery System Analysis Subprogram is an integrated analysis package 
which may be called in b- -^» MFTF*CSA program to perform single or multiple 
case analyses for the pu if evaluating GHe recovery performance against 
specified operating constrains. 

1.9.1 Problem Definition 

The configuration analyzed is as described in the CVI Helium Recovery System 
F&I schematic, Fig. 10. More detailed definition of the subsystem is provided 
in the Final Report. Both the low-pressure (ambient) and high-pressure line 
sections are analyzed independently with mass flow rate, line size, and 
ambient temperature as the input parameters. 
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C0NTRL, being a "main" or "driver" routine, i s only mentioned where i t ca l ls 

another element (subroutine or function). Other elements l i s ted beside them 

are currently not in use by the program; however, they are present in the f i l e 

for planned future use when the program is expanded and upgraded to the final 

MFTF configuration. 

1.8 LIQUID NITROGEN DISTRIBUTION SYSTEM ANALYSIS SUBPROGRAM 

The LN. Distribution System Analysis Subprogram i s an integrated analysis 

package which may be called in by the MFTF*CSA program to perform single or 

multiple case analyses for the purpose of evaluating LN. dis t r ibut ion system 

performance against specified operating const ra in ts . 

1.8.1 Problem Definition 

Jef in i t ion of the liquid nitrogen dis t r ibut ion system geometry used in th is 

analysis i s based primarily upon the CVI plumbing schematic shown in Fig. 9. 

A more detailed description of the system i s provided in the Final Report. 

A single service line will provide 5000 l i t e r s / h r of saturated liquid nitrogen 

at 308 kPa (44 psia) from an external storage tank. The liquid i s pumped to 

the liquid nitrogen in le t valve box located on the third floor of the HFTF 

building. The current analysis allows for flow to four parallel flow loops 

which are designated as lines LN 2 -H, LN 2-I2, LN2-13, and LNj-15 on 

Fig. 9 (external upper cryopanels, external lower cryopanels, internal 

cryopanels, and Dewar shield, respect ively) . Each loop returns to the liquid 

nitrogen exit valve box where the cryogen,lines recombine to a single vent 

l i ne . The vent line is then routed to a location near the liquid nitrogen 

storage tank where the excess vapor i s vented to the atmosphere. 

Given the l i r e size used in each of the flow loops, including supply and vent 

l ine , the pressure gradient and thermodynamic s ta te of the nitrogen is deter­

mined at each successive l ine location along the dis t r ibut ion l ine . 
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In the lov-pressure section, helium i s displaced froa the recovery gas bag to 

the compressor with the driving force being provided by one of the two 

parallel recovery system blowers - the redundant blower being valved "OFF." 

The pressure in the helium gas bag i s asstmed constant during the recovery 

process at the local ambient pressure. 

The recovery compressor causes a step-function change in the gas ex i t pressure 

to 15543.0 kPa which in i t ia tes flow in the high-pressure l ine s tc t ion . The 

helium continues through a single dryer dessicant tower, f i l t e r and purifier 

system leading ultimately to the clean gas storage faro. Access to the 

parallel dryer, f i l t e r , and purifier components i s not allowed by analytically 

valving "OFF" Chat section of the l ine . 

1.9.2 Program Desc-f.ption 

The program to analyze the helium gas recovery system GHe i s composed of six 

separate subroutine programs - DATAIN, GASRCV, DPLINE, DPVALV, DENCAL, and 

C0MPDP. Calling GHe from the main system program subroutine C0NTRL wi l l 

transfer program control to the subroutine DATAIN. Subroutine DATAIN wil l 

read in the system configuration input data and cal l GASRCV to perform the 

analysis. The remaining subroutines perform calculations which are required 

at several locations within GASRCV. 

1.9.2.1 DATAIN 

Subroutine DATAIN reads in the line geometry information that is required to 
perform the analysis. Each data card contains data for one line section and 
includes line length, elbows, effective L/D for components other than lines or 
elbows (i.e., valves, etc.) and the component type identifier. The component 
type identifier is a positive real number that refers to those components 
where further flow information is needed, i.e., the recovery blower, dessicant 
dryer, gas filter, and gas purifier system. 
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The low-pressure system configuration is first input with a maximun capability 
for 100 line sections to be defined. Input may be terminated earlier if de­
sired by inputting a negative component identifier. The total number of liaes 
sections in the low-pressure system is given by the variable SDMBL0 which is 
computed as each card is being read. In a similar manner, the high-pressure 
system configuration is next input with, again, a maximum capacity for 100 
line sections to be defined. Input may be terminated earlifer by inputting a 
negative component identifier. The total number of line sections in the high-
pressure system is given by the variable NUMBHI which is computed as each card 
is being read. 

For each system configuration as specified above, a parametric analysis is 
performed where mass flow rate and line diameter is varied for any given am­
bient temperature. The mass flow rate and diameter are varied within the 
program of a nested D0 loop (diameter being varied with the mass flow 
loop). The limits and increments on these parameters are specified in the 
data cards as MINIT, MFINAL, MSTEP, and IDIAM, IDIAM2, ISTEP, respec­
tively, Integer values are converted to real property parameters by multiply­
ing by 0.01 within the program. 

The gas temperature, gas bag pressure, and recovery compressor exit pressure 
are next input from a single data card after which control is transferred to 
subroutine GASRCV where the analysis is performed. Up to 10 different cases 
can be performed for each run by listing the required temperature and pressure 
on successive data cards. Should low»r cases be required, exiting to the pro­
gram RETURN may be accomplished by placing a negative gas temperature after 
the last case of interest. 

1.9.2.2 GASRCV 

Subroutine GASRCV performs the analysis of the helium recovery system in the 
form of a parametric analysis. Pressure, pressure gradient, Mach number, and 
density, as well as the Reynolds Number and friction factor, are all evaluated 
as a function of mass flow rate and diameter. 

? 100 



LMSC-D673325 

For all mass flow rates and line diameters, the analysis of the low pressure 
line is performed first. The thermodynamic state of the helium at each suc­
cessive line location is evaluated until either the gas reaches the recovery 
compressor or the flow becomes choked. At that point, the program begins 
analysis of the high-pressure system using the same mass flow rates and diam­
eter as used in the low-pressure analysis. In the high-pressure section, 
analysis of each line section continues until either the storage farm is 
reached or again the flow becomes choked. 

IX each line section, the program makes a check of the line type (line, valve, 
or component) and transfers control to either subroutine DPLINE, DPVALV, or 
C0MPDP to evaluate the pressure drop. Upon return from the subroutine, the 

density is reevaluated at the new line section pressure by subroutine DENCAL. 

1.9.2.3 DPLINE, DPVALV, C0MPDP, DENCAL 

Subroutines DPLINE and DPVALV, respectively, compute the line section pressure 
drop across a liae (including elbows) or valve. Standard frictional pressure 
drop consistent with an equivalent L/D ratio is used to determine the valve 
pressure drop, while the line pressure drop is found assuming isothermal 
frictional flow in a constant area duct, 

Subroutine C85MPDP is used to evaluate the pressure drop across the recovery 
blower, dryer dessicaut, filter, and purifier system. At present, constant 
worst case values of -13.8 kpa across the recovery blower and 172.0 kPa across 
all three remaining components is assumed. The program can easily be updated 
to incorporate actual data when available. 

After each pressure drop calculation, the gas density is reevaluated in 
subroutine DENCAL. Subroutine DENCAL uses the equation of state as described 
in NBS Technical Note 15PA, January 1962, to perform this calculation. 
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Sect ion 2 

SAMPLE PROGRAM RUN - MFTF*CSA 

A sample run of the MFTF*CSA. program i s presented i n Appendix D of t h i s 

manual. The run was executed us ing the runstream MFTF-A*RTOMFTF-A l i s t e d i n 

itppendix B and discussed i n s e c t i o n s 1 , 5 . 4 and 1 . 5 . 4 . 2 . 

The sample run was i n i t i a t e d with an assignment of the runstream f i l e fol lowed 

with an adding of the assigned f i l e : 

@ASG,A MFTF-A*RUSMFTF-A. 

@ADD MFTF-A*RUHMFTF-A. 

These commands caused the compucer system software to read-in, setup, and list 
the several input data files required for the program run. Following the set­
ting up and listing of the data files, the system software copied in the 
MFTF*CSA. program file into core memory and proceeded with program execution. 

The program, in this instance, was called upon to evaluate all major 
subsystems of the MFTF configuration and therefore executed all major program 
elements. No tradeoff or par .metric comparisons were included in this run. 

As an aid in finding information in the printed run output, a paging header 
has been made a part of the output format. This heading currently gives the 
users name, department, phone extension, building location, page number, date 
of run, time of run, and case number. The system assigned RUN number was not 
included, since it was not known if the LLL computer system assigned such 
numbers, 

102 



LHSC-D673325 

For the saaple run, the following page numbers help locate the speci f ics of 
the information presented in the printed output: 

PAGE INFORMATION 

D20 Table Input Summary 

D21 F i r s t System (MAGNET) C a l l e d 

D22 MAGNET Input Data 

D23 - D24 MAGNET System C o n f i g u r a t i o n 

D25 Est imated MAGNET Parameters 

B26 Computed C o n f i g u r a t i o n Parameters Loop-1 

027 Computed C o n f i g u r a t i o n Parameters Loop-2 

D28 MAGNET Supply Tank Data 

D29 Second System (CRYOPANELS) C a l l e d 

D30 CRYOPANEL Input Data 

D31 - D33 CRYOPANEL System C o n f i g u r a t i o n 

D34 E s t i m a t e d CRYOPANEL Parameters 

D35 C o n f i g u r a t i o n Parameters - Zone-2 

D36 C o n f i g u r a t i o n Parameters - Zone-1 

D37 Configuration Parameters - Zone-3 

D38 Configuration Parameters - Zone-4 

D39 Configuration Parameters - Return Line 
D40 CRYOPANEL Supply Tank Data 
D41 Third System (REFLIQ) Called 
D42 Refrigerator-Liquefier Input Data 
D43 - D46 - REFLIQ System Configuration 
1)47 Computed REFLIQ Parameters 

D48 Configuration Parameter - MAGNET Dewar Off-gas Line 

D49 Configuration Paraneter - CRYOPANEL Dewar Off-gas Line 

D50 Configuration Parameter - Storage Dewar Off-gas Line 
D51 Configuration Parameter - HP Cold Gas Helium Outlet 

D52 Configuration Parameter - Sfo. Dewar HP-Cold He Supply 

D53 Configuration Paramete.r - MAGNET Dewar HP-Cold He Supply 
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FACE INFORMATION 

D54 Conf igurat ion Parameter - CRYPAN Dewar HP-Cold He Supply 

D55 Conf igurat ion P a r a m e t e r - Comp. P u r i f . C i r c u i t (LP-HP) 

D57 LN 2 Supply System 

D77 GHe Recovery System 
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•• ANALYSIS *• FILE: MFTF«CSA 

1 SUBROUTINE GASHCV ( TG, POAG , PCOMP ) 
2 C 
3 LDGICAL PAGF. JP 
4 C 
5 INCLUDE CPAGE 
6 C 
7 COMMON/1IEGAS/RLC 1 00 ) . RNI t OO ) . RLD ( 1 00 ) . C O M P ( 2 . 1 0 0 t 
8 COMMON/HEGAS/RLI ( 1 OC I , RNI I 1 00 ) . R LD1 < I 00 ) 
9 COMMON/HEGAS/NUMBLD.NUMBHI 
10 COMMGN/HEGAS/MINiT.MFINAL .MSTEP 
11 COMMGN/HEGAS/1D1AM1 .IDIAM2. I STEP 12 
13 

SPECIFY .MDOT( KG/SEC I AND DIA(M) EVALUATE REVN AND'F-FACTOR 
15 C 
16 HEAL MDDT 
17 DO 390 1[=MINIT.MFINAL.MSTEP 
'.O [5 [=11 
12 MDOT-O.OI»RI 
20 DO 390 .JJ= IDIAW1 .I 0 IAM3.1 STEP 
21 RJ=JJ 
22 DIA=0.01«RJ 
23 REYN=2.O4bE6'M0OT/(DIA»<TG-»0.656) ) 
24 F=0.005 
35 BOUND"0.0 1 
26 tOO FUMC1=4.0»IAL0G10IREYN»<F*»0.SI)1-0.4-11.O/(F**0.5() 
27 P F U N C T M I . 7;>7 1B/(F*REYN))+0.5/(F-*1.5> 
28 IF (FUNCT.EQ.O.O) GO TO 120 
29 I FtDFUNCT . EQ . O. O) DFUNCT=0.001 
30 FF=F-<FUNCT/DFUNCT) 
31 IF (FF.Gr.O.O) GO TO ItO 
32 F=BOUND/10.0 
33 GO TO IO0 
31 H O IF ((F-TF)••2.LT.1.OE-13) GO TO 120 
35 F=FF 
30 GO TO 100 
37 120 CONTINUE 
3a C 
39 JP =. PAGF(O) 
40 C 
fll WRITE I 5. 130)UIA.MDai.REYN.F 
12 130 FORMAT! 1 HO.T3. 'DIA(METER) ' .F6.3.T2S. •MOOT(KG/SEC) ' .F6.3.T50.*REYNO 
43 1LDS .JU'.Hll H' , F 10. 1 . T02. ' F-FACIOR ' . F9.6> 
11 WRITE I 5.140)IG,PBAG.PCOMP 
IS 140 FORMAT(TIO,' TG= '.F7.2.T35,•P8AG=•.FB.3.T65.'PCdMP='.F9.il 
46 WRI IE 16.150) 
47 1EJ FORMAT! /. TS. ' L INE' ,T 12. 'END NODES-' . T2B . • DP" . T40 . ' DP/ L< GEOM 1 • , T60 , ' 
48 1MACH NO. '. T7£. 'PRESSURE 1 . i92, 'DENS 1 fY' ) 
49 WRITE I C I GO) 
50 ISO FORMAT 1 125. ' I It PA) ' .141 . ' i KFA/M) ' .T77, ' («PA) • . T91 . ' (KG/M»«3) '././) 
51 C 
52 C 
53 C LOW PRESSURE HELIUM RECOVERY SYSTEM LINE ANALYSIS 
54 C 
55 PP=PBAG 
56 CALL DENCAL !DEN.PP .TG! 
57 RMACH=2. 1 i 3 3 E - 2 > M D r ) T / ( D E N » D I A * D I A - S Q R T l T G ) ) 

DATE 0 4 0 5 7 9 PAGE 3 
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** ANALYSIS 
58 
59 
•60 
6t 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
SO 
St 
82 
S3 
64 
85 

M 87 
SB 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

too 
101 
102 
103 
I04 
IDS 
106 
107 
108 
109 
110 
i n 
1 13 
113 
1 14 
115 

FILE: MFTF'CSA TIME: 10:30:35 OATE 040579 PAOC 
WRITE (G. 1701RMACH.PP.DEN 

170 FORMAT!r5."LOW PRESSURE LINE ANALYSIS'./,T35.'AT RECOVER* SAG EXIT 
I ' .T60.F7.5.T75,Fia.4,T9J,F7.3) ~-
DO 240 KA=1.NUMBL0 
K2=KA+9 
K L D K R L I I K A ) / D I A ) + ( 3 1 -O .RN I ( KA ) I+RL01 ( K i ) 
I F ( X L O . L E . O . O ) GO tO 230 
I F < RLCU I KA) .GT . 0 . O > CO TO 1 BO 
CALL DPL1NEIOP.F .XLD.PP .HMACH.PGRAD.D IA ) 
GO TO 190 

180 CALL DPVALVtDP.F .XLD.PP .MDQT.OEN.D IA .PGRAO) 
190 IF < O P . L T . 0 . 0 ) GO TO 2 5 0 

PP=PP-OP 
CALL DENCALIDEN.PP.TG) 
RMACH-2.163E-2'MDOT/(OEN«DIA*DIA»SQHT(TG)) 
IF (RMACH.GT.0.7745) GO TO 250 
IF (PGHAD.LT.O.O) GO TO 210 
WRITE 1G.2 00)KA.K1 . K2.DP-, PGRAD. RMACH.PP.DEN 

200 FORMAT(TS.'L'.13.Tit.13.' -'.13.T22.F9.4,T38.F12.4.T60.F7.5.T75.F1 
12.4.T92.F7.3) 
GO TU 24 0 

210 WRITE IG.2201KA.K1.K2.DP,RMACH.PP.DEM 
220 FORMAT! TS,'I.' ,13.Til.13.' -' • 13•T22.F9.4.T60.F7.5,T75.F12.4.T92,F7 

1 .31 
GO TO 240 

230 TYPE=COf.lP< 1 . KA ) 
CALL COr.:PDP(TYPE.OP) 
PP=PP-DP 
CALL DENCAL(OEN.PP.TG) 
RMACH=2. 1 G 3 E - 2 " M D O T / < D E N - D I A » D I A - S Q R T ( T G H 
I F ( R M A C H . G T . 0 . 7 7 4 S ) GO TO 2 5 0 
GO TO 210 

240 CONTINUE 
GO TO 270 

2SO WRITE 16.260IKA.K1.K2 
260 FORMAT(15.'L'.I3.T1I.13.' -'.13,T22.'FLOW IS CHOKED IN THIS LINE S 

1ECTIOH FOR THIS FLOW RATE AND DIAMETER') 

HIGH PRESSURE HELIUM RECOVERY SYSTEM LINE ANALYSIS 
270 PP=PCO'.lP 

CALL D£HCAL<OEN.PP.TG) 
RMACH=2. 163E-2'MDOT/(DEN*D1A*D1A>SORT(TG>) 
WRITE I 0.230)Rtl1ACH, PP , DEN 

280 FORMAT!/./.T4,'HIGH PRESSURE LINE ANALYSIS'./.T37.'AT COMPRESSOR E 
1XIT'.TG0.F7.5,T7S.Ft2.4.T92.F7. 3) 
DO 3B0 KU=1.MUMBHI 
KI=KB+20 
K2=KB+2I 
XLD=IRL(HBI/OIA)+(31.0»RN(K8>)+RLD(KB) 
IF (XLD.GT.O.OI GO TO 2f,0 
1 YPE=COMP<2.KB) 
CALL COMPDP(TYPE.DP) 
GO TO 320 

290 IF IRLO(KB)-GT.O.O) GO TO 300 

r) 
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1 16 
117 
118 
1 19 
120 
12t 
122 
123 
124 
125 
126 
127 
12B 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
1 4 2 

F I L E : MFTF*CSA TIME: 1 0 1 2 0 : 3 5 DATE 040579 
CALL DPL1NE(DP.F.XLO.PP.RttACH.PGRAD.DI A) GO TO 310 300 CALL DPVALV(DP.F.XLO.PP.MDOT.DEN.•IA.PGRAOI 310 IF <DP.LT.O.0> GO TO 360 320 PP=PP-OP 
CALL DEPJCAL(DEN,PP. TG> 
RMACH-2. 163E-2"MDOT/<OEN"Dl A«Ol A» 5QR""< TGI I IF <RMALH.GT.0.7745) GO TO 36Q IF IPGRAD.LT.0.0) GO TO 340 WRITE 16.3301KB.K1.K2.DP.PGRAD,RMACH,PP.DEN 330 FORMAT!T5, ̂ '.13.^1.13.' -,.I3,T22.F9.4.T38.F12.4.T60.F7.5.T75.F1 12.-S.T92. F7.3) 
GO TO 3B0 340 WRITE IG.3501KB.K1.K2.DP.RMACH.PP.DEN 

350 FORMAT!TS.'H'.IS.TII.IS.' -'.I3.T22.F9.4,T60.F7.5,T7 5.F12.4.T92.F7 1 .3) CJ TO 380 360 WRITE (6.370)KB.K1.K2 
370 FORMAT!T5.'H'.13.T11.13.' -'.13.T22.'FLOW IS CHOKED IN THIS LINE S 1 ECU OH FOR THIS FLOW RATE AND DIAMETER'> GO TO 390 380 CONTINUE 390 CONTINUE 

RETURN 



• » CCHF1G •- FILE: MFTF»CSA TIME: 10:20:36 OATE 040579 PAQE B 

1 
2 
3 
4 
S 
6 
7 
a 
9 

10 
1 t 
12 
13 
14 
15 
IS 
17 
ta 
19 
20 
21 
22 
23 
24 
25 
26 
27 2a 
29 
30 
31 
32 
33 
34 
35 
35 
37 
30 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
SO 
51 
52 
53 
54 
55 
56 
57 

CCNFIG* 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c c c c 
c c 
c 

PARAMETER ICNF=1S0 
INTEGER CFUNCT.CFTYPE.CMTYPE.CI TYPE.CNOPER. CNSTBY 
REAL LCD, ITM1CK. NIACH. NBAR 
COMMON /CCNFIG/ ICNF1G<5), 

1 MDDTN(ICNF), 
2 DELPIICNF), 
3 MACHiICNF), 
4 ISTRTI2), 

CONFIC>( ICNF 
WDOl LI ICNF > . 
VELOCICNF). 
MFLG(ICNF >, 

KENDCI2). 

B ) . P R E S M C N F ) 
WDOTGtICNF), 
ROENSt 1CNF). 
LCNF1 (4.6 1. 

. TEMP(ICNF). 
OUALIICNF). 

REVNOflCNF ! . 
CMPVOLIICNF). 

WTOFSYI 5) 
DIMENSION FRCOEFIICNF). 

NBAR IICNF). 
EQUIVALENCE (FRCOEF) 1 ) .CONFIG)t .2) ) . 

1 (DIAM (1 ) ,CONFIG< I .4(1 , 
2 (NBAR (1).CONFIG(I.6)). 
3 (CHEAD (1).CONFIG!I,8)) 

LOD(ICNF). DIAIWI ICJFI, ITH1CKI 1 CNF). 
CODE(ICNF). CHEAD(ICMF) 

(LOD (1).CONFIG!1.3)). 
< ITHlCKd ) .CONFIG 11 ,5)) . 
C O D E (1 ) .CONFIGI 1 .7)1 . 

EQUIVALENCE (CFUNCT.ICNFIGII>), 
1 (CMTYPF. . ICNF 1C(3)> .(CI TYPE. ICNF IG(4)), 
2(CNSTdY.ICNFIGI6)I 

ICFTYPE.ICNFIG(2i), 
(CNOPER.ICNFIG15)). 

EQUIVALENCE ( 1STRT. IOSTT) .( I STRT ( 2 } . I HSTT.) . (KENDC.KOEND). 
t (KENDC(21.KHENO) 
EQUIVALENCE (WTOFSY 

1 t W T O F S Y O ) .H2SWT) . <WTOFSY(4) , 
CNSTBY = 0 

02SWT).(WTOFSYI2) 
H2IWT1.(WTOFSYI5) 

• 2 I U T ) . 
TTLSWT1 

»**•-. CCNFIG VARIABLE DEFINITIONS. 
CONFIGURATION FUNCTION 
CFUNCT: = 1 . GAS 

CODE ANO 
CFTYPE -

TYPE. 
1.HELIUM 
2 , NIHriGEN 

= 3, LINE 
NO OPTIONS 
CFIYPE - 10 A rixeo NUMBER 
USES TWO DI'*:!» INDEX AS FOLLOWS. 
1DV = TENS DIGIT MO.20.ETC.) 
CFTYPE = UNITS DIGIT (I,2.ETC.J 

FOR LIGHT ViGT. CONTROL 
FOR MUO. WGT.CONTROL. 
FOR HEAVY WGT.CONTROL 
FOR EXT.HEAVY CONTROL 

FOB n n n i C E 
2 FOR FLOW METER 

IDV > to 
20 
30 
40 

CFTYPE = 

• 5. FITTING USES 
LDV = 

TWO DIGIT INDEX AS FOLLOWS. 
TENS DIGIT (10.20.ETC.) 



*• CCNFtG ** 
sa C 
59 c 60 c 61 c 62 c 63 c 64 c 6B c 66 c 67 c 6a c 69 c 70 c 71 c 72 c 73 c 74 c 75 c 76 c 77 c 78 c 79 c 80 c 81 c 82 c 83 c 84 c 85 c 66 c 87 c. 88 c 89 c 90 c 91 c 92 c 93 c 94 c 95 c 96 c 97 c 9B c 99 c 100 c 101 c 102 c 103 c 104 c 105 c 106 c 107 c 108 c 109 c. 1 10 c 1 11 c 1 12 c 113 c 1 14 c 115 c 

8, ELBOW 

FILE: MFTF*CSA TIME: 10:20:36 
CFTVPE = UNITS DIGIT (t.2.ETC.) 
LDV = lO FOR USE IN LINE ONLY 

- 20 FOR 50% REDUCER 
= 30 FOR 20X REDUCER 
= 40 FOR BV'DNET FITTING 

CFTYPE = 1 FOR MISC. FITTINGS 
6. TAP USES TWO DIGIT INDEX AS FOLLOWS, 

LDV - TENS DIGIT (10.20.ETC.) 
CFTYPE = UNITS DIGIT (1.2.ETC.) 
LDV = 10 FOB USE IN LINE ONLY 

= 20 FDR 6X4X6 R-O-TEE 
= 30 FOR 6X2X6 R-O-TEE 
= 40 FDR 2X2X2 Y-TEE 

CFTYPE - 1 FDR TAP 
7, TEE USES TWO DIGIT INDEX AS FOLLOWS. 

LDV - TENS DIGIT (10.20,ETC.) 
CFTYPE = UNITS DIGIT (1,2.ETC.) 
LDV = 10 FDR USE IN LINE OMLY 

* 20 FDR 4-WAY TEE 
= 30 FOR 3-WAV TEE 

CFTYPE * 1 FOR TEE 
USES TWO DIGIT INDEX AS FOLLOWS. 

LDV = TENS DIGIT (10,20,ETC.) 
CFTYPE = UNITS DIGIT (1,2,ETC.) 
LOV • 10 FOR USE IN LINE ONLY 

= 2a ran 4s DEC.ELBOW 
= 30 FOR 90 DEG.ELBOW 
= 40 FOR IOO OEG.ELBOW 

CFTYPE = 1 FOR ELBOW 
9, VALVE USES TWO DIGIT INOEX AS FOLLOWS. 

IOV = TENS DIGIT (10,20,ETC.) 
CFTYPE = UNITS DIGIT (1,2,ETC.) 
I0V - 10 FOR USE IN LINE ONLYL 

= 20 FOR BALL VALVE 
= 30 FOR BUTTERFLY VALVE 
- 40 FOR GLOHE VALVE 
= 60 FOR jr VALVE 

CFTYPE - I FOR VALVE 
10, REGULATOR CFTYPE = UNITS DIGIT (1.2.ETC.) 

IOV = 10 FOR LINE USE ONLY 
= 20 FOR SINGLE STAGE REG. 

CFTYPE = 1 FOR REGULATOR 
11, CRYOPANEL - NO OPTIONS 
12, HEFHIGEriATOfl-L IOUIFIER - HO OPTIONS 
13, TANK NO OPTIONS 

DATE 040579 

14, COMPRESSOR-PURIFIER 
15, HEX 

NO OPTIONS 
CFTYPE - 1 FOR HIGH PRESSURE 

• 2 FOR LOW PRESSURE 



*• CCNFIG »* FILE: MFTF»CSA TIME: 10:20:36 DATE 040579 
116 C 
117 c 11B c 1 19 c 120 c 121 c 132 c 123 c 124 c 125 c 136 c 127 c 12S c 129 c 130 c 131 c 132 c 133 c 134 c 13S c 136 c 137 c 13B c 139 c 140 c 141 c 142 c 143 c 144 c 14S c 146 c 147 c 14a c 149 c 150 c 151 c 152 c 153 c 154 c 15S c 156 c 1S7 c 158 c 159 c 160 c 161 c 162 c 163 c 164 

16. ENO NO DPttans 

CONFIGURATION MATERIAL TYPE. CMTYPE = 1. 321/347 STAINLESS STEEL = 2. 2219-T87 ALUMINUM ALLOY 
= 3. 6061-T6 ALUMINUM ALLOY 
« 4. INCONEL-718 ALLOY = 5. TITANIUM TI-GAL-4V ALLOY 
= 6. TYPE 304 STAINLESS STEEL = 7. CHES VACUUM JACKETED LINE 
> B. 2219 VACUUM JACKETED LINE 

CONFIGURATION INSULATION TYPE. CITYPE * 1. DBL.ALUM.MYLAR/STLK NET 
2. DQL.GOLD.MYLAR/SILK NET 
3. DSL.ALUM.MYLAR/TISSUE GLASS 
4. CRINK.DBL.ALUM. MYLAR 5. NRC-2 CRINKLED ALUM1NIZ6D MYLAR 6. SUPERFLOC 7. MICROSPHERES (104-135 MICRON) B, POLYURETHANE FOAM 
9. FIBERGLASS BATTING <JM) 10, VACUUM JACKET INSULATION 

NUMBER OF OPERATIONAL UNITS (CFUNCT) 
NUMBER OF STANDBY UNITS (CFUNCT) 
CONFIGURATION TABLE COLUMN 1 CONTAINS THE ABOVE 6 VARIABLES PACKED 

ONE PER BYTE IN THE ORDER THEY ARE LISTED FROM LEFT TO RIGHT IN THE WORD. COLUMN 2 CONTAINS THE FLOW FRICTION COEFICIENT. COLUMN 3 CONTAINS THE LENGTH OF A LINE OR THE 
EFFECTIVE L/D FOR OTHER COMPONENTS. COLUMN 4 CONTAINS THE DIAMETER OF A LINE. COLUMN 5 CONTAINS THE INSULATION THICKNESS FOR 
A LINE. COLUMN 6 CONTAINS THE NO. OF INSULATION LAYERS COLUMN 7 CONTAINS THE ID OF THE COMPONENT COLUMN B CONTAINS THE DELTA HEAD AT THE 
COMPONENT POSITION IN THE SYSTEM 

PRE~iURE AT EACH POINT IN THE CONFIGURATION. 



»» CCNTRL •• FILE: MFTF'CSA TIME: tO:20:36 

1 CCNTRL* PROC 
a c 
3 PARAMETER NBRSY=5. NBRSR*4 
4 C 
5 INTEGER SCRIT.SYSNUM 
B C 
7 COMMON / C C N T R L / NAMSYSfNBRSY1 ,SCO IT,SYSNUM 
8 1 . INTG5Y .MOTRC( 1 1 > . KSUQCC NBRSY , NBFISR) , LREPT.NOXGAS 
9 C 10 C SCRIT = I FOR SUB-CRITICAL 
*1 C = 2 FOR SUPER-CRITICAL 12 C SYSNUM = 1, MAGNET LHE SUPPLY SYSTEM 
13 C = 2 , CRYOPANEL LHE SUPPLY SYSTEM 14 C « 3, REFRIGERATOR-LIQUIFIER SYSTEM 
15 C = 4. LN2 SUPPLY SYSTEM 1G C = 5 , GHE RECOVERY SYSTEM 17 C 18 c NOXGAS IS THE GAS CARD INDEX (COUNTER) 19 C 20 C 

DATE 040879 



** CFLUID »• FILE: MFTFtCSA TIME: 10:30:37 DATE 040579 

1 CFLUID* PBOC a c 
3 COMMON / C F L U I D / TSYSVO, VOLMAG. 
4 1 WDGMAG, WDLMAG, 
5 a TMPMRT, TMPCRT, 6 C ***** 
7 C * e c * 
9 C • 10 C ...•* 11 END 

VOLCRY. 
WDGCRY, 
TMPSRT 

WOGTDT. WOLTOT. 
WOLCRY, WDGSTO. 



*• CFTW »* FILE: MFTF*CSA TIME: 10:20(37 DATE 040979 

1 
2 C 
3 c 4 c S c 6 c 7 c a c 9 c 10 
11 c 12 
13 c 14 
15 
16 
17 
18 
19 
20 
21 
22 c 23 c 24 
25 
26 
27 
2S 
29 
30 
31 
32 
33 
34 
35 
36 
37 

FUKCTIDN CFTM (D,P,t0V> 

• ROUTINE NAME * 
• ROUTINE LANG - FORTRAN V UNIVAC 1110 EXEC 8* 
» DATE CODED - AUGUST 23. 1978 * 
• PROGRAMMER - R.F.HAUSMAN 104-6213-30235 * 

REAL K1 . K2 K3 , K4 
DIMENSION K1(4).K2(4),K3(4).K414).C1(4>.C2(4),C3(4).C4(4) 
DATA K1/O.040,0.057,0.073,0.090/ 
DATA K2/D.057,0-073,0.090,0,107/ 
DATA K3/1.000,2.500,3.300,5.500/ 
DATA K4/2.500.3.300.5.500,7.700/ 
DATA C1/I.750,3.950.5.730,8.910/ 
DATA C2/3.9SO.5.730.8.9IO.12.35/ 
DATA C3/0.800,I.500.2.500,3.500/ 
DATA CI/1-500,2.500,3.500,4.500/ 

SET ID.V TO EXTRA HEAVY IF NOT INPUT 
IF (IDV .EO. 0) IDV > 4 
1 FID.LE.1 . ) CO TO to 
IFIP.GT.300.O.AND.D.GT.3.5) GO TO 5 
IF(P.QT.1000.O.AND.O.LE.3.5) GO TO 5 
CFTW - HI(IDV(*0-P»D + Cl(IDV) 
RETURN 

5 CF rw = K2( IDV) •>D»D«0 * C2(IDV) 
RETURN 

10 IF(P.GE.1O00.) GO TO 15 
CFTW » K3(IDV).D + C3(IDV> 
RETURN 

15 CFTW . K4(IOV)>0 + C4(IDV) 
RETURN 
END 



•» CIOUNT *» FILE: MFTF*CSA TIME: 10:20:37 

a 
a 4 
5 6 7 
e 
g 
10 n 
12 
13 
14 
IS 
16 

C1QUNT• 
C 

COMMON /CIOUNT/ IOUN1T(14). 1 IN, 1OT 
EQUIVALENCE 

M M U H D 3 . lOUNIK 
2<KIURD6 , lOUNltt 
3<NTAPE3.IQUNITC 

{MIIHDI 
3) ) .(MURD4 
6>).(NTAPEI 
9)).(NTAPE4 

4(NTAPEG,IOUNIT<12)),(NTAPE7 

lOUNUI 1)),(MURD2 .IOUNlT< 2 ) ) , 
IOIJNITI 4)),(ML)RD5 .IDUU1F( 5)>. 
IQ'JNITI 7)),(NTAPE2.lOUNIT< B ) ) , 
IOUNITI 10) ) , (NlAPE5.IOUNlT< II)), 
IOUNIt( 13)),(NTAPE3.SOUNIr<14)1 

IDUNIT - AND ARRAY OF VALUES WITH ARE THE LOGICAL UNIT NUMBERS 
AS DETAILED IN SEC. 4.4.1 OF THE LMSC DIGITAL 
COMPUTER SYSTEMS MANUAL (LMSC-635147). 

DATE 040579 



»» CKEVS •• FtLE: MFTF.CSA TIME: 10:20:37 DATE 040579 PAGE 12 
1 CKEYS* PKOC 
a c 
3 COMMON /CKEYS/ KEV1,KEY2 
4 C 5 END 



r* CMAG • » F I L E : MFTF*CSA TIME: 1 0 : 2 0 : 3 8 DATE 0 1 0 5 7 9 

1 
2 CMAG* 
3 C 
4 
S 
6 C 
7 
a 9 
10 C 
11 
12 
13 
14 C 
15 
13 
1? c IB 
19 
30 c 21 
22 
23 
24 
25 c fc 2G 

to 27 c 2B 
29 c 30 r 31 0 
32 
33 c 34 
35 
36 c 37 c 3D c 39 c 40 c 41 c 42 c 43 c 44 c 45 END 

COMMON/HEOATA/HELD,HELH,HELS,HELCV,HELZ.H£LE.HEL<;P,HELW,HELSV 
1 . HEVSC 

COMMON/HESATD/HE0G.HEOL,HESG,HESL.HEHG.HEHL,HEEG.HEEL.HECVG.HECVL, 
1 HECPG,hECPL,HEWG,HEWL,HEZG,HEZL,HE:»VG,HESVL,HET 
2 . HELVSCHEGVSC 

COMMON /CMAG/ PMAGDM, 
t VIIESDW, 
2 . QLKSDW 

TMAGDW. HEMWT. QMAGI. VHEMAG, VHFMDW, 
HDMAGt, HDMAGD, HDMAGC. NU.1MAG, WDTLHI 

COMMON /CMAGO/ HOOT I I 6 ) . S V L I N T . SVLYIIX, RHOMIX. QUALO. 
1 WDTGHE, WDTGH2, PMAGQ, TMAGD 

UHECDW, 
WDTCRIS> 

SLVIN(S). ICRK5). 
T1M?<5), WDTMXGCi), 

RHOL(5), 
TCROI5). 
WDTGI5). 
RHUG15). 

COMMON /CBYIM/ NUMCRP, PCRYDW. TCRYDW, 
1 QCRI5). VHECRI5), HDCR1I5). HDCHCM5). 
COMMON /CRYP/ PCRYII5). PCRY015), 
1 OENS(S), QGEHHR(S), TIMl(5). 
2 WDTL(5). QWALI5), SVLMX(S). RH0MX(5), 
3 WD0TBR(6). TEKTAPIG), PRSTAP(G) 

COMMON/PSET/ NPSYS 

COMMON/MCTANK/ PTANK. TTANK 

COLD BOX TEMPERATURES, PRESSURES, AND F L O W R A T E S 

COMMON /RLDATA/ T C I I ( H ) , P C B O l , W D T C 8 I 5 ) , HENTHI I 1 > 

CDMMON / R L I N P T / T N 2 L , D N 2 0 , T N Z O , P N Z I , H N 2 L , H N 2 V . H N 2 0 . G M W T M 2 , 
1 DN2L.DN2LV,QLEAKI .QLEAK2 

* HEDATA CONTAINS THE CURRENT PROPERTY VALUES FOR THE LAST 
* CALL TO HEPROP FOR L I Q U I D OR GAS STATES. 

* hESATD CONTAINS THE CURRENT SATURATED PROPERTY VALUES FOR 
* THE LAST CALL TO HEPROP FOR THE SATURATED LIQUID-VAPOR 
» STATE 



». CMATRL *• 
1 CMAT 
2 C 
3 
4 C 
5 
6 C 
7 c S c 9 c 10 c It c 12 c 13 c 14 c 15 c 16 c 17 c IB c 19 c 20 c 21 c 22 c 23 c 24 c 25 c £ 26 c 

C 27 c 29 c 29 c 30 c 31 c 32 c 33 c 34 c 35 c 36 c 37 c 3B c 39 c 40 c 41 c 42 c 43 c 44 c 45 c 46 c 47 c 4B c 49 c 50 c 51 c 52 c 53 c 54 c SO c 56 c 57 c 

FILE: MFTF»CSA TIME: 10:20:38 DATE 040579 PAGE 

RL» PROC 
REAL MINTHK 

COWON/CMATRL/RHOHl 1 0 ) ,RHOI( 101 . »HOI5( (0) .MINTHKI 15) 

»«•»» RHOM(I) IS THE DENSITY OF THE SELECTED LIME MflTL. ( LB/CU.f T> 
= 1 ,FOR 321/347 STAINLESS STEEL 
= 2 .FOR 2219-T87 ALUM. ALLOY 
= 3 .FOR 6061-TL ALUM. ALLDY 
= 4 .FOR INCONEL-71B 
= 5 .FOR TITANIUM TI-6AL-4V ALLOY 

RHOI(I)-TME OENSITY OF (HE CHOSEN INSULATION MATRL.(LB/CU.FT) 
OPTIMIZED LAYER DENSITY VALUES. 

1, FOR DOUBLE ALUMIN1ZED MYLAR/SILK NET (50 LAYER/INCH) 
2. FOR DOUBLE GOLDIZED MYLAR/SILK MET < 50 LAYER/INCH) 

FOR DOUBLE ALUMINIZED MYLAR/TISSUE GLASS (IOO-LAY/IN) 
FOR CRINKLED DBLE.ALUM.MYLAR/TISS.GLASS ( 30-LAY/IN) 

3, 
4, 
5.' 
6. 
7. 
B. 
9, 

FOR NRC-2 CRINKLED ALUM. MYLAR 
FOR SUPERFLOC 
FOR MICROSPHERES (104 MICRON DIA.) 
FOR POLYURETHANE FOAM 
FOR FIBERGLASS (J.M1(BOO-120O DEG.RI 

< 40 LAYER/INCH) 
( 30 LAYER/INCH) 
(PER CUBIC FOOT) 
(PER CUBIC FOOT) 
(PER CUBIC FOOT) 

REF.'HDBK FOR THERMAL DESIGN'-LMSC-AB47082.VOL.2,25 JUNE 1967 
•MICRQSPHERES'-DATA OF PARMLEY AND CUNNINGHAM. LMSC. 

RHOIS(I) DENSITY OF THE CHOSEN INSULATION MATRL. ( L"/CU. FT I 
ON PER LAYER BASIS FOR SPECIFYING LAYER FENSITY. 

= 1, FOR DOUBLE ALUMINIZED MYLAR/SI 
= 2. FOR DOUBLE GOLDIZED MYLAR/SILK 
= 3. FOR DDUDLE ALUMINIZED MYLAR/TI 
= 4. FOR CRINKLED DBLE.ALUM,MYLAtt/T 
= 5. FOR NHC-2 CRINKLED ALUM. MYLAR 
= 6. FOR SUPERFLDC 
= 7, FOR MICROSPHERES |104 MICRON D 
= B. FOR POLYURETHANE FOAM 
= 9. FOR FIBERGLASS (J.M)(BOO-I 200 
•.'HDBK FOR THERMAL DESIGN'-LMSC-AB4 

'MICROSPHERES'-DATA OF PARMLEY AND 

LK NET (PER LAYER/INCH) 
NET (PER LAYER/INCH) 

SSUE GLASS (PER-LAY/IN) 
ISS.GLASS |PER-LAY/IN) 

(PER LAYER/INCH) 
I PER LAYER/INCH) 

IA-) (PER CUBIC FOOT) 
(PER CUBIC FOOT) 

DEG.R) (PER CUBIC FOOT) 
7BB2.VOL.2.25 JUNE 1967 
CUNNINGHAM. LMSC-

MINIMUM THICKNESS DATA (INCHES) 



HI 

< Q0> 3 mm u AH 



CMPCAL • * F I L E : MFTF'CSA TIME: 10:20 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 I 
12 
13 
14 
15 
16 
17 
IB 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2B 
29 
30 
31 
32 
33 
J4 
3S 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
4B 
47 
4B 
49 
50 
51 
52 
53 
54 
55 
56 
57 

* ROUTINE NAME - PRESSURE DROP COMPUTATION » 
» FOR ENTIRE CONFIGURATION * 
* ROUTINE LANG - FORTRAN V UNIVAC 1110 EXEC 8» 
* PROGRAMMER - R.F.HAU5MAN 104-6213-30235 • 
* DATE CODED - AUGUST 23, 1978 » 

> INPUT DATA IS: PRESSURE IN HPA, AND TEMP IN OEG. 

SUBROUTINE CMPCAL 

K 

INTEGER GSTATE. GLOQP 
REAL MUHE 
LOGICAL PAGE. JP 

INCLUDE 
INCLUDE 
INCLUDE 
INCLUDE 
INCLUDE 
INCLUDE 
INCLUDE 
INCLUDE 
INCLUDE 

CCNFIG 
CCNTRL 
CFLUID 
ClOUNT 
CMAG 
CNAMES 
CONST 
CPAGE 
TABLOK 

• IF CFUNCT 
2. 
3, 
4 , 
5. 
6. 
7. 
B. 
9. 

10, 
1 1 . 
12, 
ia, 
14, 
15, 
16, 

GAS 
MAGNET 
LINE 
CONTROL 
FITt1NG 
TAP 
TEE 
ELHCJ 
VALVE 
REGULATOR 
CRVOPANCL 
REF-LIO, 
TANK 
COMFUR 
HT .XCHNGR 
END 

GO TD 
GO fO 
CO TD 
GD TO 
GO TD 
GO TO 
GO TO 
GO TO 
GO TO 
GO TO 
GO TO 
GO TO 
GO TO 
GO TO 
GO TD 
GO TD 

I 100) 
(200) 
(300) 
(400) 
(450) 
(500) 
(460) 
(450) 
(400) 
(405) 
(600) 
(250) 
(700) 
(BOO) 
(900 ) 
( 1100) 

INITIALIZE THE ROUTINE 
lox = o 
(SIGN = 1 
1TEE = 0 
ITAP O 
I RLO = 0 
MAGIX • 0 
I TANK = 0 

DATE 040579 PAGE IS 

CMPOOIOO 
CMP0O20O 
CI/IP0O30O 
CMP0O-10C 
CMP0O50O 
CMP00600 
CMP00700 
cwpoyaoo 

•CMP00900 
CMP0 1000 
CMPOI100 
CMP01200 
CMP01300 
CMP0 14QO 
CMP01500 
CMP0 1GOO 
CMP0 170 0 
CMP0 1UOO 
CMP01900 
CMP02000 
CMP02100 
CMPO220O 
CMPO2300 
CMP02400 
CMP02500 
CMP02KOO 
CMP02700 
CMP02aOO 
CMP02900 
CMP03000 
CMP03100 
CMP03200 
CMP0330D 
CMP0340O 
CMP035OO 
CMP03600 
CMP03700 
CMP03M0O 
CMP03U00 
CMP04000 
CMP04 100 
CMP04200 
CV1P04300 

CMP04500 
CMP04G00 
CMP04700 
CMPO'IQOO 
CMP04900 
CMP05000 
CMPOSlOO 
CMP05200 
CMP0S300 
CMP05400 

CMP05500 
CMP05600 



** CMPCAL 
58 
59 
60 
61 
62 
63 
64 
65 
65 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
61 
82 

£ 83 

85 
86 
87 
68 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
t 10 
111 
1 12 
113 
114 
115 

FILE: MFTF.CSA TIME: 10:20:38 
J K M - O CMP05700 
DLPTOT = 0.0 CMPO50OO 
SYSVOL = O.O CMP05900 
CI - 1.51346-09/(GRAVTY » PI « PI) CMPQ6000 
NDXGAS * NDXGAS + 1 
IF(PAGCIO)) WRITE (1OT.B050) t L5 ( I . NDXGAS ) . I • 1 . 5> 
WRITE (1OT.6020) 
JP « PAGE <3( 

•»•*« START OF CONFIGURATION PROCESSING LOOP 
DO 10O0 11=1.1CNF 
EDK - IDX + 1SIGN 
MACH(IDX) . 0.0 
MFLG(IDX) = CH 
CALL GETCON(IDX) 

• **»• BRANCH TO THE REQUIRED CONFIGURATION TYPE. SEE C C N F S G 
..... FOR BRANCH DEFINITIONS. 

GO TO (-100,200,300.400.450,500.460,4501400,405,600,250,700. 1800,900.1100), CFUNCT 

DATE 04O979 

SETUP THE GAS TYPE 
00 1GAS = CFTYPE 

GSTATE - ICMFIG(S) 
GLOOP =• ICNFIGC3) 
MAG1H = 1 
1F(NPSYS-FO. 1 ) QUALX 
IF(NPSVS.EQ.2> QUALX 

.0 
0 
0 
0 

0.0 
0 
0 
0 
0 
0,0 
0.0 

JKM) 

= QUALO 
- QMAL(GLDOP) DIAM([OX) 

WDOTN(1DX) 
HDOILII OX) 
WDOTGIIDX) 
QUALIIOX) 
TEMPIIDX) 
PRES(IDX) 
DELP<IDX) 
VELO<IDX) 
RBCNSIIDX) 
REYKO(IDX) 
IF I I GAS . EQ. JKM) GO TO 110 
JKM = 1GAS 
[SIGN = 1 
ISTRTrIGAS) - IDX + 1 
d» = O 

110 CONTINUE 
IF<(NPSYS.EO.I|.AND.<GLO0P.GE.21) GO TO 111 
If 1 INPSVS.EQ.2) .AND.(GLOOP.GE.2) > GO TO 111 
1F((NPSYS.EO-3)- AND.(GLOOP.GE.2>.AND.(GLOoP-LE.7)) G O T O 111 
1FI(NPSYS.E0.3).AND.(GLODP.EQ.B)) GO TO 1111 
GO TO 112 

111 NDXGAS • NDXGAS + 1 
IF(PAGE(0)) WRITE (IOT.6050) (L5<I.NDXGAS),1=1,S) 

CMP0C1OO 
CMP0G200 
CMP0G300 
CMP0G400 
CMPO650O 
CMP06GOO 
CMP06700 
CMP06UOO 
CMPObQOO 
CWI'07000 
CMP07I00 
CMP07200 
CMP07300 
CMP07400 
CMP07500 
CMP07G00 
CMP07700 
CMP07n00 
CMP0 7G0 0 
CHPoaooo 
CMPoaioo 
CMP0B3OO 
CMP0B3O0 
CMPoaioo 
CMP0B500 
CMI'OBGOO 
CMP0B700 
CMPoasoo 

CMPOSSOO 

CMP090O0 
CMP091O0 
CMPOO:OO 
CMP093O0 
CMP09400 
CMP09900 
CMP0960 0 

CMP09BOO 

http://GLO0P.GE.21


»• CMPCAL 
116 
117 
H B 
119 
120 
121 
122 

- 123 
124 
12S 
126 
127 
128 
129 
130 
131 
132 
133 
131 
135 
136 
137 . 
138 
139 
140 

b> 141 
5 , 4 2 ^ 143 

144 
145 
146 
147 
148 
'.49 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
ICO 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 

FILE: MFTF«CSA 
WRITE liOT.6020) 
JP - PAGE(3) 
SO TO 112 

1111 NDXCAS = NDXGAS -I- 1 
IF(PAGECO)) WRITE (101,6050) <LS(I,NDXCASI,I.1.5> 
WRITE (IOT.G02I) 
JP « PAGE<3) 

112 CONTINUE 

CO TO 113 

IF(ll.EQ.l) GO TO 999 
IF((NPSYS.EQ-2).AND.(GL0OP.EQ.4)) GO TO 117 
IF((NPSvS.EQ.2)•AND.(GLOOP.EQ.5)) MAG1X = 2 
IFINPSYS.EQ.3) GO TO 999 
TEMP(IDX) - 1EMPBR 
PHES(IDX) » PRESBK 
WDOTM(IDX) s WDOTBR<GLOOP) 
1F<(NPSYS.EQ.I).AND.(GLOOP.E0.2)) WDOTN(IOX)*MDOT1(GLOOP) 
WDOTLC1DX) = WDOTN(IDX) 
W P O T G U D X ) - 0.0 
GO TO 114 
CONTINUE 
DD 116 I = I.NUMCnP 
SUMTMP c SUMTMP * TEMTAP(I) 
SUHPHS = SUMPRS 4- PRSTAP(I> 
CONIINUE 
XP = NUMCRP 
TEMAVG = SUMIMP/XP 
PRSAVG = SUMPRS/XP 
I6MP(IDX) 
pnEsi mx) 
WDOTNI I DX) 
WDOTLtIDX) 
WnOTGfIDX) 
QJAL< lllx ) 
GO TO 114 
CONTINUE 
PKESCIDXI 
TEMPIIDX) 
WDDTNIIDX) 
W D D T M IDX) 
WDOTGI1DX) 
QUALIIDX) 

TEMAVG 
PRSAVG 
WDOTNO 
WDOILO 
WDOTGO 

WDOTGI IDX)/WDOTNI IOX) 

TAPPR5 
TAPTEM 
W D O T B R ( G L O O P ) 
WDDTN<IDX) 
O.O 
0.0 

CONTINUE 
If(<IGAS.EQ.I) .ANO. (GLaoP.GE.2)) GO TO 999 
GO TO 999 

PROCESS A MAGNET 
CONTINUE 
NPSYS = 

DATE 040679 
CMP 10000 
CMP1O100 

CMP 10200 
CMP 10300 
CMP I 0400 
CMP I 0500 

CMP10800 
CMP10900 
CMPl1000 
CMP11100 
CMPl1200 
CMP11300 
CMPl1400 
CMPl1500 
CMPl16O0 
CMP I I 700 
CMP 11800 
CMPl1900 
CMPl20OO 
CMPl2100 
CMP I 2200 
CMPl2300 
CMP 12400 
CMP I 2500 
CMPI2EO0 
CMPI270O 
CMPI2U0O 
CMPI2900 

CMP13000 

CMP13100 
CMP I 320O 
CMPl3300 
CMP 13400 
CMP13L0O 
CMP 13600 
CMPl 3700 
CMPl3800 



•» CMPCAL ** FILE: MFTF*CSA TIME: 10:20 
174 MAG1X - MAG IX + 1 
175 C 
176 FLD * F B C O E F U O X ) * LODIIDX) / DIAM(IDX) 
177 CMPV0L1IDX) - P104 • DIAM(1DX>»*2 » LOD(IDX) 
178 MDDTH(IDX) = WDOTN(1DX-IS1GN) 
179 IX » IDX - IS1GH 
180 CALL HEPROP(PMAGDW,1MAGDW.1) 
IB1 RHO * HELD • HEMWT 
182 PMAG1 « PHAGOa • HEHEO(RHO, MOMAGIJ 
163 PMAGO = PMACOW + HEHEOtRHO. HDMAGO) 
184 IMAGI * TEMPI IX I 
IBS CALL HEPPOP(PMAGl,TMAGI,1) 
166 CALL HEPROP(PMAGO.TMAGI .3) 
1B7 DELHI » HEML - HELK 
18B OELH2 » HEHG - HELH 
189 OMR = OMAGI » 3G0O.0/2.0 
190 QSAT = ( ( W D O t H Ix>« 1000-01/HEMWT)'DELHI 
191 QVAP - DHR - QSAT 
192 WDOTG(IDX) = IOVAP/DELH2)•HEMMT/1000.O 
193 QUAL(IDX) = WDOrQI I OX)/WDOTLI I X) 
194 WDOTL(IDX) > WDOTLIIX) - WDDTGIIDX) 
195 SVLM1X = (1.-QUALIIDX))»HE5VL + QUAL<IDX)»HESVG 
196 RDENS(IDX) » (1.0/SVLMIX! » HEMWT S KG/CU-M 
197 RHO = RDENS(IDX) 
198 DELP(IDX) = C1'FLD»(WDOTN<IX)/CNOPER)«*2/(RHO'DIAM(IDX)**4> 
199 PRES(IDX) = PRES(IX) - DELP(IDX) 

^ 200 VELO(IDX) = VELF(UDOTN(1DX).SVLMIX,HEMWT,D1AM(IDX>) 
fe 201 C 
CD 202 CALL HEPROPIPRESIIDX),TEMP(IX).3) 

203 TEMPIIDX) « HET 
204 OUALX = QUAL(IDX) 
205 RHOLGM - <1.0/SVLMIX) - HEMWT 3 KG/CU-M 
206 HUHE = (<<1.O-QUALX) • HELVSC> +• QUALX » HEGVSC ) --0.00001 
207 REYNO(IDX) - (DIAM(IDXWVELOlIDX)/3600.t'RHOLGM)/MUHE 
20B HDLP = HEHED<RHOLGM,CHEAOlIDX)) 
209 PRES(IDX) - PRES(IDX) -f HDLP 
210 C 
211 GO TO 999 
212 C 
213 C *»*ii PROCESS A REFRIGERATOR - LIQUIFIER UNIT »»*»• 
214 C 
215 2SO CONTINUE 
216 C 
217 IRLO = IRLQ + 1 
218 C 
219 QUAL(IDX) = 0.0 © SET QUALITY = ZERO 
220 C 
221 IF<(IRLQ.EQ.2).AND.(GLOOP.EQ.5)) GO TO 2S2 
222 |F(IGLDOP.EO.S).AND.(1RLQ-EQ-4)) GD TO 254 
223 IF(GLOQP.EO.B) GO ID 253 
224 C 
225 FLD = FRCOEF(IDX) • LDDIIDX)/DIAM(1DX) 
226 CMPVOL(IDX) = P104 » DIAM(IDX)**2 * LDD(IDX) 
227 WDOIN(IDX) = W D T C Q < S M 3 . 8 
226 WDOTL(IOX) - WDOTL<IOX-1SIGN) 
229 WQOTG(IDX) - WDOTN(IDX) 
230 PHESCIDX) - P C B M ) 
231 TEMP(tDX) = TCB(9) 

•ATE 040579 
CMPI31J0O 
CMPI400O 
CMPI4I0O 
CMP I 4200 
CMP 14300 

CMP I 41100 
CMP14Q0O 
CMP1--10O 
CMP 15300 
CMP 15400 
CMP1SS0O 
CMP1SH0D 
CMPisaoo 
CMP15900 
CMP I 6000 

CMPIS100 
CHPI62O0 
CMP16300 
CMP I 6400 
CMP 16500 
CMP 16600 
CMP 16700 



>* CMPCAL »* 
332 
233 
234 
235 
Z3B 
23? 
238 
239 
240 C 
241 
242 
243 
244 
24S 
246 
247 
248 
249 
250 
251 C 
252 
253 
254 
255 
256 
257 

- 258 
i 259 
3 260 

3C1 
262 C 
263 
2 64 
265 
266 
2 GB 
269 
270 
271 
272 
273 C 
274 t 
275 C 
276 
277 C 
278 
279 
20C £ 
201 
282 
283 
284 
285 
286 
287 
263 
289 

FILE: MFTF'CSA TIME: •ATE 040S79 
HDENM IDX) 
DELP.IDK> 
PRES(IDX) 
VELO(IDX) 
CALL HEPROP 
MUHE 
REYNOIIDX) 
GO TO 999 
HDQINI IDX) 
WDOIGIIDX) 
WDOTLIIDX) 
PRESI1DX) 
TEMP(IDX) 
RDENS(IDX) 
DELP( IDX ) 
VELOCIDX ) 
REYNQCIDX) 
GO TO 999 

NDOTNCIDX) 
WDOTGCIDX) 
WDOTL< I 3X) 
PRES<IDX) 
TEMP<IDX) 
RDENSCIDX) 
DELP<IDX) 
VELO<IDX) 
REYNDCIDX) 
GO TO 999 
WDOTMIIDX1 
WDOIGI IDX) 
WDDILIIOX) 
PRES(IDX) 
TEMP<IDX) 
RDENSC1DX) 
DELPI1DX) 
VELO(IDX) 
REYNCK IDX) 
GO TO 999 

= RHOGAS<PRES< IOX) .TEMPI IDX1) 
CI • FLD«WDOTN( IDX) • *2/(RDENS< IDX> >DlAM[IDX>•»4) 
PRES(IDX) - DELPIIDX) 

= 4.0»WDDTN|1DX1/IP1-DIAMI1DX).»2 * RDENS(IDX)) 
(PRESCIDX).TEMPIIDX).2) 
= HEVSC » O.OOOOt 
= (DIAM( I D X ) - ( V E L O ( IDX)/3600.)»RDENSUDX))/MUHE 

WDTCBt5)»3.6-{WDGMAG f WDGCRY) 
WDOTNCIOX) 
0.0 
P C B O ) 
TCB(9) 
RDENS<IOX-1SIGN) 
0.0 
0.0 
0.0 

WDTCB(4)*3.6 + WDGMAG + WQGCRY 
WDDTNC1DX) 
0.0 
PCB(3) 
TCBI2) 
RHOGA5(PRES( IDX) ,TEMP< I D X ) ) 
0 . 0 
0 . 0 
0 . 0 

WDOTNI IDX-I SIGN) 
WDOTGIIDX-IStGN) 
WDOTLI IDX-I SIGN I 
PRESIIOX-ISIGN) 
TEMP< IOX-I SIGIM I 
RDENSI1DX-ISIGN) 
O.O 
VELD)IDX-IS1GN) 
REYNOIIDX-ISIGH) 

PROCESS A CRYOPANEL 
BOO CONTINUE 

NPSY5 
MAGIX 

2 
MAGIX + 1 

FLD = FRCOEFIIDX) 
CMPVOL<IDX) 
IX 
WDOTNCIDX) 
PICRY 
POCRY 
.TCRYI 
CALL HEPROPIPICRY.TCRYI.1) 
CALL HEPfJOP< PDCRY, TCRYI .3) 

LOD(IDX) / DIAM(IDX) 
PI04 • DIAM(I0X)»»2 » LODIIOX) 

IDX - ISIGN 
WDOTNIIDX-ISIGNI 
PCRYI(GLOOP) 
PCRYOtGLQOP) 
TEMPI IX) 

CMP 16800 
CMP 16900 
CMP17000 
CMP17100 
CMP 17200 
CMP I 7300 
CMP I 7400 
CMP17500 
CMP 17600 
CMP I 7700 
CMP 17800 

CMP 17900 



CMPCAL. •• 
290 
391 
292 
299 
294 
295 
296 
297 
29a 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
S15 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
32G 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
311 
342 
343 
344 
345 
346 
347 

FILE: MFTF»CSA TIME: 10:20:3a pATE 040579 PACE 
DH1 
DH2 
OUR 
QSAT 
QVAP 
WDO!G<1DX) 
WOQTM IDX) 
QUALX 
SVLGMX 
RDEN5(IDX) 
RHO 
DELPIIDX) = 
PRESIIDX) 
VELOIIDX) 

= HEHL - HELH 
= HEHG - HEHL 

QCRIGLQOP) • 360O.O 
( (WDQTNC IDX) •1000.0)/HEMWT1 
OMR - OSAT 
((QVAP/DH2) » HCMWT)/1000.0 

= WDOTL(IX) - WOOTGlIOX) 
= WDOTGI IDX)/WOGrM< IDX) 

(1.0-QUALX) » HESVL + QUALX 
(t.O/SVLGMX) * HEMWT 

= RDENSIIOX) 
C1»FLD»IHDOTHIIX)/CNOPER>•t2/(RHO*DIAM(IDX)»*4) 

PRESIIX ) - 1S1GM • DELP(IDX) 
= VELFtWDOTN(IDX).SVLGMX ,HEMWT.DIAM(IOX)> 

),3) 

DH1 

HESVG 
e KG/CU-M 

CALL HEPROP(PRES( IDX) ,TEMPI IX 
TEMP*IDX) = HET 
QUALIIDX) = OUALX 
RHOLGM = (1.0/SVLGMX) • HEMWT S» KG/CU-M 
MUIIE = (((1.0-QUALX) • HELVSC) * OUALX • HEGVSC ) - 0.00001 
REYMO(IDX) = (DIAM( [DX)<(VELO{ IDX)/3600. )*RHOLG.*)/MUKE 
HDLP = HEHED(RHOLGM.CHEAOIIDX)| 
PRESIIOX) r PRESIIDX) + HDLP 
GD TO 999 

»»... PROCESS A LINE ••««• 
FLD = FHCOEFI IDX)'LOD( IDX)/D1AM( IDX) 
LDV « CFTYPE/10 
CFTYPE = CFTVPE - LDV * 10 
SFAR6A = PI » OIAM(IDX) « LDD(IDX) 
QUSE = 0LEAK1 
CMPVOL(IDX) = PI04 * DIAM(IOX)"2 » LOD(IDX) 
1F(NPSY5.NE.3> GD TO 310 
IF((NPSYS.E0.3).AND.(GSTATE.EQ.3)) GO TO 310 
IF(<NP5Y5.EQ.3).AND.(GLOOP.LE.S)> GO TO 311 
IF((NPSYS.EO-3).AND.(GLOOP.EQ.B)) GO TO 311 
IF((NPSYS.EO-3).AND.(GLOOP.EQ.6)) GO TO 315 
1F((NPSYS.EQ.3).AND.(GLOOP.EQ.7)) GO TO 320 
WDDTNI IDX) 
WDOTLtIDX] 
WDDTGIIDX) 
TEMP(lOX) 
Q1IAL{ IDX) 
GO TO 510 

WDOTNIIDX-IS1GN) 
WDOTLIIDX-ISIGN) 
WDOTGIIDX-ISIGN) 
TE1WP< IOX-ISIGN) 
O. 0 

WQIXS = UUTCO(5I-3.B-IWDGSTO + WDGMAG 1 
WDOTM(IDX) = WDTCB(5)*3.6-(WDGSTO + WDTXS) 
IF((GLOOP.EQ.G).AND.IITEE.EQ.4)) WDDTNIIDX) 

CMP 18700 
CMP 16800 
CMP 18900 
CMP19000 
CMP19100 
CMP19300 
CMP I 9500 
CMP 19600 

CMP I 9700 
CMP 1980 0 
CMP I 990 0 
CMP20000 
CMP20100 
CMP20200 
CMP20300 
CMP20400 

WDOTGIIDX) 
WDOTLtIDX) 
TEMPIIDX) 
PRESI IDX) 

GO TO 510 

WOOTNCIDX) 
O.O 
TCB(9) 
P C B U ) 

WDOTNIIDX) 



»• CMPCAL »• 
34 a 
349 
330 
351 
352 
3S3 
354 
355 ( 
356 
357 
35 B 
359 ( 
360 C 
361 < 
362 
363 
364 
365 
366 
367 
36a 
369 
370 
371 
372 
373 
374 
375 5 376 

1-* 377 
3 78 
379 
3U0 
381 
382 
383 
384 
385 
386 
387 
38B 
389 
390 
391 
392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 

FILE: MFTF»CSA TIME: 10:20138 DATE 040579 
320 WD IPCS = W0ICB(5)»3.6-<WDGSTO + WDGCBY * WDG4AG) 

UOOTN(IDX) = WDICB(5)>3.Q-<WDGSTO + WDTXS + WOG'J'AG) 
WDQTG(IDX) > WDOTN(IDXl 
HDOTL(IDX) = 0.0 
lEMP(IDX) = ICBI91 
PRES(IDX) = PCB(l) 

CO TO 510 
310 WDDTN(IDX) » WDDTN<IDX-ISIGN) 

lEMPIIDX) = TEMPI1DX-ISIGN) 
GO TO 510 

••»«- PROCESS A CONTROL ••1** 
400 FLD 1 FRCDEFlIDX)*LOD(IOX) 

1DV = CFTYPE /10 
CFTYPE - CFTYPE - IDV * 10 
DIAM(IDX) = AMIN1(DIAM(IDX+1).DIAM(IOX-1)) 
SFAREA = PI * DIAM(IDX)«*2 * 2.0 
QU5E = QLEAK2 
CMPVOLIIOX) = CVOLICFUNCT,CFTYPE.IDV.DIAM(IDX)) 
IFUNPSYS.EQ.3).AND.(IDV.EQ.5)) Gn TO 430 
IF(NP5YS-EQ.3> CO TO 311 
GO TO 310 

430 CONTINUE 
*•>*-• PROCESS A JOULE-THOMPSON VALVE «*••• 

«> RESET TO THE LIQUID STATE 
WDOTNIIOX) = WDDTtJI 1DX-ISIGN) 
WDOTG(IDX) 
WDOTLI IDX) 
PRESCIDX) 
TEMPCIDX) 

MUHE 
VELO(IDX) 

= 0.0 
- WDDTMI IDX) 
= PCBt2) 
= T C B M O ) 

CALL HEPROP (PRES(IDX).TEMPIIDX).1) 
RDENS(IDX) = HELD • HEMWT 

HELVSC * 0.00001 
= 4.0»WDOTN(1DX)/(PI • 01AM(1DX)**2 

HEYNO(IDX) = <OIAM< lDX)»<VELO< IOX)/350O.0)*RDENS( IOX) )/MUHE 
DELP(IDX) - O.O 
OUAL(IDX) = O.O 

S" KG/CU.M. 
RDENSIIDX)) 

GO TO 099 
PROCESS A REGULATOR 

405 FLO = FflCOEF< IDX)*L0D< IDX) 
IDV = CFTYPE /10 
CFTYPE = CFTYPE - IDV • 10 
DIAM(IDx) = AMIN1(0IAM(IOX+1),DIAM(IDX-1)) 
C M P V O H I D X ) = CVOLICFUNCT.CFTYPE.IDV.DIAM(IOXI) 
WDOTN(IDX) * WOOTNtIDX-ISIGN) 
UOaTL(IDK) = WDOTL(IDX-ISICN) 
WDOTG(IDK) = WDOTGCIDX-ISIGN) 
RDENS(IOX) = RDENSCIDX-ISIGN) 

CMP20600 
CMP20700 
CMP20Q00 
CMP20900 
CMP21000 
CMP21100 
CMP2 1200 
CMP21300 
CMP21400 
CMP215D0 

CMP2IRO0 
CMP2I900 
CMP2^000 
CMP22100 
CMP22200 
CMP22300 
CMP22400 
CMP22500 
CMP22600 
CMP22700 
CMP22600 
CMP22900 



406 
407 
408 
409 
410 
41 I 
412 
413 
414 
415 
41G 
417 
418 
419 
420 
421 
422 
4 23 
424 
425 
42G 
4 27 
420 
429 
430 
431 
432 
433 
434 
435 
436 
437 
43a 
439 
440 
441 
442 
443 
444 
445 
446 
447 
44S 
449 
450 
451 
4 52 
453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
4 63 

FILE: MFTF»CSA 
TEMPIIDX) = TEMPIIDX-ISIGN) 
1 F| (MAG1X.EQ. I ) .OH. (MAGIX.EQ. 3) ) GO TD 866 

TIME: 10:20:38 DATE 040579 

VELOIIDX) 
HEYNOIlOX) 
Q U A D IDX) 
GO TQ BG7 
CONTINUE 
VELOI IDr.t 
REVIJQI ID*) 
QUALtIDX) 
CONTINUE 

8S2 
663 

VELJ"< WDOTNt IDX) .SVLNEW,HEMWT,DIAMI I OX>) 
REYHL, ' m x - l S l G N ) 

OUAL(IDX IGN) 

VELFIWDOTNt IDX),SLVIN|GLOOP),HEMWT. DIAMI 1 OX) ) 
REYNOIIDX-ISIGN) 

OUALIIDX-ISIGN) 

IX - IDX - ISIGN 
DLPREG - 0.0 
PRESIIDx) = PRES<IX) 
GO TO 561 

« DEFINE THIS TERM WHEN NEEDED 
0LPR6G 

.,.<. PROCESS A FITTING OR ELUOw »**** 
FLD = rllCOEF(IDX) • LOD(IOX) 
L D V = - ; F I Y P E / I O 
C F T V P E •= C F T Y P E - L O V * 1 0 
D I A M I I D X ) = A M I N 1 ( O L A M I I D X + 1 ) , O I A M ( I O X - 1 ) ) 
I F I D I A M I I D X + I S 1 G N I . E Q . O . O ) O I A M ( I O X ) > 0 1 A M ( I D X - I S I O N > 
IF(DIAYI( I D X - I S I G N ) . E O . O . O ) O I A M I I O X ) - D I A M I I D X T-I S I G N ) 
S F A R E A = PI • O I A M I I O X ) • 0 . 2 5 
O U S E = Q L C A H 1 
C M P V O L I I D X ) - C V O L I C F U N C T , C F T Y P E , L O V . O I A M ( I O X ) ) 
I F I N P S Y S . E Q . 3 I G O T O 3 1 1 
GO TO 3 IO 

PROCESS A TEE DR FLOW SPLITTER 
FLO = FHCOEFIIDX) * LODIIDX) 
LDV - CF1YPE/I0 
CFTYPE - CFTYPE - LDV - 10 
IFIDIA'JI IDX). EO.O.O) DIAU(IDX) - DIAM(IDX-I) 
SFAREA PI • DIAMI 1DX) * 0.5225 
OUSE = QLEAK1 
CMPVOLCIDX) = C V O L I C F U N C T . C F T Y P E . L D V . D I A M ( I D X ) > 
T E M P I I D X ) o T E M P I I 0 X - 1 S I G N ) 

I F I N P S V S - E 0 . 3 ) GO TO 4 7 0 

WDOTN(IDX) = WDOT11GLOOP) 
WD0TLI1DX) = WBOILIIDX-ISIGN) 
WDOTG(IDX) =. WPOTGlIDX-ISIGN) 
RDENSIIDX) =i RDENSI IDX-ISIGN) 
IF( (MAGIX.EQ. 1 ) .OR. (MAGI X.EO.3))GO TO 862 
VELOIIOX) 
GO TO 8G3 
CONTINUE 
VELOIIDX) 
CONTINUE 

VELF(WDOTN(IDX).SVLNEW,HEMWT,DIAM(IDX)) 

= VELFIWDOTNI1DX),SLVINIGLODP).HEMNT.DIAMIIDX)) 

ITEE = ITEE •+ 1 
I F t l T E E - E Q . 1 ) GO TO 461 
! F < < I T E E . E Q . 2 ) . A N D . ( N P S Y S . E Q . 1 ) ) WDOTN(IDX) > WDTLHI 

CMP23000 
CMP23I00 
CMP23200 
CMP23300 
CMP23400 
CMP23500 
CMP23600 
CMP23700 
CMP23800 
CMP23900 
CMP.' 4000 
CMP24I00 
CMP2-I20 0 
CMP24300 
CMP24.10 0 
CMP24'.,00 
CMP24li00 
CMP24700 
CMP24800 
CMI-24900 
CMP25000 
CMP2S100 
CMP2S200 
CMP25.I00 
CMP25400 

CMP25500 

CMP25G00 
CMP2 5700 
CMP25800 
CMP25£00 
CMP2S0O0 
CMP2GI00 
CMP26200 
CMP26300 

CMP2G400 
CMP26500 

CMP26G0O 
CMP>6700 
CMP2tiliQ0 
CMP2G900 
CMP27000 
CMP27 I00 
CMP272DO 
CMP27300 
CMP2740O 

.'CMP2750O 
CMP27G00 
CMP27700 
CMP27B00 
CMP27900 



1 

is 

•• CMPCAL »* 
464 
465 
466 
467 
45B 
469 
470 

• 471 
472 C 
473 
474 
47S 
476 
477 
478 
479 
4 BO 
481 
462 
463 
4B4 
4B5 
4B6 
407 
488 
4B9 
490 
491 

OJ 492 
493 
494 
495 
496 
497 
498 
499 
500 
SOI 
502 
S03 
504 
505 
506 
507 
5 OB 
509 
510 
511 
512 
513 
S14 
515 
516 
517 
518 
519 
520 
521 

FILE: MFTF«CSA TIME: 10:20:38 DATE O40S79 
IF(<ITtR-EQ.2).AND.iNPSYS.EQ.J)) WDOTNlIDX) . WOTLCH 
WDOTLI IDX) 
WOOTGCI OX) 
RDENSIIOX> 
GO TO -1U2 
CONTINUE 
TEMPER = 

= WDOTLIIDK-ISIGN) 
= WDOTGIIDK-ISIGN) 

RDENSIIDK-ISIGN) 

TEMP(IPX) 

2.0 
2.0 

IFINPSYS.EQ.1) GO TO 510 
DO 464 \Z = 2.NUMCRP 
WDOTBRIIZI = W O O T M I Z ) 
1FI1Z.EQ.3) WDOTBR(IZ) » W D O T K 1 Z ) 

464 CONTINUE 
462 CONTINUE 

W D D T K I Z + 1 ) 

GO TO 510 
CONTINUE 
1TEE = ITEE + I 

CMP2H000 
CMP2B100 
CMP2H200 
CMP?'13Q0 
CMP2I1400 
CMP2US00 
CMP2B600 
CMP 78700 
CMP2B1300 
CMP2B300 
CMP290DO 
CMP29ID0 
CMP29200 
CMP29300 
CMP29400 
CMP295D0 

1F(ITEE.EQ.1> 
1F(ITEE.EQ.2) 
IF<ITEE.E0.3) 
IF(ITEE.EQ.4) 

WOQTNtIDX) 
WDOTNlIDX) 
WDOTNlIDX) 
WDOTNlIDX) 

WDGUAG + 
WD&MAG +• 
WDTCBIS) 
WDTCBI5) 
IWDCSTO -

MDGCRV 
WDGCRV + WDGSTO 
• 3.6 
• 3.S -
WDGCRY + WDTXS) 

• KG/HR 
• KG/HR 
• KG/HR 

KG/HR 
WDOTLIIDX) 
WDOTGIIDX) 
RDENS( IDX) 
VELOCIDX) 
GO TO 51O 

WDOTLI1DX-IS13N) 
WDOTNlIDX) 

= RDENSI1DX-1SIGN) 
4.0*WDOTNl1DX)/IPI<DIAM(IDX)*»2 * RDENSI1DX)) 

,»,,, PROCESS A TAP OR FLOW DIRECTION SHIFTER 
CONTINUE 
1TAP ITAP + 1 
WDOTNl1DX) = WDOTNlIDX-ISIGN) 
1FCITAP.EQ-3) WOOTNIIDXI = WOOTBRI31 - WDOTI<4) 
WDOTLI1DX) - WDOTLIIDX-ISIGNI 
WDOIG(ll)X) = WDOrGIIDX-ISIGN) 
IF( ITAP. E(J.3) GO TO 502 
WDOINO = VJDOTNO * WDOTNIIOX) 
WDOTLQ = WDOTLQ * W D O T K I D X ) 
WDUTGQ - WDOIGQ + WDOTGIIOXI 
CONTINUE 
RDENSIIDX) = RDENBIIDX-15IGN> 
LDV - CFTYPE/IO 
CFTYPE = CFTYPE - LDV " 10 
FLD = FRCOEFIIDX)*LODlIDX) 
T E M P ( I D X ) = T E M P I I D X - I S I G N ) 
D I A M I I D X ) = A M I N K D 1 A M I I D X + I ) ,DIAM( I O X - 1 ) ) 
I F ( D I A M ( I D X > . E Q . O . O ) D I A M ( I D X ) =t D IAMI 1DX+1 ) 

CMP29G0 0 
CMP29700 
CMP2OM0O 
CMP29900 
CMP30000 
I M P 3 0 H 0 
CMP30200 
CMP3O3O0 
CMP30100 
CMP30500 
CMP30GOO 
CMP30700 
CMP 301100 
CMP30300 
CMP3I000 
CMP31 1O0 
CMP31200 
CMP313D0 
CMP31400 
CMP3I5D0 
CMP316D0 
CMP317D0 
CMP31800 



FILE: MFTF»CSA TIME: 10:20:38 DATE C40579 
522 
523 
524 
525 
S26 
527 
520 
529 
530 
531 C 
532 c 533 c S34 
535 
536 c 537 c 538 c 539 c 5'.0 J 
'*4I 
542 
543 
544 
54S 
545 
547 
54B 
549 c 550 c 551 c 552 c 553 
554 c 555 c 555 
557 
558 
559 
560 c 561 c 562 c 563 c 564 c 565 
566 c 567 
568 
569 
570 c 571 
572 c 573 
574 
5 75 
576 
377 
57S 
579 

5FAREA = PI • DIAMIIDX) • 0.5225 
OUSE = QLEAK1 
CMPVOLI 1DX) = CVOLICFUNCT.CFTYPE.LDV.DIAM<IDX) I 
IF(IMAGIX.EQ.1).OB.(MAGIX.EQ.3)>GD TO 064 
VELO(IOX) = VELFIWDOTNt I OX).SVLNEW.HEMWT.DIAMI 1DX) > 
GO TO B65 

B64 CONTINUE 
VELO(IOX) = VELFIUDOTNI1DX).SLVINIGLOOP).HEMWr.OIAM<IOX)) 

B65 CONTINUE 
COMPUTE LINE. CONTROL. FITTING OR TAP DELTA PRESSURE. 

510 IX - IDX - 1S1GN 
GO TO(520.550).GSTAFE 

••'•• DELTA PRESSURE WHEN GASEOUS 
CALC. RHO OF GAS 

520 CONTINUE 
IFIPRESI IX) .EO.0.0) PRESIIX) =. PRES r I DX ) -O. 1 
IF I TEMPI IX).EO.0.0) TEMPI IX) a TEMPI IDX)-O.02 
RHO = RHOGASIPHESIIX >.TEMPIIDX)> 
RDENS(IDX) = RHO 
DELPIIDX) = C1«FLDi(WDOTN(1X>/CNOPER)••2/IRHD*DlAMIIDX>'-4> 
VEL0II9X) = 4.0<WD0TN(IDX>/[PI•DIAM<IDX)»*2 « RDENS(IDX)) 
0UALI1DX) = 0.0 

CMP3I900 
CMP32000 
CMP32100 
CMP32200 
CMP32300 
CM I" 3 2 '10 O 
CMP32S00 
CMP32600 
CMP32700 
CIWP32H00 
CMP32900 
CMP33000 
CMP33100 
CMP33200 
CHP33300 
CMP33-I00 
CMP33S00 

CMP33600 
CMP3370O 
CMP3300O 

»»••• IF PCT. OF PRESSURE CHANGE EXCEEDS ONE PCT. 
•.*•» DELTA-P. IF NOT, COMPUTE THE NEW PRESSURE RECOMPUTE 

1FIDELPIIDX>/(PRESIIX ) + DELP(IDX)) 0.01 ) 560,560.530 
CALC. RHO OF GAS 

530 HHO - RHOGASIPRESl IX > + DELP<IOXI/2.O.TEMPIIOX)) 
RDENS(IDX) = RHO 
DELPIIDX) <•= C1»FLD> (WDOTNI 1 X )/CNOPE R ) . » 2/| RHO* DI AMI IDX)*>4) 
VELOIIDX) => 4.0<WDOTNIIDXl/(P1•DlAM<IDX)"•2 • RDENSIIDX)) 

•»•*• AGAIN CHECK PCT. OF PRESSURE CHANGE. IF PCT. EXCEEDS 
- 2.B PCT. COMPUTE THE DELTA-P BY USE OF THE COMPRESSIBLE 

»•••» FLOW EQUATIONS. (REF.-RPL-TDR-G4-25,VOL.1.REV.O) 
IF<DElP<IDX)/(P«ES(IX ) + DELP(IDX)) 0.028) 530.S60.54O 

540 A i PI'DlAMIIDX)•-2/4.0 
CALL COMFLOI I OX.PRES( IX).TEMPI IX) .FLO.A.WDOTNII X)/CNOPER.IGAS. 
I PELPIIDX)) 
1FICHEADIIOX)-EO.0.0) GO TO 543 
HDLP - HEHEOIRHO.CHEADCIDX)) 
PRES(IOX) . PRESIIX > + HOLP - ISIGN • DELP(IDX) 
GO TO 544 

543 CONTINUE 
PRESI1DX) i P R E S I I X I - IS IGt l * D E L P I I D X ) 

5 4 4 CONTINUE 
CO TO 5 6 1 

CMP33900 
CMP34000 
CMl'3'1100 
CMP34200 
CMP34300 
CMP34400 
CMP345D0 
CMP34G0O 
CKIP34700 
CMP34II0O 

CMP349D0 
CMP35000 
CMP35100 
CMP3520O 
CMP35300 
CKIP3540O 
CMP35500 
CMI'35f.OO 
CMP35700 
CMP3S000 
CMP35900 
CMP3G000 
CMP3GI00 
CMP36200 
CMP36300 
CMP36700 
CMP36S00 
CMP36900 
CMP37300 
CMP37400 



•• CMPCAL «» 
580 C 
SOI C 
5B2 C 
583 
584 
5B5 
505 
S87 
5BB 
589 
590 
591 
592 
593 
534 c 595 
596 c 597 
598 
599 
600 
GOI 
602 
603 
604 
605 
606 
607 
608 
609 c 610 
61 1 c 612 
613 c 614 
61S c 616 
617 
618 c 619 
6Z0 
621 
622 
623 
624 
625 c 626 
627 
628 
629 
530 
631 
632 
633 
634 
635 
636 
637 

FILE: MFTF*CSA 

DELTA PHES5URE WHEN LIQUID 

TIME: 10:20:38 DATE 040579 

CONTINUE 
IF((NPSYS.EQ.3).AND.(GSTATE.EQ.2)) CO TO 554 
IFIMAGIX.EO.2) CO TO 551 
RHQ = RHOLIQIPRES<IX>,TEMP<!DX)I 
RDENS(IDX) = RHu 
DELPC1DX) = CI-FLD.<WUOTN< I X)/CNOPER>»*2/(RHOfDIAMI IOX)«»4> 
GO TO 55 2 
RHO = RHOLGM 
RDENSIIDX) = RHO 
DElPCIDX) = C1 • FLD» ( WDOTNI IX)/CNOPER)**2/(RHO*DIAM( IDX)""1> 
CONTINUE 
1F(CHEAD(1DX)-EQ.O.0I GO TO 5G3 

HDLP = HEHED(RHO,CHEAD(IDX)) 
PRES(IDX) = PRESIIX ) + HDLP - ISIGN * DELP(IDX) 
IF<(CFUMCT.EQ.7) .AND. <MAGI X.EQ. I I> PRESBR = PRESCIDXI 
1F(ICFUMCT.EQ.6).AND.(MAGIX.EQ.2)) PBST AP ( GLODP ) = PRES<IDX) 
1F<(CFUKCT.EQ.6).AND.(MAGIX.EQ.2)) TEMTAPIGLOOP) = TEMPIIOX) 
GO TO 5S4 
CONTINUE 
PRES(IDX) = PRESIIX ) - ISIGN •> OELP(IDX) 
1F<ICFUNCT.EQ.7) .AND. IMAGIX.EQ.I)> PRESBR * PRES(IDX) 
IF( (CFUNCT.EQ.6>.AND. I MAG I X . EQ . 2 | ) PRSTAP( GLOOPt = PFIESIIDX) 
1F((CFUNCT.EQ.G).AND.(MAGIX.EQ.2)) TEMTAPIGLOQP) - TEMP(IDX) 
CONTINUE 
1F<(MAGIX.EQ. 1 ) - O R . ( M A Q I X . E Q . 3 I >Gn T Q e 6 „ 

IFtDIAMIIDX1.EQ.O.O) DIAM(IDX) = DlAM(IOX-l) 
IF(CHEAD<IDX>.EQ.0.O) GO TO 872 

4 
NGSTAT = 2 
IF(GSTATE.EQ.2) NGSTAT = t 
CALL HE PROP IPRES(1DX| ,TEMP( 1DXI.NGSTAT1 
CPFLU = HELCP 
QIN = OUSE * 3G00.0 
QXFER = OlM • SFAREA 
CPNU = (CPFLU/HEMWT) » 1000.0 
TEMPNU = TLMP(IDXJ 4- (QXFER/ICPNU 

.1 ) 

© J/MOL-K 
e J/HH-SOMETER 
© J/HH 
«l J/KG-K 

WDOTN<IDx))) 

CALL HEPROPCPRES<IX).TEMPND 
HI = HEHL 
CALL HE PROP(PRE SI IUX) ,TEMP( 1DXI,3) 
H2 = HEHL 
DLHI H1 - 112 
OLH2 = HEHG - HEHL 
TEMP(IDX) = MET 
DELO = ( ( W D O I L ( I X ) » D L H I ) / HEMWT) • 1 0 0 0 . 0 
WD TGI = (DELO • HEMWT1/IDLH2 » 1 0 0 0 . 0 ) 
WOOTGdDXl = WDOTG(IX) + WDTGl 
WDOTLUOX) = WDOTLUX) - WDTGt 
DUALX - UDDTG( I D X 1 / W D 0 T N U D X ) 

CMP3750O 
CMP3760O 
CMP3770O 
CMP37B0O 

CMP3700O 
CMP3Q00O 
CMP3B100 
CMP38200 
CMP38300 
CMP3IM0O 
CMP3S500 
CMP3UG00 
CMP3B70O 
CMP39200 
CMP39300 
CMP39400 
CMP39500 
CMP39S0O 
CMP39700 
CMP39800 
CMP39900 
CMP40000 
CMP40100 
CMP40200 
CMP403JO 
CMP40400 
CMP4OS0O 
CMP4OQ0O 
CMP4O700 
CMP4080 0 
CMP4090 0 
CMP41000 
CMP41100 
CMP4120 0 
CMP41300 

C M P 4 I 4 0 0 
CMP4I50O 
CMP4 1600 
CMP4 1700 
CMP41800 
CMP41Q00 
CMP42000 
CMP42100 
CMP42200 
CMP42300 
CMP42400 
CMP42500 

http://MAQIX.Eq.3I


»» CMPCAL •* FILE: MFTFtCSA TIME: »0S20! 
63B Q U A L U D X ) = QUALX 
639 SVLNEW. = t>.O-QUALXI'HESVL + QUALX«HESVG S L/MQL 
640 VELDIIDX) = VELFIWDDTNIIDX).SVLNEW.HEMWT,DIAMIIDX1) 
641 C 
642 RHOLGM - (1.0/SVLHEW) • HEMwT 
643 RDENS(IUX) = RHDLGM 
644 MUHE = <<(t.O-QUALX) - HELVSC) + OUALX • HEGVSC) - 0 . 0 0 0 0 1 

" 645 REYNDIIDX) = (DIAMUDX)»(UELO( IDKJ/36O0. ) •RHOLG.W)/MUHE 
G46 C 
647 GO TO S61 
64B c • 
643 872 CONTINUE 
650 VELO(IOX) = VELFIWDOTNIIOX).SVLNEW.HEMWT.DIAM<IDX)) 
651 C 
652 1F| lCFUrjCT.EO-7) .AND. (ITEE.EQ.2)) GO TO 874 
653 WDOTL(IDX) < WDOTL<IX| 
654 WDOTG(IDX) = HOOTGIIXI 
655 REYNO(IDX) « REYNOCI OX-I SIGN I 
656 OUALIIDX) » QUALI 1DX-ISION) 
657 GO ID UG1 
65B C 
653 B74 CONTINUE 
660 tfOOTLUDX) = WDDTL(IDX) 
661 WOOTG(IDX) = WOOT.C< IDX) 
662 REYNOIIDX) = REYNOl IDX-1 SIGN) 
663 OUALIIDX) - QUALI IDX-1 SIGN) 

p~ 664 GO TO OBI 
OK 665 C » 

6GG 660 CONTINUE 
667 1FID1AVII IDX) .EQ.O.O) DIAM(IOX) = DIAM(IDX-l) 
663 VELO(IDX) _ VELF(WOOTNC 1DXI.SLVIN(GLOQP),HEMWT.DIAMI IDX1 ) 
669 WOOTL(IDX) - WDQTNIIOX) 
670 WDOTG(IDX) = WD0TG< IOX-1 SIGN) 
671 C 
672 NGSTAT = 2 
673 1FIGSTATE.EQ.2 I NGSTAT = 1 
674 c 
675 CALL HEPROPIPRESIIDX),TEMPIIDX).NGSTAT) 
67S CPFLU » HELCP S> J/MOL-K 
677 OIN = OUSE <• 3GO0.0 C> J/HR-SQMETEB 
67Q OXFER = QIN < SFAIIEA * J/HR 
679 CPNU = ICPFLU/HEMWT> ' 1000.0 P J/KG-K 
6B0 TEHP(IDX) - TEMP(IOX) * <QXFER/(CPNU * WDOTN<IOX))> 
GB1 C 
6U2 CALL HEPROP<PRES<IDX),TEMPIIDX).1) 
GU3 MUHE = HEVSC - 0.00001 » KG/M-SEC 
6U4 HEYND(IDX) = IU1AMI IDX)•<VELO( 1DXI/3G00. )-RDENSI I OX))/MUHE 
605 Q U A L U D x l = QUAL( IDX-I SIGN) 
606 1F((NPSYS.EO.2).AND.(CFUNCT.EO.6).AND. ( I TAP.Eg.3) ) 
6B7 I TAPTEM = TEMPI 1DXI ; TAPPRS * PRES(IDX) 
GI)B GO TO SRI 
609 C 
690 554 CONTINUE 
6 9 1 l F ( O l A \ t ( IOX) . t o . 0 . 0 ) D IAWHIDX) = D l A M i I D X - 1 ) 
6 9 2 RHO = R H O L I Q ( P R E S ( I X ) . T E M P I I D X ) > 
6 9 3 RDENS( IDX) = RHO 
G 9 4 D E L P ( I D x ) = C 1 * F L D » ( W D O T N ( 1 X ) / C N O P E R ) » • 2 / I R H O * D I A M I I D X ) r « 4 > 
6 9 5 U E L O I I D X ) = 4 . 0 * W D O T N ( 1 D X ) / ( P I * D I A M ( 1 D X ) - . 2 » RDENSCIOX) 

DATE 0 4 0 5 7 9 PAGE 3 7 

CMP42600 
CMP42700 | 
CMP42B0O ! 
CMP.12300 J CMP43000 
CMP43I0O 
CMP43700 
CMP43300 
CMP43-100 
CMP43500 
CMP43600 
CMP43700 
CMP4300O 
CMP43900 
CMP44000 
CMP'14100 
CMP44200 
CMP44300 
CMP4LI0O 
CMP1450O 
CMP44600 
CMP44700 
CMP44BOO 
CMP44900 
CMP45O0O 
CMP-15100 
CMP45200 
CMP45300 
CMP15-100 
CMP45500 
CMP45600 
CMP45700 
CMP45800 
CMP4S900 

CMP46000 
CMP46100 
CMP46200 
CMP46300 

CMP46400 
CMP45500 
CMP3BD0O 
CMP3S100 
CMP3B200 



•• CMPCAL •* FILE: MFTF*CSA TIME: 10:20:38 •ATE 040579 
ese 
697 
69B 
699 
70O 
701 
702 
703 
704 
70S 
706 
707 
708 
709 
710 
711 
712 
713 
7t4 
715 
716 
717 
718 
719 
720 
721 
722 
723 
724 
725 
726 
727 
72a 
729 
730 
731 
732 
733 
734 
735 
736 
737 
738 
739 
740 
741 
742 
7 43 
744 
74S 
746 
7<7 
74B 
749 
7S0 
751 
752 
71i3 

W D D T U 1DX) 
MDOTGC]DX) 

WODTNiIDX) 
WDDTGIIDX-ISIGNI 

CALL HEPROPIPRESCIOX).TEMPIIDX).1 ) 
MUHE = KEVSC ' 0.00001 «• KG/M-SEC 
REYNO(IDX) = (OlAMIIOXI•(VELOIIDX)/3600.)*RO£NStlOX)l/MUHE 
QUALI1DX) = OUALIIOX-ISICN) 
• •»*«. COMPUTE A NEW PRESSURE 

560 PRES(IDX) = PRESIIX) - ISIGN * DELP(IOX) 
561 CONTINUE 

NGSTAT = 2 
1F(GSTAT6.EQ.2> NGSTA1 = 1 
CALL HEPROPIPRESI IDX) .TEMPI IOX) ,NGSTAT1 
CPFLU = HELCP 
01N = QUSE ' 3GO0.O 
QXFER = OIN • SFAREA 
CPNU = ICPFLU/HEMWt> » 1000.0 
TEMPIIDX) = TEMPIIDX) + (QXFER/ICPKU » 

• J/MOL-K 
• J/HH-SQMETER 
« J/HR 
• J/KG-K 

WDOTN(IDX))) 

IFIGSTAIE-EQ.2) GO TO 561 
C.ALC. BHO OF GAS 

RHO = RHOGA5IPRESIIDX).TEMP(IDX)> 
RDENSI1DX) = RHO 
VELO(IDX) - 4.0 * WQOTN(IDX)/(PI » DIAM(IDK)**2 * RHO) 
CALL HEPROP (PRESI1DX),TEMP(IDX).2) 
MUHE = HEVSC • 0.0000 1 
REYND(IDX) = IDIAMIIDX)* IVELO( IOX1/3600.)tROENS< IDX)l/MUHE 

S61 CONTINUE 
CO TO 999 

*»»»» PRDCESS A TANK OR SUPPLY 
700 CONTINUE 

I TANK • 1 
IF(NPSVS.EQ.3) GO TO 720 
IFINPSYS.EQ.1> WUDTNIIDX) = WDTLH1 
IF!INPSYS.EO.1>.AND.<ITANK.EQ.I>) CMPVOL(IDX) - VHEMDW/1000.0 
IFINPSTS.EQ.2) WDOTNIIDX) = WDTLCH 
IF IINPSYS.EQ.2).AND.( I TANK.EO.I ) ) CMPVOL(IDX) » VHECDw/1000.0 
WDOTL(IDX) = WDOTLIIDX-ISIGN) 
IF!ITANK.EQ.1) WDOTL(IOX) = WDDTNIIOX) 
WD0TGI1DX) = WDDTGIIDX-ISIGN) 
PRESIIDX) = PTANK 
TEMPIIOX) = TTANK 
RDENS(IDX) = RHOLIQtPiANK.TTANK) 

CMP45700 
CMP4SU00 
CMP4S900 
CMP46000 
CMP46100 
CMP46200 
CMP46J00 
CMP46SQ0 

CMP46700 
CMP46800 
CMP46900 
CMP47000 
CMP47100 
CMP47200 
CMP47300 
CMP47400 

CMP475O0 
CMP-17Q00 
CMP47'00 
CMP4I100O 
CMP4B100 
CMPU1200 
CMP48300 
CMP4U4Q0 
CMP4U500 
CMP.1UG00 
CMP4B700 

CMP4OQ0P 
CMP4B900 
CMP49000 
CMP49IOO 
CMP49200 
CMP49300 
CMP49400 
CMP49b00 
CMP49600 
CMP49700 



» • CMPUAL 

754 
75S 
756 
757 
7 58 
7 5 9 
7 6 0 
761 
762 
763 
764 
765 
766 
767 
768 
7 6 9 
7 7 0 
771 
7 7 2 
7 7 3 
7 7 1 
77S 
7 7 6 
7 7 7 
7 7 8 
7 7 9 
7B0 
7Bt 

fe 7B2 
CO 7 8 3 

784 
7 8 5 
7 8 6 
7 8 7 
7 8 8 
7 8 9 
7 9 0 
791 
792 
7 9 3 
791 
795 
7 9 6 
7 9 7 
7 9 8 
799 
BOO 
BOI 
B02 
9 0 3 
8 0 4 
BOS 
B06 
8 0 7 
8 0 a 
Bog 
B10 
B11 

F I L E : MFTF»CSA TIME: 1 0 : 3 0 : 3 8 • DATE 0 4 0 5 7 9 
VE1-0< I t lX ) 
OELPI IQX> 
REYNOtIDX) 
QU4LI l O X l 

0.0 
o.o 

* 0.0 
0.0 IF( I TANK.EQ.2 > GO TO 7 H 

GO TO 999 
72 0 CONTINUI 

1F|1TANK-FQ.1) 
IF(ITANK.E0.2). 
IF( 1T.-.NK.EQ.3) 
IF(1TANK.GT.3) 

WDQTGCIPX) 
W D O T M I OX) 
PRESI1DX) 
ROENSt I OX| 
GO TO 722 

721 WOOTNC1DX) 
WDOTGIIDX) 
W O O T H 1 0 X I 
TEMPIIDX) 
PHESIIDX) 
RDtN5( IDX) 

722 VELOIIDX) 
DtLPIIDX) 
REYNUIIDX) 
QUALIIDX) 
GO TO 999 

WDOTNIIDX) 
WDDTNIIDX) 
WDOTN1IDX) 
GO TO 721 

> UDGMAC 
= WDGCRY 
= WDGSTO 

T E M P U O X ) = TMPMRT 
TEMP(IDX) > TMPCHT 
TEMP(IOX) r TMPSRT 

WDOTNIIDX) 
O.O 

PTANK 
RHOGASIPRESIIDX), TEMP(IOX) ) 

WDOTNIIDX-ISIGN) 
WDOTG( ItX-ISION) 
U D O T L I II.'X-ISIGN) 

TEMPIIDX-ISIGN) 
PHESt IDX-ISIGtO 
ROENSI1DX-IS1GN) 
O .0 
0.0 
0 .0 
O.O 

CONTINUE 
HOTRTN ' 
WDTMKU = 
QUALTY = 
TEMPIIDX) 
TEMFIN 
GO TO 999 

WOOTLIIDX) 
WDOTOIIDX) 
QUALX 
= TEMP(IOX-IS1GN) 
= TEMPIIDX) 

PROCESS A COMPRESSOR-PURIFIER*UNIT 
•OO CONTINUE 

WDOTNIIDX) 
WDOTG)IDX) 
WDOTLIIDX) 
PRE5IIDX) 
TEMPIIDX) 
CALL HEPROP 
RDENS<IDX) 
MUHE 
01 AMIIDX) 
CMPVOLI IDX) 
VELO(IOX) 
RE¥N0<IDX) > 

WDTCUI1) • 3.6 
WDOTIM IDX) 
0.0 
PCBII) 

= TCB(I) 
IPRESI1DX),TEMP(IDX) 

HELD » HEMWT 
HEVSC • O. 00001 
AM1NI(D1AM(IOX+I ) , 
3.0 

- 4.0«WD0TN(IDX)/(PI 

9 KG/HFf 

CMP49Q0O 
CMP49900 
CMPSOOOO 
CMP50100 
CMP50200 
CMP50300 

CMP50400 
CMP50500 
CMP50600 
CMP50700 

CMP50800 
CMP50900 
CMPS1000 
CMP51200 
CMP51300 
CMP5I4D0 

i> KG/CU.M. 
D1AM<IDX-1)) 

DIAMCIDX)..2 
ASSUMED VALUE 
RDENSIIDX)) 

{D1AHIIDX)*(VELOIIDX)/3600.O)»RDENSIIDX)1/MUHE 



CMPCAL »• FILE! MFTF»CSA TIME: 10:20:33 DATE 040579 
B12 
013 
814 
815 
816 
817 
818 
819 
820 
821 
822 
823 
824 
825 
826 
B27 
82B 
829 
B30 
831 
S3 2 
833 
834 
8 35 
836 
837 
83S 
839 
840 
841 
842 
843 
844 
B4S 
846 
847 
848 
849 
850 
851 
852 
853 
854 
855 
856 
857 
868 
859 
8G0 
B6( 
862 
B63 
BB4 
B65 
8 66 
8 57 
868 
869 

O E L P U D X I 
GO TO 999 

PROCESS A HEAT EXCHANGER 
900 CONTINUE 

GO TO 999 
**«•* END OF CONFIGURATION PROCESSING LOOP *•••« 

999 CONTINUE 
tF (-NOT. PAGE(1)) GO TO 1998 

; *<•> PAGE HEADER HAS BEEN MOVED TO STATEMENT GROUP 10O 
199B CONTINUE 

KFUNCT = FNAMEICFUNCT) 
VELSEC = VELOI1DX) 
1F|(NP5YS.EQ.3).AND.(GLDDP.EO.B)) VELSEC = VELO(1DX)/360O.O 
WRITEfG.6030 1 HFUNCT. COOEIIOXI. [OX. IGAS.GSTATG. OIAM(IDX), 

1 WDOTNIIOX), UDOTLIIOXI. WDOTG(IOX). qUAL(IOX). 
2 TEMPIIDXI. PRESIIDXI. OELP(IDX). VELSEC 
3 RDENS(IDX), REYNO(IOX) 
1F (PRESIIDXI .GE. 
WRITE (lOT,6040 1 
CALL EX1T 

998 CONTINUE 
DLPTOT 
SYSVOL 

.AND. TEMP(IOX» .GE. O.l GO TO 998 

DLPTOT + DELPTIDX) 
SYSVOL + CMPVOL(IDX) 

1 Ft (NPSYS.EQ.31 .AND. (GLOOP.E0.7) I O L P R L Q » DLPTOT 
IF<(NPSYS.EQ.31.AND.IGLOOP.EQ.7>) RLOSVL = SYSVOL 
J r( I NPSYS. EO-3) - AND. IGLOOP.EQ.Bl ) DLPCPU =. DLPTOT 
JF( (NPSYS.EQ.3) .AND. (GLOOP.EQ.QO CPUSVL » SYSVOL 

DLPRLQ 
RLOSVL 

1000 CONTINUE 
1 100 CONT INL'E 

VOLL1T = SVSUOL 
RLgLIT = RLOSVL 
CPULIT = CPUSVL 
TSYSVO = TSVSVO 
WDGTOT = WQGTOI + 
WDLTOT = WDLIOT + 
IFINPSVS.CQ.1) VDLMAG 
IFINPSIS. CO- I I Tf.lPr.mT 
IF(NPS*S.I=0.2I VOLCRY 
IFINPSYS.EQ.2» TMPCRT 

- J O O O . O 
• 1000.0 
i 1000.0 
• SYSVOL 
WDTMKU 
WDTRTN 

srsvOL 
T E M F I N 

LITER E-JUIV OF SYSVGL 
S> LITER EQUIVALENT 
S> LITER EQUIVALENT 

SYSVOL 
TEMFIN 

WDTMKU 

WDTMKU 

CMP5I5C0 
CMPS1600 
CMP51700 
CMP51B00 
CMPS1900 
CMP52000 
CMPS2I0O 
CMP52200 
CMP52300 
CMP52400 
CMP52500 
CMP52600 
CMP52700 
CMP52800 
CMP5290Q 
CHP530D0 
CMP531O0 

CMPS3200 
CIYIP53300 
CMP5340 0 
CMP5350Q 
CMP53G00 
CMP53700 
CMP53800 
CMP5390 0 
CMPS4000 
CMP54100 
CMPS4200 

CMPS4300 
CMP54400 
CMP54500 
CMPS4G00 
CMP54700 

CMP54800 
CMP54900 
CMPS5000 

rRTNCMP55100 

IFINPSYS. EO, I > WHITE (6.G052) DLPTOI 
IFINPSYS.EO.t> WRITE (6.6056) SYSVOL. VOLLIT 
IF(NPSYS.C0.2> WHITE (G.60S3) DLPTOT 
IFCNPSYS. E<5. 2» WHITfc (6.6057) SYSVOL. VOLLIT 
IFINPSYS.EQ.3) JP - PAGE(O) 

WOLCRY = WDTRTNCMPS5200 
CMP55300 
CMP55400 
CMP55500 
CMP55600 

• CMP557O0 



•« CMPCAL *» 
870 
871 
872 
B73 
874 . C 
875 
876 
877 
B7B 
879 
880 
881 
882 
883 
884 
885 
BSE 
887 
888 
889 
890 
891 
892 
893 
894 
895 
B9S, 

>• B97 

899 
900 
901 
902 
903 
904 
905 
906 
907 
90S 
909 
910 
911 
912 
913 
914 
915 
916 
917 
918 
919 
920 
921 
922 
923 
924 
925 
92.5 
927 

FiLE: MFTF»CSA 
IFINPSYS.E0.3) WRITE (6,6065) DLPRLO 
IFiNPSVS.EO.31 WHITE (6,B066> RLOSVL, RLQL1T 
1FINPSVS.EO.31 WRITE (6.60G7> DLPCPU 
1 F INPSVS.E0.3l WRITE (6.6068) CPuSVL, C P U H T 

C 
6052 FORMAT!// T20.'TOTAL PRESSURE DROP IN THE MAGNET LOOP »•, 

I T70.E13.B.TB5, • KPA' /T20,' I MAGNET INCLUDED)'/) 
6053 FORMAT!// T20.'TOTAL PRESSURE DROP IN THE CRYOPANEL LOOP -

I T7S.E13.B.T90,'KPA' /T20.' I C R Y O P A N E L S INCLUDED)'/) 
6056 FORMAT! T20,'TOTAL FLUID VOLUME IN THE MAGNET LOOP *', 

1 T70.EI 3-8.Tr;--,. 'CUBIC METERS' . I lOS. • I ' .F10.2. • L I T E R S ) 1 , 
2 /T20,' tMACNET INCLUDED)'/) 

6057 FORMATI T20,'TOTAL FLUID VOLUME IN THE CRYOPANEL LOOP = ' 
1 T70.El 3.B.TBS.'CUBIC METERS' .TI OS. •( • .F10.2, ' LITERS)'. 
2 /T20.' (CRYOPANELS INCLUDED'/) 

TIME: 1012013* DATE 040579 

IFINPSYS.E0.3) RETURN e ALTERNATE RETURN 

CMP55B0D 
CMP55900 
CMP5G00O 
CMPS6IOO 
CMPS6200 
CMI'5630 0 
CMP56400 
CMP56500 
CMPS660O 
CMP56700 
CMP5G80O 
CMPS69C0 

CMP5700O 
CMP57I0O 
CMP572DO 
CMPS7300 
CMPS7400 
CMP5750O 
CMP57G00 
C M P S J 7 0 O 
CMP57BOO 
CMP57900 
CMP58000 
CMP5B100 
.CHPSS200 
CMP5830O 

IFINPSYS.EO.I> WRITE (6.6055) (LO(I.6).I-1.9) 
IFINPSVS.EO-2) WRITE (6.6055) I LO< I.7),1-1.9) 

6055 FORMATI'O'.3BX9A6///; 
C 

: FINPSYS.EO.1 ) WRITE (6.6060) VHEMDW.WOTLHI.WDTRTN.WDTMKU.QUALTY 
IF(NPSYS.EQ.2) WRITE IB.60G0) VHECDW.WOTLCH.WDTRTN.WDTMKU.OUALTY 

60GO FORMATl120.'NOMINAL VOLUME OF HELIUM IN TANK - (LITERS) ='. 
1 T75.FI0.4//T20,'TANK OUTFLOW OF HELIUM".T55.'<KG/HR 1 -'.T75. 
2 F10-4//120. ' L10UID HELIUM IN RETURN FLOW.' . TSS .* I KG/HR > ='.T75, 
3 F10.4//T20.'LIQUID HELIUM MAKE-UP REDUI RED' .T55. ' (KG/HR > *'. 
4 T75.F10.4//T20."REJURN FLUID OUAIITV'.T45,'[DECIMAL FRACTIONI -< 
5 T75.FI0.4I 

6065 FORMAT!// T10,'TOTAL PRESSURE DROP IN THE REFRIGERATOR-LIQU1FIER L 
lOOP »',T~5.EI3.8.T90.'KPA' /120' (HEF-LIQ. INCLUDED) (J-T VALVES 
2 EXCLUDED)'/) 

6066 FORMAT! T 1 0 ,'' TOTAL F LU I O VOLUME IN THE REFRIGERATOR-LIQUIFIER LO 
lOP = '.T70.E13.B.TSS. 'CUBIC MErERS' .T105. ' ( ' ,F1O.2, ' LITERS)'. 
2 /T20,' (REF-LIO INCLUDCO)'/) 

6067 FORMATI// T10,'TOTAL PRESSURE DROP IN THE COMPRESSOR-PURIFIER LOOP 
1 ='. T75.E13.8.T90.'KPA' /T20.' (CMP-PUR. EXCLUDED)'/) 

6068 FORMATI TIO.'TDTAL FLUID VOLUME IN THE COMPRESSOR - PURIFIER LOO 
IP = ' . T70.E13.U.TB5.'CUBIC METERS• ,T1 OS. ' (' .F10.2• ' LITERS)'. 
2 /T20,' (CMP-PUR INCLUDED'/) 

C CMP5B40Q 
RETURN CMP5R50O 

CMP5B600 
CMP5R70O 
CMPtllllDO 

6000 FORMATI'O •DIAGNOSTIC* TANK INPUT PRESSURE IS LESS THAN THE REQUtRCMPSBQOO 
1 ED PRESSURE. 1ANK PRESSURE SET = REOUIRED PRESSURE.'/I5X.'TANK INPCMP5900O 
2UT PRESSURE = ' ,F7.2. ' . REQUIRED PRESSURE = • .F7.2) CMPS910O 

E CMP5920O 
6005 FORMATI'O ••ERROR*' I SIGN =',13.'THERE IS A CONFIGURATION ERRDR'/1CMPS930O 

c CMpsa'ioo 
6010 FORMAT! 'O •ERROR- A PUMP WAS ENCOUNTEREO BUT NO TANK CAN BE FOUND. CMP59S0O 

OUTPUT FORMATS 

PUMP CONFIGURATION INDEX NUMBER = .13) 
6020 FORMAT ('0 IDX Q G S 01 AM. 

CMPS3600 
CMP5970O 

WDOT-G CMP59800 

http://INPSVS.E0.3l
http://3-8.Tr;--


*» CMPCAL 
928 939 930 931 932 933 934 935 936 937 93B 939 940 941 942 943 944 945 946 947 940 

FILE: MFTF»CSA T I M E : 1 0 : 2 O : 3 B 

1 QUAL- TEMP. PRESS. DELTA-P VELOCITY DENSITY nEYNCMI'59900 
2 0 L O S V T 2 7 , ' ( M l ( K O / H n i (KG/HRI (KG/HR) I T ' ' . T7 1 . ' ) K I ' , T 7 9 , CMP60000 
3 ' ( K P A I (KPAI (M /HR) ( K G / C U - M ) NUMUER' / l CMPG0I00 

C CMI'6O200 
6 0 2 1 FDRMAT( 'D F CODE IDX G GS D1AM. WDOT-T WDOT-L WDOT-G CMP6!>FI00 

1 OUAL- TEMP. PRESS. DELTA-P VELOCITY DENSITY REVNCMP50!I00 
2 0 L 0 S V T 2 7 , • ( M ) I K G / H R ) (KG/HR) (KG/HR) I T Y • . T 7 1 . ' 1 K ) ' , T 7 9 . CMP60DDO 
3 '<KPA) (KPA) (M /5EC) ( K G / C U - M ) NUMBER 1 / ) CMP6O1O0 

C CMP60200 
G030 F O R M A T ! ? X A 3 . 2 X A 6 . I f l , 2 I 3 . F 7 . 3 , 3 F 9 . 3 . F 9 . S . F 9 . 3 . F 1 0 . 4 . F 1 0 . 6 , F t 1 . 4 . CWP6O300 

1 F 1 1 . 5 . F 1 2 . 3 ) CMP60400 
C CMPG0500 

6 0 4 0 FORMAT I T 4 4 , ' » * » TERMINATE - NEGATIVE TEMP. OR PRES. * • * ' ) CMP6OG00 
C CMP60700 

COSO F O R M A T ( / T l B , • « • • SUMMARY OF COMPUTED SYSTEM CONFIGURATION PARAMETECMP60BDO 
IHS - FOR ' . 5 A 6 . 1 • * • ' ) CMP60300 

C CMP61000 C60B1 FORMAT!/T32.•• •• SUMMARY OF COMPUTED SYSTEM CONFIGURATION PARAMETECMP61100 C IRS - CONTD. ••»'! CMP6I200 
C CMP6I300 

END CMP6I400 

fc 



• • CNA-.lt5 »• FILE: MFTF«CSA TIME: 10:21:00 •ATE 040579 PAGE 33 

1 CNAMES* PRQC 
2 C 
3 1NTEGEH FNAME 
A C 
5 COMMON /CNAMES/FNAMEI16). LOO.9). L1(21,2). L2 I 4 . 1 2 > . L3C4.10). 
6 1 1.4(4.11). L5I5.15), JFLUID<2.2> . KFLUID(2.2) 
7 C 
B C NAMES ARE GIVEN IN S.R. STODTA 
9 C 
10 END 

to 

I 

http://CNA-.lt


FILE: MFTF«CSA TIME: I 

C • • • • . « * • « * . » * • • * » . » . . • • • 
C » ROUTINE NAME - COVtPRESSl BL E FLOW EQUATIONS * 
C • EVALUATION RDUT1NE * 
C » ROUTINE LANG - FORTRAN V UNIVAC 11IO EXEC 8* 
C » DATE CODED - FEBRUARY 16, 1979 • 
C * PROGRAMMER - R.F.HAUSMAN 104-6213-30235 » 
c . . . I . . ) . * * , „ , , , „ * , „ . , • • » . 
C 

SUBROUTINE COMFLO(IDX.P.T,FLD.A.WDOT,N.DLP» 
C 
c •*•••• EXPLANATION OF THE CALLING SEQUENCE 
C * 
C • P PRESSURE 
C 
C • T - TEMPRATURE 
C 
C • FLD - RESISTANCE COEFICIENT 
C • 
C " A AREA 
C * > 
C • WDOT - FLOW RATE 
C * 
C » N - GAS TVPE NUMBER 
C N = 1 FOR HELIUM 
C N » 2 FOR NITROGEN 
C * 
C » " 
C ».»», DLP - COMPUTED PRESSURE ORDP ••••• C 
c 

REAL Ml, M2. M3MIN, M2MAX 
C 

INCLUDE CCNFIG 
INCLUDE ClOUNT 
INCLUDE CONST ' 

C 
DATA JOLNK.JAST1.JAST6/' '.'* , , , » 4 * » » * ' / 

C 
MFLG(IOX) = JBLNK 

C 
C ..»,. COMPUTE GAMMA = SPECIFIC HEAT AT CONSTANT PRESSURE/ 
C » SPECIFIC HEAT AT CONSTANT VOLUME 
C ..,.» FOR A SPECIFIC GAS 
C 

CALL CSUBP(T.P.N.CP) 
CP1 = CP 
CV1 ' CSUBVI1.P.N) 
GMA - CP1/CV1 

C 
C »*••• COMPUTE MACH NUMBER AT PRIOR CONDITIONS 
C 

Ml « WDQT * SQRT<FINDR<N)*T/<GMA»GRAVTY))/(P.A-CKPKGM) 
C 
C «..•• COMPUTE RESISTANCE COEFICIENT AT PRIOR CONDITIONS 
c FLDMAX * FLO0E0IM1.GMA) 

OF - FLDMAX - FLO 

DATE 040579 



— COMrLO ** FILE: MFTF.CSA TIME: 10:21:01 - DATE 040579 
SB C 59 C • *..* 1TTERATE TO FIND MACH NUMBER AT CURENT CONDITIONS 
60 C 
61 M2M1N = 1.E-IO 62 M2MAX = 1.0 63 C 
64 DO 40 I I = 1.20 65 MS = (MZrJlAX 4- M2MIN>/2.0 66 FAC = FLOOEQIM2.GMA) - DF 
67 IFIABS(FAC) - 0.00005) 50,50.10 
68 IO IF(FAC) 20,50,30 
69 20 M2MAX = M2 70 GO TO IO 
71 30 M2MIN = M2 72 40 CONTINUE 73 C 74 WRITE (6.6000) M2 
75 C 76 C ***** COMPUTE THE PRESSURE DROP 
77 C 
78 SO A1 = M1»'2 79 A2 = M2**2 
BO P20P1 =• (M1/M2) * (2.0 + < GMA - 1.0) * A1)/(2.0 + I GMA - 1.0)* A2» 
81 DLP = P * (1.0/P20P1 - 1.0) * DELTA-PRESSURE 82 C 
B3 C ***** SET FINAL MACH NUMBER FROM ITERATION 84 C B5 MACH(IDX) - M2 
86 C 
87 C ***** CHECK MACH NUMBER. FLAG MACH NUMBER GREATER THAN 0.3 8B C * WITH ONE ASTERISK, FLAG MACH NUMBER GKtIATER THAU 
89 C .*•... 1.0 WITH SIX ASTERISKS. 90 C 91 lriMACHIlDX) - 0.3) 80,80,01 
92 81 IFIMACH11DX) - 1.0) 82.83.B3 93 82 MFLGI1DX) = JAST1 
94 GO TO 80 95 83 MFLG(IDX) = JAST6 
96 80 CONTINUE 
97 RETURN 98 C 99 C .*... DIAGNOSTIC MESSAGE 100 C 
101 6O0O FORMATI'O 'DIAGNOSTIC* MACH NUMBER COMPUTATION FAILED TO CONVERGE 102 1WHILE COMPUTING COMPRESSABLE FLOW EQUATIONS. MACH SET 1 ".E12.7J 
103 c 
104 END 



•• COMPDP »» FILE: MFTF*CSA 

1 SUBROUTINE COMPDPITYPE, iDP) 
a IF (TYPF. .EQ. 1 . O GO TO 120 
3 IF (TYPE.EQ.2.0) GO TO 110 
4 IF (TYPE.EQ.3.0) GO TO too 
t'_ 

DP=172.O 
GO TO 1 30 

7 too 0P=172.0 B GO TO 130 
9 i to OP=172.O 
to GO TO 130 
11 120 DP=-13.786 
12 130 RETURN 
13 END 

TIME: 10:21101 DATE 040579 PAGE 36 

t 



FILE: MFTf «-SA T I M E : 10:31:01 DATE 040579 

ROUTINE NAME - DATA INPUT, VERIFY AND ECHD * 
ROUTINE LANG - FORTRAN V UN IVAC 1110 EXEC B» 
PROGRAMMER - R.F.KAUSMAN 104-6313-30235 • 
DATE COOED - NOVEMBER 30. 1978 • 

SUBROUTINE COMPIL 
LOGICAL JP.PAGE 
INCLUDE CCNFIG 
INCLUDE CCNTRL 
INCLUDE CMAG 
INCLUDE CIOUNT 
INCLUDE CNAMES 
INCLUDE CPAGE 

CHECK 'NBLK' BEFOR DATA SETUP - INCLUDE ALL DATA BLOCKS 
REQUIRED FOR THE SYSTEM BEING STUDIED. 

******* * > • * * * * * * * * * * ¥ * * * * 

GO TO <110.120.130,140.150), 
r******»***«* 

SYSNUM 

r» * • * #« * • • * « * * * • * * * * * * • 

CPLOOIOO 
CPL00200 
CPL00300 
CPL00400 
CPL00500 
CPLOOGOO 
CPL00700 
CPLOOGOO 
CPLOOUOO 
CPLO1000 
CPLOI100 
CPL0I200 
CPLOI300 
CPL0I400 
CPL0I5D0 
cPLOieoo 
CPL01700 
CPLOIBOO 

•CPL01900 
CPL02000 

•CPL02100 
•CPL02200 
CPL02300 

•CPL02400 
CPLO2S00 

IIO CONTINUE 
READ IN THE MAGNET DATA 

IF(PAGEIO)) WHITE!G.GO30) (L0II.2) 
GO30 FORMAT!'O'.3BX9AE/ 1 ') 

1=1,9) 

READ (IIN.E020) PMAGDW, 
1 VHESDW, 
a . QLKSDW, 

THAGPW, HEM'.jr , QMAGI .VHEMAG, VHEMDM, 
HDMAGI, HUM.IGO, HDMAGC. NUMMAG. WDTLHI 
QLEAK1. QLEAKZ 

5020 FORMAT(7F10.2/3FI0.2.15.2F10.2.2F10.4) 
C 

WRITE (6.6040) 
1 
a 
3 
4 
5 
E 
7 
B 
9 
A 
B 

C 
6 0 4 0 F O R M A T ! T 4 5 . 4 A 6 . T B 0 . 1 3 / T 4 S . 4 A 6 . T 7 7 . F 9 . 2 / T 4 S , 4 A 6 , T 7 7 . F 9 , 2 / , 

t 1 4 5 . 4 A 6 . T 7 7 , F 9 . 2 / T 4 5 , 4 A 6 . T 7 7 . F 9 . 2 / T 4 5 , 4 A 3 . T 7 7 , F 9 . a / . 
2 T 4 5 . 4 A 6 , T 7 7 , F 9 . 2 / T 4 5 , 4 A 6 . T 7 7 . F 9 . 2 / T 4 S , 4 A B . T 7 7 . F 9 . 2 / , 

(L2( 1 1 ) 1 = 1 .4 1 . NUMMAG. 
I L2( I 2) 1 = 1 ,4 1 . PMA GDW. 
1 L2< I 3) 1*1 .4 1 . TMAGOW. 
(L2( I 4> 1=1 .41 . HF.MWT. 
I L2I I 5) 1= 1 ,4 1 , gMAGI. 
( L2I I 6) 1 = 1 .4 I . VHENIAG. 
1 L2I I 11 1 = 1 .4) . VHEMDW. 
(L2I I B) 1 = 1 .4 ) . VHESDW. 
(L2I 1 9> 1 = 1 . 4 ) , HDMACI. 
(L2( I 10) 1 = 1 .4) . HDMAGO. 
(LSI I 11) 1 = 1 . 4 ) . HDMAGC . 
(L2I I 12) 1 = 1 ,4>. WDTLHI 

CPL02700 
*CPL02000 

CPL02000 
CPLO300O 
CPL03100 
CPL03200 
CPL03300 
CPL03400 
CPL03500 
CPL03G00 
CPL03700 
CPLO3I100 

CPL04000 
C P L 0 4 t 0 0 
CPL04200 
CPL0430O 
CPL04400 
CPLO4500 
CPL04E00 
CPL04700 
CPL04BO0 
CPL04Q00 
CPLOSOOO 
CPLOSIOO 
CPL05200 
CPL05300 
CPL05400 
CPL05500 
CPL05E00 



** COMPIL •• 
58 
59 C 
60 
El C 
62 C 
63 C 
64 
65 C 
66 C 
67 C 
58 
69 
70 
71 
72 
73 
71 
75 
76 
77 
73 
79 
80 
SI 
82 
83 
84 

B7 
GB 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

1O0 
101 
102 
103 
104 
10S 
106 
107 
108 
109 
1 10 
111 
1 13 
1 13 
114 
11& 

FILE: MFTF«CSA TIME: 10:21101 DATE 040579 
3 T4S.4A6.T77.F9.2/T45.4A6,T77.F9.2/T45.4AS.T77.F9.2/1 
CO TO 113 

120 CONTINUE 
READ IN THE CRYOPANEL DATA 

I.31.1x1,9) IF(PAGE(0>) WRITE (6.005O) (L0( 
G05O FORMATl"O*.3BX9A6/' ') 

READ (I1N.S02I) NUMCRP 
5021 F0RMAT(15,5X,5F«0.2 I 

DO 70 I = 1.NUMCRP 
70 READ ( U N . 5022) 

5022 F0RMAT15F10.2) 
READ (1 IN,5023) QLEAKl. QLEAK2 

5023 F0RMAT(2F10.4) 

RYDW, TCRYDW, VHECOW, WOTLCH, HEMWT 

OCR! I ) .VHECR(1 ) , HDCH I ( I ) .BDCR0( D.WDTCRC I ) 

WRITE ( 6 . 6 0 5 5 ) C L 3 < I . 1 ) . 1 - 1 , 4 ) . 
( L S ( I . 2 ) , 1 = 1 . 4 ) , 
( L 3 < I . 3 ) . 1 = I , 4 1 , 
( L S I I . 4 ) . 1 = 1 , 4 1 . 
( L 3 < 1 , 5 ) . 1 = 1 . 4 ) , 
( L 2 ( 1 . 4 ) . 1 - 1 , 4 1 

6 0 5 5 FORMAT! 1 4 5 . 4 A 6 . T B D . 1 3 / I 4 5 . 4 A 6 . T 
1 T 4 5 , 4 A 6 , T 7 7 , F 9 . 2 / T 4 5 . 4 A 6 

C 
W n l t E ( 6 , 6 0 5 6 ) 

6 0 5 6 FORMAT! /VT50 , 'CRYOPANEL-2' . T 6 8 . 
1 T 1 0 4 , ' C R Y O P A N E L - a ' / l 

WRITE ( 6 . 6 0 5 7 ) ( L 3 I I . 6 ) 
1 
2 
3 
4 

6057 FORMATlT19,4A6.9X,4(F9.2,1 OX)/T 
1 4(F9.2,10X)/T19.4A6.9X.4<F9.2. 

NUMCRP. 
PCRYDW. 
TCRYDU. 
VHECOW, 
WOTLCH. 
HEMWT 

77.F9.2/T45.4A6.T77.F9.2/. 
T77.F9.2/T45.4A6.T77.F9.2/) 

( L 3 I 1 . 7 ) 
( L 3 ( I . 8 ) 

, 1 = 1 , 4 ) . 
, 1 = 1 , 4 ) , 
, 1 = 1 . 4 ) . 

( L 3 ( 1 , 9 ) , 1 = 1 , 4 ) 
( L S I I . 1 0 ) , 1 = 1 , 4 ) 

' C R Y O P A N E L - 1 • , T B 6 . ' C R Y O P A N 6 L - 3 • . 

( O C R ( I ) . 1 = 1 . 4 ) . 
( V H E C R ) 1 1 . 1 = 1 . 4 ) . 
(HDCRK I ) . 1 = 1 . 4 ) . 
(HDCROI I > . 1 = 1 . 4 ) . 

. (WDTCRI I ) . 1 = 1 . 4 ) 
1 9 . 4 A 6 , 9 X , 4 ( F 9 . 2 . 1 O X ) / T 1 9 . 4 A S , 9 X , 
1 0 X ) / T 1 9 . 4 A 6 . 9 X , 4 ( F 9 . 2 , t O X ) ) 

GO TO 1 3 

130 CONTINUE 
READ IN THE REFRIGEHATOR-LIOUIFI6R DATA 

IF(PAGfi(OII WRITE (6.6060) (L0(I.8).I=1.9) 
6060 FORMAT!'O',3BX,9A6/' ') 

C 
BEAD!1 IN,5042) (TCDI I) ,1= 1 ,11 ) 

5042 FORMATl 1 1F7.3) 
READ<11N.6043) (HENTH< I) , 1 = 1 ,I 1 ) 

5043 FORMATl 11F7.2) 
READ<I1N.5044) (PCBI[).1=1,3) 

5044 FORMAT!3F10.4) 

CPLO5700 
cptosaao 
CPLOS900 
CPLOBOOO 

•CPLOG100 
CPLO62O0 
C PL 01.300 
CPL06400 
CPLO6EO0 
CPL06600 
CPL06700 
CPL06BOO 
CPLOGSOO 
CPLO70OO 
C P L 0 7 I 0 0 
CPL07TO0 
CPL07300 
CPL07400 

CPLO750O 
CPLO7600 
CPLO7700 
CPLO7B00 
CPLO7900 
CPLOnOOO 
CPLOBIOO 
CPL0B200 
CPL0B300 
CPL0H100 
CPLDB500 
CPLOBGOO 
CPL0B700 
CPLOBHOO 
CPL08900 
CPL09000 
C P L O 9 I 0 0 
CPLO920O 
CPL09300 
CPLO^VWO 
CF-L0 0500 
CPL09GOO 
C P 1 0 9 7 0 0 

4CPL00800 
CPLU3900 
CPLIOOOO 
CPLlOtOO 
CPL10900 
C P L I 0 3 0 0 
CPL10400 
CPLIOSOO 
C P L I 0 6 0 0 



» • CDMPIL • » F I L E : MFTF*CSA T I M E : 1 0 : 3 1 1 0 1 DATE 0 4 0 5 7 9 PACE 3 9 

116 READ( U N . 5 0 4 5 ) ( WDTCB1 I ) , 1 " 1 . S ) 
" 7 5 0 4 5 FORMAT I 5 F I O . 2 ) 
11B DEAD ( I 1 N . 5 0 4 0 ) TN2L. PN21 . ON2 L . HI12L, DN2LV. HU2V . TN2Q. 0N2O. CPL10700 
1 1 9 1 H N 2 0 . GMWTN2. HEMWT CPLI 0 8 0 0 
120 5 0 4 0 F O R M A T I 2 F 1 0 . 4 , F 1 0 . 6 . F 1 0 . 4 . F 1 0 . 6 . 2 F 1 0 . 4 / F 1 0 . 6 , 3 F t 0 . 4 ) CPL10000 
121 c CPL11000 122 READ <iIN,5041) QLEAK1, 0LEAK2 CPL1I100 123 5041 F0RMAT(2F10.4> CPLI1200 
124 C C P U 1300 
125 WRITE 1 6 . 6 0 6 1 1 T C B ( 1 > . P C D I I t . If'DTCBI I I . H E N I H i l l , C P L I 1 4 0 0 
126 1 I C D I 3 ) , P C D ( l ) . WDTCBC1I. H E N T H I 2 I , C P L I 1 5 0 0 
127 2 T C B U I , P C B ( 2 > . H E N T H I 7 I . CPL I ISOO 
• 2 0 3 T C B 1 2 ) , P C U ( 2 ) . H E N T H I 6 I . C P L I 1 7 0 0 
129 4 T C B H I . P C B I 3 ) . HN2L . C P L I 1 8 0 0 
130 5 T C B ( 2 ) , P C B ( 3 ) , HN20 C P L I 1 9 0 0 
131 c CPL12000 
132 60G1 FORMAT< T 4 . •REFRIGERATOE-LIQU1FI EH HEAD-END C0N31T I DNS = ' . T B 7 . 'COMPCPL 12 I 00 
133 I RESSOR' . T 1 0 4 . ' N 2 - V E N T ' , T1 2 3 . ' MAKE-UP ' / T 1 0 2 . ' N' /T :17 . • TEMP. PRESCPLI3 200 
134 2 S . FLOW ENTHALPY • , T 9 4 . • CC ' . T 1 02 . 'N T6 • / T 3'i . ' < DEG . K ) <KPACPLI2300 
135 3 ) (Gf.VSEC) I J / M O L 1 ' , T 9 3 , ' C C " . I 1 0 2 . ' N P 3 ' . ' 1 2 3 . ' V E' / T 4 . • UCPL 12400 
136 4PPER HCX-LH2 BOILER ASSY. : • . T 9 2 . •C C• . T 1 0 2 . ' N • . I 1 2 3 . ' * A V » ' / T 8 7 , CPL12S0O 
137 b'HHHHC CKIIHItMHIIHHHHHHHHHHHHHHHHHHHHH L HHH • / T 7 . ' WARM HELIUM INLECPLI 26(10 
138 6T ( T t . P 1 . W 1 ) • . F 6 . 2 . 2 F 1 0 . 1 . F l 1 . I , T B 7 . ' H C C' . T 1 0 2 . ' N ' . T1 1 7 . 'HCPLI 2700 
139 7 »A V ' V t e 3 , ' l l . H C C , T 1 0 2 , ' N ' ,T1 1 3 . ' T1 M V E ' / T 7 C P L 1 2 8 0 0 
140 S . 'WARM HELIUM OUTLET ( T 2 . I M . W l l ' . F 6 . 2 . 2 F l a . I . F l 1 . I , T B 3 . ' P I H CPL12900 
141 9 C C . T I 0 2 . ' N ' . I I 1 3 . ' P2 H ' / T 8 3 , ' W 1 HHIIHH' . T 1 Oi . ' NNNNN ' . T 1 1 3 . ' M2 CPL 1 3000 

^ 142 A H H I I H H ' / T 7 . 'COLD HELIUM INLET ( T 3 . P 2 . W 2 ) ' . F 6 . 2 . F 1 0 . t . ' T8D C P L 1 3 I 0 O 
Ci 1 4 3 . B ' . F 1 t . 1 , T 9 1 . , H ' , T I 0 B . , N , . T I 2 « . , H V T B 3 , •HHHHMHKHH' . T 9 0 . ' NNNNNNNNN • .CPL I 3200 
w 144 C T 1 1 3 . ' H H H H H H H H H ' / T 7 . ' C O L D HELIUM nilTLET ( T 4 . P 2 . W : ' ) ' . F6 . 2 . F 10 . I . ' CPL133D0 

145 D TBD ' . F l I . 1 . T B 3 . ' H ' , T 9 8 . ' Kl' . 1 1 1 3 . ' H 1 / T B 3 . 9 I H' ) . T 9 S . 9 I >U' > , CPL13400 
146 ET1 1 3 , 9 1 ' H ' \fW, ' LN2-B0ILER INLET ( T 5 . P 3 . W 3 ) ' . F 6 . 2 . F 1 O . I . ' TCPL13500 
147 FBD ' . F l I . 1 . T 9 1 . ' H ' . T 1 0 6 . ' N ' . T 1 2 I . ' H ' / T B 3 . 9 1 •»• i.T9B.9C "N ' 1 . T 1 1 3 . C P L I 3 G 0 0 
110 G9< ' H ' > / T 7 , -CN2 TOP-HEX DUTLET I T 6 . P 3 . W 3 ) • . FO . 2 . I" t O . I . ' TBD ' C P L 1 3 7 0 0 
1 4 9 H . F 1 1 . I , T B 3 . , H ' . 1 9 B . , N , . T 1 I 3 . , H ' / T 8 3 . 5 I ' H , 1 . T 9 B . 5 I , N ' ) . T 1 1 3 . 5 ( > H > ) ) C P L I 3 B 0 0 
150 C C P U 3900 
151 WRITE ( 6 , 6 0 6 2 ) 1 C B I 5 ) . P C B I 1 ) . WOTCBI2 ) . H E M T H I 3 I . CPL14000 
152 I T C B ( G ) . P C B I 2 ) , W D T C 0 I 2 ) . H E N f H I l l , C P L I 4 I 0 0 
153 2 T C B 1 7 ) , P C 6 I 1 ) . WDTCBC41. H E N T H ( 4 l . C P L I 4 2 0 0 
154 3 TCOI 1 1 ) . P C B I 2 ) . W D T C B I 4 I . H E H T H ( 9 . . CPL14300 
155 4 T C 8 1 9 ) . P C B I 1 ) , WDTCB15). H E N I H f J I . C P L I 4 4 0 0 
156 S T C B I 1 0 ) , P C U ( 2 ) . W D T C B I 5 ) . H E M T H I I I ) , C P L I 4 5 0 0 
157 6 T C B ( U ) . P C B I 2 ) . KENTH( IO) C P L I 4 6 0 0 
I SB C CPL I 4700 
159 G062 FORMAT! 1 4 . ' T U R B I N E EXPANDERS: ' . T B 7 . • H • . T 1 0 2 , • N ' . 1 I I 7 . 'H T3 ' / T B 7 . C P L I 4800 
160 1 ' H ' , T 1 0 2 . ' N ' . T 1 1 7 . 'H P 2 ' / T 7 , ' W A R M TURBINE I N L r ? ' . T 3 7 . F 6 . 2 . S f 1 O . C P L I 4900 
161 2 1 , F 1 1 . 1 . T 7 9 . B I ' * • ) , ' H ' , T 4 1 ' * ' ) . ' N ' , 4 ( ' • • ) , T 1 1 7 . ' N W 2 ' / T 7 9 . ' > ' , CPL I5O00 
1 6 2 3 T 8 7 . ' H ' . T102 . ' N * • . T 1 I 7 , • H • / 1 7 , • HARM TURBINE O' I T L ET ' . T37 . F6 . 2 , CPL15100 
163 4 2 F I 0 . 1 , F 1 I . I . 1 7 9 . , . ' , T B 7 1 5 ( I H ' ) , T 1 0 G . , » ' , T 1 1 7 . ' H ' / T 7 9 . , - , , T 9 1 . ' H , . C P L 1 5 2 0 0 
1 6 4 S T 1 0 6 . '» • . T 1 1 7 . ' H V T 7 . 'COLD TURBINE I N L E T • . T 3 7 . F 6 . Z . 2 F 1 O . 1 . F l 1 . 1 . CPL 15300 
165 6 T 7 9 . ' * ' , T 8 3 . 9 ( ' H , > , T 9 B . ' L N 2 ' , T I OG . ' » ' , T I 1 7 , ' H ' / T79 , ' • H ' . T 9 6 , ' B D C P L I 5 4 O 0 
166 7 I L E R • ' , T 1 1 7 , ' H ' / T 7 , 'COLD TURBINE OUT LET' , T 3 7 . F 6 . 2 . 2 F I O . 1 . F 1 1 . 1 C P L 1 5 5 0 0 
167 B . T 7 9 . ' « * . T B 3 . 9 < ' H , | , T I 0 6 , ' * ' . T 1 I 7 . ' H , / T 7 9 . ' * ' . T 9 1 . ' H * . T I 0 3 . ' T 5 ' , CPL I5G00 
1 G B 9 T 1 0 6 , < » ' , T 1 | 7 . ' H V T 4 , ' R E F - L I O BOTTOM-END C O N D I T I O N S : ' . T 7 9 . ' * ' . T B 7 . C P L I 5700 
169 A 5 ( ' H * ) , T 1 0 3 . ' P 3 ' . T I 0 6 , ' • ' , T 1 1 7 . ' H 1 / T 7 9 , • » ' . T B 7 . ' H ' . T 1 0 3 . ' W 3 ' . T 1 O E C P L I S 8 0 0 
1 7 <> B. ' • • . T 1 1 7 . ' H ' / T 7 , • J -T VALVE - INLET ' , T37 . F6 . 2 . 2F1 O. 1 . F l 1 . 1 . T 7 9 . CPL15900 
171 C a ( , » ' ) . , H ' . 1 9 ( , i ' ) . T 1 1 7 . ' H , / T a 7 . ' H ' . T 1 1 7 . ' H , / T 7 . , J - T VALVE - OUTLCPL16000 
1 ' 2 D E T ' . . 3 7 . F 6 . 2 . 2 F 1 0 . 1 . F I 1 . 1 , T B 3 , ' T S H 1 . T 1 1 7 . ' H ' / T P 3 . ' P I H ' . T 1 1 7 . CPL16100 
I 7 3 E ' H ' / T 7 , ' C O L D HE-VAPOR I N L E T ' . T 3 7 . F 6 . 2 . F 1 O . I , T B 8 . ' T B O • . F l I . 1 . T 8 3 . C P L 1 6 2 0 0 

http://Tt.P1.W1
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*• CDMlML 
174 
17B 
176 
177 
17B 
179 
ISO 
1B1 
1B2 
183 
1S4 
165 
186 
1B7 
IBB 
189 
190 
191 
192 
193 
194 
195 
196 
197 
19B 
199 
200 6 201 

V 202 
203 
204 
205 
206 
207 
208 
209 
210 
21 I 
212 
213 
214 
215 
216 
217 
216 
219 
220 
221 
222 
223 
224 
225 
2 26 
227 
22B 
229 
230 
231 

FILE: MFTF-CSA 
F'WI H" .1117, 'H' /T87 .'H'.Tin.'H'l 

TIME! !0:21-.O1 DATE 040579 

PCBC2). WDTCBI 1 ) , HENTHC6I. 
PCB(l), WDTCB(I). HENTHCIt 

CPL16300 
CPL1640O 
CPL I 6500 
CPL16G0O 
COL 16700 

6063 FORMAT1T4,'COMPRESSOR-PURIFIER ASSY:'//T7,•LOW-PUES. HELIUM 1NLET'CPU6Q00 
1 .T37.F6.2.2FIO. I .Fl 1 . l/z'Ty. 'HICH-PRES. HELIUM OUTLET'.T37.F6.2. CPt.16900 
2 2F10.1.F11.1///T10.'•• TBD VALUES ABE COMPUTED IN PROGRAM -»') CPL17OO0 

CPL17100 
CPLI 7200 
CPLI 7300 

WRITE (6,6063) TCB(2>. 
1 TCB(1>. 

GO TO 113 

140 CONTINUE 
• CPLI 7400 
CPL17500 
CPL17600 

READ IN THE LIQUID NITROGEN SYSTEM DATA 
1F!PAGE(0)) WRITE<6.6070) (LO(I,S),I•1,9> 

6070 FORMAT*"O",3BX,9AB/' ') 

150 CONTINUE 

CPLI7B0O 
*CPL17400 
CPL17SOO 
CPL17600 

C ***** REAO IN THE GA5EOUS HELIUM RECOVERS SYSTEM DATA 
C 

1F(PAGE(0)) WRITE!G,6080) (L0(I,4).I•1,9) 
6080 FORMAT! "O" .38X.9A6/' 't 

GO TO 35 

1 13 CONTINUE 
I N P U T THE CONFIGURATION TABLE 

IF(PAGEIO)) WRITE(6.6000) (LOI I . II.I = 1 .9) .( {L1(I.J>.1=1 .21 I.J.1 
6000 FORMAT!'O',38X9A6//21A6/21A6/' ') 

OP - PAGE<6) 
C 

1ERR = O 
DO 30 [1-1,ICNF 
READ ( I 1 N . 5 0 1 O ) CFUMCT. CFTVPE. CNOPER. C H E A I M l l l . CMTYPE. 

FRCGEFI I I ) ,LOD( I 1 ) ,DtAMI I I ) , C I T Y P E , I TH ICK! I I ) . 
NBARC 1 1 1 , CODE! I 1 ) 

FORMAT I A 6 , 1 4 . 1 5 . F S . 2 , I 5 . 3 F 5 . 0 . I 5 . 2 F 5 . 0 . 5 X . A 6 ) 
I F ( P A G E ( 1 > ) W H I T E ( 6 . 6 0 0 0 ) ( LOI I , 1 ) . I = I , 9 ) . < ( L I ( t . J I . I = 1 , 2 I ) , J = 1 

; JP = PAGE!6 1 
W R I T E ! l O T . 6 0 1 0 ) C F U N C T . C O D E ! I I 1 . C F T Y P E , C N O P e R . C H E A 0 ( I I ) . C M T V P E . 

F R C O E F r i 1 ) , L O O ( l t ) , D I A M ( l l ) . C I T Y P E . 
I T H I C K f 1 1 ) , NBAR! [1 I 

FORMAT ! 3 X A 6 , 2 X A 6 . 1 X I 4 , 2X1 S , 4XFS . 2 . IS . 2X ,E 1 5 . B , ( iXF7 . 2 . 6 X F 6 . 2 . 
5 X I 5 . 9 X F 6 . 2 . 7 X F 5 . 1 ) 

• • * * . SEARCH FDR THE COHFIGURATION NAME. 

CPL17B0O 
• • • C P L 1 7 9 0 O 

CPL1B000 
CPL1O100 
CPL1O20 0 
C P l 1B.100 
CPLIS'100 

, 2 )CPL1&500 
CPLIBtiOO 
CPL 111700 
CPLIIIBOO 
CPL1B900 
CPL19000 
CPL19100 
CPL192Q0 
CPL19300 
CPLI 9 4 0 0 

. 2 I C P L I 9 5 0 0 
CPL19G00 
CPL19700 
CPL19000 
CPL19900 
CPL2O000 
CPL2O10O 
CPL202D0 
CPL20300 
CPL2040O 
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•» CONST " FILE: MFTF«CSA TIME: 10:21:03 DATE 040579 

1 a 3 4 5 
6 
7 s 9 10 11 12 13 14 15 

CONST* 
C 
c c c 
C c c c c c c c 

COMMON /CONST/ GRAVTY. PI. PI2D3. PI04. CKPKGM 

*»••• CONST VARIABLE DEFINITION » 
» GRAVTY - UNIVERSAL GRAVITATIONAL CONSTANT • PI » 3.1415927 
• PI203 « 2.0 • Pl/3.0 
• PID4 « PI/4..0 • CKPKGM • 101.97162 CONVERTS KPA TO KG/CU.M. 



•• CONTRL •• FILE: MFTF»CSA TIME: 10:21:03 

1 C 
2 C » . » 4 * + » » * * » * * " * # * * * + - * * * * 
3 C • ROUTINE NAME - CON XRL. EXECUTIVE ROUTINE » 4 C • ROUTINE LANG - FORTRAN V UNIVAC 1110 EXEC B' 5 C . PROGRAMMED - R.F.HAUSMAN 104-6213-30235 • 6 C t DATE CODED - AUGUST 23, 1978 * 7 C • . * » « • . . » * • » • * » * • « * , 4 * » » 
8 C 
9 LOGICAL PAGE 10 C 11 INCLUDE gCNtfiL 12 INCLUOE CIOUNT 13 INCLUDE CXEYS 14 INCLUDE CPAGE 15 C 16 OATA NSPC / 'SUP' / 1LST / 'IAS' / 
17 C la 5O0O FORMAT(2A6.2X.A<1 .3X.A3. 1X.A5/12A6) 19 5001 FORMAT!A3.AG.3X.A3,11X.A3) 
20 6000 FORMAT CO'19X '•** SYSTEM NAME STARTING ,,A3.' IS IN ERROR »••') 21 GOOl FORMAT ('07// 44X'«*» YOU HAVE CALLED FOR THE ',A3.AS.' SVSTEM 
22 1 •*»') 
23 C 
24 C INITIALIZE OATA STORAGE ROUTINES 
25 C 

J; 25 CALL STODTA 
to 27 CALL OTUNIT (IOT) 

29 NDXGAS = 0 ©^INITIALIZE NDXGAS 30 C 31 CALL DATE (9.DOR) 32 C 33 C HEAD NAME AND TITLE INFORMATION 34 C 
35 HEADIS.5O00) NAME.OEPT.BLO.EXT,CTITLE 36 NCASE = 1 
37 INtGSY = 1 3B C 
39 C READ TABLE INPUT DATA (ONLY ONCE) 40 C 
41 CALL INTAB 42 C 
43 1 CONTINUE 44 KEYl =. I 45 KEY2 = 0 
46 C , 
47 IF< INTGSY.EQ. I 1 GO TO S 4a READ (5,5000) NAME,DEPT.OLD,EXT,CTITLE 4- C 50 S CONTINUE 
51 READ (UN.5001) NSYS.N1 .NCRIT.1NTGR 
52 DO 10 1=1.NBR5Y 
53 IF (NSYS .EO- NAMSYS(I)) GO TO 20 
54 10 CONTINUE 55 WRITE (JOT.BOOO) NSYS 58 CALL EXIT 
57 SO SYSNUM = I 

DATE 040579 PAGE 43 



*• CONTRL 
5a 
59 
GO 
61 
G2 
63 
64 
65 
66 
67 
68 
69 
70 
7t 
72 
73 
74 
75 
76 
77 
7a 79 
80 
81 
62 

£ 84 
85 
86 
87 
BO 
B9 
90 
91 
92 
93 
94 
95 
96 
97 
90 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
1 10 
1 11 
1 12 
1 13 
114 
t 15 

FILE: MFTFfCSA 
IF (PAGE(O)) WRITE (IDT.6001) NSYS.N1 
SCRIT = 1 
I F (NCRIT .EO, NSPC) S^RIT - 2 
IN IGSY = 2 
IF (INTGR .EO. ILST) IMTGSY • 1 

TIME: 10:21:03 DATE 040579 PAGE 44 

CALL CDMPIl 
READ COMPONENT INPUT DATA 

DD SYSTEM CALCULATIONS FOR THE GIVEN SYSTEM 
KEY1 = 1613 
K = O 

40 1 - I 
K = O 
LREPT - O 

30 JKM = KSUBCfSYSNUM,I) 
IF ZERO HAVE REACHEO ENO OF CALLING SEQUENCE 

IF (JKM .EO. 0) GO TO 2200 
CALL H0UTINES DEPENDING ON SYSTEM SPECIFIED (SYSNUM) 

GO TO (100.200.300.100.S00.600.700.800.900.1OO0).JKM 
100 CALL MAGNET 

GO TO 2000 
200 CALL CRY PAN 

GO TO 2000 
300 CALL HEMKUP 

GO TO 2000 
400 CALL LIOMIT 

GO TO 2O00 
SOO CALL GMERCV 

GO TC 2O00 
600 CONTINUE 

GO TO 2000 
700 CONTINUE 

GO TO 2000 
UOO CONTINUE 

GO TO 2000 
9O0 CONTINUE 

GO TO 2000 
1000 CONTINUE 

GO TO 2000 
2000 CONTINUE 



1 IB 
117 
tie 
119 
• 20 
121 
122 
123 
124 
125 
126 
127 
128 
139 

• FILE: MFTF»CSA 
IF(LREPT) 40,2100.40 

C 
2100 1 - 1 4 - 1 

IF(I-ft) 30,30,2200 
C END DF PROCESS THIS SYSTEM 
2200 CONTINUE 

C 
C IF THIS IS AN INTEGRATEO SYSTEM 
C SYSTEM NAME 
C IF IT IS A LAST CARD EXIT 
C 

IF (INTGSY .EQ. 2) GO TO 1 
CALL EXIT 
END 

TIME: 10:21:03 

GO BEAD NEXT 

- DATE 040579 4» 1 



FILE: MFTF»CSA TIME: 10:21:03 DATE 040579 

1 
2 a 
4 
S 
6 
7 
S 
9 
10 
11 
12 
13 
14 
15 
16 

DOUBLE PRECISION FUNCTION CP<D.T1 
DOUBLE PRECISION A.B.D,T,CVH.CV,DO.TT.OPDO.OPOT.PP 
DOUBLE PRECISION GAMMA.WT 
DIMENSION A(301.B<30> 
COMMON/DATA/PP,DO.TT.WT.A,B,N,GAMMA. L 
CVH-CV4D,T1/4.00260+0 
DD = D 
' TT = T 
CALL OOHEF 
DPDD=PP 
CALL DTHEF 
OPDT^PP 
CP=CtfH+-(T»(DPDT»»2)/((D*»2)*DPDD)>-10l.327SD+0/4.0026D+-D 
CP=CP*4.O026D+O 
RETURN 
END 



•• CPAGE FILE: MFTF*C5A TIME: 10:21:04 

I CPAGE* PHOC 
a c 
3 INTEGER DEPT , BLD .EXT ,PFITLE.CT1TLE.OPTLUN.DOR .1 
4 C 
5 COMMON / C P A G E / N A M E I 2 ) . D E P T . B L D . E x l . M A X L I N . J N U M . P T 1 T L E I G > . 
C t C T I T L E M 2 ) ,CIPTLUN.tJCAsE,DOR<2> . T I M E < 0 ) 
7 C 
8 C ' 
9 C *'»).-» CPAGE VARIABLE DEFINITION 
IO C -. ' 
•1 C NAME - USER'S NAME (INPUT). 
12 C 
13 C DEPT - USER'S DEPARIMENT (INPUT). 
14 C 
15 C BLD - USER'S BUILDING (INPUT). 
IS C 
17 C EXT - USER'S EXTENSION (INPUT). 
19 C MAXLIN - MAXIMUM LINES PER OUTPUT PAGE. 
20 C 
Zl C JNUM - PROGRAM IDENTIFICATION NUMBER. 
22 C 
23 C PT1TLE - PROGRAM TITLE. 
24 C 
Z5 C CT1TLE - CASE TITLE I INPUT). 
26 C 
27 C OPTLUN - OUTPUT LOGICAL UNIT NUMBER. 
2a C 
29 C NCA5E - CA5E NUMBER (INTERNALLV CREATED). 
30 C 
31 C DOR - DATE OF THIS HUN (INTERNALLY CHEATED). 
32 C 
33 C TIME - TIME OF THIS RUN (INTERNALLV CREATED). 
34 C 
35 END 

DATE 040573 PAGE 47 

I 

i 



»• CRyPAN •* FILE; MFTF4CSA TIME: 10:31:04 DATE 040579 

!i 

i 
2 
3 
4 
5 
6 
7 
B 
9 
10 
11 
12 
13 
14 
15 
16 
V? 
19 
20 
21 
22 
23 
24 
25 

p» 26 £ =7 
20 
39 
30 
31 
32 
33 
34 
35 
3E 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
S3 
54 
55 
56 
57 

SUBROUTINE CRYPAN 
C 
C 
C c c c c c c c c 

• ROUTINE NAME - CRYOPANEL CHARACTERIZATION • 
• ROUTINE LANG - FORTRAN V UNIVAC 11O0-O5 • 
• EXEC-B • 
• PROGRAMMER - R.F.HAUSMAN 104-6213-30235 » 
• DATE COOED - NOVEMBER 29. 1978 • 

...» THIS SUBROUTINE CHARACTERIZES THE CRYOPANEL CONDITIONS 
LOGICAL OP.PAGE 
INCLUDE CMAG 
BEGIN COMPUTATIONS FOR THE CRYOPANEL SYSTEM 

PTANK - PCRYOW 
TTANK « TCRYOW 
HP = NUMCftP 
DO S I = 1.NP 
CALL HEPHOPtPCRYDW.TCRYDW,1) 
HHO = HELD > HEMWT 
PCRYiri) = PCRYDW + HEHEDI RHD.HDCRI(I)> 
PCRYOtI) = PCRYDW + HEHEDI RHD,HDCROCI>) 
S L V I N U ) = HELSV 
TCRI rI> = TCRYDW 
DENS I I ) = HELO 
CALL HEPROP(PCRYl< I >.TCRI I It .1 ) 
CAL' MEPROPl'PCRYOt I ) .TCRI ( I ) .31 
DELTA-H SUBCODLED LIOUIO TO SAT. LIQUID 
DELHI - HEHL - HELH 
06LTA-H. SUBCOOLED LIQUID TO SAT. VAPOR 
DELH2 = HEHG - HEHL. 
ENERGY - SUBCgOLED LIQUID TO SAT. LIQUID 

s> GET L I D PROPS 

9 KG/CU-WETER 

3 K P A 
S» K P A 

9 L/MOL 
3 • EG K 

3 CP INLET PROP 3 CP OUTLET PROP 

a J/MQL 

QUANT 
0SAT1 •VHECRCI) • HEDL OUANT » DELHI 

3 J/MQL 

3 MOLS 
(3 JOULES 



•* CRYPAN •• 
58 
53 
60 
51 
62 
63 
54 
65 
66 
67 
60 
69 
70 
71 
72 
73 
74 
75 
76 
77 
7a 
79 
BO 
81 

£ 83 
<» 84 

B5 
B6 
87 
BB 
89 
9D 
91 
92 
93 
94 
95 
96 
97 
98 
93 
100 
lOI 
102 
103 
104 
105 
106 
107 
10B 
109 
110 
111 
112 
113 
114 
115 

FILE: MFTFfCSA 
ENERGY - SATURATED LIQUID TO SAT. VAPOR 
QEVAP - QUANT . DELH2 
ENERGY INPUT TO CRYOPANELS - PER HOUR 
QGENHR<I) t DCRIII * 3600 P J/HR 
TIME TD OBTAIN NO FLOW COOLANT LOSS 
T1M1II) - QSATl/OGENHRI1> 
T1M2[1) » QEVAP/OGENHUI I> 
TCRQII) - HET 
RHOLII) = HEDL 
RHOG(I> - HEDG 
MAX. GAS GENERATION AT NO FLOW CONDITION 
WOTMXG<I) - ((QGENHR(II/0ELH2) * HEMWT)/1OOO.O 
ENERGY HEQD. FOR SAT.LIQUID AT SPECIFIED FLOWRATE 
05AT2 i MWDTCRIII • 1OO0.0I/HEMWTI • DELHI 
ENERGY AVAILABLE FOR VAPORIZATION OF HELIUM 
QEVAPI - QGENHR(l) - 0SAT2 
VAPOR GENERATED AT SPECIFIED FLOW RATE 

TIME: 10:21104 

:•» JOULES 

HRS 
HRS 
DEG K - TSAT 
HOL/L 
KtOL/L 

«" KG/HR 
(WOTCR1 t)I 

« J/HR 

DATE 040S79 

WDTGII) 
"DILI I ) 

((QEVAP1/DELH2) - HEMWT>/1000.O P 
WDICRCI> - WDTG(I) 

QUALITY OF THE LIQUID 
Q U A L M ) - WDTGI 1 l/WDTCRI I ) J» DEC-FRACTION 
SP.VOL. AND RHO OF THE LIQUID OUT OF CRYOPANELS 
SVLMX(I) * HESVL + QWAL(I> * HESVC 
RH0MX(I> = 1, 0 / S V L M M I ) 

L/MOL 
HOL/L 

W D D I K 1 ) 
CONTINUE 

WDTCRfI> 

JP PAGE(0 J 
WRITE (6.10) 
FORMATI//T33.'•»* CHARACTERIZE CRYOPANEL INPUT AND OUTPUT CONDITIO 

1NS • • • 7 / T 1 B . ' " ESTIMATED CRYOPANEL PARAMETERS •*'//T5."FLUID FLO 
2WING CONDITIONS:•.T50.'CRYOPANEL-2•.T6B.'CRYOPANEL-1•.T86.'CRYOPAN 
3EL-3'.T104,'CHYOPANEL-4'/) 
WRITE (6.15) (WDTCFM I ) , [.1 ,NP| 

15 F0RMAT(T10.'INLET FLOW RATE'.T35. 1(KG/HR) .4(E12.6.EX)) 



•» CflYPAN *« 
lie 
117 
I1B 
119 
130 . 121 
121 
133 
124 
125 
126 
127 
12B 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 

& 142 
Zb 143 

144 
145 
146 
147 
143 
149 
ISO 
151 
152 
153 
154 
155 
156 
157 
15a 
159 
160 C 
161 C 
1C2 c 163 c 164 c 165 
166 c 167 
168 c 169 

FILE: MFTF»CSA TIME: 10:21:04 DATE 040579 

'.4IE12.G.GX)) 
.4(E12.6.6Xtl 

'.4(612.6,6K)) 

WRITE 16.16) I T C R K I ) . 1=1 .NP) 
FORMAT! 1 tO, • 1NIET T EMPERA1URE • . T35 . ' ( D E C K > « 
WRITE (6.171 I PCRY11 I ) . 1 = 1 .NPI 
FORMATO 10, • INLET PRESSURE' , T3S, • ( KPA 1 • ' 
WRITE (6.18) (DENS( I ) . 1=1 .NP) 
FORMAT(TlO."INLET FLUID OEMS I TV' .T35. '(MOL/L) 
WRITE (6.19) (SLVINIi).1=1,NP1 
FORMAT II 10," INLET SPECIFIC VOLUME '. T35 ,' I l/MOL ) 

1 )/) 
WRITE (6.20) IWDTCR( I I .1 = 1 ,NP> 
FDHHATITIO."OUTLET FLOW RATE'.T35.•(KC/HR) -
WRITE (6.21) (TCROII).1-1,NP) 
FORMVH TIO. 'OUTLET TEMPERATURE'.T35.'( DEG.K) 
WRITE (6.22) IPCRYOi 1 ) . 1=1 ,NP) 
FOHMATITIO.'OUTLET PRESSURE',T35.'( KPA > = ' 
WRITE (6.231 <RHOL(I).1=1,NP) 
FORMAT!TIO.'OUTLET LIQUID DENSITY'.T35,'(MOL/L> 

1 )) 
WRITE (G.24) (RHOGII).1=1.NP) 
FORMAT!T10.'OUTLET OAS DENSITY'.T35.'(MOL/L) -
WRITE (G.25) (RHOMX!1).1=1.NP) 
FORMAT*110.'OUTLET MIXTURE DENSITY".T35.'fMOL/L) 

1 6X> ) 
WRITE (6.26) (SVLMX( I ) . 1 = 1 .NP) 
FORMAT!TIO.'OUTLET MIXTURE SP.VOL.'.T35,'(L/MOL> 

1 6X)) 
WRITE (6.27) (OWALII 1.1 = 1.MP) 
FORMAT! TIO. 'OUTLET FLUID QUALITY'.135.'(FRACT) 

1 CX) ) 
WRITE (6.26) («DTLII).1=!,NP) 
FORMAT!/T10.'OUTLET FLUID COMPOSITION:'/T23.' LIQUID',1 35. '(KG/HR) 

1 = ',4(E12.G.6XI) 
WRITE (6.20) (WDTG! I >, J=1 ,NP) 
FORMAT! 123.'VAPOR' .T35. ' (KG/HR) 
WRITE (6.30) (<JGENHR( I ) . 1 = 1 , NP ) 
FORMAT!/T5.'NO-FLOW CONDITIONS:'/T10.*INPUT CRYOPANEL ENERGY'.135. 

I '(J/HR.) = '.41EI2.6.6X)I 
WRITE (6.31) ( T1M1 ( I >. 1 = 1 .NP) 
FORMAT!T10,•TIME TO SAT. LI QUID' .T3S. * I HOURS I 
WRITE (6.32) (TIM2<[).1=1.NP) 
FORMAT!r10.'TIME TO SAT. VAPOR'.T35.'(HOURS) a 
WHITE (6.33) (WDTMXG!I),1=1.NPJ 
FORMATI1!0,'RATE OF VAPOR BOILOFF'.T35.'(KG/HR) = '.4IEI2.6. 

1 6X>) 

.41E12.6.6X 

' .4IE12.6.6XH 
'.4!E12.6.6X)) 

. 4iEl 2.6.6X) > 
•,4<Et2.6.6X 

.4(E12-6.6X)) 
1.4CE12.6. 

1.4(E12.6. 

.4IE12.6. 

•.4IEI2.6.GX)) 

' .4(E12.6.6X) I 
.4(E12.6.6X)) 

DO THE CRYOPANEL SUPPLY SYSTEM COMPONENT CONFIGURATION ANALYSIS 
CALL CMPCAL *> DO THE COMPONENT ANALYSIS 
RETURN 
END 



•* CSUUI- »* 

1 
2 
3 
4 
S 
e 
7 
B 
9 

10 
II 
12 
13 
14 
15 
1G 
17 
la 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2U 
23 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

FILE: MFTF.CS* 

SUBROUTINE CSUBfM TEMP, PHES . NGAS , C 1 

TIME: 10:21:05 DATE O40579 

FOR HELIUM 
FOR NITROGEN 

INCLUDE CMAG 
TEMP 
PRES 

IF1NGAS.GT.2) GO TO 5 
GO TO (1.2).NGAS 
CDMPUTE CSUBP FOR HELIUM 

CALL HEPROPIP.T.2I 
C = MELCP 
RETURN-
COMPUTE CSUBP FOR NITROGEN 
CONTINUE 
NOT DEFINED VET 
C - 0 . 1 
RETURN 

FOR ERRONEOUS NGAS INDEX 

s c = o.o 
WRITE <G,lO0> 

10O FORMAT*'0'.20(' 
I , . S » ( 1 * ' ) / ) 
RETURN 
END 

' ) . • ERRONEOUS NGAS INDEX WAS USED IN S. 



** CSUBV »• FILE: HFTF«CSA TIME: 10:21:05 DATE 040S79 5a 
1 
2 3 4 5 6 7 
a 
9 10 11 12 13 14 15 IS 17 IS 19 20 21 22 23 24 

27 2B 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 

FUNCTION CSUBVITEMP.PRES.NGASI 

FOR HELIUM 
FOR NITROGEN 

IKCLUDE CMAC 
T * 
P » 

TEMP PRES 
IF<NGA5.GT.2> GO TO S 
GO TO I 1,2).NGAS 
COMPUTE CSUBV FOR HELIUM 

CALL HEPHOP(P.T.2» C = HELCV 

COMPUTE CSUBV FOR NITROGEN 
CONTINUE 
NOT DEFINED YET 
C = 0.1 
RETURN 
FOR ERRONEOUS NGAS INDEX 

5 CSUBV = 0.0 WRITE (G.100) 100 FORMAT('0'.20<' 1 '.20('-')/) RETURN 
END 

ERRONEOUS NGAS INDEX MAS USED I N S . R . CSUBV 



•• CSVSWT •• FILE: MFTFtCSA TIME: 10:31:05 DATE 040579 

1 
2 
3 
4 
S 
6 
7 
B 
9 
10 
• 1 
12 
13 
14 
IB 
16 
17 
IB 
19 
20 
21 
22 
23 
24 

CSYSWT* PROC 
C 

PARAMETER 

C 
C 
C 
C 
C c c c c c c c c c 

CNuM 
•JWB-3 

INTEGER 

COMMON /CS*SWT/ CNUM, WfCOMP( JWA . JWD) . WTCUMT < JWA . .IWB > , 
1 CMPCODIJWA,JWB), WTSUBT WISUMT 

CNUM - COMPONENT INDEX IN SERIAL LIST 
WTCOMP - COMPONENT WEIGHT 
WTCUMT - SYSTEM CUMULATIVE WEIGHT IN SERIAL LIST 
CMPCOO - COMPONENT ID CODE FROM CONFIGURATION 
WTSUBT - SUBSYSTEM WEIGHT SUBTOTAL 
MTSUMT - SYSTEM TOTAL WEIGHT 



»• CTAB « FILE: MFTF»CSA TIME: 10:21:06 DATE 040S79 

I CTAB» 
2 C 
3 
4 C 
5 
6 c 7 
a 9 c io 11 c 12 
13 c 14 c 15 c IB c 17 c IB c 19 c so c 21 c 22 c 23 c 24 c . 25 c & =6 c UJ 27 c 2B c 29 c 30 c 31 c 32 c 33 c 34 c 35 c 36 c 37 c 33 c 39 c 40 END 

PROC 
PARAMETER NTBN = 10 , NSB£ = 40 
INTFGER TLA.TYPE 
COMMON /CTAB/ TLA INIBN1.MV.TVPE.NtP.ND.XTABINBBZ).¥TABINSBZ>. 1 TABIC.5).JTABID.NLTOL 
DIMENSION! ITABI6.5) 
EQUIVALENCE (ITAB.TAB) 

»»«». CTAB VARIABLE DEFINITION 
TLA - TABLE IOCAT ION ARRAY 

THIS ARRAV CONTAINS THE BEGINNING DRUM ADDRESS 
- 1, FOR UP TC 10 TABLES 

NV - NUMBER OF VALUES IN THE INPUT TABLE <NV<101). 
TYPE - TYPE DF THE INPUT TABLE CO • C0F.F1CIENT. 

1 = DESCRETE ). 
NIP - NUMBER OF 1ABLE VALUES TO BE USEO IN 

INTERPOLATION (NIP<NV1. 
ND - NUMBER OF DIMENSIONS FOR THE INPUT tABLE 

(ND<7>. 
XTAB - ARRAY OF COEFICIENrS FOR POLYNOMIAL EVALUATION OR ARRAY OF VALUES OF THE INDEPHNDENT VARIABLE FOR INTERPOLATION. 
YTAD - ARRAY OF VALUES OF THE DEPENDENT VARIABLE FOR INTERPOLATION. 
TAB ITAB ARRAY OF VALUES DF THE REMAINING ND-2 INDEPENDENT VARIABLES FOR INTERPOLATION. 



FILE: MFTF.CSA TIME: 1&.-21I06 DATE 04O579 

3 
3 
A 
5 G 7 8 
9 
to 
tl 

CTASA* 
c 

PHOC 
PARAMETER MXWRU = 2000 
COMMON /CTAUA/ 1DXI.TABLE(MXMRD> 
DIMENSION ITABLECMXWRD) 
EQUIVALENCE (TABLE.I TABLE) 



FILE: MFTF«CSA TIME: 10:21:06 DATE 040579 

1 a 
3 « s e 
7 
8 
9 
10 
11 

DOUBLE PRECISION FUNCTION CV(D.T) 
DOUBLE PRECISION A,8.CVQ,T,D.CV1NT,ZERO,DO,pp,TT DOUBLE PRECISION GAMMA,WT DIMENSION A<J0),0l3OI COMMON/DATA/PP,DO,TT,Wt,A,B,NiGAMMA,L CUD = 5.lJ3043D+D"(3.O+0/5.D+0) ZERO = O.ODJ-0 
C V * C V O - l C V I N T ( D . T ) - C V I N T ( 2 E R O . T ) ) * 1 0 1 . 3 2 7 8 0 + 0 / - ) . 0 020D+O 
CV=CV»4.0026D+O 
RETURN 
END 

Ln 



F I L E : HFTF'CSA TIME: 1 0 : 2 1 : 0 7 

DOUBLE PRECISION FUNCTION CVINT(O.T) 
DOUBLE PRECISION A . B , D , D2 . 03 , D<1 . WTD.R , DAMMA . EX , S I NT , DBDT , DGAMA 
DOUBLE PHECIS1DM D2DBT2.T,PP.DO•FT 
DOUBLE PRECISION YA,YB,YC.YD,YE.YG,VH,YP,YQ,YR,VS 
DOUBLE PRECISION GAMMA,Wt 
DIMENSION A(30).B(30) 
COMMON/DATA/PP.DD.T l ,WT,A ,B ,N ,GAMMA.L 
•2=D<D 
D3=D2*D 
D4=D3>D 
WTD = WT 
H= I 
H=.CB20S5BD+0 
GAMMA = GAMMA 
OGAMA = D 2 * ( - . 5 D - 3 ) 
EX = OEKP<OGAMA> 
S t N T = T ' R « 0 * l 2 - 0 * 0 * 0 a 0 T l T ) *D2DBT2( T ) • T ) 
A ( « l = 0 . 0 

Y A = - 2 . 
A l N ) = ( P 4 - o / 5 . D-Kl) * T » * Y A * Y A » ( - 1 , OD+0 ) 
N = N*1 
DO 2 1 - 1 , 6 
FI = I 
Y B = . 7 5 - F I / 4 . - l 
Y C = . 7 5 - F I / 4 . 
A ( N ) = ( O ' V - D + 0 ) * T * * Y B » V C * Y B 

a N = N + I 
DO 3 1 = 1 .A 
F l = l 
Y D = 1 . S - F l - 1 
YE = 1 . B - F I 
A ( N ) = < D 3 / 3 . D + 0 ) » T * * Y D * Y E * Y D 

3 H = N*1 
OO I 1 = 1 , 8 
F1 = I 
Y G = 1 - S - F I / 2 . - 1 
Y H = 1 . 5 - F 1 / 2 . 
A ( N | = ( D 2 / 2 . D + 0 ) * T < YG*YH*YG 

1 N=N*1 
DO A 1 = 1 . 3 
F1 = I 
V P = 1 . - F J - 1 . 
Y Q = 1 . - F l 
A ( N ) = < E X / I 2 . D * 0-DAMMA > ) * T • » Y P* YQ•Y P 

A N = N+1 
DD ' . J = 1 , 3 
FI = 1 
Ylt=1 , - F I - l . 
Y S = 1 . - F I 
A( N) = <D2'EA/(2 ,O+O*DAIV1MA)-EX/ (2 .0D»0*OAMMA*DAMMA) ) • T* *Yfl» YS*Y R 

5 N=N+I 
1F< L . G I . 0 1 G O TO 1 0 
A ( N ) = P P - S 1 N T 
DO 7 1 = 1 , N 

7 A ( N ) - A I N 1 * W T O 
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FILE: MFTF»CSA TIMEI 10:21:07 DATE 040579 

1 
2 
3 
A 5 6 
7 
e 
9 
10 
11 
12 
13 
14 
IS 
16 
17 
ia 
19 
20 
21 
22 
23 
21 
25 
26 
27 
2B 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
4B 
49 
50 
51 
52 
53 
54 
55 
56 
57 

FUNCTION CV0L(NFUNCT,NFTYPE,KDV.D1A) 
FINDS METRIC VOLUME OF VALVES. ELBOWS, TEES, TAPS, ETC. FOR 
COMPONENT DIAMETERS OF 1 TO 12 INCHES. 
DATA TAKEN FROM TUBETURN PIPING HANDBOOK. (DATA ARE IN CU.INCHES) 
DIMENSION E1U0<12), E90(12>. E4SI12), T 3 W ( 1 2 ) , T-1M112), 

/ VAT.C121. R50I12). H20(12). B F ( I 2 ) , VLV1I2) 
DATA < El IJOl I ) . 1 = 

/ 1000.0. 1BS4.7, 
DATA (E90(1),I= 

1,121/ 4.1, 31.6. 104.4, 
2500.0. 3713.0. 4E00.O, 

1.12)/ 2.O. 15.6. 5 2 . 2 , 
/ 500.0. 942.4. 1250.0 
DATA (E4S11).1=1,12)/ 1 

/ 250.0. 47 1.2. 625.0. 
DATA (T3WI1),1=1,12"/ 3 

/ 648.0. 881.1. 127B.0 
DATA <r4W(I>.l 

/ 7B1.5. 1061.9, 1536-0 
DATA (TRO(1>.1=1.3)/ 100.0, 329.4, 354 
DATA 1VALII).1=1.12)/ 3.2. 20.0, 5B.7 

1BS6.9. 2250.O 
O, 7.9. 26.I 
928.5. 1125.0 

S, 22.2, 65.2 
1675.4. 2246. 'J 

1 2 1 / 4 . 3 , 27.7, 80.5 
2 0 1 0 . 4 . 2 6 9 1 . O , 3 3 7 1 . 9 / 

1 / 
1 2 2 . 2 , 2 2 4 . 8 

2 3 9 . 7 , 4 7 1 . 0 . 
6 3 9 1 . 8 / 
1 1 9 . B , 2 35 . 5 . 
3 1 9 5 . 9 / 

5 9 . 9 , 1 1 7 . 3 . 
1 5 9 7 . 9 / 
1 3 5 . B , 2 4 9 . 7 , 
2 8 1 6 . 9 / 
1 6 6 . 5 , 3 0 4 . 4 . 

T R 0 ( 3 ) , 

2 0 4 . 0 , 

371 . 9 , 
/ 5 B 3 . 2 . 7 9 3 . 0 . 1 1 . 5 0 . 2 . 1 5 0 7 . 9 . 2 0 2 1 . 4 , 2 5 3 5 , 3 / 

DATA (ULV1 1 1 . 1 - 1 . 1 2 1 / 2 . B , 1 6 . 9 . 5 2 . 9 . 1 1 0 . 4 , 2 0 4 . 1 . 3 4 0 . 0 . 
1 5 3 5 . 3 . 7 3 0 . 6 . 10153.. 1 3 9 6 . . 1 B72 . . 2 3 4 B . / 

DATA | R 5 0 < 1 ) . 1 = 1 . 1 2 ) / 1 . 7 6 , 8 . 5 1 . 2 1 . 9 . 4 1 . 8 . 7 7 . 2 . 1 2 3 . 7 . 1 7 9 . 6 , 
/ 2 3 5 . 6 . 3 3 1 . 9 . 4 2 0 . 3 . 5 6 3 . 0 , 6 9 7 . 7 / 

DATA < R 2 0 ( I ) , 1 = 1 , 1 2 ) / 2 . 1 4 , 1 1 . 4 , 
/ 3 0 9 . 2 . 4 4 7 . 6 . 5 B 6 . 0 . 7 B 9 . 9 . 

BATA ( 8 F < 1 > , ( = 1 , 1 2 ) / 3 . 1 4 , 1 2 . 5 6 . 
1 1 5 3 . 3 . 2 0 1 - 0 6 . 2 5 4 . 4 6 . 3 1 4 . 1 6 . 

2 5 . 5 . 5 4 . 4 
9 9 3 . B / 
2 8 . 2 7 , 5 0 . 2 6 , 7S 
3 8 0 . : 3 . 4 5 2 . 3 8 / 

1 D 7 . 0 . 1 4 7 . 1 . 2 2 8 . 1 . 

1 1 3 . 0 9 , 

I R D ( I ) = A DUMMY NUMBER TO F I L L ARRAY 
TRO(2) = 6X2XG REDUCING OUTLET TAP 
TR0131 = 6)14X0 REDUCING OUTLET TAP 

CI = 1.639E-05 
C2 = 39.37007 

* CU.IN. TO CU.METERS 
<» INCHES PER METER 

IFINFUNCT-EQ.61 GO TO 10 
IFINFUNCT.EQ.7) CO TO 20 
IFINFUNCT.EQ.8I GO TO 30 
IF<NFUNCT.Eg.91 GO TO 40 
IFINfUNCT.EQ.I01GQ TO 40 
IF|NFUNCT.EQ.4) GO -Q 50 
IFINFUNCT.EQ.5) GO TC 60 

10 CONTINUE 
IB = DIA • C2 + .01 
IF((HDV.EQ.2).OR.<KOV.E0.3)) GO TO 11 
IF( HDV.EQ.4) GO TO 12 
CVOL = 
RETURN 
CVOL = 
RETURN 

TRO(KDV) * C1 
T 3 W U B ) * CI 



F I L E : MFTF»CSA 

S8 
53 
60 
61 
62 
63 
64 
65 
66 
67 
68 
eg 
70 
7) 
72 
73 
74 
75 
76 
77 
7e 
79 
80 
81 
82 
83 
84 

: 8 5 

86 
87 
8B 
U9 
90 
gt 
33 
93 
94 
95 
96 
97 
95 
99 

100 
101 
102 
103 

- 104 
• OS 
106 
107 
tOB 
109 
110 
111 
I'.* 
113 
114 
115 

30 CONTINUE 
IB = DIA » C2 + .01 
IFIKOV.E0.2] CO TQ 21 
tFIKOV.EQ.3) GO TO 22 

31 CVOL = T4W4IB) » CI 
RETURN 

22 CVOL = T3WI1B) * CI 
RETURN 

30 CONTINUE 
IB < 0 1 * • C ! t .01 
IF(KDV.EQ.2> CO TO 31 
IF(KOV.EQ.3> GO TD 32 
lF(KDV-CO.I) GO TO 33 

31 CVOL = 
RETURN 

E45IIB) * C1 
32 CVOL = 

RETURN 
E90(IB) * C1 

33 

40 

CVOL = 
RETURN 
CONTINUE 

EISO(IB) * CI 

IB = DIA • C2 4- .01 
IFlKDV.EO.2l GO TO 41 
IFIKDV.EQ.3] GO TO 42 
IF(KDV.EQ.4) GO TO 43 
•F(KOV.EO.S) GO TO 44 

41 CVOL 
RETURN 

VAL(IB) » CI 
42 CVOL = 

RETURN 
IVAL(IB) - (0 

43 CVOL 
RETURN 

VAL(IB) • CI 
44 CVOL 

RETURN 
VLV(IB) • CI 

50 CONTINUE 

1 * VAL(tB))) • CI 

IB = DIA • C2 + .Ot 
!F(NFTYPE.EQ.1) GO TO 51 
IFtNFTYHE.EQ.2) GO TO 52 

51 CVOL •= 1.0 * CI 
RETURN 

52 CVOL = VAL(IB) » CI 
RETURN 

60 CONTINUE 
IB = OIA » C2 + .01 
IFIKDV.EQ.2) GO TO 61 

TIME: 10:21:07 DATE 040579 PAGE 60 

I 

http://IFlKDV.EO.2l


ss 

>> 
DO 

a — 

n u. a m 

l l l l i l s 

A60 



»» DATAIN »« FILE: MFTFtCSA TIME: 10:21*. 07 DATE 040579 

1 
a 3 
A 
B 
6 
7 
B 
9 

10 
II 
12 
13 
14 
15 
16 
17 ta 
19 
20 
21 
22 
23 
24 ^ 2 5 

£ =6 
I-1 27 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
4S 
46 
47 

SUBROUTINE DATAIN 
COMMDN/HEGAS/RM 100),RM( IO0) ,RLD( 100) ,CQMP(2. 100) 
COMMOt!/HEGAS/RL1 ( 1O0 ) .RI41 < 100J.RLD1 (100) 
COMMON/HEGAS/NUMBLO.NUMBH] 
COMMON/HEGAS/MINIT.MFINAL,MSTEP 
C0MM0N/HEGAS/1DIAM1.1DIAM2,ISTEP 
DO 100 d=l.100 
READ (5. 110IRL1(J),RN1<J), RLOI(J I .COMP( I.J) 

lOO IF ICOMPI1.J).LT.O.O) GO TO 110 
110 NUMBLQ=J-1 

WRITE 16.300) 
300 FORMATI 1H0.T7, •LOW PRESSURE SECT ION' • : ' ,T37, 'LINE LENGTH' , 

1 T55.'NUM.-ELBOWS'.174.'L/D OF CDMP.'.T91.'MAJOR CDMP.'/) 
DO 305 1 = 1.NUM0LO 
WRITE (6.310) RL1 ( I ) .RN1(I),RLD1< I).COMP<t. I) 

310 FORMAT!T39,FB.3,TS6.F6.1,T76,F6.1.T94.F5.1) 
305 CONTINUE 

DO 120 J=1,100 
READ (5.140)RL< J),RN<i)),RLD(d),C0MP<2,J) 

120 IF <COJP(2.d).LT.O.O) GO TO 130 
130 NUMBHI=J-1 

WRITE (6.320) 
320 FORMAT(IG.'HIGH PRESSURE SECTION:') 

DO 3 2S I = 1 . tJUMBHI 
WRITE (0.310) RLll),RN(I),RLD(i).C0MP(2.I) 

325 CONTINUE 
140 FORMA! (-IF 10.3 I 
150 FORMAT(3F10.3) 

READ (S.1G0)MIN1T.MFIHAL,MSTEP 
HEAD (5.150)IDIAM1.1DIAM2.ISTEP 

160 FORMAT(315) 
DO 170 ITEMP=1.10 
READ (S.150)TG.PBAG,PCOMP 
IF (TG.LT.O.O) GO TO 1 SO 

170 CALL GASRCV(TG.PBAG.PCOMP) 
lOO CONTINUE 

RETURN 



• • DBtJT »• FILE: MFTF'CSA TIME: 10:21:08 DATE 040573 

1 DOUBLE PRECISION FUNCTION OQDTtT) 
a DOUBLE PRECISION A,B,T,YZ.YY 
3 DIMENSION A<9) 
A DATA A/-S.0B1571O04I0-7.-1 . t 1611680862O-4 , 1 . I6524H03540-2. 
5 l7.44 74'jt<799HO-2 ,-5. 314 317476B0" 1 .-9.57S92193O60-I , 
6 23.93744llB43Dt0.-5. 137 02392240+0 .2 . 080.1456338D+0/ 
7 C COEFFICIENTS FROM PROGRAM S/2B/70-JE30 
9 C THIS SUB PROGHAM CALCULATES THE SECOND VIRIAL COEFFICIENT FOR 
9 C HLLIUM. THE FIANCE IS FROM 2 TD 1500 DEG K. INPUT IS TEMPERATURE 
>0 C IN DEGREES KELVIN AND IUSE. IF ISUE IS O OR NEGATIVE THE ROUTINE 
" C CALCULATES B FOR THE EQUATION Pv=RT(1+bO+.... FOR OTHER VALUES OF 
T2 C IUSE. THE ROUTINE CALCULATF.S THE VARIANC OF B AT THE INPUT TEMP 
>3 C UNITS ARE ATM, DEG KELVI.i. AND MOLES/LI TER, 4/3/69-1 253 , R . O. MCCARTY 
lfl 1 B*0 
15 DO 5 1 = 1 ,9 
16 FI-I 
17 YZ*.5-FI/2. 
IB YY.1.5-FI/2. 
19 5 B*B*T»«YZ*A(I)»YY 
20 DBDT'B 
21 RETURN 
23 END 

»> 

http://23.93744llB43Dt0.-5


*• ODHEF ••» FILE: MFTF.CSA TIME: 10:21:08 - DATE 040S79 PAGE 64 

1 SUBROUTINE DDHEF 
2 DOUBLE PRECISION A . B . t> .00. 02 . 03 , 04 . 05. T , TT. OAMUA, EX . 0£X . P . Pp 
3 DOUILE PRECISION DFtJLDD.ZA.ZB, ZC, ZO.OGAMA 
4 DOUJLE PRECISION GAMMA.WT 
5 DIMENSION A(30),B(30) 
e COMMON/DATA/PP.DD.TT.MT.A,B,N.GAMMA.L 
7 D = DD 
S 1:11 
9 D2-D»D 

10 D3 = D2't) 
11 D4=D3<D 
12 DS=D4»D 
13 DAMMA = GAMMA 
14 DGAMA = D2>(-.5D-3) 
15 EX = DEXP(OGAMA) 
15 DEX " DAr.lMA»2.D+0»D*EX 
17 N=1 
IS A(N)=6.D+0>D5 
1 9 N = N + 1 
20 A<N)=A(N-1>/T 
21 N = N H 
22 DO 2 I=1 .6 
23 FI = I 
24 ZA=.75-FI/4. 

j^ 25 A(N)=5.D+0*D4»T»»ZA 
S 26 2 N = N4-t 
u 27 DO 3 1=1,4 

2B FI=I 
29 ZB=l-5-Fl 
30 A(N>=D3<4.D<fO*T»*ZB 
31 3 N = N+1 
32 DO t 1=1.0 
33 FI=I 
34 ZC=1.S-FI/2. 
35 A(N>=D2<3.DtO*T»*ZC 
36 1 N = N+1 
37 DO 4 1=1,3 
38 FI=I 
39 ZD=1.-F; 
40 AtN>=(DEX«D3+3.D+0»02»EX>•T'-ZO 
41 4 N=N+1 
42 DO 5 1=1.3 
43 Fl=l 
44 ZD=t.-Fl 
45 A< N) = CDEX»D5«-S.D + 0-D1-EX)»T>-ZD 
4B 5 N=N+1 
47 N-N-1 
4B 10 P=0 
49 DO 1 5 d=1 .N 
50 15 P=P+A(J>»B< J) 
51 P = p +• DPCLDD(D,T) 
52 PP=P 
53 RETURN 
54 END 



•» IM 1 1 -• FILE: MFTF*CSA 

DOUBLE PRECISION FUNCTION OELTtTT) 
DOUBLE PRECISION T.TT 
T=TT 
DELT * .O01D+0+.00ZD+O»T 
RETUHM 
END 

TIME: 10:21:09 DATE 010579 PAGE 69 
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F I L E : MFTF'CSA T I M E : 1 0 : 2 1 : 2 0 

SUBROUTINE DLNSLI T.DSATL1 

T = T t * l — SUIUUSUMt ( G M - M O L E ) / L I T E H ) — OSATL-DSATL(KG/METER-3> 

DIMENSION B ( 7 ) 
» C H I T = 1 Z l i . 2 
I T R I P L = G 3 . I S 
I F U . l i l - l C l l I U GO TO H O 
I F I T . L T . T T R I P L ) GO TO 130 
X = ( T C R t I - T ( / T C H I T 
BlI)-0.19424403E2 
B12)=X-<0.570U374BE2t 
Ol31=«X' -2)»l-0.243Z63S5E3) 
D(4>=(X>•3)*(0.ea5l6S38E3) 
BI5I=(X> *4)«(-0. IG39358DE4) 
UI6>=IX..S.).lO,t 1574320E4) 
B(7l=(ALQG(X])*(0.I0182210E1 ) 
SUM^O.O 
DO 1OO 1 = 1 . 7 

100 SUM=SU\UUI I > 
D S A T L - 2 B . 0 1 3 3 " SUM 
OO TO ISO 

110 WRITE (G.I20) 
120 FORMATIT10,'TEMPERATURE GREATER THAN CRITICAL TEMPERATURE') 

DSATL=-1.0 
CO TO 150 

130 WRITE (6,140) 
140 FORMAT!T10.'TEMPERATURE LESS THAN TRIPLE POINT TEMPERATURE') 

DSATL=-1.P 
150 RETURN 

END 



. » DEN5V • » F t L E : MFTF«C5A T I M E : 1 0 : 2 1 : 2 0 DATE 0 4 0 5 7 9 

1 
2 
3 
4 
S 
6 
7 
a 
9 

IO 
11 
12 
13 
14 
I S 
16 
17 
18 
19 
2<i 
21 
2 2 
2 3 
2 4 
2 5 

P- 2 6 
SJ 27 

2 8 
2 9 
30 
31 
3 2 

SUBROUTINE DEN5V( T , !}SATU) 

t = T < K 1 SUM=SUW((GM-MdLE>/LITER) — DSATV*DSATV{KG/METER-3) 

DIMENSION B { 7 ) 
T C R I T = 1 2 G . 2 
T T R 1 P L = U 3 - I S 
I F ( T . G T . I C f t l l ) GO I O I I O 
I F 4 T . L T . T I R t P L ) GO TO 130 
X M T C R I T - T 1 / t C R I T 
B ( 1 » = 0 . I G 3 3 3 3 4 5 E I 
B l 2 ) = X ' I - 0 . 9 4 0 4 3 7 7 1 E l ) 
B | 3 > = ( X . - 2 ) * ( 0 . 2 1 8 5 2 7 4 6 E 2 ) 
B ( 4 ) = ( X - > 3 ) - ( - 0 . 1 0 2 6 a 7 4 4 E 3 > 
B ( 5 > = ( X ' • 4 ) > | 0 . 1 8 7 9 4 9 7 4 E 3 > 
B ( G » = I X ' - 5 ) « ( - 0 . 1 6 4 0 2 4 3 7 E 3 ) 
B ( 7 ) = | A L a u l « l I ' ( - 0 . 9 5 7 3 1 6 3 9 6 - 1 ) 
T5UM=0-0 
DO 100 1=1.7 

IOO TSUM<TSUM*B(1) 
SUMiEXPI1SUM) 
DSA)U=2B.0I34«SUM 
GO TO 150 

1IO WW ITE 16.120) 
120 FORMAT! H O . 'TEMPERATURE GREATER THAN CRITICAL TEMPERATURE*) 

DSATU=-1 .0 
GO TO 150 

130 WRITE (6.140) 
140 FORMATtTIO,'TEMPERATURE LESS THAN TRIPLE POINT TEMPERATURE'> 

OSATVi-1.0 
150 RETURN 

END 



FILE: MFTF*CSA TIME: 10:21:2 

SUBROUTINE HPHA7(T,P,DHLUP,T0LU.SLENTH.SVENTH.HVAP) 
T=T(K) DHLDP.SLOPE OF SATURATED LIQUID ENTHALPY WITH PRESSURE 

IN <JOULE/KG)/(NT/METEB-2) 
TCRIT=136.2 TTRtPL=G3.15 
IF (T.QT.TCRIT) GO TO 100 
IF (T.Lt.TTRIPL) G D T O 130 EPS=O.01«P 
PUPPER«P+EPS 
PLQVIER = P-EPS PMEAN = P lt.1EAN=T P-PUPPEK 
tOLD=T CALL TVPIP,T.TOLD) 
CALL ENmSL(T.P.SLENTH.SVENTH.HVAP) 
t l U P P E R S L E N I H 
P=PLOWER 
TOLD=T 
CALL T t f P l P . T . l O L O ) 
CALL ENt H S U T . P . S L E N T H . S V E N T H . H V A P ) 
HLOWER=SLENTH 
l' = PMEAN 
T=TMEAN 
DH1.DP=(HUPPER-HLGWER)/ (2 .0»EPS) 
CO TD 140 

100 WR1TF ( G . I l O t 
I I O FORMAT! n o . ' T E M P E R A T U R E GREATER THAN CRIT ICAL TEMPERATURE") 

DHLDP=-1 . 0 CO TO 140 I20 WRITE I G.I 30) 130 FORMATITIO,'TEMPERATURE LESS THAN TRIPLE POINT TEMPERATURE1) 
DHLDP«-1.0 140 RETURN END 



«. DPCAL •• FILE: M1TF»CSA TIME: 10:31:30 • DATE 040579 PAGE 

1 S U U H O U M N E Dl'CALlDP, T2.A1 .A2.A3, A4.AS,A6,A7 1 
2 COMMOM/PROP/B1 .B2.03.B'? .Qb,U6 
3 C1MMDN/CALC/WD0T.0UAL1.0UAL2,D1 AM.p.T 
4 COi-.lOH/CAl C/REVN.FRICT.VAPVEL.VAPMCH.DENS 
5 COMMOM/CALC/TOUA1. 
C PFRACT=0.0 
7 P1=P 
S IF (QUAL1.GE.1.0) GO TO 230 
9 C 

10 C PRESSURE DROP AND QUALITY CHANGE ANALYSIS FOR TWQ-PH 
It C FLOW (QUALITY < t.Ot 
12 C 
13 l r (P.LT.101325.D> GO TO 340 
14 CAIL N2PROP(P ,T ) 
15 1 1 = 1 
16 VV1=01 
17 V L I = 0 2 
I B RIIOUI=U3 
19 R H O L I i i l J 
2 0 I IVI=B5 
21 D H l = 0 6 
2 2 R E Y N = 4 . 0 - W 0 0 1 / ( 3 . 1 4 I 5 9 » 0 1 A M - V L 1 I 
2 3 F R t C t = O . 0 0 S 6 » O . S « < R E Y N - . ( - O . 3 2 ( ) 
24 R L D - I A 1 / O I A M I + A 4 
25 EFFL^RLD-DIAM 
26 IF (EFFL.EQ.O.O) GO TO (20 
27 DPINlT=rniCT'RLD-ll|4.0»HDOT)/|3.14)59»(DIAM>»2)))•»2)/(2.0.RHOL1> 
28 DPDLOO'DPINIT.'EFFL 
29 IF'10UAL1.NE.0.0> GO TO 100 
30 XII-0.0 
31 XLOCK=1.0 
32 GO TO 1lO 
33 100 «11=(lll .0-QUA LI )/QUA LI ) • • 1 .B>•t ( V L 1 / W 1 »• » D . 2 1 »l RHOU 1/HH0L1 ) 
34 XLOCK=(SQL 1 I XI T ) ) . . ( 1 .0/1 .a) 
35 H O PHI FR=1 . O t ( 1 . 7 0 3 4 5 4 / X L O C « ) + ( 1 . 2 B 9 0 7 6 / ( X L 0 C ; t * » a ) ) 
3 6 DPOL=DPOLOO> | PHI FR- » 2 ) » ( ( 1 .O-QUALI > • • 1 . 8 ) 
37 D P F R I C U P D L » E F F L 
3a GO TO 130 
39 120 D P F R i C O . O 
40 DPULOO-0 .0 
41 130 DPHEAU=y . B 0 6 G U A 3 - A 2 >/DH1 
42 DP*DPFI! IC + OPHEAO 
43 P=PI-DP 
44 |F (P.LT.101325.O) GO TO 240 
45 CALL N2PROP(P.T) 
4G T2=T 
47 VV2=B1 
48 VL2=B2 
49 nHDV2=H3 
50 RHOL2=U4 
51 IIV2 = Q5 
52 DH2=CG 
53 Y1-(DP-DH1J/HV2 
54 Y2=(0UALI->HV1 )/H\/2 
55 Y3«<9.U006*(A3-A2))/HV2 
5B Y4><A5/WDOT)/HV2 
67 QUAL2A=YI+Y2-Y3+Y4 



F I L E : MFTFfCSA I I M = : 1 0 : 2 1 : 2 0 

I F (0AJAL2A-1.O) 1 4 0 , 2 2 0 , 2 2 0 

1 4 0 R E L V L 1 M 1 -0 -QUAL1> /< | ( ( t . O-IJUALI ) /RHDL1)+ (QUA LI /HHOWI I )»BHDL1 ) 
R E L V L 2 M 1 . 0 - Q U A L 2 A > / ( < < < 1 . 0 - Q U A L 2 A J / R H O L 2 1 + ( Q U A L 2 A / R H 0 V 2 ) > * R H O L 2 > 
RELVV1=1 .0 -RELVL1 
RELVV2=1 .0 -RELVL2 
PHIMOM=4 (< ( I . 0 - Q U A L 2 A ) » » 2 ) / R E L V L 2 ) - | (< 1 . 0 - Q U A L l ) • - 2 1 / R E L V L 1 )>*< ( OU 

1 A L 2 A » » 2 , R E L V V 2 ) - ( 0 U A L 1 • • 2 / R E L V U 1 J ) • ( t R H O L 1 + R H 0 L 2 ) / ( R H D V t + R H Q V 2 ) ) 
D P M 0 M = P H 1 M 0 M > < W D 0 T > > 2 ) / < ( t ( 3 . 14 1 5 9 / 4 . 0 ) * D I A M » » 2 ) * » 2 ) • ( RH0L1+RHOL2 ) 

1"O.S> 
0PHEAD=9.B06G« <A3-A2> /DH1 
I F (DPDLGO.EQ-O.O) GO TO 190 
T R M t = ( ( 1 . 0 - O U A L 1 ) » - 2 . 8 ) - ( { I - 0 - Q U A L 2 A ) • « 2 . 8 ) 
T R M 2 = ( ( 1 . 0 - Q U A L 1 ) » » 1 - B ) - ( ( 1 . 0 - Q U A L 2 A ) » » 1 . 8 ) 
T H M 3 = ( ( 1 . 0 - Q U A L 1 ) » • O . B ) - ( ( 1 . 0 - O U A L 2 A ) • « 0 . 8 > 
R I N I 1 = THM1/2 .U 
R I H T 2 M - T R M I / 2 . B O + ( T R M 2 / 1 . 8 0 ) 
R I N T 3 = t T R M l / 2 . B O ) - < ( 2 . 0 / 1 . 8 ) • I R M 2 }-t( ( 1 . 0 / 0 . 8 ) »TRM3J 
IFLAC=0 
R N = 1 . 3 0 
RM=0.50 

ISO £ U M 1 = 0 . 0 
SUM2=0.C 
AK = 1 . O/ ( RM+1 . O) 
OO 160 K=1 . 1 0 
RK»K 
SUM1 =SUM1+AK« (QUAL2A* * ( RM+RK ) ) 
SUM2=SUM2+AK. (QUALI • • (HM+RK) ) 
R K = R K + I . 0 

IGO AK=-AK' ( RM4-RK-I . « ) < ( RH-RK+2 . 0 ) / ( ( RfcWRK ) » ( RK-1 . 0 > ) 
I F ( 1 F L A G . E Q . 0 ) GO TO 170 
RINT5-SUM1-SUM2 
GO TO 1(10 

170 RINT4=SUM1-SUM2 
IFLAG=1 
RN=O.30O 
HM=1.S00 
GO TO 150 

180 1HEIA=I < IVtl/VVI >•.O.1 )*( (RH0V1/RH0L1 )**0.5))*»(1.0/1.8) 
RINT^RlfJT 1+3. 406908 'RINT4/THETA+5.439908«RINT2/fTHETA**2>+4.323625 

1.BINT5/tTHEIA''3t + 1.610554.RINT3/ITHEFA*»4) 
DPFRlC»ErFL*DPDLOD«RINT/lOUAL2A-qUAL1) 
GO TO 200 

190 DPFR1C=0.0 
200 OP=OPFH IC + OPMEAD+DPIWOM 

P-P1-DP 
It (P.LT.101325.O) GO TO 240 
CALL N2PR0P<P,T ) 
T2=T 
W 2 = B1 
VL2=B2 
[JHOV2 = Fi3 
RHOL2=D4 
KV2=B5 
Dt-2 = BS 
VEL1 = ( 4 . 0 - W D 0 T ( / ( 3 . 1 4 1 5 9 M G I A M ' <• 2 ) )»<< 1 .0/RHOS-1 )+QUAL1* ( ( 1 . 0 / R H O V i 

1 ) - ( 1 . 0 / R H 0 L 1 > ) ) 
VEL2=<4.0«UD0T > / < 3 . 1 4 1 S3 - ( DIAM« * 2 ) ) •< < 1 . 0/RHQL2 )*QUAL2A.» I U .O/RHUV 



FILE: MFTF*CSA TIME: 10:21:20 DATE 040579 
116 
117 
1 18 
119 
ISO 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
13S 
136 
137 
13S 
139 
140 
141 
142 
1'43 
144 
145 
14S 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
150 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
«70 
171 
172 
173 

12>-< 1 . 0 / R H 0 L 2 ) ) ) 
QUAL2=< IDP-DH1 ) + ( Q U A H *-HV 1 ) - ( 9 - 8 0 6 6 - ( A 3 - A 2 ) )-•( A5/WDOT ) -O . 5 * ( { VE L 2 * 

1 * 2 1 - 1 V E l l f 2 ) (1 /HW2 
RELCHU= I IQUAL2A-QUAL2) /CUAL2A)* 1 0 0 . O 
I F 1 R E L C U G - « 2 . L T . 1 - O E - 2 ) GO TO 2 1 0 
OUAL2A-QUAL2 
ICOUNT=1COUNI+1 
I F I I C O U I 1 T . G T . 1 0 ) GO TO 2 1 0 
GO TO 140 

2 1 0 VAPVEL=WSOT/10.5» IRHOV1+RHOV2)) 
VAPMCH=\/APVEL/<20.4 1 4 » S Q R T ( ( T l + T 2 ) * 0 . 5 > ) 
S P E C V L = 0 . 5 * I ( I 1 . 0 - 0 U A L 1 I /RHOL1 >+ < ( 1 .0 -QUAL2>/RHDL2 > + I QUAL1/RHOV1 ) + 

K 0 U A L 2 / R H O V 2 I ) 
OENS=1.O/SPECVL 
B1=VV2 
D2=VL2 
B3 = R>«OV2 
B4=RH0L2 
B5=HV2 
DG=DH2 
GO TO 2 4 0 

PRESSURE DROP ANALYSIS I N FOR QUALITY - 1 . 0 CASE5 

2 2 0 XFHACT=<HW2-QUAL1*HV1 ) / < DP • DH1-9 . B 0 6 6 - ( A3-A2 ) + ( A5/WDDT ) ) 
PFRACT=XFRACT*DP 
P^Pl- i 'FBOCT 
IF ( P . L T . 1 0 1 3 2 5 . 0 ) GO TO 240 
CALL N2PHOP(P ,T ) 
IOUAL=T 
A 1 - A 1 • ( 1 . O - X F R A C T ) 
« = A 2 M 1 .O-XFIJACT) 
A3 = A 3 M 1 . O - X F R A C T ) 
A4=A4M 1 .O-XFI iACT) 
« 5 = A 5 » ( 1 . O - X F R A C T ) 

230 V I S G A 5 ~ 1 . 1 U 5 E - 7 * < T < ' 0 . 6 8 1 5 ) 
R E Y N - 4 . 0 - W D O T / O - 1 4 1 59»D1 AM* V I SGAS I 
F R I C T = O . 0 O 5 6 * 0 . S * ( R E Y N * » ( - 0 . 3 2 ) ) 
K L D - 1 A l , O I A M ) * A 4 
PP = P 
QuAL2=1-O 
CALL GN2UENI T, PP .DENS ) 
OENIN = [ l tNS 
CALL S I 'Cn iT I T, SPECHT ) 
GMACi-UVAI'MCH 
G1 = 1 . 0 ) O . 2 0 6 S » ( G M A C H - * 2 > 
G 2 = 1 . 0 - 1 O H A C H • 4 2 ) 
G 3 = 0 - 4 1 3 - (GMAUII* ' 2 ) 
G 4 = t - 0 * G 3 
TSTAG=T >( 1 . 0 + 0 . 2 0 6 0 - (GMACH*»2) ) 
lJV.ASS = WDOT+DENSt Al * ( D I A M * » 2 ) M O . 7 8 5 3 9 8 ) 
QTSTAG'AS / ISPecHT* I'M ASS) 
D M M = l G - 1 * G l / ( 2 . 0 * G 2 > ) * ( DTST AG/T5T AG ) + I < G 3 . G 1 / ( 2 . 0 - G 2 ) ) - 4 . 0 » F R I C T * R L 

I D ) GMACH=GMACHi(GMACH* DMM) 
TSTAG=TSTAG+DTSTAG T=TSTAG/<1.0+0.2065*(GMACH*»2)) T2=T 



II II" 

»• OPCAL »» 
174 
175 
175 
177 
17B 
179 
180 
181 
183 
183 
184 
185 
186 
187 
IBB 
189 
190 
191 

FILE: MFTF'CSA TIME: 10:21:30 DATE 040S79 PAGE 73 
tEXIT=T 
CALL GNSIlENd .PP.DENS) 
DEUOUl-DrilS 
DPINI IM ' ) .0 'FRICT»RLD/13 .0» [ (DENOUT+DEN IN I / 2 . 0 ) ) ) •< ( WDDT/ ( 0 .7B540« 

1CDtAM- 21 )> '«2> 
PP=PP-DP1NIT 
CALL GN2DEINtT,PP.DENS) 
DENOUT=LltNS 
DP = PFR..CTO.B066»(A3-A2>«< ( DENOUT+DEN IN) / 3 . 0) 
DI> = DP*(<1.0-FRlCT-RL0/(2 .0- ( (DEN0UT+DENIN)/2.0) ) ) • ( (WDaT/(0.7B540-( 

1D1AH>«2)1)»»2> 
P=PI-DP-PFRACT 
VAPMCH-GMACH 
«APVEL=VAPMCH*20.414»S0RT(T) 

240 DP=P1-P 
F-P1 
RETURN 
END 



»• DPCLDD •• FILE! MFTF.CSA TIME: 10:21:20 DATE 040S79 

DOUBLE PRECISION FUNCTION DPCLDD(D.T) DDUBLE PRECISION O.T.H.VIRB R^.OBaosseo+o 
DPCLDD=R-T+2.D*0»R«T»D»V1RB(T) 
RETURN 
END 



•• OPClUT •* FILE: MFTF.CSA TIME: 10:21:20 DATE 040579 

1 2 3 
A 5 G 

DOUBLE PRECISION FUNCTION DPCLOTfO.Tt DOUBLE PRECISION D.T.R.VIRB.DBDT H = .002055804-0 
OPCLOT»R«OtR-0»VlRB(Tt»0*-R»T«0»OBOT<T)»D 
RETURN 
END 



•* DPDTvP *+ FILE; MFTF'CSA TIME: 10:21:21 •ATE 040579 

1 
2 
3 
4 
5 
6 
1 e 
g 
10 
11 
IS 
13 
14 
IS 
16 
17 
ie 
19 
20 
21 
22 
23 
24 
25 
26 
27 

DOUBLE PRECISION FUNCTION DPDTVP|TT» 
OOUCLE PRECISION DELT.VPN 
DOUBLE PRECISION TT.T.P.C.D.Z.V 
DIMENSION CI101.DII4) 
DATA C/-3. 939-10352(170*0.141 . 2749759BD+0 . -1 640 . 771 I565D+0. 1 197 4.557 

1 102D4 0,-552113. 309Btt)D»0, 1GG2 I 9. 5GS04D+0 , -325212 ,U2a400«-0 . 3 9BB43 . 22 
275OD+0 . -2777 I U.06992D+0 , B3395.2041 B30+0/ 
DATA 0/-49.5I054035GD*0.651 .923641 7D40 . -3707 . 5430 856D+0 . I2SB0.6734 

1 91 D*O.-30O4B . 645554D+0 .49532 . 267436.1*0 .-59337 -S50548D+0 .52311 .2960 
225D+0.-33950.233134D*0.1602B.674003L+0.-5354.10309570+0.1199.03019 
306O*0.-IGt.4G3G2959D+0.9.BB115533860*0/ 
P=0 
i = i i - 0 E L m n 
IFIT-2.1720)10.:0.1 

1 OD S 1 = 1 . 1 O 
Z«l-I 
V = 2-t 

5 PiP+C(1>'T*»2«Y 
OPOTVP*P>VPN<T) 
RETURN 

10 DO 15 1=1.14 
Z=1-I -
V = 2-1 

15 P=P+OI I 1 » T " 2 » V 
DPQTVP=P«VPN«T» 
RETURN 
END 



rlLE: MFTF>C5A TIME: 10:21:21 DATE O40579 77 

1 
2 
3 
4 
S 
6 
7 • 
9 

t o 
11 
12 
13 
14 
15 
16 
17 
IB 
19 
30 
21 
22 
23 
24 
25 

>• 26 
"^ 27 

SUBR0U1 I HE OPLINE t OP.F . XLD, PP.RMACH. PGRAO.OIA) 
ISOTHERMAL LliJE PRESSURE DROP SUBROUTINE 

Y = l . 6 6 7 ' irtMACM«*2) 
XLDtJIAX = 0 . 2 5 . | | | 1 . 0 - V ) / Y ) * A L O G ( Y ) ) / F 
IF (KLD.GT.XLDMAX) CO TO 100 
BMD=10.0 

100 X - B N D / I O . O 
M O G=< » . 0 - X ' * 2 l / Y + 2 . 0 « A L a G ( X ] - 4 . 0 « F 'XLD 

D G » - 2 . 0 - X / Y + 2 - O / X 
! F ( G > > 2 . L T . 1 . O E - 5 ) GO TO 130 
XNEW=X-G/OG 
I F - ( X N E W . L T . 0 . 0 1 GO TO 100 

IF (XNEW.GT.1.0) GO TO 120 
IF IIX-XNE»>.»2.LT.1.0E-8) GO TO 130 

120 CONTINUE 
X-XNEW 
GO TO 1lO 

130 QP=PP-(X-PP) 
PGRAD=DP/<XLD*OIA) . 
GO TO 150 

140 DP=-1.0 
PGRAO--1-O 

150 RETURN 
ENO 



•• DPVALV •• FILE: MFTF»CSA TIME: 10:31:21 DATE 040579 

1 
2 
4 
5 
G 
7 
S 
9 
IO 
It 

SUUKDU1 INE DPVALV (DP. I- . XLD . PP. MOOT .DEN , D t A, PCRAOI 
VALUE PRESSURE DROP SUBROUTINE 

REAL MDOT 
t>P»3.S42E-3-F-XLt>»IMDOT»»a>/(DEN» (D1A»«4) ) 
IF (DP.LT.PP) CO TO 100 
OP>-l.0 

100 PGRAD--1.0 
RETURN 
END 

> 



•• D5A1L •* FILE: MFTF'CSA TIME: 10:21:22 • DATE 040579 PAGE 79 

1 DOUBLE PRECISION FUNCTION [>SATL(TT> 
DUUBLE PKECISIUH GL , r . DCAL . H . TCR . X£ . T T . . .TC 
DIMENSION Gl.l G > . DC< 1 > , TCI 1 > 

•i DATA GL. ' I . 2 P 7 4 3 2 G 4 S 4 D - 1 . - 4 . 3 1 2 8 2 1 7 3 * 1 6 0 - 1 . 1 7 . 8 5 1 9 1 1B24D-1 . - 3 3 . 5 0 9 6 2 
s l»1-ll"3D-1 . 3 0 . 3 1 4 2 1 5 B 2 4 D - 1 . - 1 0 . 9B1 2 B 9 6 0 2 D - 1 / 
© •ATA 0 C / . 0 6 9 G 4 D t 0 / 
7 DATA 7 C / 5 . 2 0 1 4 D 4 - O / 
u T^TT 
9 OCAL=OC 

1 9 TCR=IC 
11 B = C 1 - D » 0 - T / T C B 1 
1 2 OO 2 1 = 1 . 6 
1 3 F I = 1 
1 4 XZ= f ] / 3 . 
1 5 2 UCAL*OCAL*GH I ! * *» •» X i 
I S OSATL-OCAL 
1 7 RETURM 
I B E N O 

I 



• • DSATv * » F I L E : MFTF'CSA T I M E : 1 0 : a i : 2 2 DATE 0 4 0 S 7 9 PAGE 8 0 

1 DOUBLE PI IECIOIDN FUNCTION DSATtH T T ) 
S DOUBLE 0HECIS1OM G l f , I . D C A L . S . T C H . X Z . T T , D C , T C 
3 DLMEU5IGN GVIO I ,OC( 1 ) , TC< 1 ) 
* DATA G\l.- - 0 . 6 9 2 G 7 4 9 5 3 2 2 D - 1 , - 1 . 2 9 2 5 3 2 5 S 3 D - 1 , 2 , 9 3 4 ? ' 1 7 0 7 1 SO-1 . - 4 . 4 8 0 6 6 
5 1 5 G 2 1 2 D - I . 3 . 5 B 0 9 5 0 5 6 2 4 D - 1 . " I . 1 3 1 S 5 8 0 3 9 7 D - I / 
6 DATA D C / . 0 6 9 6 4 0 * 0 / 
7 DATA 1 C / 5 . 2 0 1 4 0 + 0 / 
B U 1 T 
9 DCAL=OC 

10 TCR-TC 
11 R = 1 1 . D K > - I / T C H > 
12 DO < 1 = ' . 6 
13 F t = I 
H XZ» F I / 3 . 
15 1 O C A L = O C » L + G V ( I t . R . - K Z 
16 DSATV-OCAL 
17 RETURM 
I S END 



F I L E ; MFTF»CSA TIME I 1 0 : 2 1 : 2 2 

5 u o n o u r i i ) E n i u E F 
CIUUUIE r H E C I S l O N A . B . D . 0 0 . D 2 . D 3 . O 4 . 0 S . O G , T . T T . 2 2 . Z 3 . Z 4 , O G A M A . E K 
I^OUUIE PRECISION H . P . P P . Y A . Y B . Y C . Y O . Y E . Y F . Y G . Y H 
DOUBLE PRECISION GAMMA. WT 
DOUBLE PRECISION OPCLDT 
DIMENSION A | 3 0 ) , B < 3 0 ] 
COt.^VON/OA>»/PP.DD. TT ,WT. A.B.N.GAMMA, L 
0 = DO 
T--T1 
D 2 = D ' D 
C3 = D 2 - D 
D4=D3 .U 
DS=D4'D 
D0-D5-0 
Z 2 = T - T 
z s = Z 2 « r 

OGAM A = U 2 M - - S D - 3 ) EX - DCXP(DGAMA) 
I I - 1 
R = .CB2055BD«0 
A « H I = 0 . O 
N = N H 
A ( M ( = ( - 1 . D * 0 ) - D 6 / Z 2 
N = N»I 
OO 2 1 = 1 . 6 
F1 = I 
Y A = . 7 5 - F I / 4 . - l . 
Y 0 = - 7 5 - r l / 4 . 
At«»=>OS* I « « Y A « r B 

2 B = K t 1 
OD 3 I - 1 . 4 
FI = I 
Y C = I , 5 - F I / l . - » . 
» o - i . 5 - r i 
A (N l=D4«T»«YC«YO 

3 N = r i f l 
DO 1 I = 1 . B 
F I = I 
Y E = 1 - 5 - F 1 / 2 . - 1 . 
YF=« . 5 - F I / 2 . 
A ( « J - 0 3 ' T * « Y E « Y F 

1 N = ! I H 
DO 4 1 = 1 , 3 
F l = l 
Y G = I . - F I - 1 . 
» H = I . - F I 
A ( N > = E X ' 0 3 - T « - Y G « YH 

4 N = N H 
DO 5 1 = 1 . 3 
FI = I 
Y G = I . - F I - 1 . 
Y H - I . - F I 
A IN> ^ E X - O S - » • » Y G * y H 

5 N = N f l 
N = N-1 

0 P»0 
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EUMiW *» riLE: MFTFtCSA TIME: 10:21:23 DATE 040579 

3 
3 
4 
S e 
i r 
y 

10 
ti 
»a 
13 

DUMMt* 
C 

PHDC 
DIMENSION SCRICHI1O0) 
COMMON /COUM'AV/ IGfleAGdQOI 
EQUIVALENCE 4 IGRUAG,SCUTCH) 

..... CDUMMV VARIABLE DESCRIPTION 
IGRBAG A SCRATCH AREA FOR VARIABLE STORAGE WHICH IS 

NOT TO BE SAVE FROM ON ROUTINE TO ANOTHER. 



D2DB12 " 
1 
2 
3 
4 
5 
6 
7 C 
8 c S c ID c 11 c 12 c 13 c 14 c IS 
16 
17 
18 
19 
30 
SI 
22 
23 
24 

F I L E : MFTF'CSA T I M E : 1 0 : 2 1 : 2 3 DATE 0-10579 

DOUBLE r H E C I 5 I O H FUNCTION U 2 D 0 r 2 l t l 
DOUBLE PIIECI51GN A . B . T . Y A , Y B . Y C 
DIMENSION A I 9 ) 
DATA A/-b.0B1b7tO041D-7.-1 . 1 1t>l!6»0Ua2U-1 . I . IG524UD354D-2. 

17.4-17.q,ill730UD-2.-5.31fl317176U0-1 . -9.575921930GD-1 . 
33. 9371.J 1 •la4:»U 10. - 5 . 1370239224DK>, 2 . OBO-145S330D+O/ 
COEFFICIENTS FROM PKOGr 5/2tV70-I 630 
THIS 5110 PROGRAM CALCU ES THE SECOND VIBIAi COEFFICIENT FOR 
HtuluM. IHE RAtlGE IS .10M 2 To 1500 DEG K. INPUT IS TEMPERATURE 
IN DEGREES KELVIN AND IUSE. IF I SUE IS 0 OR NEGATIVE THE ROUTINE 
CALCULATES B FOR THE EQUATION PU.RTII»BD4 Foil OTHER VALUES OF 
IllSE. THE ROUTINE CALCULATES THE VARIANC OF B AT THE INPUT TEMP 
UNITS ARE ATM, DEG KELVIN. AND MOLES/LITEB.4/3/69-12S?.R.D.MCCARTY 
REVISED 2/12/70-925 

1 B-O 
DO S 1=1,9 
Fl = I 
VA=.5-Fl/2.-l 
YB*1.5-FI/2. 
YC».5-FI/3. 

5 B ^ B t T -YA-YB*YC»A( I 1 
D20BT2=B 
RETURN 
END 



•» ENIHAL »» MFTF»CSA TIMES 10121:3.3 DATE 040579 

I 
2 
3 
4 
S 
6 
7 
B 
9 
IO 
11 
12 
13 
14 

DOUBLE PRECISION FUNCTION EHTHA L I P . u, 1 ) 
DUUBlc PRECISION T .CPOH.Il.D.P.HO.HD.HINT.HTO.CXT.ZERO 
CALCL'IATLS ENIIIALPYFOR HELIUM FROM IHOCRAM 1-IM-A/,13-40-27.MCCAUT 
LPDII i b. l,JJ0->3D»0»t t-4.2l44D»01 
n r O = UG- b 5 B 2 l } 4 0 
R = . 0820' j ' jUOtO 
CKT « 25.314G'JDKJ 
ZERO * O.OIXO 
HO . H I N T f Z E R O . T ) 
>IDiHINT( D . T ) 
CNTHAL = HTO+CPOH+CXT"fHO-H0+P/D-R»TI 
EUIMAL-ENTHAL-4.00260*0 
RETURN 
END 



ENTRQP •• rlLE: MFTF-CSA TIME: 10:21;24 DATE 040579 

I 
3 3 
A 5 6 T 8 9 

to 
tl 
12 
13 
14 
IS 
16 

DOUBLE PRECISION FUNCTION ENTRQPlD.TI 
DOUBLE PRECISION STO,D,T,CPOS,ENTO,SI NT,ENTD.R.ZERO 
DOUBLE PRECISION XLT.RLRID 
CALCULATES ENTROPY FOR HELIUM FROM PROGRAM 1-1 !*-'»/ . 13-40-37 .MCCART 
ZERO = O.OD+0 
STO = 9.2€5liqO»0 
XLT = DLOG(T/4.2l44DtO) 
CPOS = 5.I930D+0»XLT 
R=.0U20SbUD*0 
ENTO _ SINT(ZERO.T) 
ENTD = SINT(D.T) 
RLRTD » R*0L0GtR*T>O> 
ENTRDP • S1O+CPOS + 3S.3I469D + 0XENT0-ENTD-RLRTD) 
ENTROP^ENTROP «4 . 0O2SD+O 
RETURN 
END 

> • 



FILE: MFTF»CSA TIME: 10:21:24 DATE 010579 PAGE B7 

1 DOUBLE PRECISION FUNCTION FlNDD(Pt.DI ,TI ) 
2 DOUBLE PRECISION A,B,T.0,P.P2.Dp.CORR•TT.DD,PP.PI,D1.TI 
3 DOUBLE PRECISION GAMMA.WT 
4 DIMENSION A(30).B(30) 
5 CDMMDM/OATAypp.DD.TT.WT.A,B,NC,CAMMA.L 
6 P = PI 
7 D = DI 
a DD = DI 
9 T = Tt 

10 T T = T I 
it DD 10 1=1.50 
12 DD = D 
13 CALL HEFIT 
14 P2 = PP 
15 IF(ABS( P-P21-1 .D-7«P)20,20,1 
16 1 CALL DDHEF 
17 OP=PP 
16 COBR=(P2-PJ/DP 
19 IF(ABSICOSBI-1.0-7*DI2 0.20,10 
20 10 D=D-CORR 
21 FIND D=0 
32 RETURN 
23 20 FIND D=D 
24 RETURN 
SB END 

ON 

I 



FILE: MFTF»CSA TIME: 10:21:25 •ATE 040579 

1 2 3 
A S 6 7 8 9 10 

FUNCTION FINDR(N) 
FINDR RETRIEVES THE GAS CONSTANT IF H « 1, HELTUM GAS CONSTANT IF N « 2, NITROGEN CAS CONSTANT 
DIMENSION G12I 
DATA G / O.21183406. 
FINDR=G(N) 
RETURN ' 
END 

0.030267)9/ 

00 



*• FINTAB ** FILE: MFTF»CSA TIME: 10:31:29 

1 C ' X . 
2 c » ROU1INE NAME - FIND AND INPUT THE MASTER • 
3 C * TABLE OF A SET OF TABLES • 
4 C * ROUTINE LANG - FORTRAN V UNIVAC I 1 OH EXEC 2-
5 C » PROGRAMMER - R. BOLLINGER 1913 102 26933 • 
6 C * DATE CODED - 3/9/70 . 
7 c . » . • • . • • . . . . » • , • * . » « . . , » , 
a c 
3 SUBROUTINE FINTAB(MrN) 
10 c 
11 C *..»» EXPLANATION OF THE CALLING SEQUENCE 
12 C • 
«3 C * MTN - MASTER TABLE NUMBER. THE INDEX OF THE ARRAY TLA 
II C • (SEE POP CTAB) WHICH POINTS TO THE PROPER DRUM 
15 C ••••• LOCATION FOR THE TABLE. 
IB C 
17 c 
IB INCLUDE ClOUNT 
19 INCLUDE CTAB 
20 INCLUDE CTABA 
2t C 
22 J1ABID » MTN 
23 IF (TLA(MTN) -GT. 0.) GO TO S 

fc 24 WRITE (IOT.60201 MTN 
as 25 CALL EXI I 

26 5 CONTINUE 
27 IDXI = ILAIMINI 
2S NO = 1 TACILEI I DX 1 ) 
29 1FIND.LE.2) GO TO 20 
30 C 
31 NDM2 - NO - 2 
32 DO 10 I 1 = 1 .NDM2 
33 ID<I • IDXI « 1 
31 NP = ITABLEIIDXI) 
35 1TAP.1 1 . I 1 ) - NP 
36 DO >0 12=1,NP 
37 IDXI = IDXI + 1 
3B lAUlIZ+l.lt) - TABLE!IDXI) 
39 IO CONTINUE 
40 C 
41 20 IDXI = 1DX1 + 1 
42 RETURN 
43 c 
44 C 
45 6020 FORMAT CO'// 20X ' * •> • LOAD TA3LE ND. • 14.' BEFORE VOU TRY TO USE 
46 I II | 
47 END 

DATE 040579 

! 



"LODEQ • * FILE: MFTF*CSA TIME: 10:21:25 

1 C 
a c 3 c 4 c 5 c s c 7 c 8 c. 9 c IO c 11 
12 c 13 c 11 c IS 0 
16 c 17 c la c 19 c 20 
21 c 22 
23 
24 
25 
26 

*. ROUTINE NAME -

ROUTINE LANG 
DATE CODED 
PROGRAMMER -

FANO LINE - ONE DIMENSIONAL » 
COMPRESSIBLE-FLOW FUNCTION * 
FOR ADIABATIC FLOW AT -
CONSTANT AREA WITH FRICTION » 
FORTRAN V UNI VAC tllO EXEC 8* 
AUGUST 23. 1976 » 
F.HAUSMAN 104-B2t3-3023S » 

FUNCTION! FLDDEQ<M,G) 
• *»•"« EXPLANATION OF THE CALLING SEQUENCE 

- H - MACH NUMBER 
• G - SPECIFIC HEAT AT CONSTANT PRESSURE/ 

»•»•» SPECIFIC HEAT AT CONSTANT VOLUME 
REAL M.MSQ 
MSO - M*-2 
FLODEQ = (1.0 - MSQ)/(C«MSQ> + < G + 1 .O)/(2.0«G)-ALOG((G+1.O)'MSO/ 

1 (2.0 + (1 -04-( (G-1 ,0)/2.0)"MSQ) >) 
RETURN 
END 

DATE 040579 PAGE 90 



GETCON F I L E : MFTF«CSA T I M E : 1 0 : 2 1 1 2 6 DATE 010579 

1 c 2 c 3 c 4 c 5 c 6 c 7 c a c 9 c io c ii 
12 c 13 c 14 c 15 c 16 c 17 c 18 
19 
20 c 21 
22 
23 
24 c 25 
ae 

» ROUTINE HAME -

ROUTINE LANG 
PROGRAMMER 
DATE CODED 

RQU11NE TO UNPACK THE FIRST * 
wono nf THE CONFIGURATION « 
VABE. SEE S.R. STdCOH FOR • 
WORD FORMAT • 
FORTRAN V UNIVAC 1 10B EXEC 2» 
R. UOLL1NGER 1943 102 26933 • 
3/11/70 . 

SUBROUTINE GETCON(IDX) 
«•»»•• EXPLANATION OF THE CALLING SEQUENCE 
..... 1DX - INDEX OF THE CONFIGURATION TABLE 

INCLUDE CCNF1G 
INCLUDE CIOUNT 
DD 10 II = 1.6 
1CNF1GII1* . IPBVTEICOMFIGI IDX. 1 t.I 1.0.6) 

10 CONTINUE 
RETURN 
END 
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F I L E : MFIF>CSA T I M E : 1 0 : 2 1 : 2 6 

SUQROUMUE GN2DENI T . PP .OEMS I 
IG=T 
DIMENSION ATMl7) .DATUM 71.A( 16) RHO=1.0 
DATA!At I I . 1 = 1 , 4 ) / , 3 3 7 1 6 0 B E - 1 , - 0 . 5 7 7 1 9 4 3 . - Q . I 1 4 2 1 0 8 E 3 . O . B S 2 2 6 3 5 E 3 / 
DATAlAt 1 ) , l = 5 , O > / . 3 4 4 0 1 7 6 E 7 . . I 6 5 0 3 6 6 E - 2 , - . f 57O90IJE-1 . . 4 t G S 3 S 6 9 E - S / 
OATAIA4 1 I . 1 * 9 . 1 2 1 / . 3 2 1 1 5 4 9 E 3 . . 1 0 B 0 1 2 E G , - . 1 0 B 6 6 S B t a . - . 3 3 0 4 4 B 9 E 1 / 
D A T A I A < l t . I * l 3 . 1 S ) / . 1 2 2 3 6 9 4 E 4 . - . 5 G 9 3 5 3 9 E 5 , . 1 6 7 5 1137E-S . O - S 6 E - 2 / 
DATA R ' O . B 2 0 5 7 4 E - I / 
P A 1 M « P I ' / I 0 1 3 2 5 . 0 

100 ATN'I l l = K - RHO> TG 
ATMl 2\- :»HD> • 2 ) » ( R > A ( 1 » » T G * A « 2 ) + A ( 3 ) / T ( i 4 - A ( f l > / ( T G - « 2 ) * A ( 5 ) / I T G » » 4 ) > 
ATM( 31 - <RHO« ' 3 l > m > A I 6 K I G « A ( 7 l I 
A T M I 4 I " ( RHO. » 4 ) « U I B ) * 1 G ) 
ATMI5 IMRHO- . . 3 l * ( A ( 9 l / < T G « » 2 ) 4 - A ( 1 0 ) / ( I C - 3 ) t » < 1 1 I / 1 T G * * 4 I ) 
A1M(SI = ATMIS>-«EXP(-A( 16 I»RHO»RHO1 
ATM(6I = (RHQ< . 5 > * < A l 1 2 > / < T G » * 2 > * A I 1 3 I / < TG» «3 )+A( 1 •! > / < T O » * 4 ) ) 
ATMl 6 ) : A r i W I 6 ) ' E X P I - A ( 16)*RHO»RHO) 
ATM(7>-< B H O < - 6 I - A I 151 
D A T M 1 1 ) = A T M ( I ) / R H O 
0 A T M ( 2 i = 2 . 0 » A T M ( 2 ( / R H O 
D A I M ( 3 > = 3 . 0 * A T M ( 3 I / R H 0 
0 A T M ( 4 > » 4 . 0 . A T M I 4 ) / D H D 
DATM(5 )=A1MI5 )»< I 3 . 0 / R H O ) - I 2 . 0 < A I 16>•RHO>J 
• ATf.flGI = A 7 M ( e i » f ( 5 . 0 / B H O ) - ( 3 . 0 » A < I G I • RHO ) ) 
D A I M I r ) * G . 0 « A l M ( 7 l / R H 0 
FPATHUO.O 
DFPATM-0 .0 
DO 110 1 = 1 . 7 
FPATM-rPATr.lt flJM( I ) 

I I O DFPATM = DFPAT«HDATM| I ) 
I F t I F P A T M - P A T M J - - 2 . I . T . 1 - O E - 8 ) GO TO 120 
RHD=RHO-( I FPATM-PATM)/DFPATIVI) 
GO TO 100 

1 2 0 DENS=RHO-28 .016 
RETURN 
END 

http://FPATM-rPATr.lt


•» HEFtr •« FILE: MFTF'CSA TIME: 10:21:26 • DATE 040579. PAGE 94 

1 SUBROUTINE HE FIT 
2 DOUBLE PRECISION A.B.O.02.D3.04.D5.DD.T.TT.DGAMA.EX.EX03.EXDS 
3 DOUBLE PRECISION P.PP.PCAL,XA.XB.XC.XD 
4 DOUBLE PRECISION GAMMA.WT 
5 DIMENSION AI30),B(30) 
G COMMON/DATA/PP.DD.TT.WT.A,B,N,GAMMA.L L 
7 D=DD 
6 T=TT 
9 D3=D*D 

10 D3 =D2-0 
11 D4=D3«D 
12 DS=D4»D 
13 DGAMA = D2*{-.5D-3) 
11 EX = DEXP(DGAMA) 
15 H-1 
16 EXD3=EX*D3 
17 EXD5=EX«D5 
IS A(N)=DS*D 
19 N-N+1 
20 AIN)=A(N-I)/T 
21 N-N+1 
22 DO 2 1=1.6 
23 FI=I 

>• 24 XA=.75-FI/4. 
£5 a s A1N)=D5»T»-XA 

26 2 N = N+1 
27 00 3 1=1,4 
2B F I =.1 
29 XB=1.5-FI 
30 A(N)=D4«T*«XB 
31 3 N = N+1 
32 DO 1 1=1.8 
33 F I = I 
34 XC=1-5-F1/2. 
35 AIN)=D3<T*.XC 
3G • N = N+1 
37 1 CONTINUE 
38 OD 4 1=1,3 
39 FIil 
40 XO=l.-FI 
41 AlN)=EXD3*T»«XD 
42 4 N = N+1 
43 DO S 1=1.3 
44 FI=I 
45 XD-I.-F1 
46 A(M>=EXD5«T**XD 
47 5 N-N+1 
4B N = N-1 
49 10 P = 0 
50 DO 15 J= t ,N 
51 15 P=P+A(J)-BfJ) 
52 P = P + PCALIDD.TT) 
53 pp=p 
54 RETURN 
55 END 



»• HEHED FILE: MFTF«C5A TIME: 10:21:29 DATE 040579 

3 
A 
5 
6 
7 
S 
9 

10 
It 

CALCULATES HEAD PRESSURE FOR LIQUID HELIUM FLUID 
FUNCTION HEHEtXKHoA.HEDl 
RHQ = ttHOA * HED • 0.00980665 © KPA 
MEHED = RHD 
RETURN 
END 



•* HEMKUP »» FILE: MFTF*CSA TIME: 10:21:28 DATE 040579 

1 
2 
3 
4 
S 
SI 
7 
8 
9 

to 
t < 
12 
13 
14 
15 
16 
17 
IB 
19 
20 
21 
22 
23 
24 

X 26 
27 
2B 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
48 
47 
4B 
49 
50 
51 
52 
53 
54 
55 
56 
57 

» ROUT I ME NAME - HELIUM MAKE-UP COMPUTATION * 
• ROUTINE LANG - FORTRAN V UNIVAC 1110 EXEC 8* 
* PROGRAMMER - R . F . H A U S M A N 104-62 13-302 35 • 
» DATE CODED - FEBRUARY 12, 1979 • 
* * * * * * * * * * * ** * * * * * * * * * * * 

SUBROUTINE HEMKUP 
»*.» THIS SUBROUTINE CHARACTERISES THE REFRIGERATOR-HQUIFIER 

CONDITIONS AND COMPUTES LN? REQUIREMENTS FOR REF.-LIOFH. 
LOGICAL OP, PAGE 
INCLUDE CMAG 
INCLUDE CFLUIO 
BEGIN COMPUTATIONS FOR REFRtGERATOR-LIQUIFIER SUBSYSTEM 

NP5YS = 3 
I F( VIDCIOT . EO. 0 .O] WDGTDT = 302.0 
DWGTOT = WDGTOT/3.6 
SET IN2 BOILER HEX PARAMETERS 
DHN2LV = (KN2V - HN2LI/GMWTN2 
DIIN2VP = 'iiMO - HN2V1/GMWTN2 
SDHN2 •= 3HN2iV + DHN2VP 
DLN2 - DN2L * 0.'JIWTN2 * 1O0O. 
DVN2 = DN2LV * GMWTN2 » 1000. 
DN2HV = DN20 * GMW TN2 » 1000-
HEAT TO BE REMOVED FROM HOT HELIUM 

CALL HEPRDPI pcai i ). TCB( i).:;) 
HHEI = HELH/HEMWT 
DUE 1 = HELD - HEMwT * tOOO. 
CALL HEPROPIPCB(1).1CBI3).2) 
HHE2 = HELH/HEMWT 
DHE2 = HELD • HEf/lWT * 1009. 
ODTHHE = (HHE1-HI1E21 * NDTCBI 1) 
01 = QDIHKE/1000. 
FWDTI = WDTCUI 1 ) • 3.6 
HEAT TO BE TAKEN OUT BY COLD HELIUM 
CALL HEPnOPI PCiil 1 ) . TCB12) .2) 
HUES ' HELH/HEMWT 
DHE3 = HELD • HEMwT » 10O0. 

» KG/HR 

<s» J/GM 
® d/CM 

P J/GM 

QDTCHO = 
52 

(HHE3-HHE2I * <WDTCB(2I + WDTCB(4)J 
ODTCHO/1OOO. 

KG/CU.M. 
KG/CU.M. 
KG/CU.M. 

i» J/GM 
i» KG/CU.M. 

3 J/GM 
3 KG/CU.M. 
i" J/SEC 
3 K W 
S KG/CU.M. 

£> J/GM 
1* KC/CU.M. 
!» J/5EC 
!» KW 



*» HEMKUP »» 
SB 
B9 C 
60 
61 
52 
63 C 
6 4 c 
65 C 
66 
67 
68 C 
69 
70 
VI t 
72 ( 
73 ( 
74 
75 
76 
77 
VB ( 
79 I 
BQ 

fe 82 
«T> S3 I 

84 I 
05 I 
86 
87 I 
88 
89 I 
90 
91 

- 92 
93 
94 
95 ' 
96 
97 
9P 
99 I 

too 
tOI 
t02 
103 
104 
105 
106 
107 
10a 
109 
110 
H I I 
112 
1 13 1 
114 
115 

F I L E : MFTF»C5A 

(WL>ICU<2) +W0TCB14) ) • 3 . 6 

TIME: 10:21:28 
KG/CU.M. 

OOTCHfi = IHHE3-HHE2) * (WDTCUI2! + WDTCB<4> +• DWGTDT) P J/SEC 
Q4 = QD1CHE/1000. -3 HU 
FWDT4 --> (WOICOIJI •* W0TCBJ4) + OWGTOTI » 3.6 9 KG/CU.M-
IIEAT TO BE TAKEN OUT IN LN2 BOILER HEAT EXCHANGER 
QOTLNO = ODIIIHE - ODTCHO 
03 •= OOILNO/100G. 
QOTLN2 
05 

QDTHHE - ODTCHE 
ODTLN2/1000. 

0UANT1TV Of LN2 REQUIRED AS FUNCTION OF TIME 
WOTNO = QDTLN0/5DHN2 
rwDT3 = KDTNO • 3.6 
WBTN2 = 0DTLN2/SDHN2 
FWOT5 = WDTN2 • 3.6 
HEAT LOA£> CN IN2 BOILER 
OSUBS = WOTNO • DHN2LW/1000. 
OSUS5I - W0TN2 • 0HM2LV/100O. 

J/SEC 
KM 

S J/SEC 
P KW 

3 GM/SEC 
S> KG/CU.M. 
J» GM/SEC 
? KG/CU.M. 

S* KW 
P KM 

JP = PAGEIO) 
WRITE I6.10I 
FORMATI//T26, ' •• »• CHARACTERIZE RE FH 1 GER ATOR-L I Qu I f I ER INPUT AND OU 

1TPUT CONDITIONS «•«'//146.'*- REFRIGERATOR-LIOUIKIER PARAMETERS •* 
2 '//T«3. 'ZEfiO MAK<:-UP FLOW CONDIrinNS:•/T54,'WARM HE - UPPER".T7S. 
3'COLD HELIUM THRU'.Iy9.'LN2 BOILER AND'/TS4.'HEX & LN2 BO'LER'.T79 
4,'UPPER HEX'.T102.'UPPER HEX'/) 
WRITE (G,20> ICB(l).1CBC31.TCBl4).PCB(l>.PCSI2).PCBI3),ni'E1 ,DHE2. 

I DLN2. FBOI I .FWOT2. FwDT3.TCat 31 . TCB< J I , TCBf 2 ) . PCB' 1 > .PCB(2I ,PCB(3I . 
3 OHE2.DHE3. DN2IIV.FMUT1 . FWPT2 . FHO 13 .01 . 02.O3.OSU6 > 
FORMAT! 12' .' INLET TEMPERATURE ( DEG.ti ) 

1 El 2.6/121 .' INLET PRESSURE I KOA ) 
2E12.6/721.'iNLET FLUID OENSITV (KG/CU.M* 
312.6/T21 . ' 1M.EI FLOW RATE ( KG/HR ) 
42.S//T2I,'OUTLET TEMPERATURE ( DEG.K J 
52.6/T21,'OUTLET PRESSURE ( KPA > 
G .6/T.?1 . 'OUT LEI GAS DENSITY (KG/CU.M) 
76/T21.'OUTLET FLOW RATE ( KG/HH 1 
8//T3I,'ENERGY TRANSFER ( J/HR I 
9'*'.E12.6//T2I.•HEAT LOADi•/T26'LN2 BOILER 
A E12.6/) 
WHITE (6.3DI 

1,Et2.S.l2x.E12.6.9X. 
•.E12.6.12X,E12,6.9X, 
• . Ei:".G. I 2X.E12 .6.9X.E 

' .612.6.I2X.E12.6.9X.E1 
'.EI2.6.I2X.E12.6.9X.E1 

• .E12.r».12X.EI2.6.9X.El2 
I.E12.6.12X.E12.6.9X.E12. 
.E12.6.12K.EI2.6.9X.EI2.6 
.E12.6.l1X.*+< ,E12.6,aX. I KM . T99. 

FORMAT! T 13.'CURRENT MAKE-uP FLOW CONDIT IONS : • /TS'l. ' WARM HE - UTPER 
I•,T75.'COLD HELIUM THRU',T99«'LN2'aolLER AND"/T5-1. ' HEX & LN2 BOiLE 



• * HEMKUP ** 
116 
1 17 C 
1 IS 
1 19 
120 
121 
122 

- 123 
121 
125 
126 
127 
12S 
129 
130 
131 

T I M E : 1 0 : 2 1 : 2 8 F I L E : MFTF»CSA 

2R" . 1 7 9 . 'UPPER"HEX' . T l 0 2 , 'UPPER H E X 1 / ) 

WRITE ( 6 . 2 0 1 T C B ( 1 | , T C B ( 3 ) . T C B ( 4 > - P C B ( 1 > . P C B I 2 ) . P C B I 3 ) . D H E 1 . D H E 2 . 
1 DLN2.FWDf1 . FUDT4. F w D T S . T C B O ) . T C B < 2 ) , T C B ( 2 ) .PCBI 1 > . PCB I 2 > . PC6I 3 ) . 
2 PHE2.DHE3.DN2HV.FWDT1.FWDT4. FWDTS.Q1.04 ,Q5, .JSUBS1 

DO THE REFRIGERATOR-L IOUIF IER SYSTEM COMPONENT CONFIGURATION 
ANALYSIS 

CALL CMPCAL 

RETURN 

END 

DATE 0 4 0 S 7 9 



HEPROP * • 
1 C 
2 
3 c 4 c 5 c 6 c 7 c a c 9 c to c IT c " la c 13 c 14 c 15 c 16 ._; 17 £ IB ^ 19 c 20 c 31 c 22 c 23 c 24 c 25 c 

>• 2 6 c £ 2 7 
°° 28 29 

30 
31 
32 c 33 
34 c 35 
36 
37 
3D 
39 
40 
41 c 42 c 43 c 44 c 45 c 46 c 47 c 48 c 49 
50 
51 
52 
53 
54 
55 
56 
57 

FILE: MFTF*CSA 

SUBROUTINE HEPROPISP.ST,NSTAT1 

TIME: 10:2i:2B DATC 040579 

NBS PROGRAM *H£ PROPS* RECD.6/3/71. REFERENCE NBS-9762. 
» REFLRENCE^ NDS REPORT 97G2 I 1970 > . NSS-TN-623 (19721. • 
* NBS-TN-631 (19721 R.D.MCCARTY. NOS » 
* THEHVIOPHYSICAL PROPERTIES OF HELIUM-4 FROM 2 TD 1600 K. WITH » 
* PRESSURES IO 1000 ATMOSPHERES * 
* THIS VERSION OF HEPRQP PRODUCES HELIUM PROPERTIES IN MKS UNITS » 
* » * . - . + . a * * * * * * * * * * * * * * * * * * * * * * * * * 
EQUATIONS ARE VALIO FROM 2 TO 1500 K, TO 100O ATMOSPHERES EXCLUDING 
ANY SUt'i.RFLUlO OR SOLID PHASE WHICH MIGHT OCCUR WITHIN THE ABOVE 
TEMPERA1URE AND PHESS URE RANGE- THE CRITICAL REGION IS ALSO 
QUESTIONABLE. I.E. T-5.2014 PLUS OR MINUS 1 K AND P-2.S4 +-.2ATM 
NOTE WHEN ITCR'.TING FOR DENSITIES AT TEMPERATURES BELOW CRITICAL 

. IT IS IMPORTANT TO START WITH A PROPER GUESS. IF THE SOLUTION 
IS IN THE GASS PHASE. START WITH .01 MOLES/LITER. IFTHE SOLUTION 
IS IN THE- LIQUID PHASE.' START THE ITERATION WITH DENSITY EQUAL TO 
45. MOLES /LITER 
. PaoiSRAM MODIFIED BY R.F.HAUSMAN. 62-13. 104. 25 JULY. 1978 * 

DOUBLE PRECISION VPTEMP.fINUD.ENTHAL.ENTHOP,CV.DSATV.DSATL 
DOUBLE PRECISION A , B . D . 00 . PR . T . T T . T VP . PDT.. PDD . P 
DOUBLE PRECISION H.S.CSUOV,E.CSUBP.SOUND.DG.DL.HU.HL.SG.SL.CVG. 
1 CVL.CPG.CPL.EG.EL.SOUNG.SOUNL 
DOUBLE PRECISION GAMMA,WT 
DI MENS I DM AI30I.BO0) 
COMMON/DATA/PP.DD.TT,WT.A,B,NN.GAMMA.LL 
COMMON/HEOATA/HELD.HELH.HELS.HELCV.HELZ.MELE.HELCP.HELW.HELSV 
1 . IIEVSC 
COMMON/HESATD/HEDG.HEDL.HESG.HESL.HEHG,HEHL.HEEG.HEEL.HECVG.HECtfL. 
1 HECPG.HECPL.HEWG.HEWL.HEZG.HEZL.HESVG.HESVL.HET 
2 . HELVSC.HEGVSC 
NSTAT PERMITS GENERATION OF EITHER. LIQUID. GAS. 

LIQUID AND VAPOR PROPERTIES 
OR SATURATED 

IF NSTAT " 1, GENERATE LIQUID PROPERTIES 
= 2. GENERATE GAS PROPERTIES 
= 3, GENERATE SATURATED LIQUID AND VAI'OR PROl-^RTIES 

DATA LL/1/ 
DATA GAMMA/-.SD-3/ 
DATA WT/1.00+0/ 
DATA B/5.9B8310109D-9.-4.9653052187D-7.-3.B 1 I 6033499D-C.3-6B1 11671 
13D-5.-I .4B3DG91B28D-4,3.05»S!73:)3SD-4.-3.390B190224D-4 . I .962408024 
22D-4,1 .5527B997120~5.-3.6110403503O-5,- I .08397880730-5.4.9728 I 0121 
37D-S.1.9381451090-5.-4.149640806D-4.-5.746577289*10-4.-4.347 0945634 
4D-3.-6.B3B30aB924D-2.-2.138247422SO-2,2.71069S49OQQ-2.-I.2627967 78 
5BD-2.2.5B757533BD-3,7.9041608815D-2.-1.402472431UO-4.~2.8278987249 

http://5527B997120~5.-3.61


r HEPROP 
5a 
59 
60 
SI 
62 
63 
64 
65 
66 
67 
ea 69 
70 
71 
72 
73 
74 
75 
76 
77 
7B 
79 
80 
81 
82 fe 83 

•O 84 85 
86 
B7 
BB 
89 
90 
91 
92 
93 
94 
95 
96 
97 
96 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
log 
1 10 
1 11 
1 12 
113 
1 14 
1 15 

FILE: MFTF»CSA TIME: 10:21:28 DATE 04057S 
6D-7.1.73364 IO35O0-6,-2.54541876550-6.0 . OD+0 . 0 . ODi-O . O . OD+O . 0 .OD+0/ 
11=6 
P = SP/101.325 
T = ST 

& KILOPASCALS fO ATMOSPHERES 

45.0 
0.01 

GO TO 8 

IFCN5TAT.EQ.1) SD 
IFCNSTAT..E0.2) SD 
D = SD 
IF(NSTAT-EO.3) TVP = VPTEMP(P*.76D+6) 
JFIST.GT.5.2014)GO TO 2 • 
IFIP.Gr.2.2449IGO TO 2 
IF(P.LT..O30S234IGO TO 2 
1VP=VPIEHP(°>.76D+E) 
GO TO 3 
1VP=10I .D+0 
CONTINUE 
D = FIND D<P,D.T1 
HELD = D 
H=ENTHAL(P.D.T) 
HELH = H 
S=ENIHOP{D.T) 
HELS = 5 
CSUDV=CV1D.T) 
HELCV = CSUBV 
ZB = 2CALCID.P.T) 
HELZ = ZB 
DD=D 
E=H-CP/O>»101.32780+0 
HELE = E 
TT = T 
CALL DTHEF 
PDT • PP 
CALL DDHEF 
PDD = PP 
CSUBP=CSUOV+lT»<PDT»PDT>/((D*D)»PDD))»1O1.3278D+0 
HELCP = CSUBP 
SOUND=DSQRT( ( CSUBP/CS'jav) * < PDD* 2531 1 . D+0 t I 
HELW = SOUND 
MELSV = I.O/HELD 
D2 = D 
T2 = T 
VISC1 = VJSCHE(D2,T2) 
HEV5C = VISC1 
RETURN 

GENERATT THE SATURATED PROPERTY DATA 
8 DG=FIND D<P.DSATV(TVP>»1000.D+0/4.O026O+0.TVP) 

HEDG - DG 
DL=FINO D(P.DSATL(TVP)»1000.D+O/4-0026D+0.TVP) 
HEDL = DL 
SG=ENTROP(DG.TVP) 
HESG = SG 
SL=ENTROP<DL.TVP) 



» • HEPfiOP F I L E : MFTF»CSA 

1 16 HESL = SL 
1 17 HGzENTHALIP.DG,TVP) 
1 18 IIEHG B HG 
1 19 HL=EKTHAL(P.DL.TVP> 
1 2 0 HEHL ^ HL 
1 2 1 EG=HG-<P/DG> « 1 0 l . 3 2 7 B D * 0 
1 2 2 HEEG = EG 
1 2 3 E L = H l - ( P /OL) H O I .327BO+0 
1 2 4 HEEL = EL 
1 2 5 CVG=C\MDG.TVP> 
1 2 6 HECvG = CVG 
1 27 CVL=CU(OL.TVP> 
1 2 B HECVL = C V l 
1 2 9 DD = DG 
1 3 0 TT=TVP 
1 3 1 CALL DIHEF 
1 3 2 PDT = l»p 
1 3 3 CALL DDHEF 
1 3 4 PDD = PP 
1 3 5 C P G = C V G + ( T V P « ( P D T * P D T ) / [ ( D G T D G I * P D D ) ) * 1 ( 
1 3 G HECPG = CPG 
1 3 7 SOUNG=DSQRT( (CPG/CVG) • (PDD*25311 .O+O) ) 
1 3 6 HEWG =» SOUNG 
1 3 9 DD = DL 
1 4 0 CALL DIHEF 
1 4 1 PDT = PP 
1 4 2 CALL DDHEF 
1 4 3 PDD = PP 
1 4 4 CPL = CV/L+( T V P » ( P D T » P D T ) / ( (DL«DL>»PDD) >»1 
1 4 5 HECPL * CPL 
1 4 6 S O U N L = D S Q R T I I C P L / C V L I * ( P D D * 2 5 3 1 1 . 0 + 0 > > 
1 4 7 HEWL = SQUNL 
1 4 8 T = I V P 
1 4 9 MET = T 
1 5 0 ZG = Z C A L C ( D G . P . T V P ) 
1 5 1 HEZG = ZG 
1 5 2 ZL = ZCALC1DL.P .TVP1 
1 5 3 HEZL = ZL 
1 5 4 HE SVG = 1 .O/HEDG 
1 5 5 HESUL = 1 .O/HEDL 
1 5 6 DDL « DL 
1 5 7 DDG = DG 
1 5 8 TTS = TVP 
1 5 9 V I S C L = V1SCHEIDDL.TTS) 
1 6 0 HELUSC = V ISCL 
1 6 1 C 
1 6 2 VISCG = V ISCHEIODG.TTS) 
1 6 3 HEGVSC = VISCG 
1 6 4 C 
1 6 5 c 
1 6 6 c 
1 6 7 RETURN 
1 6 B c 
1 6 9 E N D 

T I M E : 1 0 : 2 1 : 2 9 

11 -327BD+0 

J1 .327QD»0 

DATE 0 4 0 5 7 9 PAGE l o t 



»• HINT *• FILE: MFTF»CSA TIME: 10:21:29 DATE 040579 

t 
2 
3 
A 
5 6 
7 
B 
9 
10 
II 
IS 
13 
14 
15 
16 
17 
IB 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2a 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
4S 
49 
SO 

DOUBLE PRECISION FUNCTION HtHTID.T) 
DOUBLE PRECISION A,B.O,D2.03.04.B.DAMMA.EX.T.DBDT,DGAMA.OD.PP,TT 
DOUBLE PRECISION XA,XB.XC,XD,X£ 
DOUBLE PRECISION GAMMA.WT 
DIMENSION AC30I.BI30) 
COMMON/DATA/PP.DD.TT.WT.A.B.N.CAMMA.L 
D2=D'D 
D3=D-D2 
D4=03»0 
N=1 
R=.0B2055BD+0 
DAMMA = GAMMA 
DGAMA = 02*(-.50-3) 
EX = DEXPtDGAMA) 
A|N)=(D1'D)/5D+0 
N = N+1 
AlN>=IDa-D/5.D+0)»(2.0D+0/T) 
N=»*1 
DO 2 1=1.6 
FI = l 
XA =.75-FI/fl. 
AIN>=(D4/4.D*0)»(T*-XA-(T»«XA»XA> ) 

2 N = N*1 
DO 3 1=1.« 
Fl = I 
XB=1.5-FI 
A(N>-(D3/3.D<-0)«(T»»XB-(T»»XB»XB1 > 

3 N = N+1 
DO 1 1-1,B • * 
FI = 1 
XC=1.5-FI/2. 
A<N)=(D2/2.D4-0)«[T»'XC-< T.«XC*XC) ) 

» N=N+1 
DO A 1=1.3 
FI = I 
XD=1.-Fl 
A(N)=tEX/(2.D+0»DAMMA))»<T»*XD-(T»-XD*XD>1 

4 N = N H 
DO 5 1=1.3 
FI = I 
XE=1.-FI 
A(NI = (02-EX/( 2.0*0'DAMMA)-6X/(2.0D+0.DAMMA»DAM.VIA) ) • ( T» «XE- ( T» *XE 

I-XE)) 
5 N = N+1 

N = N-I 
HINT=R- T-T»o- D B D K T ) • <-1 .00*01 
DO 6 I- 1 .N 

6 HINT=HINT*B(I)-A(I) 
RETURN 
END 



FILE: MFTF'CSA 

SUBROUTINE HTUAP(T.HVAP1 
T=T(K) — HVAp=HVAPfJOULES/KG) 

DIMENSION BI2.7) .CI 7) .DEN(2).XI 10).DXDTI 10),C(1l> 
TCRIT=I2G.2 
TTRIPL=G3.15 
IF (T.CT.TCRlIl GO (0 120 
IF (T.LT.TTRIPL1 CO TO 140 
Z M T C R 1 T - 7 1/1CR1T 
BC 1 . 1 )=0.194 24403E2 
Bi 1 ,2> = O.S>70B374BE2 
B( t , 3 ) = - 0 . 2.»321>9I)5E3 
B( r . 4 l = O . B . . 5 1 G U 3 U E 3 
B( I . S l = - 0 , 16393GU0E4 
B( I , 6 ) = 0 . 1 1 5 7 4 3 2 0 E 4 
B < 1 . 7 » « 0 . I O I S 2 2 1 0 E 1 
B ( 2 . I > = 0 . I G 3 3 3 3 4 5 E 1 
B < 2 , 2 > = - 0 . 9 4 O 4 3 7 7 1 E 1 
B < 2 . 3 ) - 0 . 2 1 B S 2 7 4 6 E 2 
B(2.4>>-0.1D2G8744E3 
0(2.51-0.1B794 97 4E3 
B ( 2 . 6 > « - 0 . 1 6 4 0 2 4 3 7 E 3 
B ( 2 . 7 > « - O . D 5 7 3 1 6 3 9 E - l 
C M 1 = 1 .0 
c:2)=z 
C ( 3 ) = Z " 2 
C 1 4 ) = Z ' « 3 
C<5>=Z ' - 4 
C 1 6 I = Z - « S » 
CI 71=ALOG(Z) 
DEN<11=0 ,0 
D E N ( 2 I = 0 . 0 
DO 100 J=1 . 2 
DO 100 1 - 1 . 7 

100 D E N ( J ) : D E N I J ) + C ( I I > B ( J . 1 ) 
SP1/QLL- I . 0 / ( 2 U . 0 1 34»DEN(1 ) ) 
DEN<2 I=EXP(DEN<21 I 
SPVOLG=I . O / ( 2 U . 0 I 3 4 « D E N ( 2 ) ) 

G< 1 I = 0.G39440'J4E4 
G<21=-0.1U900453E4 
G<3l=-0.72U222 92E1 
<5!41»0.O 
Gt5>=0.r,55G0G3ue-3 
G(6>=-0.S944S4 47E-5 
GI7)=0.27134339E-7 
G(B)=-0.40 70S359E-10 
G(9)=0.5 09S3GOBE3 
G(10 1=0.10 220b10E-1 
G(111=0.19S00Et 
X(I> = l.0/T 
K(2»=1 .0 
X(3)«T 
X(4)=T<-2 
X(5>=T< -3 
X(6>=T**4 



•• HVAP •* FILE: MFTF4CSA T I M E : 10:31:29 DATE 040579 
SB 
59 
60 
61 
62 
63 
64 
EB 
66 
67 
68 
69 
70 
71 
73 
73 
74 
75 
76 
77 
78 
79 
BO 
B1 
82 
B3 
64 
BS 
B6 
87 
B8 

><G( I 11-1.0)t 

X<7)=T-'5 
X(8)=T.-6 
X(9)=ALOG(T) 
XtlO>*(TCRTT-T)»»G(11» 
DxDTIl|s-I.O/(T«»2| 
DXDT(21=0.0 
DXDTI3)-1.0 
DXDT(4)=2.0»T 
DID1|5) = 3 . 0 M 1 " 2 I 
DXDT(6)-4. O* ( T»»3> 
DXDT17) = 5-OMT«»4> 
DX3Tret»r>.0» | T"*5> 
DXDT19I' I .0/T 
DKOTI10|=-G( I 1 )•< (ICRIT-T)* 
SSUM-0.0 
TSUM=O.Q 
DO I 1O I<I .10 
SSUHUSSUCUGI 1 ) *X( I 1 
TSUflV=TSUM*G< I ) . DXOT ( I ) 
OPDThl.0l325ES*(EXP<SSUM))»TSUM 
HVAP=OPDT»T*(SPVOLG-SPVOLL) 
GO TO 160 

120 HOITE ( 6, 130 1 
130 FORMAT! T 10. • TEMPERATURE GREATER THAN CRITICAL TEMPERATURE') 

H V A P — l .0 
GO TO 160 
WRITE (6,150) 
FORMAT! T10.'TEMPERATURE LESS THAN TR[PLE POINT TEMPERATURE'! 
HVAP=-1.0 
RETURN 
ENO 

1 lO 

140 
150 

iso 



INTAB *» FILEi MFIF.CSA TIME: 10:21:29 DATE 040579 

fc 

t 
2 
3 
4 
S 
e 
7 
a 9 10 

i < 
12 
13 
14 
15 
1G 
17 
IS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2B 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
4B 
49 
50 
51 
52 
53 
54 
55 
56 
57 

ROUTINE NAME 
ROUTINE LANG 
PROGRAMMER 
DATE CODED 
REVI5ED 
PROGRAMMER 

TAULE INPUT ROUTINE • 
FORTRAN V UNIVAC 1106 EXEC 2* 
R. BOLLINGER 1943 102 2C933 . 
3/4/70 -
JUNE 1971 .. DEC. 1971 • 
J. MCKAY 19-43 201 45I7B • 

SUBROUTINE INTAB 
INTEGER TITLE,OFT 
LOGICAL »P.PAGE 
INCLUDE CIOUNT 
INCLUDE CTAB 
INCLUDE CTABA 

C 
DIMENSION TIILEf 4 ) . I C M T ( H ) , LABV( 3 . S > . U 3 X O ! .LABVI3). I K S I 

C *»..» INPUT FORMATS 
C 
5000 FORMAT (4AG.216.6X.16) 
&OIO FORMAT!13A6.A2) 
5020 FORMAT!3A6.17.5E10.0) 
5030 FORMAT I GAG.2E12.0) 
SO'IO FORMAT!31S) 
5050 FORMAT! 6E12.Dt 
5060 FORMAT <5I5) 

C 
C . ...» OUTPUT FORMATS 

(50OO F O R M A T l ' 0 ' . T 4 3 . ' • » . > • E C H O O F T A B L E D A T A • • » • • ' . 
I // T54.4A6.T IO0. • TAULE NO.' 14//) 

G010 FORMAT! '0 ••ERROR.. THE NUMBER OF DIMENSION IS "WRONG. ND - '.lb! 
G020 FORMAT!I2G.13A6,A2> 
6030 FORMAT! *0 • • E R R O R " THE NUMBER OF POINT IS WRONG. NP = '.IS) 
604D FORMAT I 136.3AG.2X.5F13.4) 
G050 FORMAT! '0 -.ERROR.. THE NUMBER OF DATA POINTS IS WRONG. NV . '.IS1 
600f) FORMAII'O -•ERROR*. THE TABLE TYPE IS WRONG. TYPE = '.15) 
G070 FORMAT!'O • • D1AGNGSTIC•« THE NUMBER OF INTERPOLATION POINTS IS WRQ 

1NG. NIP - ',15.'. NIP IS SET EQUAL TO '.I5> 
BOIIO FORMAT I 152,3A6.2X, F12.4) 
G0O0 FORMAT!T52.F12.4.5XF12.4) 
6100 FORMAT!152.FI2.4) 
61IO FORMAT!I38.F12.4.2XF12.4.5XF12.4.2XF12.4) 
6120 FORMAT!T38.F12.4.2XF)2.4) 
6130 FDRMATI'0'153.'COEF1CIENTS',6X.'CnEFICIENTS'/• 'I 
6140 FORMAT! ,0 ,I44, 1JC.I3X, ,Y",1GK.'A'.13X. 1Y') 
6150 FORMAT! '0 ..ERROR*' THE ABOVE TABLE NUMBER IS LESS THAN O OR GREAT 

1 EH THAN 50'//> 
G1GO FORMATI'O ••.DIAGNOSTIC'. THE ABOVE TABLE HAS ALREADY BEEN INPUT. T 

1HIS TABLE SHALL REPLACE THE PRCvOUS TABLE.') 
6170 FORMAT! 'O »ERR0R« THE TOTAL SIZE riF THE TABLES HAS EXCEEDED 7000. 

1 THE REQUIRED SIZE IS '.16.'. RUN TERMINATED.') 
6180 FORMAT I'0'75X•TDTAL 1ABLE STORAGE ='IS) 



* IHTAB * 
SB 
59 
60 
61 
62 
G3 
61 
65 
66 
67 
66 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 b. 83 

P" 83 
g 80 

as 66 
67 
08 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
10S 
106 
107 
108 
109 
1 10 
1 11 
1 12 
1 13 
1 14 
115 

FILE: HFTF»CSA TIME: 10:21:29 • DATE 04O579 
6200 FORMAT I ' O '56X ' TAilLE INPUT SUMMARY'// 28X ' TABLE'ISX ' T ITLE OF TABLE* 

1 12X'NUMBER OF' bX'NUMBER OF'GX'NUMBER OF'/ 27X•NUMBER'T66. 
2 ' DIME" S IONS "BX^UBTASLES ' 9X 'WORDS' /) 

6210 FORMAT (28X14.2X.4A6.3115) 
G220 FORMAT !'0' 190,'NO. WORDS THIS TAQLE' 14) 

INITIALIZE THE ROUTINE 
NPRT = O PRINT ALL TABLES (1 TABLE/PAGEl 
NPRT - 1 PRINT NO TABLE OUTPUT 
NPRT > 1 PRINT ALL TABLES I NO PAGE EJECT) 
NPKT2 > 0 AND NPRT » 1 PRINT SUMMARY 

INTAP - NTAPE1 
IOTAP = NTAPE1 
READ <IIN.506O) 1 FT.OFT.NPRT.NPRT2 
IF (IFT .EO. O) CO TD 5 
IF I1FT .GT. 2) INTAP - IFT 
READ (1NTAPI TLA.NV 
READ tINTAP) [ TABLEdJKMt . JKM-1 .NV) 
REWIND INTAP 
HMURD1 = NV 
CO TO 35O 
KMURD1 - O 
IF (NPRT .NE, II CD TO 2 
IF (NPRT2 .EO. 0) CO TO 2 
IF (PAGEIO)) WRITE <tOT.6200 1 
CONTINUE 

••••• START OF TABLE INPUT LOOP 
DO 290 11=1.NTBN 
KMUO = KMURD1 

TITLE - THE TABLE TITLE. 
ND - THE NUMBER OF DIMENSIONS OF THIS TABLE. 
NC - THE NUMQER OF COMMENT CARDS FOR THIS TABLE 
IP - PLOT OPTION. NOT IN MATH MODEL 

(SEE AUXILLARY TABLE PROGRAM) 
READ (Mil.50001 TITLE.ND.NC.NT 
IF(ND.LE.O) GO TO 300 
IF (NPRT .EO. 11 GO TO I0O1 
IF (PAGE401I WRITE (IOT.6000) T 
JP = PACE (5) 
CONTINUE 
KMURD1 - KUUDO1 + 1 
IF (NT .GT. 0 
WR I T E I Ci , t> 1 5 0 > 
C A L L E X I T 
I F ( T L A I N T ) . L E 
WR I T E ( (i . U 1 6 0 > 
T L A I N T I = K M U R D 
ITABLE*KMUHD1) 

AND. NT .LE. NTUN) GO TO 4 

O) GO TO 6 

..... TEST INPUT VALUE. 
IF (ND .GT. 1 .AND. ND .LT. 7) GO TO 20 



FILE: MFTF.CSA TIME: 10:21:29 
1 16 
1 17 1 18 C 
119 C 
120 C 
121 o 122 

• 123 c 124 
125 
126 
127 
120 
129 
130 c 131 C 
132 c 133 c 131 
135 
136 
137 
13B 

^ , 3 9 c fc 140 C 
O 141 C 
en 142 

143 
144 
145 
146 
147 C 
14B 
143 
150 
151 
1S2 
153 
154 
155 
156 c 157 c IBS c 159 
160 
161 c 162 c 163 c 164 c • 65 
166 c 167 c 163 c 169 C 
170 c 171 
172 
173 

WRIFEIG.GOIU) ND 
CALL EXIT 

»*«•* JF tHERE ARE ANY COMMENT CARDS FOR THIS PLOT PRINT 
•«'•• THEM OUT. 

20 JF (NC .LE. 0) GO TO 40 
OO 30 12 = 1,NC 
IIEAD15.501U) ICMI 
IF (NPRT .E0- 1) GO TO 30 
IF C P A G E d H WRITE (IOT.6000) TITLE.NT 
WRITE(6,C020) ICMT 

30 CONTINUE 
»•••• INITIALIZE THE INPUT OF THN ND - 2 INDEPENDENT 
*••*« VARIABLES. 

40 NDM2 = HD - 2 
NXYT . 1 
iF(NDM2.EQ.O> GO TO 90 
IF (NPRT -EQ. 1> CO TO SO 
IF (PAGE<NDM2+1)) WRITE (1OT.6O0O) TITLE,NT 

••••- INPUT NO "- 2 INOEPENOEND VARIABLES. 
50 OO SO 12 = I,NOM2 

READ I 5.5020) (LAOVt I. 12).I=1 ,3).NP.(TAB(1+1 .12).1 = 1 ,NP) 
IFtNP.GT.1.AND.NP.LT.6) GO TO 60 
WRITEIG.COSO) NP 
CALL EXIT 

60 NXYT = NXYT«NP 
IF (NPIIT .6Q. 1 ) GO TO 7-0 
WRI TEC 6.6040) (LABV< l.I2),I = 1.3>,(TAa<I-H,12).I=1,NP) 

70 CONTINUE 
KMUI1D1 * KMURD1 + 1 
ITABLE1KMUHU1) - NP 
DO 75 13=1,NP 
KMURD1 = KMURP1 + 1 

*»» STORE THE (N0-2) INDEPENDENT VARIABLES IN TABLE ARRAY 
75 TABLE(KMURD1> = TAB!13+1,12) 
SO CONTINUE 

»•••• IF PLDTING IS DESIRED, INPUT THE PLOT LABELS AND 
••••' THE MIN/MAK VALUES OF THE INDEPENDENT VARIABLE. 

90 READ(5,5030> LABA , I ABY ,XMIN , XtaAK 

••••• START OF THE LOOP TO INPUT THE VALUES FOR EACH 
• OF THE TWO DIMENSIONAL TABLES WHICH MAKE UP THE MAIN 

»«*•• ND OlMENSIONAL TABLES. 
I K I ) - -t 
00 100 12 = 2,5 

100 II(12) . - 1 



FILE: MFTF»CSA TIME: 10:21:29 DATE 040579 
174 C 
175 
176 C 
177 c 17B c 179 c ISO c 1S1 c 182 
.183 
1B4 
IBS 1 
IBB c 187 
IBB 
169 
190 c 191 
192 
193 
194 c 195 
19B 
197 
198 
199 c 200 c 201 c 202 
203 
204 
20S 
206 c 207 c 208 c 209 
210 
21 1 
212 
213 
214 c 2IS 
216 
217 
2IS 
219 c 220 
221 
222 
223 
224 c 225 
226 c 227 c 2 2S c 2 29 
2 30 
231 

DD 280 1 2 - 1 . N K Y T 
•»... INPUT THE 2D TABLE HEADER CARD AND VERIFY THE DATA. 

- NV - NUMBER OF DATA POINTS IN THE TABLE 
- TYPE - TABLE TYPE (SEE CTAB) 

••••» NIP - NUMBER OF POINTS TO BE USED FOR INTERPOLATION. 
HEADIS.5040) NV,TYPE.NIP 
IF (NPRT .NE. O) GD TO 1004 
IF (PAGE<0>> WRITE (1OT.G000) TITLE.NT 

1004 CONTINUE 
IF (NV .GT. O .AND. NV .LE. 
WRITE(6,6050) NV 
CALL EXIT 

NSBZ) GQ TO 110 

IIO 1F(TYPE-EQ.O.OR.TYPE.EQ.1) CO TO 12D 
WRITE(6,60E0> TYPE 
CALL EXIT 

120 IF1TYPE.EQ.0) GO TO 130 
IFtNIP.GT.1.AND.NIP.LE.NV) GO TO 130 
WRIT£<G.G070> NlP.NV 
NIP = NV 

•*••» OUTPUT THE HEADER DATA TO DRUM 
130 ITABLEIKMURQI+1) = NV 

ITABLEIKHURDI * 2) = TYPE 
ITABLEIKMURDI+3) = NIP 
KMURD1 - KMURD1 + 3 

..... INPUT, ECHO AND OUTPUT TO DRUM THE 20 TABLES. 
IF (NPIII .EQ. 1 ) GO TO 170 
I 1 I H W 2 1 = MODC11INDM2) + 1 , I TAB! 1 , N0M2 ) ) 
IF(NDM2.FO.O) GO TO 170 
IF(NDM2.EQ.1) GO TO 1S0 
NDM3 = NDM2 - 1 
DO 140 13 = NDM3.1.-I 
IF(II( I 3+1 ).GT.01 GQ TO 150 
11(13) = MODI III 13> + I ,ITAB(1 , 13] ) 

140 CONTINUE 
150 DD 1G0 13 - 1.NDM2 

1DX = [ I I 13) + 2 
WBITEf6.60B0> (LADVf I . 13 ) , I =1 ,3 ) ,TAB{ IDX . I 3 ) 

160 CONTINUE 
170 IFITYP6.EQ.1) GO TO 210 

•*'•• COEF1C1ENT TABLE INPUT 
READ(5.5050) (XTAB(1),I=1.NV) 
00 17S 13 = I . NV 
KMUR01 - KMURD1 + 1 



**" INTAO ** 
232 
233 
234 
235 
23G 
237 
23S 
239 
240 
241 
242 
243 
244 
245 
2 4 6 
2 47 
2 48 
249 
250 
251 
252 
253 
254 

•o- 255 fe 256 
g 257 

258 
259 
260 
261 
262 
263 
264 
265 
26G 
267 
26U 
269 
270 
27 1 
272 
273 
274 
275 
2 76 
277 
2 78 
279 
260 
2B1 
282 
2B3 
2B4 
285 
2U6 
2B7 
288 
269 

F I L E : MFTF.CSA TIME: 10:21:23 DATE 040579 PAGE 
TABLE(KMUB1>1 ) - XTAa<I3) 

175 CONTINUE 
IF (NPRt . EQ. 1) GO TO 280 
WRITE(6,GI30) 
IF(NV.Gr.SO) G O TO ISO 
N1 = 1 
N2 = NV 
GO TO 190 

180 N2 = NV - 50 
WR]TE(6. liOQO) (XTAOI 1 ) . XTAB* 1+50] . 1=1 , N2 ) 
N1 = N2 + 1 
IF <N1 .GT. 501 GO TO 280 
N2 s SO 

190 WRITE(G.GIOO) (XTAB(1).I»N1,N2) 
• »«... DESCRETE TABLE INPUT 
210 READ(5.505O) (*TAB( 1 I ,YTAB< 1),I»I ,NV> 

DO 215 13 = 1 .NV 
KMUROt = KMURUI -fr 1 
T a m E( K M U R D I > =• XTABII3) 
TABLEfKMUSOI+NVJ = Y T A 3 0 3 ) 

215 CONTINUE 
KI.IURD1 = KMURD1 + NV 
IF (NPrjT .EO. 1) GO TO 1005 
VJBI; .<ts,Gt40) 

tOOS CONTINUE 
lF(NV,GT.SO> GO TO 220 
HI = 1 
N2 = NV 
GO TO 2J0 

220 N2 = <V - 50 
WRITE.0.61 ID) (XTAB(I).YTAB{1),XTAB(1+50),YTAB(1+50),I«1.N2) 
N1 = N2 + 1 
IF (Nl .GT. 50) GO TO 2B0 
N2 = SO 

230 CONTINUE 
IF (NPRT .EO. 1) GO TO 280 
WHITE (6,6120) (XTAB(I).YTAB(I),I-N1,N2) 

280 CONTINUE 
KURD = KMURD1 - KMUD 
IF (NPPM .EO. 1 .AND. NPRT2 . NE . 0) WRITE (I0T.6210) NT,TITLE. 

I ND.NXYT.KWRD 
IF (NPUr .NE. 1) WRITE (lOT,6220) KWRO 

290 CONTINUE 
300 IF (KMuriDI .IE. MXWRD) GO TO 310 

WRITE! 6.0170) KMUllDI 
CALL EXIT 

310 IF (OFT .EO. O) GO TO 350 
IF (OFT .or, 2) IOTAP = OFT 
WRITE (10TAP) TLA.NV 
WRITE (lOTAP) (TABLE!JKM),JKMal,KMURD1) 



* • I MI All • * 

sao 
291 
293 
293 
294 
295 

FILE: MFTF»CSA TIME: 1 0 : 2 1 t 2 9 DATE 0 4 0 5 7 9 PAGE 110 

END FIJ.E IOTAP 
REMIND 1DTAP 

3 5 0 WRITE ( 1 O T . 6 1 B 0 ) KMURD1 
RETURN 

END 

I 



•» L1QNIT *» FtLE! HFTF.CSA TIME: 10:21:30 DATE 040579 PAGE 111 

I C 2 
3 C 4 5 C 6 7 C 
a 

SUBROUTINE 1.1 QUIT 
CALL N2MAIN 
RETURN 
END 

.fc 



LNSYST ** FILE: MFTF»CSA TIME: 10:31:30 

1 SUBROUTINE LNSYST(DIA.FLOW,PSTOR.QUAL) 
2 C 
3 LOGICAL PAGE, JP 
4 C 
5 INCLUDE CPAGE 
6 C 
7 COMMON/GEOM/XLEN(6, 100>,ZIN(6.100) ,ZOUI(6,1 Or),QNET(6.100) 
B COMMON'GEOM/EFF<6. I 00) .TYPE<6,I 0 0) ,TNUM(6.100).UMAX(6) 
9 COMM0N/oenM/0Ol6. 10OI ,Ql<G, I 00) .0216, IOO) 
10 CQMMON/GEOM/WLOST,THOT 
1 1 COMMON/PROP/ti I . B2 . 03 , L4 . B5 , B6 
12 COMMQN/CALC/WOOT.QUAL1.OUAL2.DIAM.P.T 
13 COMMON/CALC/REVN, FR 1 CT . VAPVEL . VAPMCH , DENT. 
14 COMMON/CALC/TQUAL 
15 DIMENSION OIAtG) 
IB DIMENSION WFLOW(10),DPEXIT(10).QEXIT<5) 
17 DIMENSION KOI 2.5/.XI (2.5) ,X2(2,S| ,X3(2,5) ,X4(2,5) 
IB DIMCMSION Y(2,S>.XYtZ.S),XXY(2,5) 
19 DIMENSION C<2.3.5),CC(3,5) 
20 DIMENSION TGAS<5).TOUT(SI 
21 DIMENSION VIMAX(S) 
22 DIMENSION FLAG<2,5) 
23 C 
24 C ANALYSIS ROUTINE FOR LINES 1 ANO 6 
25 C 

. 2 6 JP = PAGE(OI 
J 27 C 
± 20 OUALI=OUAL 

29 1 = 1 
30 WRITE 16.100)1 
31 100 FORMATI1H0,T50.'ANALYSIS OF LINE NUMBER' ,13./,/.' INDEX DI AM WDO 
32 IT-L WDOl-V QUALITY TEMP PRESSURE PR GRAD FRICTION KEY 
33 2N VAPOR VEL VAPOR MACH DENSITY•./.T8.•<M)'.T14,•(KG/S) (KG/S 
34 3)',T39,'IK)'.148.'(KPA)',T59.'(KPA/C)•.T69.•FACTOR',T79.'NUMBER'.T 
35 4UO. ' IM/S) • . T100, •NUMBER' , T i n , ' (KG/M-3) ' ,/) 
3G I=08.19U 
37 P.PSTOR 
3 8 CALL N2PROP(P ,T ) 
39 VV1=B1 
40 UL1=02 
41 RHOV1=li3 ' 
42 RHOL1=B<I 
43 HV1=B5 
44 PH1=SB 
45 DENS=RHOL1 
4 6 C 
47 c VV VAPOR VISCOSITY KG/NI-SEC 
4B C VL "- LIQUID VISCOSITY KG/M-SEC 
49 C RHCJV — VAPOR DENSITY KG/M.*3 
50 c RHOL -- LIQUID DENSITY KG/M>>3 
51 C IIV MT OF VAPORIZATION J/KG 
52 C DH CHANGE IN SAT LIQUID ENTHALPY WITH PRESSURE 
53 C U/KCi/lHT/"l*-2) 
54 c 
55 WDOT=FLOW»RHOL1 
56 • 110 WUOTl_ = <1.0-QUAL1)»HDOT 
57 WDOTV=QUAL1»WDOT 

• DATE 040579 PAGE 112 



* LNSVST • * F I L E : MFTF»CSA T I M E : 1 0 : 2 1 : 3 0 

58 D I A M ^ D l A < I ) 
5 9 H E Y N = 4 . 0 - W D O T / ( 3 . 1 4 1 5 9 * DI AM* V H I 
B 0 F R I C T = O . O O 5 6 0 + O . 5 0 0 « I R E Y N » * ( - 0 . 3 2 > ) 
6 1 VAP\IEL = WDOIV/RHQV1 
62 V A P M C H = V A P V E L / I 2 0 . 4 1 4 » S 0 R T ( T 1 ) 
6 3 P K P A = p / I O 0 0 . 0 
6 4 WRITE 1&.120)DIAM.WQOTL.WD0TV.QUAL1.T.PKPA,FRICT,REYN.VAPVEL.VAPMC 
65 1H.DENS 
6 6 120 FORMAT ITS,F7.4.T13,F7.4.T21 ,F7.4.T30,F6.4.T37.F8.3.T46.F10.5,T6B.F 
67 » B.5,T77.FIO.I•TB3.F9.4.T99.F7.4.T109.FI 1 .6) 
68 DO 160 U^I.JMAXtl) 
69 A1=XLENI I ,d> 
70 A2=2INI I . J) 
71 A3=ZOUT<1,J| 
V2 A4=EFF(I . J> 
73 A5=QNET ( I,J) 
74 A6 = TYPL( l,d) 
75 A7=TNUU(I.J) 
76 CALL OPCALtDP.T2,Al,A2,A3.A4.AS,A6.A7) 
77 IF ( XLEfK I . J> .EQ..O.0) GO. ID 130 
7B PGRAD=DP/(1000.0-XLENII.J)) 
79 GO TO 140 
80 130 PGRAD=0.O 
Bl 140 P=P-DP 
82 IF I P. LT . 10132.5.0> GO TO 570 

t 83 WDOTL=I 1 -0-0UAL2 ) *VIDDT 
H* 84 WD0TV=QUAL2«WDDT 
»° 85 PKPA= PV1000.0 

86 WRITE 1G.I50IJ.DIAM.WDQTL.WDOTV.0UAL2.T2.PKPA.PGRAD.FRICT.REYN.VAP 
87 1VEL.VAPMCH.DENS 
83 150 FORMAT II4.T5>F7.4.T13.F7.4.T21,F7.4.T30,FB.4.T37.FB.a.T^S.F10.5.TS 
89 \ 1T.F10.5.T6B.FB.S.T77.F10.1.T89.F9.4.T99,F7.4.'T109.F!1.6> 
90 QUAL1=3UAL2 
91 vvi=ei 
92 
93 
94 
95 
96 
97 
98 
99 C ANALYSIS ROUTINE TO DETERMINE FLOW RATES IN EACH OF 

100 C THE PARALLEL LINES 2.3.4 AND 5 
101 
102 
103 
104 
105 
106 
107 
108 
109 
IIO 
1 11 
112 
113 
1 14 
1 15 

VL1=B2 
Rnav1=B3 
HHOL1=B4 
HV1=B5 
OH 1=86 

1GO T=T2 
c c ANALYS1' 
c c WFLOW[Il-WDDI 

DEX1T(I>=QUALi 
IF (I.EO.61 GO TO G10 
DO 170 Kl = 1 .2 
DO 170 K2=2.5 
FLAGIK1.K2)=0.0 
X0IK1 .K2 i-0.0 
XIIKI,K2|=0.0 
X2{K1,K2I=0.0 
X3IK1,K2)=0.0 
X4(K1,K21=0.0 
Y(Kl.K2(=0.0 
XYIK1.K2)=0.0 

170 XXY<K1,K2)=0.0 

DATE 040579 PAGE 113 



.» LNSTST »« ', FILE: MFTF»CSA 
1 1 6 P V A L I N - P 
1 17 1 B R N C H = r 
1 I S Q U A L I N = Q U A L 1 
1 1 9 M O O T I N = W D D T - W L O S T 
1 2 0 w r o i - w n o r i N 
1 2 1 WFLOU12)=WDOTIN 
1 2 2 WFLOUI3 I=WDQT1N 

• 1 2 3 UfLOW<4)=WDOT J M 
1 2 4 WFLOWt5)=WDOTJN 
1 2 5 WMAXI2) -WDOl ItJ 
1 2 6 WMAXI3 1 "VJDOTIN 
1 2 7 UMAX < 4 >=WDOTIN 
1 2 a MMAX(5t=MDOTlN 
1 2 9 JCOUNT=0 
1 3 0 I S O DO 3 30 1 = 2 . 5 
1 3 1 DIAM=DIA< I I 
1 3 2 WDOT=WFLOW< I ) 
1 3 3 QUALt=QUALlN 
1 3 4 P=PVALIN 
1 3 5 T=IDRN'JH 
1 3 6 1 9 0 DO 2 4 0 J - 1 , J M A X < I ) 
1 3 7 A1 =XLEH( i . J ) 
1 3 B A 2 = Z I N ( 1 . J ) 
1 3 9 A3 = ZOUT( I . J ) 

Or 1 4 0 
£ 1 4 1 
C 1 4 2 

A 4 = E F F < I . J ) Or 1 4 0 
£ 1 4 1 
C 1 4 2 

A5-0ME1 1 I . J ) 
Or 1 4 0 
£ 1 4 1 
C 1 4 2 AG=TYPEl I , J 1 

1 4 3 A7 = THUMI I . J ) 
1 4 4 I F < A 6 . N E . 5 . 0 ) GO TO 20O 
1 4 5 WDOT=WOOT/TNUM{I.J) 
1 4 6 2 0 0 CALL D P C A L t D P . T 2 . A 1 , A 2 . A 3 , A 4 . A 5 . A 6 , A 7 ) 
1 4 7 I F < X L E N < I . J ) - E Q . O . O ) GO TO 210 
1 4 a PGRAD=DP/(10 0 0 . 0 < X L E N ( 1 . J ) ) 
• 4 9 GO TO 2 2 0 
I S O 2 1 0 PGftAD-0.0 
1 5 1 2 2 0 P=P-DP 
1 5 2 I F (P .GT . 1 0 1 3 2 5 . 0 ) GO TO 230 
1 5 3 WM.\X( 1 ) -WDOT 
1 5 4 WOOT=O.S0<VJMAX( I ) 
1 5 5 WFLOWIIl=WOOT 
1 5 6 0 U A L l = 0 u A L I N 
1 5 7 P=PVALIN 
t 5 B T.TBBNCH 
1 5 9 GO TO 190 
1 GO 2 3 0 WDOTLM 1 .0-QUAL2)«WDOT 
1 6 1 WD0rv=0UAL2»WOOT 
1 6 2 PHPA=P/1OOO.0 
1 6 3 0UAL1=0UAL2 
1 6 4 VV1= 31 
1 6 5 VL1=G2 
1 6 6 RH0Vt=B3 
1 6 7 UHOLI=D4 
1 6 B HV1=B5 
1 6 9 DH 1 = B6 
1 7 0 2 4 0 T = T2 
1 7 1 D P E X I T < I ) = P V A L 1 H - P 
1 7 2 Q E X I T f l ) = Q U A L 2 
1 7 3 TQAS<I)=TQUAL 

TIME: 10:21130 DATE 040579 PAGE 114 

http://DPCALtDP.T2.A1


•"• LNSYST •• FILE: MFTF'CSA TIME: 
174 TOUT(I)=T 
175 WFLOW(1 + 5)=WFLOW( I] 
176 IF |[)P[»nil).l.l.O.O) CO TO 310 
IT7 IF (QEX1TIII.EO.I.01 GO TO 2B0 
17B X0I2. 1 >«X0I2. i ) + ! .0 
i7g x n a . i i-xi (a. i i+wFLowi i) 
1BD X2|2.I)=X2(2.1 )+<WFL0WI 1)•-2) 
101 X3I2.I)=X3I2.1l+(WFLDW(1)'»3) 
102 X4I2.I1-X4I2,1 1+IWFLOWI 1 >-»4 I 
183 Y(2, 1)=Y(2.I )4DPEXI HI ) 
181 XYI2.I>=XY(2,I(+DPEXITI1)iWFL0W(1) 
1U5 XXYI2.1 I ̂  XX Y I 2.1 1+DPEXITI I ]*(WFLOW( H » * 2 ) 
1B6 IF (FLAG!2,I)-1.0) 250,260,270 
187 250 C(2.I.II=0.0 
IBB CI2.2. I I =DPEXIT( D/WFLOWI I ) 
189 C(2.3.II*0.O 
190 FLAQI2,I)=FLAGI2.I(+1.O 
191 GO TO 330 
192 260 Ct2. I.1 I=0.0 
193 DENOM=X1(2.I)'X3(2.1)-X2(2.I)<X2t3,II 
194 CI2.2.I) = (Y(2.1)-X3l2.I)-X2(2.l|fXY(2,I) (/DENUVI 
195 C ( 2 . 3 . n = l X U 2 . 1 ) » X Y t 2 . n - X 2 1 2 . ] ) » Y ( 2 . n >/DENOM 
196 FLAGI2. I l=FLAGI2.I ) + l .0 
197 CO TO 330 

£ 198 270 DET1>(X2<2.1)*X4(2.II-X312.I>*X3|2.I)1 
£5 199 DET2=IXI12.I)'X412.I>-X2<2.I)»X3(2.I)) 
** ZOO DEI3.IXI(2,I)-X3I2.I)-X2(2.I)»X2(2.I)> 

201 DENOM=X0(2.I)«DET1-XH2,1)»DET2+X2(2.I)*DET3 
202 CI2,I.1I'(Y(2,I ><DETI-XY(2,l)*DET2+XXYI2..I)«DET3)/DENOM 
203 DETl=IXt(2.I)*X4(2.I)-X2(2.1)»X3(2.I)> 
204 OETS=(»Oia,I)«X4<2,I)-X2l2.I)*X2(2.1)) 
205 DET3=|X0<2. I)<X3(2. I |-X1< 2. I)*X2(2. I) ) 
20G C(2.2.I) = (-Y(2.l l»0ET1+XY(2.I)•DET2-XXYI 2.I)*DET3)/OENOM 
207 DET1=1X1(2.I)«X3I2.1|-X2|2.I1»X2I2.I)) 
208 DET2.=<XOI2.I)'X3(2.1)-Xai2.t)»X1(2,I)) 
209 DEI3=(X0(2.I).X2<2.11-XK2.I)*Xl(2.in 
2'<> C(2.3.I)=(Y<2,l)«OE11-XYI2,l ) *0ET2+XXY ( 2, I) «0ET3)/OENCIM 
211 Fl_AG<2. I I =FLAG(2. I )-t 1 .O 
212 GO TO 330 
213 280 XII1.1)sX1{I,Il+WFLOWCIt 
214 X2(1.1l=X2<1,I)+IWFLOW(I)»i2) 
Z15 X3( 1 .1 I X3( t . 1 ) + (WFLOW( l)»»3) 
21G Y< I , I ) = *< 1 . I )+DPEXIT(I ) 
217 XY(1.I)-XY(I.I)+(OPEXn(l )»WFLOW( I )) 
218 IF (FLAGI1.I)-t.0) 290,300,300 
219 290 C( 1 . ! . I I=0.0 
220 C(I.2.1)=DPEXIT(I1/WFLOWCI) 
221 C< I .3. 1 I= 0.0 
232 FLAO(1,l|=FLAO(l.l|t1,0 
223 GO TO 330 
221 300 CI I .I .I >=0.0 
2 25 DENOM=X1(1.I)«X3(1,I|-X2(I.I)»X2(1,I) 
226 C(I.2.I)-(Y(1,I1»X3<1,I)-X2(1.I)*XY<1,1))/OENOM 
227 C(I.3.I)=(X1I1.I)*XY(1. D - X 2 I 1 . I l*Y«1 .1 ))/OENOM 
228 FLAGI1,1i=FLAG(1.1)+ 1,0 
229 GO TD 330 
230 310 CONTINUE 
231 DIAII>=1.25*DIA(I) 



»• LNSVST •• FILE: MFTF'CSA TIME: 10:21:30 • DATE 040579 PACE 
-232 IF (CIAI I I .GT. 1 .0) GD TO 590 
233 DO 3:0 K U 1 . 2 
234 FLAGIK1, I)=0.0 
235 XOIKI.Il-O.O 
236 Xl|K1,l)-0.0 
237 X 2 ( K 1 . l ) = C O 
23B X.3JK1 . 1 )=0.0 
239 X4(K1.I>=0.0 
240 Y(K1.1)-0.0 
241 XI|K1,1>=0.0 
242 320 XXY(K1.IJ-O.O 
243 WMAXI1|=W0OTIN 
244 330 CONTINUE 
245 JTAG=0 
2 46 DPAVG=0.25«(DPEXIT<2)+DPEXIT(3)+DPEXIT(4)+DPEXIT<5)) 
247 WiaTl=WFlOW<2)tWFLOWI3)+WFLOW{4)+WFLOW<5) 
24B IFCWTOT1.NE.WTQT)JTAG=1 
249 DO 360 15=2,S 
2 5 0 I F ! A B S ( O P A V G - D P E X I T < 1 5 ) ) . G E . 1 0 0 . O > J T A G = 1 
2 e » I F ( Q E X I T I 1 5 ) . L T . 1 . 0 ) GO TO 340 
2 5 2 C C ( 1 , 1 5 ) = C ( 1 . 1 . 1 5 ) 
2 5 3 C C ( 2 . I 5 ) = C ( 1 . 2 . 1 5 1 
2 5 4 C C ( 3 . I 5 ) = C ( 1 . 3 . 1 5 1 

P 2 5 5 GO TO 3 5 0 
l-» 2 5 6 3 4 0 C C I 1 . I 5 ) = C < 2 . 1 . 1 5 1 
0 1 2 5 7 C C ( 2 . I 5 ) = C ( 2 . 2 . I 5 ) 

2 5 6 C C ( 3 . I ' i ) = C ( 2 . 3 . 1 5 ) 
255 350 CONTINUE 
260 360 CONTINUE 
261 IF (JTAG.EQ.O) GO TO 460 
262 DELP=30O0.O 
263 PTR1AL=0.0 
^64 370 WTOT=0-0 
265 DO 400 15=2.5 
266 IF (DPEXITIJ).LT.0.0) GO TO 390 
267 IF (CC13.151.EO.O.O) GO TO 380 
2 68 XRO0T=CC<2.1S)-*2-4.0»CC(3.I5)*(CC(I.I51-PTRIAL) 
269 IF(XROOT.LE.0.O)XHOOT=0.O 
2 70 WFLOWII5)=(-CC(2.15)+SQRI(XR00T)1/(2.0*CC(3.15)1 
271 GO TO 100 
=72 3B0 IF (CCI2.151.LE.O.O) GO TO 390 
273 WFLOWt IE I=PTR1AL/CCI2. 15) 
274 GO TO 10 0 
275 390 WFLOWI15)=0.0 
276 403 WTOT=wTOT-tWFLOW( 15) 
277 IF {((WDOTIN-WTOT1/WDOT1N)«*2.LT.I.OE-6) GO TO 430 
278 IF IWTOr.LT.WDOTIN) GO TO 420 
279 PTRIAL=PTRIAL-OELP 
260 DELP=DELP/10.0 
2 8 1 P T R I A L = P T R I A L + D E L P 
282 IF (DELP.GT.0.00001) GO TO 370 
2G3 WRITE IG.410) 
284 410 FORMAT!/.T30."DELP LESS THAN 1.OE-5•> 
2B5 GO TO 430 
2B6 420 PTRIAL=PTRIAL+DELP 
2B7 GD TO 370 
268 430 DO 450 15=2.5 
2B9 IF (WFLOW(15).NE.0.0! GO TO 440 



• * IN5Y5T » • F I L E : MrTF*CSA T I M E : 1 0 : 2 1 : 3 0 

290 WFLOWI 15 I O .25<WFLOW< I 5 F S ) 
291 GO TO 1 5 0 
292 440 Z9»WFLOW< I 5)-WFLOW( 15 + 51 
293 ZU=0.5'WUAK<15> 
294 IF(ABSI29*-GT.ZB) WFLOW( I 5)-ZOMABS<ZS)/Z9)*WFLOW( I5+S) 
295 IFIWFLOWl 15) .GE.WMAXI 15) ) WFLOW< 15)=«HAX[ I 5 ) • < 1 .O-WMAXC I 51/WFLOW<I 
29G IS)) 

" 297 IFIWFLO.'Jl I 5) . l.E-C.O ) WFLOW( I 5>"0.5-WFLOW< 15+5) 
29B 450 CONTINUE 
299 WTOTt=l-JFLONI2I+WFLOWI3)+WFLOW I 4)+WFLOW(5» 
300 JCOUNT = .ICOUNT+t 
301 IF {JCOUNT.LE.20) GO TO ISO 
302 c 
303 c ANALYSIS ROUTINE FOR LINES 2 TO 5 
304 c 
305 460 OO 530 1=2.5 
306 WfLOWlI)=WFLOW(1*5) 
307 WDOT=WFLOW(I) 
308 QUALIcQUALlN 
309 P^PVALIM 
3«0 T.TBRNCH 
31 1 c 
3)2 JP » PAGE(O) 

£ 313 C 
P 314 WHITE 16,100)I 
o-« 315 CALL N2PROP(P.I> 

316 UVI=OI 
317 UL1=02 
31U RHOV1-03 
319 RHOL1-D4 
320 Hi/1=BS 
321 DHI=B6 
322 WOO!L=(I.O-QUALI>»WDDT 
323 WOOTV.QUAL1•WDOT 
324 DlAM = D|At I ) 
325 R E Y N = 4 . 0 - W D O I / 1 3 . I 4 1 5 9 * D I A M « V L 1 ) 
3 2 6 F R I C I . O . 0 0 E 6 O + 0 . 5 O 0 - ( R E Y N - » ( - 0 . 3 2 ) ) 
327 VAPVEL;WDOTU/RHOV1 
328 UAPMCH=VAPVEL/(20.414«S0RT(T)) 
329 PHPA=p/1O00.O 
330 WRITE (G. 120 IDIAM.WDOTL.WDOTV.QUAL1 .T,PKPA,FRICT,REYN.VAPVEL,VAPMC 
331 tH.DENS 
332 IFLAGiO 
333 DO 510 ,J=t,JUAK(l) 
3 3 4 I F LAG-I F I.AG+1 
3 35 A 1 = X L E N 1 1 . J ) 
3 36 A 2 = Z 1 N I 1 . J ) 
337 A3 = ZOUI ( I . J ) 
3 3S A4 = E F F I I , J ) 
3 3 9 A 5 = Q N E F ( I , J ) 
340 AG=TYPEI 1 , J ) 
341 A 7 - T N U M I I . J ) 
342 IF I A S . N E . 5 . 0 ) GO TO 4 7 0 
343 WUOT=WtHJT/TNUM< I . J ) 
344 4 7 0 CAi-L OPCAL< OP . T2 . A1 , A2 , A3 , A4 , A5 . A6 . A7 ) 
345 I F ( X L E N I I , J ) . E O . 0 . 0 ) GO TO 480 
3 48 P G H A D o D P / l 1 0 0 0 . 0 » X L E N < I . J ) ) 
347 GO TO 4 9 0 



FILE: MFTF»CSA TIME: 10:21:30 DATE 040573 
34B 
349 
350 
351 
352 
353 
354 
355 
3SB 
357 
3SB 
359 
350 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
37B 
379 
300 
3B1 
382 
3B3 
3B4 
3B5 
3B6 
387 
388 
389 
380 
391 
392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 

4 8 0 PGBAD=0,0 
4 9 0 P=P-DP 

WDOTL= l1 .0 -QUAL2> .WD0T 
WD0TV = 0UAL2>-.1D0T 
PKPA=P/1OO0.O 
I F . ( I F L A G . LE . 3 8 ) GO TO SOO 

d P PAGEIO) 

WRITE 1 6 . 1 0 0 ) 1 
1FLAG=0 

5 0 0 CONTINUE 
WRITE ( 6 . 1 5 0 1 J . D I A M . W D D T L , W 0 0 T V . Q U A L 2 . T 2 . P K P A . P G R A D . F R I C T . R E Y N , V A P 

1VEL,VAPMCH.DENS 
QUAL1=QUAL2 
VV I=B1 
VL1=B2 
RHCW1=B3 
RHOL1=D4 
HvM = B5 
bH1=B6 

5 1 0 T=T2 
OPEXIT I I ) = P V A L I N - P 
UHlTE < 6 . 5 2 0 ) W F L 0 W < I ) , D P E X I T ( I ) 

5 2 0 FORMAT!,•". T 1 0 , 'WFLOW = ' . F 1 O . 6 . 1 OX. ' D P E X l T « ' . F 1 2 . ' I ) 
S 3 0 Q E X I T I I ) = 0 U A L 2 

D f > A V G - - 0 - 2 5 - I D P E X I T < 2 ) + D P E X I T ( 3 ) + D P E X I T I 4 ) + D P E . X I T I 5 > ) 
P«PVALIN-DPAVG 
1=6 
UDOT-WDOT1N 
dP PAGEIO) 
WRITE 16,100)1 
CALL N2PROPIP.T) 
T8RNCH=T 
Vtf 1 =B1 
VL1=B2 
RHOVI=E33 
RHOL«=D4 
H\/1 =BS 
DH 1 = BS 
HEAT-0.0 
EXIlQL=0.O 
WTOT=0.0 
DO 550 KK=2.5 
IF (QEXI TIKK) .E0.1 .0 I GC TO 540 
EX IrQL=EII TQL + QEXITIKK)»WFLOW(KK) 
w i a r = w r o r + i i F L o w ( K K ) 
GO TO ISSO 

540 TAVG=( TOUT IKKl+TGASIKK) )/2.0 
T=TAVG 
CALL SPCFHTIT.SPECHT) 
l'EAT=HEAT + SPECHT"WFLOW(HK)* (TOUT<KK)-TGAS(KK)) 

550 CONTINUE 
EX1TOL=EXITOL/WTOT 
HVAP0R=B5-WT0T»<1.O-EXITQL) 
IF (HVAPOR.LT.HEAT) GO TO 560 



»* LSSVST 
40G 
4 07 
ACQ 
4 09 
410 
411 
412 
413 
414 
415 
416 
417 
418 
419 
430 
421 
422 
423 
424 
425 
426 
427 
42S 
429 
430 

fc 432 
0 0 434 

FILE: MFTF.t TIME: 10:21130 
DELQ=IHEAr/HUAPOR)*M.0-EXITQLI 
QUALI=EKI TOL+DELQ 
T-TBRNCH 
GO ID 110 

560 ExllOL-I.D 
DELTG=(HEAT-HVAPOR> /(WDOTlN'SPECHT) 
T=T+DELFG 
PP = P 
CALL GM2DENIT,PP,DEN5> 
QUALI-1.0 
CO TO 110 

570 WRITE (G.BBO) 
5B0 FORMAT! ,'./.T30. ' FLOWRATE IS TOD LARGE FDR THIS CONFIGURATION') 

GO TO GOO 
590 WHITE IP.GOO) 
GOO FORMATI/./.T30.'DIAMETER INCREASED TO GREATER THAN 1 METER - TERMI 

2NATE RUM'J 
GO TO 1S60 

CIO CONTINUE 
WRITE IG.620I 

620 FORMATI/././.TSO.'DISPLAY OF FINAL FLOW PARAMETERS'./././) 
DO 630 HK=I,6 

630 WRITE IS,640|KK.WFLON(KK),KK,D1A(HK).KK.OEXITIKK) 
640 FORMATIT15.'WFLOWI'.12.• >='.F10.7.' KG/SEC'.8X.'DIA(•.12.' ).•,F8 

1.5.' M',8X,-QEXITC•,12.• >='.F8.S,/1 
WRITE (6.650ITHOT.T 

650 FORMAT(/./.T30. 'AMBIENT TEMP -' .F6.3,1 OX. •EXIT TEMP -'.FB.3) 
660 RETURN 

END 



E 

LOCATE • * 
1 C 
a c 3 c 4 c 5 c 6 c 7 c 8 c 9 

ID c 11 c 12 c 13 c 14 c 15 c 16 c 17 c to 
19 
20 
21 c 22 
23 

. 24 
> 25 
; =6 c 27 
28 
20 
30 
31 c 32 
33 
34 
35 
36 c 37 
3U 
39 
40 
41 
42 
43 c 44 
45 
46 
47 
4B 

F I L E : MFTF«CSA TIME: 10:21 

» ROUTINE NAME - LOCATE AND INPUT THE TABLE « 
• TO BE LOOKEO-UP * 
• ROUTINE LANG - FORTRAN V UNI VAC 1110 EXEC B* 
• DATE CODED - AUGUST 23. 1378 •• 
• PROGRAMMER - R.F.HAU5MAN 104-6213-30235 • 

SUBROUTINE LOCAT (MNT) 
•»••• EXPLANATION OF THE CALLING SEQUENCE 

• NT - THE TABLE NUMBER WITHIN A MASTER TABLE. THAT IS 
THE NUMBER OF WORDS TO BE SKI PES TO FIND THE 

••••• DESIRED TABLE IS 200*<NT-1). 

INCLUDE CIOUNT 
INCLUDE CTAB 
INCLUDE CTABA 
NT = IABS <I,1NT) 
IPX = lDXt 
NTM1 = NT - 1 
IF(NTMI.LE.O) GO TO 20 
DO 10 1 I = I .NIMI 
MM = I 
IF(ITABLEClOX+1).EQ.I) MM = 2 

10 IDX = 1DX + MM.ITA6L£(IDX) + 3 
20 NV - ITAULEIIDX) 

TYPE • ITABLE!IOX+1I 
Kll P = ITABLEI 1DX + 2 > 
IDX = IDX + 2 

,NU DO 30 I I = 
IDX - IDX + I 
IF 1MNT .LT. 0 1 GD TO 26 
XTABI J I > = TABLE! IDX) 
IFITYPE.EO.il YTABII1) = TABLE!IDX+NV) 
GO TO 30 

26 iTABI11) 
YTABII I ) 

30 CONTINUE 
RETURN 
END 

SWITCH DEPENDENT AND INDEP. 
TABLE(1DX+NVI 
TABLE!IDX) 

VARIABLES 

DATE O40S79 PACE 120 

http://IFITYPE.EO.il


»• MAGNET »» FILE: MFTF«CSA TIME: 10:21:31 DATE 040579 PAGE 121 

1 
2 
3 « 
S 
6 
7 
8 
g 
IO 
ii 
is 
13 
14 
IS 
16 
U 
<B 
19 
20 
21 
22 
23 
24 

1 25 
26 
27 
2B 
29 
30 
31 
32 
33 
34 
3S 
36 
37 
3a 
39 
40 
41 
42 
43 
44 
45 
46 
47 
4B 
49 
SO 
51 
52 
53 
54 
SS 
56 
B7 

C 
C c c c c c c c c c 

SUBROUTINE MAGNET 

ROUTINE NAME - MAGNET CHARACTERIZATION » 
ROUTINE LANG - FORTRAN V UNlVAC 1)10 EXEC B» 
PROGRAMMER - R.F.HAU5MAN 104-6213-30235 • 
DATE CODED - AUGUST 23. 1978 » 

• ••• THIS SUBROUTINE CHARACTERIZES THE MAGNET CONDITIONS 

LOGICAL UP.PAGE 
INCLUDE CFLU1D 
INCLUDE CMAG 
BEGIN COMPUTATIONS FOR MAGNET SYSTEM 

PTANK 
TTANK 

PMftGDW 
TMAGDW 

CALL HEPROPfPMAGDW.TMAGDW,1) 
RHO - HELD • HEMWT 
PMAGI 
PT.1AC0 

PMAGOW + HEHEOtRHO .HDMAGII 
PMAGDW + HEHEO(RHO .HOMAGOI 

SVLINT = HELSU 
SLVINI11 = SVLIMT 
SLVIN12) = SUL1NT 
TMAG1 = TMAGDW 
CALL HEPROP1PMAGI.TMAGI. 1 J 
CALL HEPROPIPMAGO.TMAGI.3) 
DELTA-H. SUBCCOLED L1OUID TO SAT. 
DELHI = HEHL - HELM 
DELTA-H. SUUCODLED LIQUID TO SAT. 
DELH2 =- HEHG - HELH 
ENERGY lO RAISE CONDITION TO SAT. 

3 KG/CU-METER 
S» KPA 
9 KPA 

3 MAG INLET PROP 
sa MAG OUTLET PROP 

LIQUID 

QUANT 
0SAT1 

VHCMAG • HEDL 
QUANT • OELH1 

ENERGY rO RAISE CONDITION TO SAT. VAPOR 

& J/MOL 
fNO FLOW) 

S» MQLS 
V OQULES 

(NO FLOW) 

MAGOOIOO 
MAG00200 
MAG0O300 
MAG00400 
MAG00500 
MAGOOGOO 
MAG00700 
MAGOOBOO 
MAG00900 
hUOO 100 0 
MAG01100 
MAGO 1 20 0 
MAU0130 0 
MAGO1100 
MAG0150 0 

MAGO1600 
MAGQ1700 
MAG0180 0 
MAGO190 0 

•MAG02000 
MAGO2I0O 
MAG02200 
MAG02300 
MAG02400 
MAG02500 
MAG02600 
MAG02700 
MAG02H00 
MAG02900 
MAG03000 
MAG03100 
NIAG03200 
MAG03300 
MAG03400 
MAG0350 0 
MAG0J60 0 
MAG03700 
MAG03K00 
MAGOJ'IOO 
MAGQ-1000 
MAG04IOO 
MAG04200 
MAG04300 
MAC044O0 
MAG04500 
MAG04i>00 
MAG04700 
MAG04D00 
MAG04-JOO 
MAG05000 
MAG05IO0 
MAG0S200 
MAGO530O 
MAG0S400 
MAG05500 
MAG05G00 



»* MAGNET »• 
SB 
S9 
GO 
61 
63 
63 
64 
6S 
66 
67 
ea 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
SO 
B1 

»>- 82 
K as 
!-• B4 

85 
66 
87 
UB 
ag 
SO 
91 
92 
93 
94 
95 
9G 
97 
90 
39 

1 00 
101 
102 
103 
104 
10S 
106 
107 
106 
109 
1 10 
1 11 
1 12 
I 13 
114 
115 

TIME: 10:21:31 
J JOULES 

FILE: MFTF*CSA 
QEWAP = QUANT • DELH2 
ENERGY GENERATED IN MAGNETS PER HOUR 
OGEOHR = QMAGI * 3G0O.O 9 J/HH 
TIME TO DBTAIN NO FLOW COOLANT LOSS 

!» HRS 
9 HRS 
P OEG-K 

«> SATURATION TEMPERATURE 
«> MOL/L 
f> MOL/L 

MAX. GAS GENERATION AT NO FLOW CONDITION 
WTOHXG = ( (QGEQHR/DELH2) * HEMWT ) /1000 . 0 S KG/HR 
ENERGY REQO. FOR SAT.LIQUID AT SPECIFIED FLOW RATE (WDTLHI) 

DATE 040579 122 

TIM4 = OSAT l/l JDEOHR 
TIMS = QEVAP/QGEOHR 
TEMPI = HE1 
IMAGO = Her ROHL = HEOL 
ROHG = HEOG 

QSAT2 - ((WDTLHI - 1OOO.O)/HEMWT) • DELHI 
ENERGY AVAILABLE FOR VAPORIZATION OF HELIUM 
QEVAP1 = QGEQHR - QSAT2 
VAPOR GENERATED AT SPECIFIED FLOW RATE 
WDTGHE = ((QEVAP1/DELH2) » HEMWT)/1000.O 
DETERMINE THE QUALITY OF THE LIQUID 
QUALO - WDTGHE/WDTIHI 
SP.VOL. AND RliO OF THE LIQUID OUT OF MAGNETS 

5» JOULES/HR 

V JOULES/HR 

P DEC-FRACTION 

SVLMIK 
RHOMIX 

(1-0-QUALD)»HESVL + QUALO-HESVG 
1.O/SVLMlx 

WDOTI(I) - WP1LH1/2.0 : WDOT1I2) - WDOTI(1) ^ KG/HR 
WDTGH2 * WDTGHE/2.0 i> MG/HR 
UP 1 LUG = WDTLH1 - WOTGHE 

COMPUTE OOILOFF IN STORAGE OEWAR DUE TO HEAT-LFAIt 
P&rQJU = PMAGDU 
TSTODW = TMAGDW 
CALL HEPHOP <PSTODW.TSTODW,3> 
DLTH5 = HEt'G - HEHL 
QHTSHR = QL.lSDU • 3600-0 
WDTMOL = QHTSHR/DLTH5 
UOGSTO = (WOTMDL <• HEMWT ) / 1 000 . 0 
TMPSRT = HET 

i' J/MOL 
i» J/HR 
i> MOL/HR 
!• KG/HR 
1> DEG. K 

MAG057OO 
MAGQ5B00 
MAG05DOO 
MAG0G0OO 
MAU06tOO 
MAG05200 
MAG06300 
MAG06<100 
MAG065D0 
WAG06G00 
MAG0G700 
MAGOGQOO 
MAG06900 
MAG07000 
MAG0 7100 
MAG07200 
MAG07300 
MAGO 7-100 
MAG07500 
MAGO7GO0 ' 
MAGO77O0 
MAGO7B00 
MAGO7900 
MAGOB00O 
MAGOIUOO 
MAG06200 
MAG0H300 
MAGOH100 
MAGOBSOO 
MAGOHGOO 
MAGOH700 
MAGOUliOO 
MAG0U900 
UAG09000 
MAGO9 100 
MAGO92O0 
MAGO930O 
MAG094D0 
MAGOUbDO 
MAG0U6D0 
MAG097OO 
MAG09UOO 
MAG09900 
MAGIOOOO 
MAGIOIOO 
MAGI 0200 



FILE! MFTF*CSA T I M E : 10:21:31 DATE 040579 
1 16 
1 17 
1 10 
1 19 
12D 
121 
122 

- 123 
124 
125 
12G 
127 
12B 
129 
130 
131 
132 
133 
134 
13S 
(35 
137 
130 

a, 139 
& IIO 

142 
143 
144 
145 
14S 
147 
148 
149 
I SO 
151 
152 
153 
154 
155 
156 
157 
158 
159 

JP = PAGE(O) 
WRITE IG.&COO) 

OOOO FORMATI//T27. ' < •» INITIATE PROGRAM AND CHARACTERl 
1ND OUTPUT CONDITIONS •>•'//1 

C 
WRITE (6.5100) WDTLHI. TI.1AGOW. PMAQI. HELD. HELS 

2 PMAGO. HQHL. RQHG. RHOMIX. SVLMIX 
3 V.'DTLMG. WDTGHE 

ESTIMATED MAGNET PARAMETERS ••'//T 61O0 FORMAT!T55. 
1CONDITI0NS;'/T45.•INLET FLOW RAIE 
2 /T45."INLET TEMPERATURE 
3 /T45>°. • INLET PRESSURE 
4 ,'145."INLET FLUID DENSITY 
5 /145.'INLET SPECIFIC VOLUME 
6 //I45."OUTLET FLOW RATE 
7 /T45."OUTLET TEMPERATURE 

'OUTLET PRESSURE 8 
9 
A a c 
D 
E//T45. 
F/T57.• 

/T4S. 
/T45. 
/T4S. 

IKG/HR) ' 
C E G . K ) • 
( KPA ) ' 
( I M L / L ) 1 

(L/MDL)' 
(KG/HR) • 
(DEG.K) • 
< KPA ) ' 

'OUTLET LIQUID DENSITY IMOL/LI' 

* * * * * * * * *MAG10300 
MAG1O400 
MAG1050Q 
MAGIOGOO 
MAG10700 

ZE MAGNET INPUT AMAG10S00 
MAGIO90O 
MAGI 100 0 

HET. MAGI 1100 
MAGI 120 0 
MAGI 1300 

FLUID FLOWINGMAG11400 

V. . WOTLHI 
9UALO. 

20, 

OUTLET GAS DENSITY ( M O L / L C 
/ T 4 5 . ' O U T L E T MIXTURE D E N S I T Y ( M O L / L > ' 
/ T 4 5 . ' O U T L E T MIXTURE S P . V O L . ( L / M D L > ' 
/ T 4 5 . 'OUTLET F L U I D QUALITY (FFtACTl ' 

'OUTLET FLUID C 0 M P 0 5 1 T I O N : • / T 5 7 , ' L I Q U I D 
VAPOR ( K G / H R ) ' . T B 0 . E I 5 . B / ) 

T B O . E t 5 . 8 , 
T 8 0 . E I 5 . 8 . 

, T S O . E 1 5 . 8 . 
. TOO.El 5 . a , 
, T 8 0 . E 1 5 . 8 . 
T B O . E 1 5 . S . 
T O O , £ 1 5 . 8 . 

, TBO.EI 5 . a . 
, T B 0 . E 1 5 . 8 . 
, I S O . E l 5 . 8 . 
. TB0.E1 5 . 8 . 
, T 8 0 . E 1 5 . 8 . 
T 8 0 . E 1 5 . 8 . 

MAGI 150 0 
MAGI 160 0 
MAGI 170O 
MAC1 1B0O 
MAGI1HOO 
MAG120DO 
MAGI210O 
MACI2200 
MAGI2J0O 
MAG1240O 
MAGI350O 
MAGI 260O 
MAG I 2 70 0 

W R I T E I & . 6 2 0 0 ) QGEQHR. T I M 4 . T IM5 
15200 FORMAT(T20. ' NO-FLOW CONDIT IONS: ' 

D / T 4 5 . ' M A G N E T ENERGY 
E / T 4 5 , ' T I M E TO SAT. 
F 
G 

WTDMXG 

( J /HR . ) • 
QUID (HOURS) ' 

/ T 4 5 . ' T I M E TO SAT. VAPOR (HOURS) ' 
/ T 4 5 . ' R A T E OF VAPQR BOILOFF ( K G / H R ) ' 

, TB0.E15.8. 
, I00.F7.3. 
, TBI), F7-3, 
TB0.E15.a) 

DO THE MAGNET SUPPLY SYSTEM COMPONENT CONFIGURATION ANALYSIS 
CALL CMPCAL 

I KG/HR) ' .TBO.E1S.SMAGI280 0 
MAG I 2 90 O 
MAGI 300 0 
MAC 1310 0 
MAG I 3200 
MAG I 330 0 
MAC 13 I0O 
MAGI 3500 
MAGI3G0O 
MAG13700 
MAGI 3000 
MAG I390O 
MAG14000 
MAGt4100 
MAGI420O 
MAGI430O 
MAGI 4400 
MAGI450O 
MAGI460O 



n 
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FILE: MFtF.CS* d.-.lF: .0:21:31 

» ROUTINE NAME - MULTI-TABLE INTERPOLATION -
* AND POLYNOMIAL EVALUATION * 
• ROUTINE LANS - FORTRAN V UNIVAC t108 EXEC 2* 
* PROGRAMMER - ft. BOLLINGER 1943 102 26933 * 
• DATE CODED - 3/3/70 * 
• REVISED - SEPTEMBER 3.1971 
• PROGRAMMER - d. MCKAY 19-43 201 X45178 * 

FUNCTION MIPE(NL.XVAL) 
***** EXPLANATION OF THE CALLING SEQUENCE 

• NL - THE NUMBER OF LEVELS OF INTERPOLATION OR ONE 
L65S THAN THE NUMBER OF DIMENSIONS OR THE NUMBER 
OF VALUES IN THE ARRAY X.VAR. 

XVAR - AN ARRAY DF INDEPENDENT VARIABLES ON WHICH 
TO INTERPOLATE OR EVALUATE POLYNOMIALS. 

HEAL WIPE 
INCLUDE CIOUNT 
INCLUDE CKEYS 
INCLUDE CTAB 
DIMENSION XVALI61,YVAL(321.KN1(5).L(5).NTDI6).TAB1(6.5). 

I 1 T A B K 6 . 5 ) 
EQUIVALENCE ITAB1 . 11AB1.TAB. I TAB> 

••••• LOCATE THE POSITION IN EACH OF THE FIRST NL-t TABLES OF 
.».•- THE INDEPENDENT VARIABLE AND STORE THE INDEXES IN KNT. 

MPX s 1 
CONTINUE 
IFtNL.GT . I 1 GO TO 5 
CALL LOCAT (WIPX) 
NLTBL » 1 
CALL T E H XVALI 1 ) . YVAL( 1 ) ) 
GO TO 220 
NLM1 = NL - 1 
DO 70 11 = 1 . NLMI 
NTAB1 = ITABI(1.11) 
IF(XVALIIt) - TAB1(2.II1) 50.50.10 
IF(XVALIH) - TABI (NlABH-1 . I I ) ) 20.60,60 
UO 30 I 2 = 1 .NTABt 
13 = 12 
IFIXVAL(II) - TABI I 12 + 1 .11 )) 40.40.30 
CONTINUE 
KNTI 11 ) =. 13 - 1 
GO TO 70 



* MIPE 
58 
59 
60 
61 
62 
63 
64 
65 
SB 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
at 
82 

fc B3 
G B4 lit 85 

06 
87 
8B 
09 
90 
91 
92 
93 
94 
95 
96 
97 
96 
99 

100 
101 
102 
103 
104 
105 
106 
107 
103 
109 
1 lO 
1 1 1 
1 12 
1 13 
1 14 
1 tS 

FILE: MFTF*CSA TIME: 10:21:31 DATE 040S79 126 
50 KNT<11) = 

GO TO 70 
60 HMT(11) - MTAB1 
70 CONTINUE 

• *••• COMPUTE THE TABLE NUMBER OF THE XV TABLES FOR 
• •»»•• INTERPOLATION. 

NT = 2>-NLM1 
NLTBL = NT 
DO 1 lO 1 1 = 1 . H L 

I I O N T O I I 1 ) = NT / 2 * * < I 1 - 1 > 
C CALC. INTERPOLATION LEVEL COEF. 

L(NLM1) = 1 
I F (NL\11 -EO. O) GO TO 126 

.DO 120 I 1 = NLA11 . 2 . - 1 
120 L l i l - 1 ] = L I U ) » I T A B 1 I 1 . I 1 ) 

C COMPUTE 1HE ID NO. OF THE X-Y SUB-TABLES 
C USED FOR INTERPOLATION ' 

125 oo n o n- - i .n i 
KTB = 1 
DO 130 I2=I.NLM1 

130 KTB = KTB + L<121» ,( KNT ( I 2 ) - 1 +MODI I I - 1 , NTD( 12 ) ) /NIDI 121-1 > ) 
C LOOK UP SUBTABLE LOCATION 

CALL LOCAT <MPX*KTB) 
C COMPUTE THE YVAL FOH XY-CURVES OR 
C POLYNOMIALS 

CALL TEL (XVAL(NL),YVALIII)) 
IF IKEY2 -EQ. KEY1) RETURN 

140 CONTINUE 
C 
C ..«.. COMPUTE THE FINAL VALUE OF YVAL 
C 

' DO 210 11 = NLM1.1,-1 
KYVAL = > 
IDX1 = K N I I 1 1 1 + 1 » 
FAC = I X V A L d l l - T A B K I D X 1 . 1 t ! ; / ( T AB 1 ( IOX1 + 1 . 1 1 > -TAB1 ( IOX t . 11 ) > 

C 
DO 2O0 12 = I,NT,2 
YVAL(KYVAL) = (YVALI12+1) - Y V A M 121 ) • FAC + YVALI 12 ) 
KYVAL = KYVAL + 1 

200 CONTINUE 
C 

NT = 2'»( I 1-1 ) 
21C CONTINUE 

C 
C ..... SET THE ANSWER AND RETURN TO THE CALLING PROGRAM 
C 

220 MIPE = YVALf1i 
RETURN 

C 
C RVMIPE CAUSES INDEP AND OEP VAR TO SWITCH 

ENTRY RVMIPE (NL.XVAL) 
C 

MPX = -1 
GO TO 1 

C 

http://n--i.ni


MIPE 
116 

FILE: MFTF'CSA TIME: 10:31:31 DATE 010579 PAGE 127 



• » N2MA1N » • F I L E : MFTF'CSA T I M E : 10:21:32 DATE 040579 

SUBROUTINE N3MA1N 
LOGICAL PAGE, JP 

5 
6 
7 
8 
9 
10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3B 
39 
40 
41 
42 
43 
44 
45 
46 
47 
4B 
49 
50 
51 
52 
53 
54 
55 
56 
57 

INCLUDE CPAGE 
COMMON/GEOM/XLEN(6, 1 00 ) , Z IN ( 6 , 1 00 ) ,ZDUT(6,100) .QNET(6,100> 
COMMDN/GEOM/EFFI6,100>.TYPE(6,10 0),TNUMC6.100),JMAX(6) 
COMMDN/GECM/Q0(6.100),01(6,100),02(6,IOO) 
COMMON/GEOM/WLOST.THDT 
DIMENSION D1A<6) 

INPUT LIQUID NITROGEN CONFIGURATION GEOMETRY 
'I ' 
'J ' 

XLEN(l.J) -
ZIN(I,J) -

ZOUTII.J) -
EFF(I,J) -
00(I,Jl -
Ol(I.J) -
02 ( I ,J) -

REFERS TO LINE NUMBER 
REFERS TO LINE SECTION NUMBER 

- GEOMETRICAL LINE SECTION LENGTH (METER) 
- INLET HEIGHT (METER) 
- EXIT HEIGHT (METER) 
- EFFECTIVE L/D RATIO FOR BENDS.VALVES.TEES,ETC 
- HEAT RATE TERM 

HEAT 
HEAT 

RATE TERM 
RATE TERM 

LINE 1 
LINE 2 
LINE 3 
LINE 4 
LINE 5 
LINE 6 

I RUN 

-- LN2 STORAGE TANK TO VALVE BOX INLET 
— VALVE BOX TO DEWAR SHIELDS AND RETURN 
— VALVE BOX TO INTERNAL CRYnPANELS AND RETURN 
-- VALVE BOX TO UPPER EXTERNAL CRYOPANELS AND RETURN 
— VALVE BOX TO LOWER EXTERNAL CRYOPANELS PLUS BEAM LINE 

MODULE SHIELDS AND RETURN 
— VALVE BOX EXIT TO ATMOSPHERE VENT NEAR STORAGE TANK 

DO 110 1=1.6 
READ (5.130)LINE 
DO 100 J=1,100 
READ (S.120)A1 
IF (A1.LT.0.0) 
XLENII,dIiAI 
ZIN( I.J )-=A2 
ZOUI( I .J I= A3 
EFF( I ,J >=A4 
001 I .JI-A5 
Q U I . J I ' A 6 
02 <I ,J)=A7 
TYPE(I,J J =AS 
TNUMIJ.J)-A9 

100 JMAXII)=J-1 
110 CONTINUE 
120 F0RMAT(7F10.3,2F5.1) 
130 FORMAT!15) 

A2.A3.A4.A5.A6.A7.AB.A9 
GO TO 110 

DEFINE INPUT PARAMETERS 



»» N2MA1N •< FILE! HFTF.CSA TIME: 10:21:32 

UNITS-. FLOW = FLOmftETEH'»3/SECI 
PSTOR=PSTOR(NT/METER-•2) 
IH0T=7HDTIK> 
DIA=D1A(METER) 

DEFINITIONS RNLAYR IS THE NUMBER OF LAYERS DF TISSUGLAG/DAM 
USED OH THE INSULATED CR'OGEN LINES 

WLN14. WLN16. WLM17. AMD WLNI9 REPRESENT FLOW LOSSES 
-(IN KG/,S| TO THE OPEN LOOP SVSTEMS 1NCURRE 
AT THE'END OF LINE 1 

QUAL IS THE INLET CRYOGEM MASS VAPOR FRACTION 
AS MEASURED AT THE STORAGE TANK 

READ (S.IflOIPblOR.QUAL 
140 FORMAT|F10.2,F10.6) 

READ (5.150>RNLAYR,THQT 
150 FORMATI7T10.3) 

I=8B. 1!>8 
P-PSTOR 
CALL HaPROP(P.T) 
TCOLD=>T 
CONMLI=S.329E-10'(THOT+TCOLD)-(3.694E-13«<THOT*»3-TCOLO-»3)/(THOT-

1 I C O L O ) I* I 1 . 49-11 E-IG» ( THOT •»4.67-TCOLD-»4.67 ) / I THOT-TCOLO ) ) 
READ <S.iS0)WLNI4,WLN16,WLN17.WLN19 

160 FORMAT(4F10.7» 
WLOSI = WLN14+WLN1G+WLtJ17+WLN19 

170 FORMAT I r10.7.OF I 0.5) 
DO 3 GO .11-1.10 
I HUN = I RUN + 1 
READ <S.170IFLOW.(DIA(I),1=1.6) 
IF (FLOW.LE.O-O) GO TO 370 

DISPLAY INPUT PARAMETERS 
1F(IRUM.GT.1) JP = PAQE(O) 
WRITE I 6, 1 BO) 

1B0 FORMATl 1110././. T55,'DISPLAY OF INPUT PARAMETERS'./,/) 
WRITE ID,190JFL0W,PSTOR.QUAL.THOT,TCDLD 

190 FORMAT(TIB.'VOLUME FLOW DATE ='.F10.7.' METER*•3/SEC'./.T50.•INLET 
1 PRESSURE =',F10.3,' NT/METER' -2' ,/'.T60. 'QUAL = • . Fl 0 . 6, / , / . T60 , • TH 
2D1 ='.ri0.3,' K' ./. 169. '1COLD ='.F)0.3,' K',/./) 
W R I I E i6,2P0MDjnin.[=i.r,) , R N L A Y R . C O N M L I 

2O0 FORMATl T45. ' INI IIAL DIAMETER IMPUT' ./,TS3.>DIA I I) =• .F10.5. • M'./. 
1T5U,'D1AI2) ••.FIO.S.' M',/,T5U.•DIA(3) «',F10.5.' M'./,T5B,'DIA(1 
2> -'.F10.5.' M- ./.T5U, 'piA(S) = ',FIO.S.' M" ,/,T5K, •DI A(6) • l , F 1 0 . 5 
3." M',/./.T58,'RNLAYR =',F1O.3./.T56,'CONML1 s'.E16.6| 
WRITE (G.210IWLOST 

210 FORMAT!/./.T39.'FLOW LOST AT END OF LINE 1•,/,T39,'TO OPEN LOOP NI 
ITBOGEN USERS ='.F10.7,' K G / S E C ) 

DISPLAY LINE GEOMETRY IMAGE 
DO 3S0 I=1 ,G 

fee c 
59 c 60 c et c 62 c 63 c 64 c 65 c 66 c 67 c 6FJ c 69 c 70 c 71 c 72 c 73 c 74 c 75 
76 
77 
78 
79 
GO 
81 
62 
83 
B4 
B5 
Ha 
B7 
SB 
89 
90 
91 
92 
93 c 94 c 95 c 96 
97 c 9B 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
1 1 1 
1 12 c 113 c 114 c 115 



»* N2MAIN •• FILE: MFTF«CSA TIME: 10:21:32 DATE 040579 PAGE 130 
I1G • 17 na 
119 120 121 122 123 124 125 126 127 12B 129 130 131 132 133 131 135 136 137 130 139 140 111 142 143 144 145 146 147 148 149 150 151 152 
isr: 
15'-, 
155 
15S 
157 
15S 
159 
160 
161 
162 
163 
164 
165 
IC6 
167 
1G8 
169 
170 
171 
172 
173 

1 FLAG-3D 
DO 350 J=1.JUAXCIt 
IF (IFLAG.CQ.3B) GO TO 330 

220 IFLAG-ll L-AG+1 
IF (TVI'El I . J) . EO.1 .01 GO TO 270 
IF (TYPE! 1 .J I .EQ.2.0) GO TO 260 
IF (TYPE<I.dl-E0-3.O) GO TO 250 
IF ITVPE|1,U)-EQ.4.0) GO TO 240 
IF (TYPE!I.J).EQ.5.0) GO TO 230 

LINE TYPE 1 CRYOGEN LINE 
LINE TYPE 2 ELBOW 
LINE TYPE 3 VALVE 
LINE TYPE 4 BAYONET FITTING 
LINE TYPE 5 'T' BRANCH 
LINE TYPE 6 SHtELD LINE 

ONET<l,J)>Q0( 1 .J 1 + 1 .361E6»CONMLI«Q1<I.J)*Q2( I .J)«(THOT-TCOLD)/RNLA 
1 YR 
WRITE 4G.320>d.XLENI I , J| ,ZIN( I , Jl . ZCJUT ( l,U).EFFfI.d> .QNET< I.J) 
GO TO 350 

230 QNET<I.U»=QO( I .J ) 
WRITE (6.260)J.XLENI 1 , d I . Z I N < I . d > .ZDUT(t.U).EFFCI.J) .ONETI I.J) 
GO TO 350 

240 ONET(I .J>»Q0( 1 .d l+< ( 1 .01OE-7»IDIA(1>**2)•(THOT»»4-TCQLD>»4)1+10-43 
10B-D1AII)i(THDT-TCOLD))1*01(I.J) 
WRITE (6.290) J .XLENI I , J I . Z I N ( I . ,1 | . ZCUT ( l.J).EFF(I.d) .ONET( I.J) 
GO TO 350 

250 QNETI I. J)-001 I ,dI + <2.337•DI A(I I » t THOT-TCO.LD ) I'OK I .J) 
WRITE IG.300)J.XLENI I ,J).ZIN< I.J I .ZOUT( I.UI.EFF(I.J) .ONETI I.0) 
GO TO 350 

260 ONET(I.Jl-0011,U) 
WRITE Hi.310)J.XLENI1 . d I . Z I M ( I . d >.ZOUT(l.JI.EFFri.J).ONET(l.d) 
GO TO 350 

270 ONEII l..l)=00( I . Jl+< 1 .361E6»CONMLl »DlA( I M X L E N I I .d)»< THOT-TCOLD )/RN 
1LAYR).Jl<I.J) 
WRITE 16.320)J.XLENI 1 , d I , Z I N < [ . d I .ZCUTI I.J).EFF(I.J).ONEr(I.JI 
GO TO 350 

2B0 FORMAT ( I 3 . T7 . F7 . 2 . T 1 6 . F6 . 2 , T 24 , F6 . 2 .T 32 , F6 , 1 , T41 , FU . 2 ..T90 . ' X ' ) 
290 FORMAT I 13. T7.F7.2.T1G,F6.2.T24.F6.2.T32.F6. 1 .T41. F8.2.TB3. 
300 rORMATII3.T7.F7.2.T16.F6.2.T24.F6.2.T32.F6.1.T4I.FB.2.175. 
310 FORMAT!13.T7,F7.2.T16,F6.2.T24,F6.2.T32.F6.1.T41.FB.2.T68. 
320 FORMAT!I 3.T7,F7.2.T16.F6.2.T24.F6.2.T32,F6.1 .T41.FB.2.T62. 
330 CONTINUE 

•X' ) 
'X' > 
•X' ) 
'X* ) 

uP PAGE(O) 
WRITE I 6.3 40 I I 

340 FORMAT! 1 MO.T30. 
IE 1.T18.'INLET• 

'LINE DESCRIPTION FOR LINE NUMBER'.I 3./././.13.'LIN 
.T26.'EXIT',T32.'EFFECTIVE HEAT',T69.•-LINE TYPE-'. 

2/.' SECTION LENGTH HEIGHT HEIGHT'.T35.'L/D".T43.'RATE'.T60.'LINE 
3 ELBOW VALVE BAYONET - T - 1 . / . ' NUMBER (METER) iMETER) (METER)'.T 
441.•(WATTS)'././) 
IFLAG=0 
GO TO 220 

350 CONTINUE 
360 CALL LNSYSTIDIA.FLOW.PSTOR,QUAD 370 RETURN 
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«• N2PROP •• FILE! MFTF»CSA TIME: 10:21:39 DATE 040579 PAGE 132 
1 
2 3 4 5 6 7 
a 
9 10 11 IS 13 11 IS 16 17 

SUBROUTINE N2PROP(P,T) CQMMON/fROP/BI.B2.B3.B4.BS.B6 
TOLO=T CALL TVP(P,I,TOLOt 
CALL VISC(T.VISCL.U1SCV) CALL DCNSVIT.OSATV) CALL DENSLIT.OSA1L) 
CALL H I V A P I T , H V A P > 
CALL HPRATCt .P.DHLDP,TOLD,SLENTH,SVENTH,HVAP1 
B I - V I S C V 
B2=V1SCL 
B3=0SA1V 
BH^OSATL 
BS=HVAP 
B6-0HLDP 
RETURN 
END 



»» OUTPUT •• FILE: MFTF*CSA TIME! 10 

1 C 
3 SUBROUTINE OUTPF (NTL,ITlTL,NVL,VARI,VAR21 
3 C 
4 DIMENSION IT ITL(G) ,IVA1(2) , IUA2I2) 
5 C 
5 ODOl FORMAT l50l.6Aii] 
7 G0O2 FORMAT 1 ' • ' 64X , E IS . 6) 
8 6003 FORMAT ( • + • 34X . E IS . 6) 
9 G004 FORMAT < ' <»'64X . I 1 1 ) 

10 COOS FORMAT 1'+'B4X.I11) 
tl GO06 FORMAT »'+'6BX,2AG) 
12 GO07 FORMAT I'+'BBXt2A6] 
13 COOB FORMAT ( * ' I 
11 60O9 FORMAT (T13,A6,T27,A6,2F14.3,T6S,'.•> 
15 6010 FORMAT (TG6, ' . ' T73,AG.T87,A6.2F14.3 I 
16 G011 FORMAT ( T I 3 , AG , T27 , A6 , 2F1 4 . 3 , T66 , ' . • T73 , A6, T87 , Ali , 2F 1 4 . 3) 
«7 C 
«a WRITE (EOU.GODI) <ITITLII>.1=1,NTL) 
19 GO TO < I 10.120. 1 10 I,NVL 
20 H O WRITE <10ir.60021 VARI 
21 IF (NVL .EO. 1) RETURN 
22 120 WRITE (1OU.6003) VAH2 
23 RETURN 
24 c 
25 ENTRY 0UTPF1 ( M I L , I I I TL .VAR1 ) 

fc 26 C 
£ j 27 WRITE ( I O U . 6 0 0 I ) ( I I 1 T L ( 1 ) , 1 - 1 . N T L I 
to 20 WRITE ( i a u . 6 0 0 2 ) VARI 

29 RETURN 
30 C 
31 ENTRY OUIPI INTL.I I ITL.NVL, 1VR1 .IVR2) 
32 C 
33 WRITE (IOU,6001) I 11ITL(I ) . I»1 ,NTLI 
34 CD TO 1210,220,210 I .NVL 
35 210 WRITE <1DU,6004> ]VR1 
36 IF (NVL .EO. I) RETURN 
37 220 WRITE (1OU.6O05) 1VR2 
3B RETURN 
39 C 
40 ENTRY OUTPA I NTL,ITITL,NVL. IVA1 . IVAZ> 
41 c 
42 rtRITE ( I O U . 6 0 0 1 ) ( I T I T L ( I ) , I = 1 , N T L ) 
43 GO TO I 3 1 0 . 3 2 0 . 3 1 0 ) ,NVL 
4 4 3 U WRITE ( J O U . 6 0 0 G ) IVA1 
4 5 IF (NVL -EO- 11 RETURN 
46 320 WRITE (1OU.6O07) 1VA2 
47 RETURN 
43 C 
49 ENTRY OUTPW (NVL,JVAI.JVA2,VARI.VAR3,JVA3.JVA4.VAR2.VAR4) 
50 C 
51 GO TO (410,420,430|.NVL 
52 410 WRITE (IOU.6009) JVA1.JVA2,VARI,VAR3 
53 GO TO 450 
54 420 WRITE IIOU.S010) JVA3.JVA4,VAR2,VAR4 
55 GO TC 450 
SB 430 WRITE (1011,6011) JVA1.JVA2,VARI,VAR3.JVA3.JVA4,VAR2,VAR4 
57 450 RETURN 
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FILE! MFTF»C5A TIME: 10121S41 

C 
c c c c 
c c c c c c c c c c c c c c c c c c c c c c c c c c 
c 
c 

• ROUTINE NAME - PAGE HEADING SUBFUNC rION. • 
• ROUTINE LANG - FORTRAN IV UN1VAC 111)7/1108 • 
• PROGRAMMER - R. BOLLINGER S432 101 2299a » • DATE CODED - oa/io/ee 

FUNCTION PAGE(NLINES) 
*»••» EXPLANATION OF CALLING SEQUENCE »•••* 

INPUT TO PAGE 
NLINES - NUMBER OF LINES 

IF NLINES » - I . THE ROUTINE WILL INITIALIZE 
THE ROUTINE FOR A NEW CASE. 
PAGE EJECT, AND OUTPUT THE 
PAGE HEADING. 
THE ROUTINE WILL PAGE EJECT, 
AND OUTPUT THE I'AGE HEADING. 
THE ROUTINE WILL ADD NLINES 
TO L1NECT AND TEST TO SEE IF 
LlNECT IS GREATER THAN MAXLIN. 
IF IT IS. THE ROUTINE WILL 
PAGE EJECT AND OUTPUT THE PAGE 
HEADING. 

OUTPUT FROM PAGE 
PAGE EJECT OR ND PAGE EJECT 
IF PAGE ' TRUE . THE ROUTINE HAS PACE EJECTED. 

FALSE. THE ROUTINE HAS NOT PAGE 
EJECTED. 

LOGICAL PACE 
INCLUDE' C'PAGE 
PAGE . .FALSE. 
IFINLINES110.3O.20 

10 NCASE = NCASE + 1 
CALL DATE(O.DOH) 
GO TO 40 

20 LlNECT = LlNECT + NLINES 
IF< LINECT . LE.MAXLIhl) RETURN 

30 LlNECT u NLINES 
40 NPAG^ = NPAGE + 1 

CALL TODlB.TlME) 
PAGE - .TRUE. 
WHlTE(OPTLUN.eoOO)NAME,NPAGE. DEPT,PrITLE.DOR,EXT,TIME.BLO, 

1 JNUM.NCASE.CTITLE 
RETURN 

6000 FORMAT ('1' T2a,'NAME • 2A6. 21(' »'>,' PAGE ' lb / 
1 T28,'DEPT • A4.9X'. ' GAG,' . DATE 'AG.A3 / 
2 728,'EXT. ' A5,SX'« • 3 9 M •• TIME ' A8.A2 / 

PAGE O1O0001 
PAGE 0200002 
PAGE 0300003 
PAGE 0400004 
PAGE 0500005 
PAGE OSOO006 
PAGE O7OO00T 
PAGE osooooa PAGE 0900009 
PAGE ioooo<o PAGE 11OOOI1 
PAGE 12O0012 
PAGE 1300013 
PAGE 1400014 
PAGE 1SO0015 
PAGE 1600016 
PAGE I7O0017 
PAGE laooota PAGE 190001?) 
PAGE 2OO002O 
PAGE 2100021 
PAGE 2200022 
PAGL 2300023 
PAGE 2400024 
PAGE 2S0002S 
PAGE 2S00026 
PAGE 27O0027 
PAGE 2300028 
PAGE 2900029 
PAGE 30D0030 
PAGE 3100031 
PAGE 3200032 
PAGE 3300033 

PAGE 3300036 
PAGE 
PAGE 
PAGE 
PAGE 
PAGE 
PAGE 
PAGE 
PAGE 
PAGE 
PAGE 
I'AGE 
PAGE 
PAGE 
PAGE 
PAGE 

4100038 
42 00039 
4300040 
44O0O41 
4500042 
4DD0043 
4900D44 
S00004S 
SI 00046 
5200047 
S400048 
5410049 
5500050 
5700051 
58000S2 

PAGE 5900054 
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** PCAL »» FILE: MFTFtCSA 

1 
2 
3 
A 
5 
G 
7 
B 

DOUBLE PRECISION FUNCTION PCALtDD.TT) 
DOUBLE PRECISION T,IT,D.DB,V1RB.R t = TT D=DD R . .0U2O55BD+0 
PCAL * R»D*T»t>.D+0*VIRB(T)»D> RETURN 
END 

TIME: 10:21:41 DATE 040579 PAGE 137 



»» RHOGAS *• 
1 C 
2 c 3 c 4 c 5 c 6 c 7 c a c 9 c io 

11 c 18 c 13 c 14 
15 c 16 
17 c ia 19 c 20 
21 c 22 
23 

^ 24 fc =5 u 25 
•-1 27 

2Q 
29 
3D 
31 
32 c 33 
34 
35 
36 
37 
3B 
39 
40 c 41 
42 
43 
44 
45 
46 c 47 
4B 
49 c SO 
51 c 52 

FILE: MFTF»CSA TIME: 10:21:42 •ATE 040579 PAGE 

* NB5 PROGRAM *HE PROPS* , RECD.6/3/71 - REFERENCE NBS-9762. 
* 
* 

THIS SUBROUTINE PRODUCES DENSITY IN METRIC UNITS 
PROGRAM MODIFIED BY R,F.HAUSMAN. 62-13. LHSC, S3 SEPT 197B 

FUNCTION RHQGASISP.ST) 
• INPUT DATA IS: PRESSURE IN KPA. AND TEMP IN DEG. K A 
INCLUDE CMAG 
DOUBLE PRECISION A,B•0,T,P,VPTEMP,TVP,FINDD,GAMMA,WT.PP,DD,TT 
DIMENSION A(30),B<30) 
COMMON/DAT A/'P P. DD.TT.WT, A, B.NN , GAMMA , LL 
DATA L L / 1 / 
DATA GAMMA/-. 5 D - 3 / 
DATA W T , t . O D + 0 / 
DATA B / & . 9 B 8 3 1 0 1 0 9 D - 9 , - 4 . 9 G 5 3 0 5 2 1 0 7 0 - 7 , - 3 . 8 1 1 6 0 3 3 4 9 9 D - 6 , 3 - 6 8 1 11671 

1 3D.-5 , -1 • 4830G9 1 B2BD-4 . 3 , 0 5 9 6 1 74 3 3 5 D - 4 , - 3 . 390B 1 9 0 2 2 4 D - 4 , 1 . 9 6 2 4 0 8 0 2 4 
2 2 D - 4 . 1 . 5 5 2 7 B 9 9 7 1 2 D - 5 . - 3 . 6 1 1 0 4 0 3 5 O 3 D - 5 , - 1 . O B 3 9 7 B 8 0 7 3 D - 5 . 4 . 9 7 2 8 1 0 1 2 1 
3 7 0 - 5 , 1 . 9 3 B I 4 S 1 0 9 D - 5 . - 4 . 1 4 9 6 4 0 8 9 8 D - 4 , - 5 . 7 4 6 5 7 7 2 8 9 9 D - 4 . - 4 . 3 4 7 0 9 4 5 6 3 4 
4 D - 3 , -G . 03B3BBB924D-2 . - 2 . 1 3 8 2 4 7 4 2 2 5 D - 2 , 2 . 7*1 0 S 9 5 4 9 0 8 O - 2 . - 1 . ± 6 2 7 9 6 7 7 8 
5 B D - 2 . 2 . 5 H 7 5 7 5 3 3 B D - 3 , 7 . 9 0 4 1 6 0 8 8 1 5 D - 2 , - 1 . 4 0 2 4 7 2 4 3 1 B D - 4 , - 2 . 8 2 7 8 9 8 7 2 4 9 
G D - 7 , 1 . 7 3 3 G 4 t O 3 5 B D - 6 . - 2 . 5 4 5 4 l 8 7 S S 5 D - 6 . 0 . 0 D - » - 0 , 0 . 0 0 + 0 . 0 . 0 D * 0 . 0 . 0 D + 0 / 

1 F ( S T . G T . 5 . 2 0 1 4 ) G O TO 2 
I M P . G T . 2 . 2449 )GO TO 2 
I F< P.. LT. . 0 3 0 8 2 3 4 ) G O TO 2 
T V P = V P 1 E U P ( P » . 7 6 D + 6 ) 
GO TO 3 

2 T V P = 1 0 1 . D * 0 
3 CONTINUE 

SPK = S P / 1 0 1 . 3 2 5 
P = SPK 
T = ST 
SD = 0 . 0 1 
D = SD 

R1 = F I N D D ( P . D . T ) 
RHOGAS = Rl • HEMWT 

RETURN 
ENO 

S» KILOPASCALS TO ATMOSPHERES 

@ STARTING GAS DENSITY 



• » RHQLIQ . . F i L E j M F t F , c s f t TIME: 1 0 : 2 1 : 4 2 

• NOS PROGRAM »HE PROPS* . HECO.6/3/71. REFERENCE NBS'9762. 
* THIS SUBROUTINE PRODUCES DENSITY IN METRIC UNITS 

• PROGRAM MODIFIED BY R.F.HAUSMAN. 62-13. LMSC. 2B SEPT 1978 

t c 
2 C 
3 C 
« C 
s c 
6 C 
7 C 
a c 
s c 

•O FUNCTION RHOL1QCSP, ST> 
I t C 
13 C • INPUT DATA IS: PRESSURE IN KP4. AND TEMP IN DEG. X • 
13 C 
1 4 INCLUDE CMAG 
1 5 C 
' 6 OOUULE PRECISION A . B . D . T ,P .VPTEMP.TVP,F INDD,GAMMA,WT,PP .DO.TT 
t 7 C 
I S DIMENSION A ( 3 0 ) . D < 3 0 ) 
19 C 
2 0 COMMDN/DATA/PP.bD,TT,WT.A,B,NN.GAMMA,LL 
2 1 C 
22 ."*ATA L L / ' l / 
2 3 DATA G A M M A / - . & D - 3 / 

h» 24 DATA w r / 1 . O D + 0 / 
p 25 DATA B/5 . 9 B B 3 1 O I D 9 D - 9 , - 4 . 9 6 5 3 0 5 2 1 B7D-7 , - 3 . B1 1 6 0 3 3 4 9 9 D - 6 . 3 . 6 B 1 t 1671 
g j a 6 1 3 D - 5 . - I .4B30SH1 B 2 8 D - 4 , 3 . 0 5 9 6 1 71 3 3 5 D - 4 , - 3 . 390B 1 903 2 4 D - 4 . 1 . 9 6 2 4 0 8 0 2 4 

27 2 2 D - 4 . 1 . 5 5 2 7 0 9 9 7 1 2 D - 5 . - 3 . 6 1 I 0 4 0 3 5 0 3 D - 5 • - 1 . 0 B 3 9 7 B 0 O 7 3 D - S . 4 . 9 7 2 8 1 O 1 2 1 
2B 3 7 D - 5 . I . 9 3 B 1 4 5 1 0 9 D - 5 . - 4 . 1 4 9 6 4 0 8 9 6 D - 4 . - S . 7 4 6 5 7 7 2 B 9 9 D - 4 , - 4 . 3 4 7 0 9 4 E 6 3 4 
2 9 I D - 3 . - 6 . Q 3 B 3 B B B 9 2 4 D - 2 , - 2 . 1 3 8 2 4 7 4 2 2 S D - 2 , 2 . 7 1 0 6 9 5 4 9 0 B O - 2 , - 1 . 2 6 2 7 9 6 7 7 B 
30 5 B 0 - 2 . 2 . 5 U 7 S 7 5 3 3 8 D - 3 . - . 9 0 4 1 6 0 8 8 1 3 0 - 2 . - 1 . 4 0 2 4 72 4 3 I U D - 4 . - 2 . 8 2 7 8 9 8 7 2 4 9 
3 1 G O - 7 . 1 . 7 3 3 G 4 1 0 3 5 B D - 6 . - 2 . 6 4 5 4 1 8 7 6 5 6 0 - 6 . 0 . 0 0 + 0 , O . O D f O , 0 . 0 0 + 0 . O . O D + O / 
33 C 
33 SPK = S T / 1 0 1 . 3 2 5 P KILOPASCALS TO ATMOSPHERES 
34 
35 
36 SD = 1 5 . 0 «> STARTING L I Q U I D DENSITY 
37 
38 C 
3 9 I F ( S T . G T . 5 . 2 0 1 4 ) G 0 TO 2 
40 I F l P . G 1 . P . 3 4 4 9 I G O TO 2 
41 1 F I P . L T . 030B234 1GO TO 2 
42 T U P = V P T E M P I P * . 7 6 D + 6 ) 
4 3 GO TO 3 
44 3 TVP=101 -D+0 
4 5 3 CONTINUE 
4 6 I, 
4 7 f!2 = F I N D D < P . D , T ) 
4 8 RHOLI4 = R3 » HEMWT 
4 9 C 
5 0 RETURN 
51 C 
5 2 END 

SPK = sr/ioi .325 
P SPK 
T ST 
SD 15.0 
D SD 



FILE; MFTF»CSA TIME: 10:21:43 DATE 040579 PAGE 140 

1 DOUBLE PRECISION FUNCTION SINT(O.T) 
2 DOUBLE PRECISION A,B,0»Q2,D3,D4 ,R,DAMMA,EX, T. V I RU . ODDT , DGAMA 
3 DOUBLE PRECISION YA.YB,YC.YD.YE.YF.YG.YP,YQ,YR.YS,DO,PP,TT 
4 DOUBLE PRECISION GAMMA,WT 
5 DIMENSION A(30),B(30) 
6 COMMDN/DATA/PP.DD.TT.WT.A.B.N.GAMMA.L 
7 D2=D>D 
a D3=D2»D 
9 D4=D3»D 
io N- 1 
ii R-.OO2055BD+0 
12 DAMMA = GAMMA 
13 DGAMA = D2'(-.5D-3) 
14 EX = DEXP(DGAMA) 
15 A(N)=0.0 
16 N=N*1 
t7 YA = (-2.00+0) 
18 AIN) - (04»D/5.D+0>*T»*YA«1-1.D+0) 
19 H=N*t 
20 DO 2 1=1.6 
21 FI = I 
22 YB=.75-FI/4.-1. 
23 YC>.75-f'/4. 
24 A(N) = (O4/4.D+0)»T**YB*YC 

P 26 
2 II=N*1 

P 26 DO 3 1=1.4 
F I M 

28 VD=1 .5-FI-l . 
29 YE=1.5-FI 
30 A(N) = <O3/3.D+0)»T-»YD»YE 
31 3 N=N+1 
32 DO 1 I= 1 ,B 
33 FIiI 
34 YF=1 -5-F1/2.-1 . 
35 YG=1-5-F1/2. 
36 AIN) = 1D2/2.D+0)«T«*YF«YG 
37 r N = N*1 3a DO 4 1=1.3 
39 FI = I 
40 Y P = 1 . - F I - 1 . 
4t Y Q = 1 . - F I 
42 A I N ) • 1 E X / 1 2 . D + 0 * D A I W M A ) ) * T * * Y P " Y Q 
43 4 N = N + 1 
44 DO 5 1=1.3 
45 F 1 = 1 
46 YR =1.-FI-1. 
47 VS=1.-Fl 
48 AIN) = <Q2<EX/(2.D + 0»DANWIA)-EX/(2.DhO»DAMMA*DAVMA) )»T»*YR»YS 
49 5 N=N+1 
50 N = N-I 
51 SINT=D'H-<Vine(T)+T-DBDT(T)) 
52 DO 6 1=1.N 
53 6 SlNT=SINT+6<1)-A<I) 
54 RETURN 
55 END 



•• SLEUTH FILE: MFTF.CSA TIME: 10:21:43 DATE 040579 PAGE 

3 
4 
5 
e 
7 8 9 10 11 12 13 14 15 16 17 IB 19 20 21 

SUBROUTINE EN I HSU T , P, SLENTH .SVENTH .HVAP » 
T=T(K) — SLENTH - SAl LIOUID ENTHALPY IN JOULES/KG 

TCR1T=126.2 
TTRIPL'63.15 
IF (T.GT.TCRn> GO TO 100 IT (T.LT.TTRlPLI GO TO 1 20 CALL ENTHSVfT,P,SVENTH) CALL HTVAP(T.HVAP) SLENTH=5VENTH-HVAP GO TO I10 lOO WRITE (6.110 1 

110 FORMAT<T10,•TEMPERATURE GREATER THAN CRITICAL TEMPERATURE•) SLENTH=-1.0 GO TO 140 120 WRITE 16.130) 130 FQRMAT(T10.'TEMPERATURE LESS THAN TRIPLE POINT TEMPERATURE'1 
SLENTH=~1-O I4D RETURN END 



»* SCHJN »» FILE: MFTF»CSA TIME: 10:21:44 DATE 040579 
1 2 3 
4 S 6 
7 a 9 10 11 12 13 

DOUBLE PRECISION FUNCTION SOUNID.T.) 
ODUBLE PRECISION A,B,T,TT,O,DO.D1,PP,FACTS.CP.CV 
ODUBLE PRECISION GAMMA.WT 
DIMENSION A(30),B(30> 
CQMMON/DATA/PP.DO.TT.WT.A.B.NC,GAMMA,L 
TT=T 
DD = D 
CALL DDHEF 
Dl^PP 
FACT2=2531 I. D+0 
SOUN-D5QRTt(CPlD rT>/CV(D,T ) ) *(D1 -FACT2) ) 
RETURN 
END 

& 



•* SPCFHT •• FILEi MFTF.C5A 

1 SUUHOUtlNE SPCFHT(T.SPECHT> 
* DOUBLE PHECISION G9,U,Ua,DO 
3 DIMENSION K(O) 
* H = 0 . B 2 0 b 3 9 E - 1 
5 A K = 0 . I D 1 3 2 7 B E 3 

S X 9 = O . 3 3 E 3 4 0 6 1 E 4 
~ G9=DULE(X9) 

E 

9 
10 U = G 9 / D B L E ( T 1 
* ' U2=U-U 
1 a X ( 1 1 = ( 1 . 0 / T 3 > - ( - O . 7 3 5 2 1 0 4 O E 3 ) 
' 3 X ( 2 ) = ( 1 . 0 / T 2 ) » | 0 . 3 J 3 2 3 9 9 B E a > 
1 4 X » 3 ) - ( l . 0 / T ) . l - 0 . b 5 T 6 4 B 2 8 E O > 
• 5 X | 4 ) = 0 . 3 5 0 4 0 4 2 3 E ) 
>6 X « 5 ) = T > I - 0 . 1 7 3 3 9 0 1 9 E - 4 ) . 
' 7 X < 6 ) = T 2 - ( O . 17-1GS0B5E-7) 
• 8 X ( 7 ) « I 3 - ( - 0 . 3 5 6 8 9 2 0 3 E - 1 1 ) 
' 9 DU»OEXP(U> 
2 0 X ( e ) = S N C L I U 2 - D U / I D U - 1 . O 0 0 ) » > 2 ) 
21 X ( B ) = X I O ) * 0 . I 0 0 S 3 6 7 2 E 1 
22 CPIG=0.0 
23 00 100 1 = 1. a 
24 IOO CPIG«CPIG+X<I) 
25 CPIG = CPIG»Ri AK 
2 6 SPECHT=35 .6939»CPIG 
2 7 RETURN 
2B END 

T I M E : 1 0 : 3 1 = 4 5 DATE 0 4 0 5 7 9 PAGE 143 



• • 5TOCON •« FILE: MFTF*CSA TIME: 10:21:45 DATE 040579 

1 C 
a C 
3 c 4 c 5 c e c 7 c B c 9 c ID 

1 1 c 12 c 13 c 14 c IS L 
16 
17 c 18 
19 
20 
21 
22 c 23 
24 

ROUTINE NAME - ROUTINE TO PACK THE FIRST -
UOtID OF THE CONFIGURATION * 
TABLE. • 

ROUTINE LANG - FORTRAN V UNI VAC 1101} EXEC 2-
PROGRAMMER - R. BOLLINGER 1943 102 26933 -
DATE CODED - 3/11/70 • 

SUBROUTINE STOCON(IDX) 
EXPLANATION OF THE CALLING SEQUENCE 

••»•• IDX 
INCLUDE CCNFIG 

INDEX OF THE CONFIGURATION TABLE-

DO 10 II = 1,6 
IF(ICNFIG(I1>-EQ.0) 1CNFIG(I1) = O 
CONFIGlIDX.1) - GPBYTE(1CNF1G<11).6.CONFIG!IOX.I),11) 
CONTINUE 
RETURN 
END 
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•• STODTA *» 
SB 
59 
6D 
61 C 
62 
63 
64 
65 
66 
67 
66 C 
69 
70 
71 
72 
73 
71 
75 C 
76 
77 
78 
79 
BO 
B1 
B2 

fc S3 
•P- B4 
<-" 6 5 

66 
67 
68 
69 
90 
91 
92 
93 
94 
95 
96 
97 
3D 
99 

100 
lOI 
102 
103 
104 
105 
106 
107 
103 
109 
1 10 
1 11 
1 12 
113 
114 
115 

FILE: MF1F*CSA TIME: 10:21:46 DATE 040579 146 
4 "V0L.RESERVE«LHE)-LITERS '.' 
5 'HEAD-MAG.CUT LET - METERS'.' 
6 "INITIAL FLOW RATE-KG/HR.'/ 

HEAD-MAC.INLET - METERS' 
MEAD-MAC.CENTER - METERS' 

DATA (I L31 I , J) . 1=1 ,4) ,«J = 1 . 10)/'NUMBER OF C R Y O P A N E LS 
1 "CP DEWAR PRESSURE - KPA' 
2 "CP DEWAR LIQ.VOL.-LITERS' 
3 ' C P HEAT I N P U T - W A I T S ' 
4 " H E A D A I C P I N L E T - M E T E R S ' 
5 ' C P I N L E T F L O W R A T E - K G / H R ' / 

' C P DEWAR T E M P . - D E C K ' 
' T O T A L FLOW R A T E - K G / H R ' 
' C R Y O P A N E L V O L U M E - L I T E R S ' 

HEAD AT C P O U T L E T - M E T E R S ' 

D » T A ( C L 4 ( t . 0 ) , 1 = I . 4 ) . J = 1 . 1 1 ) / ' H E X HOT I N L E T T E M P . 

2 
3 
4 
5 
DA 

1 ' 
2 . ' 
3. ' 
4. ' 
5. ' 6. ' 
7. ' 
6. ' 

HOT DUTLE1 TEMP. 
'HEX COLD OUTLET TEMP. 
'HEX HD1 OUTLET PRES. 
'HEX COLD OUTLET PRES. 
'HEX COLD SIDE DELTA-P 

'.'HEX COLD INLET TE'IP. 
,'HEX HOT INLET PRES. 
,'HEX COLD INLET PRES. 
,'HEX HOT SIDE DELTA-P 
,'HEX GAS GEN. O/F RATIO 

TA (( LSI I.J>.1 = 1 ,SI,J = 1 ,15>/ 
MAGNET PRIMARY CIRCUIT ND. -1 
CRYOPANEL CIRCUIT - ZONE 2 
CRYDPANEL CIRCUIT - ZONE 3 
CRYDPANEL CIRCUIT RETURN LINE 
CRYOPANEL DEWAR O.FF-GAS LINE 
REF-LIO HP-COLD HELIUM OUTLET 
MAGNET DEWAR HP-COLD HE-SUPPLY 
COMP-PURIFICR CIRCUIT (LP-HP) 

STO0550O 
STOCK.600 
ST005700 
SIO0 5H0O 
STC105<300 
StOOUOOO 
S1O061O0 
SIO0G2OO 
51001)300 
STO0S400 
STOOG500 
STO06COO 
STD06700 
STO06BOO 
STD069OO 
ST007000 
ST007100 
STO07200 

'MAGNET PRIMARY QIRCUIT NO. -2 
'CRYDPANEL CIRCUIT - ZONE 1 
'CRYOPANEL CIRCUIT - ZONE 4 
'MAGNET DEWAR OFF-GAS LINE 
'STORAGE DEWAR OFF-GAS LINE 
'STO-D.EWAR HP-COLD HE SUPPLY 
'CRYPAN DEWAR HP-COLD HE-SUPPLY 

DATA <<JFLUID<I,d»,1=1.2),J=1.2)/' HELIUM 
DATA (<HFLUtD(I,U),I=1,2),d=1.2)/'KE-CRYOGEN 

. , „ . , pop CONST .»».. 
DATA GRAVTY.P1 .PI203 / 4.4482I 52 .3.14159265 
DATA P1Q4 /0-7BS39316/ 
DATA CKPKGM /lot.97162/ 

' NITROGEN 
'N2-CRYCGEN 

.2.0943951 / 

POP CPAGE 
DATA PTITLE/' 
DATA MAXLIN.UNUM 

CRVOGEN SYSTEMS ANALYSIS 
.OPTLUN/50.' MFTF '.6 / '/ 

DATA NTBID / 

DATA IOUNIT/14 
DATA U N . I D T 

DATA (l)HOL(I). 
I 501.120/ 
DATA ( R H 0 K 1 ) . 

*•« PQP TAQLQK ..... 
. 2, 3. 4, 5, 6, 0. O. O. 0/ 
»•• FOP ClOUNT »..•• 
21.22,23,19,29.IS.16,17,18,25.26.27.2B/ 
5.6 / 
'»• PDP CMATRL ..... 
• 1 .61/501.120,17 6.256. 169.344.511.489,276.460, 
1,91/2.14,2.45,2.80.0.836,0.59,0.65.5.0,2.2.1.0/ 

STO07300 
ST007400 
Sr007500 
ST007G00 
S1007700 
SI007BOO 
ST007900 

STOOBOOO 
STOOB100 
STO0B2O0 
STO0B300 
ST00U400 
STO0B5O0 
sroounoo 
ST000700 
STOOiiMOO 
STO0U300 
S TOO'1000 
SIO091O0 
ST009200 
ST009300 
ST009-100 
ST009500 
STaoynoo 
ST009700 
STO09B00 
ST009900 
STO1O0OO 



** STODTA »•. 
U S 
It7 
its 
I 19 
120 
121 
122 
123 

FILE: MFTF»CSA T IME: 1 0 : 2 1 : 4 6 

DATA (RHDISC J ] . 1=1 , 9 t / 0 . 0 4 2 B , O. 0 4 0 0 . 0 . 02BO, O . 027I1G7 , 0 . 0 1 4 7 5 , STOI01UO 
1 0 . 0 2 1 6 6 7 , 5 . 0 . 2 . 2 0 , 1 . 0 / STO10200 
DATA(M1NTHK(I),I*t,15)/0.020,0.025,O.028,0.020.0.016.O.O35,0.OSB. STO10300 

1 0.065.0.042,0.020.0.049,0.083,0.0 95,0.04 9,O.035/bTD1040 0 
STOI0500 

RETURN STO10900 
ST011000 

END STO111O0 

DATE 040579 



F I L E : MFTF*CSA T I M E : 1 0 : 2 1 : 4 7 

SUBROUTINE EU1HSVMT, P.5VENTH) 
C 
C T«T«K> — SVENTH=5AT VAPOR ENTHALPY IN JOULES/KG 
C SVENTH< JCULE/KG)=35 .6972 •SVENTH(JOULE S/< GY1-M0LE > > 
C 
C H = M O t ( T - ( f 1 N G 1 ( T . O l - F I N G I ( T . 0 . 0 1 1 + 1 F I N G 2 < T . O > - F 1 N G 2 ( T , O . 0 ) ) 
C + P / D - R * T ) » 1 0 1 . 3 2 7 B dOU LES/GM-MO I E 
C 

DIMENSION G ( 3 3 > . G G ( 9 ) . X< 2 . 32 > . XX( 2 ,B > , GDEN( 7 ) , F INGI ( 2 ) , F I N G 2 C 2 ) 
T C H I T = I 2 G . 2 
T T M P L = C 3 . I S 
I F ( T . G 1 . T C R M ) GO TO 150 
I F ( T . L T . T T R I P L 1 GO TO 170 
T R E F = 2 9 0 . 1 S 
GG11>=-0.73S2104063 
GG|2>=0.3422399BE2 
GGI 3 > =-0.55764 92 0) 
GG|4>=0-3S0-10423E1 
GGI5>==-0. 17339019E-4 
GGI6)=0.174G50B5E-7 
GGC7(=-0.356BS!203E-1 1 
GG(B)=0.10053B72E1 
GGI 9)=0.33534061E4 
XX(1.1)=-1-0/12.0»T-T) 
XXI 1 .2I — I-0/T 
XXI 1 . 3UALOG1T ) 
X X ( 1 , 4 1 - T 
XX( 1 . 51 = 1 T « * 2 ) / 2 . 0 
X X I 1 , 6 l - < T < < 3 ) / 3 . 0 
XXI 1 . 7 1 * (T« > 4 ) / 4 .O 
X X t 1 . B ) - G C I 9 ) / U X P | C G I 9 ) / l ) - 1 . 0 ) 
X X ( 2 . 1 I = - 1 . 0 / ( 2 . 0 » I B E F * T B E F ) 
X X ( 2 , 2 I = - l . 0 / 1 R E F 
X X I 2 . 3 I - A L O G ( 1REF) 
X X ( 3 . 4 1 = TREF 
X X ( 2 , 5 l - I T H E F ' » 2 ) / 2 . 0 
X X I 2 . 6 M l T R E F ' . 3 ) / 3 . 0 
X X ( 2 . 7 l s | T R E F ' * 4 ) / 4 . 0 
X X ( 2 , B I = G [ i ( 9 > / [ E x P ( G G ( 9 ) / T R E F ) - 1 . 0 ) 
XX1SUM=0.0 
XX2SUM^0.0 
DO 100 J = 1 .G 
XX1SUM'XX1SUYBGG( I ) -XX( 1 . 1 ) 

lOO Xx2SUM;XX2SUVHGGI I I ' . \ X < 2 , 1 ) 
HO=0G6U . O + d O I . 3 2 7 a *0 . 0 G 2 0 5 3 9 * ( XXI SUM-XX2SUM) ) 

C HQ=1I0( JOULES/GM-MOLE) 
C 

f- I rem i -T )/TCRI T 
GDtNl l).0. 16 333345E1 
GOEM(2)=-9.4043771)V 
GULN< 3) = 21 .OS2746»Y-Y 
GDEN(4)--102.GB744<(Y"»3) 
GDEN<5>=107.94974.<Y--4 I 
GDEN(G)=-164.02437.(Y».5) 
GDEN{7)=-0.095731639tALOG(V) 
GDSUMrO.0 
DO 110 1-1.7 



• • SVEMtM F I L E : MFTF.CSA 
S B 1 1 0 GDSUM=GDSUM»GDEN(I) 
5 9 OSAIV = CXI>(GDSUM) 
6 0 D=DSATV 
6 1 G l 1 l > 0 . 1 3 G 2 2 J 7 7 E - 2 
6 2 G< 2 1 = 0 . 1 O7032-17 
6 3 G< 3 ) = - 0 . 243U0072E 1 
6 4 G( 4 ) =0 . 34 1 0074' iE 2 
6 5 G ( S J = - 0 . 42237 . I 31E4 
6 6 G I 6 J = 0 . 10S0'Jt)liOE-3 
6 7 G l 7 ) = - 0 . 1 12S!I-)I13E--I 
6 8 Gt B) =0 . 142(i007>1E-3 
6 9 G ( 9 ) « 0 . U146yQ^0E5 
7 0 G( 1O)=0 . (1 l 1140OBE-7 
7 1 Gl I 1 ( = 0 . 2 3 3 0 1 1 C 5 E - 2 
7 2 G( 1 2 » = - 0 . 5 0 7 7 ' J 2 5 » 
7 3 G ( l 3 ) = 0 . 4 B 5 0 2 V H D E - 4 
7 4 G( 1 4 » = - 0 . 1 l3 l i ' j r>7G£-2 
7 S G ( 1 6 ) = - 0 . 7 0 7 4 3 0 2 7 
7 6 G( 16>»0.751?OC.G5E-4 
7 7 G ( 1 7 > = - o . I H l i H I 2E - 5 
7 0 G( 18» = 0.3G879C>56E-3 
7 9 G l 1 9 > . - 0 . 2 0 1 3 1 7 6 9 E - 5 
BO G ( 2 0 > . - 0 . 1 6 9 7 I 7 4 4ES 
B l G | 3 I » = - 0 . I ) 9 7 1 H 2 4 E 6 
0 2 G ( 2 2 ) » - 0 . 9 7 5 2 1 I 1 2 7 E 2 

> B3 

00 BS 

G( 2 3 ) = 0 . b S . 1 6 3 « 7 1 E 5 > B3 

00 BS 
G( 2 4 ) » - 0 . 179(12045 

> B3 

00 BS G ( 2 5 I - - 0 . 2 5 6 5 U 2 9 3 E I 
B 6 G I 2 6 ) = - 0 . 4 l 3 7 0 7 7 2 E - 3 
8 7 G ( 2 7 ) = - 0 . 2 S 6 2 4 5 4 2 
ea G ( S 0 1 » - 0 . 1 2 4 2 2 2 3 7 E - 6 
0 9 G ( 2 9 ) = 0 . I 0 3 S S 0 5 4 E - 4 
go G ( 3 0 ) = - 0 . 5 3 B Q 9 9 ) 7 E - 9 
9 1 G ( 3 1 ) = - 0 . 7 B 7 4 1 5 4 1 E - 8 
9 2 G O 2 ) = 0 - S U S 3 6 7 1 7 E - 7 
9 3 G l 3 3 ) = - O . 5 f i 0 O E - 2 
9 4 DO 140 1 - 1 . 2 
9 5 R i a l 
9 6 I F I R i . L I . 2 . 0 ) GO TO 120 
9 7 D = 0 . 0 
91) 120 F = E X P ( G ( 3 3 1 - D ' D ) 
0 9 Gl ^ F / ' O . O O - G l 3 3 ) > 

I O O p 2 = ( F - 1 0 - » 2 ) - 2 . 0 0 - G 1 ) / ( 2 , , 0 0 » G 1 3 3 ) ) 
1 0 1 Ct3s| F« 1 D- - 4 ) - 4 . OO • L » 2 ) / ! 3 . 0O»G<33) ) 
1 0 2 G 4 » ( F » ( 0 ' « 6 ) - 6 . 0 0 * G 3 1 / ' ( 2 . 0 0 * G ( 3 3 I ) 
1 0 3 • G S = ( F » ( D - « e i - U . O O ' G 4 ( / ( 2 . 0 0 » G | 3 3 ) ) 
1 0 4 G 6 i ( F . ( O - > 1 0 | - 1 0 . 0 Q - G S ) / ( 2 . 0 0 » G I 3 3 ) ) 
t OS X( 1 , 1 >"-D 
1 0 6 X< 1 , 2 l = - [ V ( 2 . O . S 0 R T ( T ) I 
1 0 7 X < 1 , 3 > = 0 . 0 
I O B X ( l , 4 h O / ( I ' I I 
1 0 9 X < I , S 1 = 2 . 0 » D / I T « » 3 ) 
1 IO X ( 1 , 6 ) = - D " 0 / 2 . 0 
1 11 X ( 1 , 7 1 * 0 . 0 
1 1 2 X ( I , 8 ) = D ' D / { Z . 0 * ( T » » 2 ) ) 
1 13 X{ 1 . 91 I10 ' » 2 / ( T » 3 ) 
1 1 4 X( 1 , 1 0 ) = - 0 » » 3 / 3 . 0 
1 15 Xi 1 , 1 1 ) = 0 . 0 

; *t 

T I M E : i o : 2 t : 4 7 DATE 0 4 0 S 7 S PAGE 149 



• * 5VET41II • » F I L E : MFTF*CSA 

1 16 Xtl.l2>*D«>3/(3.0MT*>2t) 
1 17 X( t .13l=0.o 
lis Xll,141=D*«5M5.0*(T»*21> 
119 X(l.l5)=2.0>ID>i51/(S.O.(T'«3 
120 X<t.16l=D>'6/CG.O»(T»-2)) 
121 X(1.l?1-D'-7/(?.0«1T«»2>) 
122 X(I.IBI=2.0>(D"7)/(7.O»[Tt>3 
123 X|l,f9l=D.-0/H.O.| I-.3I) 
124 XM.20»=2.0>G1/<T-'3I 
125 x(i.2iic3.a>ai/(T*>4) 
12E XM.22(=2.0.G2/CT..3) 
127 X<t,23>«4.0.G2/tT»»5l 
12a X| 1,24l = 2.0-G3/( T..3) 
129 XI I .251=3.0»G3/( T-' 4 i 
130 X(1 ,2S>-2-0-G4/(1» »3) 
131 X ( 1 , 27 1 = 4. 0 • G4/ [ T • . 5 1 
132 X(1 . 2B» = :>-0. US/IT-»31 
133 X(1,29t-3.0.SS/It-»4) 
134 X ( 1 . 3D 1 = 2 . 0 • UG/ ( 1 • t 3 ) 
135 X< 1 .31 l^ll.O.G6/ IT»*4) 
I3G X( » .32> = 4.C.at-/l T» »5) 
137 X12. 1 l-D'I 
13S Xt2 .2)-»'S0l»Tl T ) 
139 X12.3)-a 140 X(2,4)=D/T 

S-» 142 
X12.5) D/(T».21 

S-» 142 X(2,61-D'D-1/2.0 
£ 143 X I 2 , 7 1 ' H - 0 / 2 . 0 

14.1 XI2,BI=D->P/(2.0« Tl 
145 X(2.9l=0'*I/l2.0i(T««2)| 
146 XI 2, 101 =11* '3- 1/3.0 
147 XI2.11 I = D • • 3 / 3 - 0 
14S XI 2. I2I=D'.3,' (3. O.r ) 
149 X12.I3I=D"4/1.0 
ISO X(2.14I^O»«S/IS.OiT) 
151 X(2.1Sl=0--5y(5.0.(T.«21) 
152 X(2, 16l'[i--(i/l6.0.ri 
153 XI2. I7i=0«• ?/I 7.0*T) 
154 X(2.1BI = il"7/(7.0«(T>»2]) 
155 X(2,19lr(i--B/(H.0-(T»»21) 
156 XI2.20 1=GI/(t•.21 
157 XI2.21|;GI/< t • «3I 
158 X I 2 ,221= G2/(T • . 2 1 
159 X(2,23P =GP/(T• .4) 
160 X(2.24]=G3/<T< «21 
161 X<2.25)=G3/<T • *3I 
162 X<2.26MG4/< I. .2 ) 
1G3 X<2.27J=G4/< Ti .41 
164 Xt2.2B)=G5/< I < *2 ) 
165 X(2.29)=G5/<!•.3) 
16S X<2.30)=G6/(T<-21 
167 XI 2, 31 )=GG/< r- -3 ) 
1CB X(2.32)=GJ/< r< »4) 
169 F1HC1(11=0.0 
170 FING21 I 1=0.0 
171 DO 130 J=1.32 
172 F I M G H 1 ) =FING1 ( 1 )fX( 1 . J).G( J) 
173 130 FING2)1I-FING2I1)<KI2,J)<GIJl 

TIMEt 10:21:47 • DATE 040579 PAGE 150 



•» SVENTH •* FILE! MFTf.CSA TIME: lOsat:47 DATE 040579 
174 
175 
176 
177 
178 
179 
1B0 
iai 
1B2 
1B3 
1B4 
165 
IBB 
187 

140 CONTINUE 
PATM-P/l.01325E5 
H-HO+IOI. 3 27U«It-(FlNGl(1)-FlNGI<2)l*(FING2(11-FING2I2I1+PATM/DSAT 

1V-1»0.20539E-2I 
SVENtM=3b.G97 2«H 
CD TO 190 

•BO WRITE IG.1GO) 
160 roRMATtlit,'TEMPERATURE CREATER THAN CRITICAL TEMPERATURE') 

SUENTH=-1.0 
GO TO 190 

170 WRITE (G.1B0) 
180 FORMAT(T10.'TEMPERATURE LESS THAN TRIPLE POINT TEMPERATURE') 
ISO RETURN 

END 



LBLOH • ft F I L E : MFTF.CSA 

1 TABLOK- PROC 
2 C 
3 REAL M1PE 
4 C 
5 COMMON /TABLOK/ X T A B I 7 ) . N T B 1 D ( 1 0 ) 
6 c 
7 MIPE = 0 . 0 
B c 
9 E N D 

TIME: 1 0 : 2 t : 4 8 DATE 0 40579 

5 



** TCOND *• FILE: MFTF.CSA TIME: 10:21 : 49 • DATE 040579 PAGE 153 

2 C 
3 C 
4 c 5 c 6 c 7 c B 
9 c to 11 
12 
13 
14 
IS 
16 
17 
IS 
19 
20 
21 
22 c 23 
24 c 

£ 26 
c c 

KJ 27 28 
29 
30 
31 c 32 c 33 c 34 
35 
36 
37 
38 
39 
40 
41 
42 
43 c 44 c 45 c 46 
47 
48 
49 
50 c 51 c 52 c 53 
S4 
55 
66 
57 

SUBROUtINE TCONOITH.TC.NBAR.THKIN.INTYPE.OCoND) 
* 
THIS SUUROUTINE COMPUTES THE THERMAL CONDUCTIVITY FOR NINE 
INSULATION MATERIALS. REF., LMSC-A964S47-V0L.il. LMSC A901608, 
WITH MICROSPHERE EONS. PER R.PARMLEY. EMITTANCE VALUES ARE FROM 
LMSC AO03316 (NASA CR-72605). 
REAL NSHLO.NOAR 
DELT = TH-TC 
TMEAN = I T H 4 - T O / 2 . 0 
SUMT = 1H+TC 
SlAlSQT = 1 T H - < 2 ) + ( T C » * 2 I 
TMPR1 a T W T I t 
TMPR2 = IMPRI 'TMPRI 
TH3 » T»««TH«tH 
N5HLO = THKIN'NBAR 
THKFT = IHKIN/12.0 
THETA1 = (1.0+TMPR1) 
THETA2 = (t.0«lMPa2) 
SIGMA = O,17I3E-08 * 
GO TO (10,20.30.40.SO.SO.70.30,90),INTVPE 
• FOR OOUOLE ALUMINIZED MYLAR-SILK NET * 

10 SLNST = 2.22E-09 
EMIT1 =• 4.40L-04 * I TMEAN' «0 . 667 ) 
•EMIT = |C2.0/EU1T11-1.01 
GO TO 22 
- FOR DOUBLE GOLDIZED MYLAR-SILK NET * 

20 SCNST = 2.22E-09 
EM1T2 = U.7GE-04 • tTMEAN««0.509) 
DEMIT = I(2.0/LMIT2J-1.0) 

22 SCOND =. SCNST ' MBAR< TMEAN 
RNUU = SIGMA-SUMSQT-SUJUT'THKFT 
ROEN = (HSHLD-1.0) • DEMIT 
RCOND = flHUM/HOEM 
QCOND =. (SCOND+RCOND) »<OELT/THKFT) 
RETURN 
• FOR DOUBLE ALUMIN1ZED MYLAR-TISSUE GLASS 

30 SCNST * 7.00E-12 
EMIT! = 4.40E-04 » <TMEAN»•0.667) 
DEMIT = ( I2-O/EMlTl )-l .0) 
CO TO 42 
* 
• FOR CRINKLED DOUBLE ALUMINIZED MYLAR-TISSUE GLASS 

40 SCNST = 8.60E-I2 
EMIT1 ' 4.90E-04 * <TMEAN**0.67) 
DEMIT a {(2.0/EMIT1)-I-O) 

42 SCOND * SCNST'(NEAR *«2)»TMEAN 
RNUM » 1.7*S1GMA«SUMS0T»SUMT»THKFT 

http://LMSC-A964S47-V0L.il


•** TCOND * • F I L E t MFTF*CSA 

5B RDEN = I N 5 H L O - 1 . 0 ) • DEMIT 
5 9 RCOND = nNUM,'HDEN 
60 QCOND = (SCDND4RCONOI « (DELT/THKFT1 
61 RETURN 
62 C » 
63 C •> FOR NKC-2 CR1MK1.EO SSNSLE ALUM1N12ED MYLAR 
64 C • 
65 SO SCNST = 2.00E-1O 
66 EMITA = 4.90E-04 * <TMEAN»»O.67) 
67 EMITB = 5.5BE-03 » 1TMEAN«»0.667> 
68 GO TO 62 
69 C • 
70 C * FOR SUPERFLOC 
71 C » 
72 60 SCNST = 15.40E-11 
73 EMITA = 4.40E-0-1 • (TMEAN«*0.667) 
74 EMITB = 4.1DE-01 
75 62 DEMIT = <( I -O/EMl T A »•> ( 1 . O/EM I TB ) - 1 .0 ) 
76 SCOND = SCNST-> (NBAR• »2).TMEAN 
77 RNUM = SIGMA-SUHISQT >5UMT»THKFT 
78 RDEN = I NSHLD-1 . O M O E M I T 
79 RCOND = RNUM/RDEN 
80 QCOND = 1SCDND+RCDND)«(DELT/THKFT> 
E1 RETURN 
B2 C • 

b 83 C • FOR MICROSPHERES (104 TO 135 MiCBDNS) 
p 84 C » 
(j BS 70 RCNST - 1.S6E-13 

66 RCOND - HCNST'TH3>THETAl-THETA3 
B7 QCOND = RCOND • (OELT/THKFT) 
B8 RETURN 
63 C • 
9 0 C •• FOR POLVURE THANE FOAM 
9 1 C •» 
92 GO PKSUBE = 1 . I 2 9 5 E - 0 3 * ( 3 . 4 8 1 £ - 0 5 » TMEAN) 
9 3 QCOND = PKSUBE • IOELT /THKFT) 
94 RETURN 
95 C i 
96 C • FOR FIBERGLASS BATTING - HELIUM PURGED 
97 C • 
9B 90 FKSUBE = 1.3B36E-03 • <TMEAN«-0.662) 
99 OCOND - FKSUBE - (ObLT/TKKFTl 

100 RETURN 
101 C * 
102 END 

TIME: 10:21:49 DATE 040579 PAGE 154 



T e i - ** FILE! MFTF-CSA TIME: 10:81:50 

» ROUTINE NAME - TAULE EVALUATION OR LOOKUP . 
» ROUTINE LANG - FORTRAN V UNIVAC 110S EXEC 2. 
» PROGRAMMER - R. BOLLINGER 1943 102 26933 » 
» DATE CODED - 2/2S/70 * 

SUBROUTINE TEL(X.Y) 
••»•- EXPLANATION OF THE CALLING SEQUENCE 

X - VALUE OF THE INDEPENDENT VARIABLE TO BE 
INTERPOLATtD ON. 

V - VALUE OF THE OEPENOENT VARIABLE WHiCH IS THE 
INTERPOLATION RESULTS. 

INCLUDE CIOUNT 
INCLUDE CKEY5 
INCLUDE CTAB 

GOOD FORMAT ( ' O' 1 DX ' • • • INTERPOLATION ERROR -- OVERFLDIV OR NV WRONG UV-' 
1 13.' *-»"» 

610O FORMAT I1H0 m i l ' " ' INDEP. VAR . *• F»0. 4 , ' OUT OF TABLE RANGE (' 
1 F10.4, ' TD' F10.4. ' ) TABLE NO. '14. ' NO. SUBTABLES'13." •«••> 

IFITYPE.EO.I) GO TD 30 
**>•• EVALUATE THE COEFICIENT POLYNOMIAL FOR Y. 

Y = XTAB(1) 
DO 20 II = 2.NV 
Y = XTAB(II) + X*Y 

20 CONTINUE 
RETURN 

• *>••• EVALUATE THE TABLE LOOKUP FDR Y. 
30 IF IXTAB(t) .LE. XTAB(NV)) GO TO 33 

MAKE INDEPENDENT VAR. NON-DECHEASlNG 
NV1 = \'V + 1 
NVD2 = NV / 2 
DO 32 la I . NVD2 
PIVOT = XTABINV1-I t 
XTAB(NVI-l) > XTAB(I) 
XTABIII = PIVOT 
PIVOT - YTAB(NV1-I) 
V*AB(NV1-1) = YTBiJdP 

32 YTA8(II = PIVOT 
33 IF (KET1 .LT. 1612) GO TO 34 

TEST FOR INDEP. VAB. OUT OF RANGE 
IF (X -oE. XTAB(I) .AND. X .LE. XTABfNVU GO TO 34 
WRITE (lOT.SlOO) X.XTABfl),XTAO(NV).OTAB10,NLTBL 
IF (KEY1 .IME. 16121 GO TO 34 
KEY2 = KEYl 
RETURN 

1 C 
2 C 
3 c 4 c 5 c 6 c y c a 9 C 
io c 1 1 c 12 c 13 c 14 c 15 c 16 c 17 c IB 
19 
20 
21 c 22 t 
23 
24 ( fc 25 u 26 c 

*• 27 c ZB 
29 c 30 c 31 c 32 
33 
34 
35 
3S 
37 c 3B c 39 c 40 
41 c 42 
43 
44 
45 
46 
47 
4B 
49 
50 
51 
52 c 53 
54 
55 
56 
57 



5a 59 
60 
ex 
62 
63 

FXLE: MFTF*CSA 
34 Y = YLGINTIXTAB.YTAS.NV.X.NIP.$40) RETURN 40 WRITE (1OT.6000) NV CALL EXIT 

EMD 

TIME: 10:21:50 DATE 040S79 PAGE 156 



FILE: MFTF«CSA TIME: 10:21 

SUBROUTINE TVP< P,T , TOLD I 
TitIR) — PATNUPAIMfAIMOSPHEHES) -- P-P(NT/METER-2) - PI PASCALS) 

DOUBLE PRECISION PATM.PREF.DPDT 
DOUBLE PRECISION SSuM.XI10).OXOT(10),G(1I) 
OOUBLE PRECISION TSUM 
PCRET=3.3997 EG 
PTRIPL = I .253GE-1 
IF (P.GI.PCnni GO TO 130 
IF (P.LT.PTR1PL) GO TO 150 
PREF=P/1.01325E5 
G(I)=0.H3944094E4 
G{ 2l=-0. IU900453E4 
G(3)=-0-72U22292El 
GI4|=0.O 
Gl5)=0.555G0G3SE-3 
Gl6)=-D.59445447E-5 
3(71=0.P71543 39E-7 
G(B)=-0.4B795359E-10 
G<9)=O.5 0953B0BE3 
G(101=0-I0JZ0S10E-1 
G(1i)=Q.1950QE1 
TCR1T=I26.2 
T - 7 Q LO ' -

10O X( 1 > =1 .O/T 
X( 2 ) = 1 . O 
X(3)=T 
X 1 4 ) = T ' - 2 
X ( 5 ) = T - - 3 
X ( 5 ) = f -4 
X(7)=T--S 
X(B)=T-«G 
Xl9l=At-OG( TJ 
M10)=<1CR1T-Tl-.GII)) 
TSUM=0.O 
BO IlO I=1.lO 

1IO TSUM = TSUr.U 1 XI J )»G( 1 ) ) 
PATI.l=EXPl TSLK.l) 
DXDT<1 )=-1 .0/I 1*>2) 
DKDTC2)=0.0 
DXDT<3)=1.0 
D X O M 4 1 = 2.0- T 
DXOT(5l = 3.0*t T-.2) 
DXOT(6I = 1.0« I T<»31 
DXDTCBI-C.O>(T•«5) 
DXDT<9I=I.0/T 
DXDT)10)=-G( 11 )•(< TCRIT-T)« »<G( 11 )-1.0)) 
S5UM=0.0 
DO 120 I=t.tO 

T20 SSUM = SSUf.1+(OXOT( I | «G( I ) I 
DPDT=SSUM-PATM 
TMEW=T-(PATM-PREF1/QPDT 
ICHANG=ITNEW-T>/T 
IF <TCHANG-«2.LT.3.0E-11) GO TD 170 
T=TNEW 



5B 
59 
60 
61 
62 
63 
64 
6S 
66 6? 

FILE: MFTFtCSA TIM£ 
DO TO 100 

130 WRITE ( C U D ) 
140 FORMATIT10,'PRESSURE GREATER THAN CRITICAL PRE5SURF') 

T=-|.0 
GO TD 170 

ISO WRITE (6.160) 
iso FORMAT(T;O,'PRESSURE LESS THAM TRIPLE POINT PRESSURE') 

T=-1.O 170 RETURN EMD 

10:21:50 DATE 040S79 isa 

fc 



»« VELF » * FILE: MFTF.CSA TIME: 10:21:51 • DATE 040679 PAGE 169 

3 
4 
5 
G 
7 
a 
9 
10 
11 

CALCULATES VELOCITY OF LIQUID CRYOGEN IN CIRCULAR DUCT 
FUNCTION «ELF(AWD.ASV.AMWT .ADIA) 
VF . AMD • ASV * (I.O/AMWT) » (1.0/40.7854 * (AOIA..JIH 
UELF = WF 
RETURN END 



FILE: MFTF'CSA TIME: 10:21:52 

C , . » . , . . . . . . . . » . » . . . . . . » . 
G * IJDUTtNE NAME - M'.CH NUMBER COPUTATION • 
C • ROUTINE LANG - FORTRAN V UN IVAC 1110 EXEC 8» 
C • DATE CODED - AUGUST 23, 197B * 
C • PROGRAMMER - R.F.HAUSMAN 104-6213-3023S . 
C . . . . • . . . . * . . » - . . . * » . . . . . » 
c 

SUORQuTlNE VGVS<IDX.RHO.tCAS) 
C 
c ..... EXPLANATION OF THE CALLING SEQUENCE c 
C • 1DX - INDEX OF THE CONFIGURATION TABLE 
C * 
C • RHO - DENSITY OF THE GAS 
C ' 
C ..... IGAS - GAS NUMBER (SEE S.R. FtNOR) 
C 

INCLUDE CCNFIG 
INCLUDE CONST 
INCLUDE CMAG 

C 
DATA 1BLNK.1ASI1.IAST6/ 1 •,'• ',•••«•••'/ 

C 
C ..... COMPUTE THE VELOCITY OF THE GAS 
C 

MPtG(lDX) - IbLNK 
VQ " 4.0 • WDQINIIDK>/(PI • DJAM<10*>**2 » RHD1 

C 
C ....t COMPUTE THE VELOCITY OF SOUND IN GAS. 
C 

CALL HEPROP!PRESt IDX) , TEMP) IDX).2 ) 
CPGAS = H6LCP 
CVGAS = HELCV 

C 
US •= S3KT(GRAVTY.CPGAS»FINDR(IGAS>-TEMP<IOX)/CVGAS) 

C 
C .,.*• COMPUTE flflACH NUMBER 
C 

MACH(IDX) - VG/VS 
C 
C ..... CHECH MACH NUMBER. FLAG MACH GREATER THAN .3 WITH ONE 
C ..... ASTR1K. FLAG MACH NUMBER GREATER THAN 1-0 WITH 6 ASTR1K 
C 

IFCMAOII IDX) - 0.3> 40.40.10 
IO IF (MACK |DX) - 1.0) 20,30,30 
20 MFLG(IDX) . 1AST1 

GO TO 40 
30 MFLG(IOX) = IAST5 
40 RETURN 

END 

DATE 040S79 PAGE 160 



F I L E : MFTF»CSA T I M E : 1 0 : 2 1 : 5 2 

DDUDLE I'KECISION FUNCTION V I R B I T I 
DOUBLE ciiEcisiorj A.B.I.VZ 
DIMENSION Ac 9 ) 
DATA A / - S . 0 U l b 7 1 0 0 4 1 D - 7 . - 1 . 1 16B6!iOI3£i2D-4 . 1 . 1 6 5 2 4 ^ 0 3 5 4 0 - 2 . 

t 7 . 4 4 7 4 ' J U 7 ' J 9 u r > - 2 . - 5 . 3 l 4 3 l 7 4 7 6 B D - 1 .- 'J . 5 7 5 9 2 1 93D6D- I . 
2 3 . 9 3 7 4 1 l 4 B 4 3 U + 0 , - 5 . 1 37 0239224D«-O . 2 . 0 8 0 4 4 5 6 3 3 8 0 + 0 / 

C COEFFICIENTS FROM PROGRAM 5 / 2 O / 7 O - 1 6 3 0 
c THIS sun PROGRAM CALCULATES THE SECOND VIRIAL COEFFICIENT FOR 
C HELIUM. THE RANGE IS FROM 2 TO 1500 DEG K. INPUT IS TEMPERATURE 
C IN DEGREES KELVIN ArjO 1USE, IF I SUE IS O OR NEGATIVE THE ROUTINE 
C CALCULATES B FOR THE EQUATION P v R T < 1 +80+. . . . FO« OTHER VALUES OF 
C 1USE. THE ROUTINE CALCULATES THE VARIANC OF B AT THE INPUT SEn'.P 
C UNITS AHE ATM. DEG KELVIN. AND MOLES/LITER.4/3/63-1253.R.D.MCCARTV 
C REVISED 2/12/70-925 

1 B=0 
DO 5 1=1.9 
FI=I 
Y2=l-S-FI/2, 

S B=B+T»«YZ*A<I) 
VIRB=B 
RETURN 
END 



F I L E : MFTF*CSA TIMES 1 0 : 2 1 : 5 3 DATE 0 0 0 5 7 9 

1 
2 
3 
A s 
6 
7 
a 
9 

10 

SUBROUTINE V I 5 C I T . V I S C L . V1S(.\ I 

U l & C L i L I Q U I D VISCOSITY 

I = T I K ) V I S C L = V I S C H K G / M - S E C ) -

VISCV=VAPOR V ISCOSITY 

V I s C V = V l s C V I K G / M - S E C ) 

V l S C L * a . 7 0 G 3 S E - 3 - 7 . 2 2 1 2 l E - 5 « T + 6 . 7 B 3 8 f l E - 7 « T » T - 2 . I 0 3 6 7 E - 9 » T » T « T 
U I S C V * ! . 1B5E-7>( T » * 0 . 8 B 1 S ) 
RETURN 
END 



• • V ISCDT » • F I L E : MFTF-CSA T I M E ! 1 0 : 2 1 : 5 3 DATE 0 4 0 5 7 9 1 6 3 

1 
2 
3 
4 
5 
6 
7 
s 
9 

10 
11 
12 
13 
14 
ts 
te 
17 
IB 
19 
30 
21 
22 
2 3 
24 
2S 

C 
C 
c 
c 
c 
c 
c 

DATA OF M.G.SlEWART - 23 .JUNE 71 

INPUT UNITS ARE DEG.K AND MOL/L ITER 

OUTPUT UNITS ARE MtCRQ-POlSE 

FUNCTION V i S C D K L l G C . l t 

TL = KLOGI1 I 
R = DGC * 1 . 0 0 2 6 / 1 0 0 0 . 
ANUM = - 0 . 1 3 5 3 1 1 7 4 3 / T L • 1 . 0 0 3 4 7 B 4 1 * I . 2 0 6 5 1 6 3 9 » 1L 

t - 0 . 1 4 9 S G 4 5 S I • T L ' » 2 + O .O12S20S416 • TL»»3 
BNUM = R • ( - f l 7 . 5 2 9 5 2 5 9 / T L * B 7 . 6 7 9 9 3 0 9 - 4 2 . 0 7 4 1 5 U 9 • TL 

1 + S . 3 3 1 2 B 2 B 9 • T L * ' 2 - 0 - 5 S 9 2 b 2 3 B 5 » T L « 3 ) 
CNUM = R*R » ( 5 4 7 . 3 C 9 2 6 7 / T L - 9 0 4 . B 7 0 5 B 6 + 4 3 1 . 4 0 4 9 2 8 • TL 

1 - B 1 . 4 5 0 4 B S 4 . T L * » 2 + 5 .370013133 • TL«»3J 
DNUM » R»R*R ' ( - 1 B 8 4 . 3 9 3 2 4 / T L •*• 3 3 3 1 . 0 B 6 3 0 - 1 § 3 2 . 19172 • TL 

1 *• 3 0 B . 0 0 4 4 1 3 » T L » * 2 - 2 0 . 2 9 3 6 3 6 7 • T L » » 3 | 

V I SCOT 

RETURN 

END 

EXP(ANUM + SNUM »- CNUM + ONUM) 

http://ViSCDKLlGC.lt


• » VISCIlE *• FILE: MFTF*CSA TIME: 10:21:54 DATE 040579 CAGE 

t C 
2 C 
3 c 4 c S 
6 c 7 c B c 9 
IO 
11 
13 
13 
14 
IS 
1G 
17 
te 
19 
90 
21 
92 
93 
24 
2S 
96 P 27 

p> 2B 
" 99 

3D 
31 c 32 

COMPUTES HIE vlSCoSttY O F HELIUM FROM 2 TO 2000 U 
FBOM ROUTINES SUPPLIED BY R. MCCARTY - AUG.7B 

FUNCTION VtSCHE(DD.TT) 
DUTPUT UNITS ARE MtCRO-POISE»<GM/CM-SEC>»1.E-OS 
D = DD 
T = TT 
IFCT.LT.100.0) GO TO 10 
IF(T.LT.300.0) CO TO Q 
ETAO 
ETO30 
ETO30O 
ETE300 
V1SCHE 
RETURN 
1FIT.LI.1IO.O) GO TO 9 
ETAO 
ETEO 
VISCHE 
RE IURN 
ETA1 
ETA2 
ETAO 
VISCHE 
RETURN 
WISCHE 
REIUKK 
END 

VISCX1T) 
V)SCX(300.O> 
V1SCDTC0.0,300.0) 
V1SCUTI D.300.O) 
ETAO + ETE3O0 

VISCX< » ) 
V t S C D M O . T | 
ETAO 4- ETEB 

V I S C O T I O . O . T ) 

V I S C D T ( O . 0 . ( 0 0 . 0 ) 
V ISCXt H O . O) 
ETA1 • 4ETA2-ETA1) 
ETAD + V I S C D T ( D . T ) 

V 1 S C D T 4 D . T ) 

< T - 1 0 0 . 0 1 / 1 0 . 
V I S C D T C O . O . T ) 



»• ViSCB •• FILE: MFTF»CSA TIME: 10:21:55 DATE 040579 PAGE t«5 

» C 
2 
3 C 
4 
S C 
e 7 c a 

FUNCTION V1SCX4T) 
VJSCK = 19C.0 •< IT"-0.7(9301 « ExP{ I a . 451 /T-2S5 . B7/T/T-4 .1 2491 
RETURN 
END 

£ 



FILE: MFTF'CSA TIME: 10:21:55 DATE 040579 PAGE 16« 

DOUBLE criCCISIGN FUNCTION VPNITTI 
OQUOLE PRECISION DEL I 
DDUUIE PRECISION It.T.P.C.D.XA 
DIMFNSlOH CI 101.Dl 141 
DA IA C/-3.939'»i352B7D+0. 141 . 27-HJ7SOBO + 0 .-1640 . 77-1 I565D+0. 1 1974.557 

1 I 020*0.-55293. 30931 OD + 0 . I 662 1 9 . 5US04D+0 . -32521 2. B2B400+0 . 398B43 . 22 
2750D+0. -27771B. 069'JZD+O . B3395. 304 1 B3D + 0/ 
DATA D/-49.510540356D+0.65I . 02364 1 7O+0 ,-3707. 54308560+O .1 2B80 . 6734 

191D+0.-oOG4n.545S54D+0.49532,267436D+0,-59337.55B548D+0.6231t.2960 
225D+0,-33950.2331340+0.1602B.6740030+0.-5354.I03B967D+0.1199.03019 
30G0+0.-1C1.46362959D+0.9.BBI15S3386D+0/ 
P = 0 
T-TT 
T=T-DELT(T» 
IF(T-2.1720)10.10.1 

1 DO 5 I=1.1O 
XA=Z-I 

S P-P+CII)»T»»XA 
VPN - DFXP<P) 
RETURN 

• O DO IS 1*1. 14 
XA-2-t 

«6 P = P+D( 1 I.T«»XA 
VPN . OEXP(P) 
RETURN 
END 



• » Wl'tlMP FILE: MFTF»CSA TIME: 10:21:56 DATE C40579 

2 
3 
4 
5 
6 
7 
a 9 to 
II 
12 
13 
14 
15 
16 
17 
IB 
• 9 
20 
31 
22 
23 
24 

DOUBLE PRECISION FUNCTION VPTEMP<PP) 
DOUBLE PRECISION VPN.DPDTVP 
DOUBLE PRECISION T.P.PCAL.DP,DEL.PP 
P=PP 
IFIP.LT.G.1D+5) GOTO 12 
T=b.OD*0 
PC»L=VPHIT» 
GO to 13 

12 PCAL=37a00.O*0 
1F1ABSI P-PCALI-.O0O1O-3* P)11 .1 1 . 1 

1 T-2-I720D-IO 
13 DO 10 I=1,50 

DP=DPOTVP<TI 
DELMPCAL-PI/DP 
T=T-DEL 
PCAL=VPMtT) 
IF<ABSI P-PCAL)-.00OIO-3»PH1 ,11,2 

2 IF(ABStOEL)-.0001D-3«T)11.11.10 
10 CONTINUE 

PRINT 100,T 
11 VPTEMP=T 

RETURN 
100 FORMAT*' TEMPERATURE ITTERATION FAILED AT T« 

END .El-1.7) 



•• YLGINT •• FILEJ MFTF«CSA TIME: 10:21:57 • DATE 040579 PAGE 168 

1 FUNCTION YLGINT(X.Y.N.XBAR.NPTS.SI YLGINI 
8 C YLGINT 
3 C LAGRANGE INTERPOLATION YLG1NT 
4 c Y LCI NT 
5 C ARGUMENT DEFINITION YLGINT 
6 C X ARRAY OF N INDEPENDENT VARIABLE VALUES(INPUT) YLGINT 
7 C Y ARRAY OF N DEPENDENT VARIABLE VALUES (INPUT1 YLGINT 
B C N NUMBER OF DATA POINTS I INPUT! YLGINT 
9 C XBAR INDEPENDENT VARIABLE VALUE FDR WHICH YLGINT IS THE YLGINT 

10 C IU1ERPOLANT (INPUTt YLGINT 
11 C NPTS NUMBER OF DATA POINTS TO BE USED IN INTERPOLATION(INPUTYLG1NT 
12 C * ERROR EXIT IF N IS LESS THAN 2. OR IF OVERFLOW IS YLGINT 
13 C DETECTED. YLGINT 
14 c — — — YIGINT 
15 C REFERENCE YLGINT 
IB C K. S. KUN2. NUMERICAL ANALYSIS. MCGRAW-HILL BOOK COMPANY. 1957.YLCINT 
17 C YLGINT 
IB DIMENSION XtNI.Y(N) YLGINT 
19 C ' YLGINT 
20 C CHECK ARGUMENTS N AND NPTS YLGINT 
21 C IF NPTS IS OUT DF RANGE. USE ALL PDINTS YLGINT 
22 C YLGINT 
23 1FIN.LT.21 RETURN 6 VLG1NT 
24 IFINPTS.CT.1.AND.NPTS.LT.N) GO TO 2 YLGINT 

a, 25 UPTS-N YLGINT 
P 26 t JL=1 YLGINT 
S 27 .!K = NPrS YLGINT 

23 GO TO 9 YLGINT 
29 C Y LG I NT 
30 C DETERMINE POSITION OF XQAR WITHIN X ARRAY YLGINT 
31 C UPON Exit FROM LOOP 3. XIJH-II LT XBAH LE XCJH1 YLGINT 
32 C YLGINT 
33 2 DO 3 Jii-I.N YLGINT 
31 IF<XBAR-X(dHI) 5.12.3 YLGINT 
35 3 CONTINUE YLGINT 
36 4 JH=N 
37 JL=N-NPTS+1 
3B GO TO U YLGINT 
39 C i YLGINT 
40 C DEI! ti. NE WHICH POINTS USED IN INTERPOLATION YLGINT 
41 C THE .HjlNTS CHOSEN ARE THE ONES WHnsg ABSCISSAS ARE CLOSEST TO XBARYLGINT 
42 C JL IS LOvilEST SUBSCRIPT OF POINTS USED. JH IS HIGHEST SUBSCRIPT YLGINT 
43 c ' ' YLGINT 
44 S JL = JH YLGINT 
45 D2-XIJHl-XBAR YLGINT 
46 6 JL=JL-I YLGINT 
47 l F I U L . L E . l t GO TO 1 YLGINT 
40 1F(NPTS .EQ. 2 1 GO TO 99 
49 D1=XBAH-X<JL) YLGINT 
50 7 1 F ( J H - d L + 1 - E O . N P T S ) GO TO S YLGINT 
51 IF (XUAI ! -X< J L - 1 I . L T . D 2 ) GO TO 6 YLGINT 
52 J H = J H * I YLGINT 
53 1 F I J H . G E . N 1 GO TO 4 
54 D2 = X( J IU-XBAR YLGINT 
55 GO TO 7 YLGINT 
56 B INDCT=0 YLGINT 
57 1FIJL.GT.1.AND.XBAR-XIJL-1t.LT.D2) INDCT=-1 

http://lFIUL.LE.lt


• F I L E : M F T F ' C S A T I M E : 1 0 : 2 1 : 5 7 DATE 0 S 0 5 7 9 

l F t J I I . L T . N . A N D . X I J H + 1 ) - X B A B . L T . D l ) I N D C T - 1 
5 9 J L = d L + l N O C T Y L G I N T 
6 0 J H = J H H I I O C T Y L G I N T G1 -YLGINi 62 C DETERMINE 1NTERPOLATtNG POLYNOMIAL VALUE YLGINT 
63 C INNER LOOP COMPUTS PRODUCT YLGINT 
64 C OUTER LOOP COMPUTES SUM YLGINI 
65 C ERROR RETURN FOR DETECTED OVERFLOW YLGINT 
66 c . - _ — YLGINT 
67 9 1F(NPIS -EO. 2) GO TO 99 
68 YLGINT - O. 
69 DO IT K--JL.OH YLGINT 
70 PROD=l. YLGINT 
71 DO 10 J^JL.JH YLGINT 
72 IFCK.EQ.O) GO TO 1J YLGINT 
73 PROD=PROD>(XBAR-X(Jl)/(X(K)-K(J)I YLGINT 
71 C TEST FOR OVERFLOW 
75 IF (PROD .GT. I.E+20I RETURN 6 
76 lO CONTINUE YLGINT 
77 •:: ̂ INT<=YLGINT + Y(K)"PROO YLGINT 
7B C 1EST FOR OVERFLOW 
79 IF IYLGINT .GT. I.E+20) RETURN 6 
60 II CONTINUE YLGINT 
Bl RETURN . YLGINT 
B2 C . YLGINT 
B3 C XBAR EQUAL TO AN ELEMENT OF THE X ARRAY YLGINT 
B4 C YLGINT 
B5 1 2 Y L G I N T = Y U H I Y L G I N T 
B6 RETURN Y L G I N T 
B7 C 
BB C FOR LINEAR I N T E R P O L A T I O N USE T H I S S I M P L I F I E D FORM, M O D I F I E D BY 
B9 C U.MCKAY 3 - 2 T - 1 9 7 2 
9 0 C 
91 9 9 Y L G I N T = tYIJH>-Y(JL))•(XBAR-X(JL1)/(X(UH)-X<JL))+YlJL) 
9 2 RETURN 
9 3 END Y L G I N T 



FILE: MFTF»CSA T I M E : 10:21:5s DATE 040579 PAGE 170 

C C»«» 
c 

FUNCTION ZCALCIU.P.It 
COMPUTES Z FACTOR FROM 2=P/(D*R»T) 
POUBIE PRECISION D.T.R.P 
h. . .0U20S58D1O ZC t P/(D«R'T) ZCALC « ZC RETURN END 



LMSC-D673325 

I 

APPENDIX B 

LISTING OF PROGRAM INPUT DATA RUNSTREAM 

i' 

I 

( 
B-0 



FILE: MFTF-A-RUNMFTF-A T I M E : 10:42:06 DATE 040979 PAGl 

1 
2 
3 * 
5 
G 
7 
8 
9 
IO 
1 I 
12 
13 
14 
IB 
16 
17 
IS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2B 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3B 
39 
40 
41 
42 
43 
44 
43 
46 
47 
4B 
4q 
SO 
51 
52 
S3 
54 
55 
56 
57 

PASG.T QSATAB,."40 
MIATA.tL CSATAB. 
FTU OF 331/347 ST.STEEL 2 3 1 
EFFECT OF TEMPERATURE ON THE TENSILE STRENGTH OF 321/317 STAINLESS STEEL 
REF. MIL HANDBOOK - 5 . 
TEMPERATURE IH) 

IS 1 2 
7.2 279500 

36.7 2G6500 
259.7 173000 
5S9.7 108000 

1059.7 7OO0O 
FTU OF 2219-TB7 ALUM 

ULT.STRENGTH (PSI> 
273SO0. 27. .0 26950O. 
251OO0. 159.7 207000. 
143000. 459. .7 121000. 
91000. B59. .7 75000. 
GG00O. 1459. .7 63000. 

1B.0 
59.7 

359.7 
659.7 

1259.7 
2 3 2 

EFFECT OF TEMPERATURE ON THE TENSILE STRENGTH OF 2219-T87 ALUMINUM 
REF. SEC.S-LM5C A9B1608.PAGE 8.1.1-8 
TEMPERATURE (R) ULT.STRENGTH ( P S D 

15 
7.2 

36.7 
200.0 
3SO.C 
SOO.O 

2 
100300. 
94000. 

. 72000. 
67000. 
03800. 

1 3 . 0 
1 0 0 . 0 
2L.O.0 
4 O 0 . 0 
SSO.O 

2 3 . 3 
EFFECT OF TEMPERATURE ON THE TENSILE STRENGTH OF 6061-T6 ALUMINUM ALLOY 
REF. MIL HANDBOOK -5 

9S000. 27.0 96000. 
U24 00. 150.0 76000. 
68500. 300.0 678O0. 
66300. 450.0 6SOO0. 
62000. 600.0 60000. 

FTU OF G0G1-T6 ALUMINUM 

TEMPERATURE ( I') ULT. STRENGTH I PSl I 
15 

7.2 
36.7 

200.0 
3S0.0 
500.0 

3 
67500. 
C3B40. 
50610. 
45693. 
42840. 

FTU OF INCONEL-71B 

18. 
10D. 
250. 
4O0. 
550. 

66100. 
57330. 
4B3B4. 
44940. 
41496. 

2 7 . 0 
1 5 0 . O 
3 0 0 . 0 
4 5 0 . 0 
6 0 0 . 0 

64800. 
53340. 
46830. 
43846. 
40152. 

EFFECT OF TEMPERATURE ON THE TENSILE STRENGTH OF INCONEL-718 
REF. MIL HANDBOOK - 5 . 
TEMPERATURE T> ULT.STRENGTH <PS£) 

15 
7.2 

36.7 
200.0 
350.0 
SOO.O 

3 
221900. 
219600. 
206100. 
193140. 
t(12160-

18.0 
100.0 
250- 0 
400.0 
550-0 

2 3 5 
EFFECT OF TEMPERATURE ON THE TENSILE STRENGTH OF TITANIUM TI-6AL-4V 
REF. MIL HANDBCOK -S. 

220800. 27. .0 220O0O 
213660. ISO. .0 210240 
2O1240. 300. .0 196200 
189000. 450. .0 185400 
1794 60. 600. .o 17730O 

FTU OF T1-6AL-4V 

TEMPERATURE IP) 
15 1 

7.2 
36.7 

200.0 
350,0 
500.0 

ULT.STRENGTH (PSl) 
3 

296000. 18.0 
2U8320. 1O0. 
226B80. 250. 
190720. 400. 
1G5260. 550. 

293000. 27.0 289000 
261600. ISO. 244480 
212B00. 300. 200960 
181280, 450. 173120 
1S8720. 600. 154240 



FILE: MFTF-A-RUNVFTF-A TIME: 10:43:06 DATl 040579 PAGE 
sa FIU OF 304 ST. STEEL 2 3 6 
59 EFFECT OF TEMPERATURE OH THE TENSILE STRENGTH OF 304 STAINLESS STEEL 
EO 
51 

REF.APPL.CRYOGENIC ENG.PAGE 4B 
62 TEMPERATURE IR| ULT .STRENGTH tPSI> 
63 16 T . 2 
64 7.2 276000. 16.0 274000. 27 0 270000. 
65 36.0 266000- 45.0 2630OO. 90 0 350000. 
6<5 135.0 235O0O. 180.0 2200OO. 225 0 206000. 
67 370.0 1DBOOO. 315.0 172 000. 360 0 15500O. 
SB 4O5.0 139000. 450.0 124000. 465 0 109000. 
£9 540.0 96000. 
TO END TABS 
71 •END 
72 •ASG.T CVIDATAMAG. , M O 
73 •DATA. IL CVIDATAMAG. 
74 USER ^AME 6213 104 30235 
7S TEST CASE FOR THE MFTF MAGNET SUPPLV SYS TO* (CVI 1 
76 10 1 1 
77 •ADD CSATAB. 
78 MAGNET SUBCBIT FRST DECK 
79 113. 7879 4.35 4.0025 566. 3000. 4000 2B000. MAGI 
ao IB. B9 14. 43 16.47 2 962.545 IB .00 0.5728 S.OO MAG2 
ai GAS 1 2 1. HE-LIO c-t 62 TANK 0 6 ME-SV2 
83 LINE to 1+1.48 6.00700.228, 1523 MS-100 
84 TEE 31 6.007060.00 FS-101 
OS LINE 10 6.00701.066. 1523 MS-102 
86 VALVE 91 6.O070400.0 CV-135 
87 LINE 10 6.00701.00 . 1523 MS-1 03 
aa ELBOW 31 6.007013.00 FS-104 
89 LINE 10 1+2.69 6.00702.587. 1523 MS-105 
90 ELGOW 31 6.007013.00 FS-106 
Ul LINE 10 6.007012.40. 1523 MS-107 
92 ELBOW 31 6.OO7O13.0O FS-108 
93 LINE io 117.25 6.007017.25. 1523 MS-109 
94 E' BOW 31 6-0O7O13.OO FS-110 
95 LIN? 10 6.0070 0.80. 1523 MS-111 
96 ELBOW 21 6.0070 8.60 FS-112 
97 LINE 10 6-0070 5.00. 1523 MS-113 
98 ELBOW 31 6.007013.00 FS-114 
99 LINE 10 1-3.00 6.OO70 3.00. 1523 MS-115 

100 El BOW 31 S.007013.00 FS-116 
101 LINE 10 6.0070 4.00. 1523 MS-117 
102 ELBOW 21 6.0070 8.60 FS-118 
103 LINE 10 1-0.64 6.0070 0.90 1523 MS-119 
104 Mflr.nET 0 1-4.24 6.00701O.96. 1523 MAG-OI 
105 LI Ml 10 1-0.64 6.O070 .90. 1623 MR-101 M-l 106 ELBOW 21 6.0070 B.60 FR-102 
107 LINE 10 6.0070 4.00. 1 bi.'3 MB-103 
IOU ELBOW 31 6.007013.00 FR-104 
109 
T " 

LINE 
ELBOW 

1 0 1-4.00 6.0 70 4.Do 
G . 0 0 7 0 6.60 

1 5 3 •> MR-105 
FR-106 1 1 LINE 1 o 1-4. " 6.CJ/07.207 " - 107 

1 1. ELBOW 2! 6.0070 i. .60 .. ioa 
1 1 J LINE 10 6.007012.40. 1 b . 3 MR-tOB 
114 ELBOW 31 6.007013.00 FR-110 115 LINE 10 1-2.59 6.00702.5B7. 1523 MR-tll 



FILE: MFTF 
116 
1 17 
1 1C 
•. 19 
120 
121 
122 
123 
124 
12S 
i?e 
127 
12a 
139 
130 
131 
132 
133 
134 
135 
13S 
137 
130 
130 
110 
141 
142 
113 
1 44 
145 
146 
14V 
148 
149 
150 
151 
152 
I 53 
I 54 
1 55 
tsn 
167 
150 
159 
160 
161 
16? 
1G3 
164 
165 
16r> 
16? 
1Gb 
! 65 
1 70 
1 71 
1 72 
1 73 

ELBOW 31 
LINE 10 
VALVE 31 
LINE 10 
TEE 31 
LINE 10 
TANK O 
GAS 1 
LIME 10 
VALUE 3t 
LIME 10 
ELBOW 31 
LINE 10 
ELBOW 31 
LINE IO 
ELBOW 31 
LINE 10 
ELBOW 31 
LINE 10 
ELBOW 21 
LINE 10 
ELBOW 31 
LINE 10 
ELBOW 31 
LINE 10 
ELBOW 21 
LINE 10 
MAGNET O 
LINE 10 
CLE10W 21 
LINE 10 
ELBOW J. 
LINE 10 
ELBOW 21 
LINE lO 
ELBOW 21 
LINE 10 
ELBOW 31 
LINE lO 
ELBOW 31 
LINE 10 
VALVE 31 
LINE 10 
END 
»ENO 
?ASG,T 
FDA1A.IL 
USED NAME 

CRYOPANEL 
4 
55 0.OO 
4 5 0 . 0 0 
2 0 0 - 0 0 
1 0 0 . 0 0 
0 . S 7 2 B 

GAS 1 
TANl; O 

+ 2 . 5 9 

6 . 
6 . 
6 . 
e. 
e. 

1 . 4 8 6 . 
6 
2 
6 . 
6 . 
e. 
6 . 
6 . 
6 -
6 . 
6 . 

1 7 . 2 5 6 . 
G. 
6 . 
6 . 
e. 
6 . 

- 3 . 0 0 6 . 
e. 
6 . 
6 . 

- 0 . 6 4 to. 
- 4 . 2 4 6 . 
-O.B4 6 . 

Q . 
6 . 
6 . 

- 4 . 0 0 G. 
6 . 

- 4 . 7 5 G. 
6 . 
6 . 
6 . 

- 2 . 5 9 6 . 
6 . 
6 . 
6 . 
S. 

0 0 7 0 1 3 . 0 0 
O O 7 O 0 . 6 0 9 . 
0 0 7 0 4 0 0 . 0 
0 0 7 0 1 . 9 8 0 . 
0 0 7 0 5 0 . 0 0 
0 0 7 0 1 . 5 2 0 . 

0 0 7 0 1 . 0 5 6 . 
OO7O400.O 
O O 7 0 I . 0 D . 
OO7OI3 .0D 
OO702.5B7. 
0 0 7 0 1 3 . 0 0 
O O 7 0 1 2 . 4 O . 
O D 7 0 1 3 . 0 0 
O 0 7 0 1 7 . 2 5 . 
O 0 7 O 1 3 . 0 0 
0 0 7 0 O.BO. 
0 0 7 0 B . 6 0 
0 0 7 0 5 . 0 0 . 
0 0 7 0 1 3 . 0 0 
O070 3 . 0 0 . 
OO7O13.0O 
o 0 7 0 e . 3 0 . 
0O70 8 . 6 0 
0 0 7 0 0 . 3 0 . 
0 0 7 0 ' 0 . 9 6 . 
OO70 0 , 9 0 , 
O070 B.6D 
0 0 7 0 B . 3 0 , 
0 0 7 0 1 3 . 0 0 
O070 4 . 0 0 , 
0 0 7 0 B . 6 0 
O 0 7 0 7 . 2 6 7 . 
0 0 7 0 B . 6 0 
0 0 7 0 1 2 . 4 0 . 
0 0 7 0 1 3 . 0 0 

. 0 0 7 0 2 . 5 3 7 . 
0 0 7 0 1 3 . 0 0 
OO7OO.609. 
0 0 7 0 4 0 0 . O 
O070 I . 9 8 0 . 

=!Ut4MFTF-A 

1523 
1S23 
1523 

1523 
1523 
1523 
1523 
1 523 
1523 
1523 
1523 
1523 
1523 
1523 
1523 
1523 
1523 
1523 
1523 
1523 
1523 
1523 

TIME: 10:42:06 
FR-112 
MH-t13 
CV-145 
MR-I 14 
FR-1IS 
MR-I 16 
HE-SV2 
HE-LIQ 
MS-202 
CM-136 
MS-203 
FS-204 
MS-205 
rS-20G 
MS-207 
FS-20B 
MS-209 
FS-210 
MS-21I 
FS-212 
MS-213 
FS-214 
MS-21S 
FS-216 
MS-217 
FS-21B 
MS-219 
MAC-02 
MR-200 
FR-201 
MR-202 
FR-203 
MR-204 
FR-205 
HB-JCS 
FR-20Y 
MR-20B 
FB-209 
MR-210 
FR-211 
MR-212 
CV-146 
MR-213 

DATE 040579 

CV1DATACRP.,F40 
CVIDATACRP. 

TEST CASE FOR THE MFTF CHYOPANEL SUPPLY SYSTEM (CV1) 
SUBCR1T 
113.78/9 
7000.00 
7000.00 
4000.00 
3000.00 
5.00 
2 1 HE-LIQ 
1 6 HE-SVt 

SECN DECK 
4.35 1000.DO 3406 94 9 4.0026 

19.57 19.07 1 022 953 
10.57 10.07 902 60S 
19.37 1 1 .02 300 BEB 
19.37 1 1 .02 ISO 521 

CRP-t 
CRP-2 
CRP-3 
CBP-4 
CRP-5 
CRP-6 

C-1 



F I L E : MFTF-« .RUNMF7F-A 

: LINE t o 1 • 1 « B G . 0 0 7 0 C . 2 2 8 . 1 0 1 5 
1 7b T E E 2 1 G.0070GO.O 
1 V G LIME 1 0 6 . 0 0 7 0 1 . 1 1 7 . 1015 
1 77 VALVE 3 1 6 . 0 0 7 0 4 0 0 . 
I7 t j L I N E I O 6 . 0 0 7 0 0 . 8 6 3 . I 0 1 G 
1 7 9 ELBOW 3 1 C . 0 0 7 0 1 3 . O O 
I B ! L I N E I D + 2 B 9 6 . 0 O 7 0 2 . 5 0 T . • 0 1 5 
I B ) ELUOV 3 1 6 . 0 0 7 0 1 3 . 0 0 
" 1 ? LINE t o i G . < 1 0 7 0 I 2 . 3 S . 1015 
11!.1 CLOoa 31 1 6 - O O 7 O 1 3 . 0 0 
1 H 4 LINE I D 1 7 2 5 6 . 0 0 7 0 1 7 . 2 5 . 1015 
I B S ELBOW 31 1 6 . O O 7 O 1 3 . 0 O 
i e e L INE 10 1 6 . 0 0 7 0 0 . BOO. 1015 
1 U 7 ELBOW 3 1 6 . 0 0 7 0 0 . 6 0 
1 U U LINE 1 0 6 . O O 7 O 5 . O 0 D . 1 0 1 5 
1 6 9 EL' JW S I 6 . O O 7 O 1 3 . 0 0 
1 9 0 LINE t o - 1 SO 6 - 0 0 7 0 1 . 5 0 0 . 1 015 
1 9 1 ELBOW 3 1 6 . O O 7 0 1 3 . O O 
i g a LINE 1 0 0 . 0 0 7 0 1 0 . 0 0 . 1015 
1 9 3 ELBOW 4 1 6 - 0 0 7 O 1 B . O 
1S-1 L INE I D - 0 2 5 6 . 0 0 7 0 0 . 2 0 0 . 1 0 1 5 
1 9 5 CRYPAN 2 - 3 0 1 6 U . 0 0 7 0 1 2 . 5 0 . 1015 
1 9 6 LINE 1 0 1 5 . 0 0 7 0 0 . 2 1 0 1 5 
1 9 7 ELBOW 3 1 6 . 0 0 7 0 1 3 . 0 0 
l'JO LINE t C - 9 0 0 G . 0 0 7 0 9 . 0 1 0 1 5 
I 9 J I A D 3 1 G - 0 0 7 0 6 0 . 0 0 
aoc GAS 1 2 2 
2 0 1 LINE 1 0 + t I B 6 . 0 0 7 0 1 . 1 17 . 1015 
3 0 ; VALVE 3 1 6 . O 0 7 0 4 0 O . 
2 0 3 LINE 1 0 6 . 0 0 7 0 0 . £163 1015 
2 0 4 ELBOW 3 1 6 . O O 7 0 I 3 . O 0 
3 0 5 LINE i o * 2 5 9 6 . 0 0 7 0 2 . 5 B 7 1015 
2 0 6 ELBOW 3 1 6 . 0 0 7 0 1 3 . O O 
2 0 7 LINE 1 0 6 . O O 7 0 1 2 . 3 0 1015 
3 0 0 ELBOW 3 1 G . O O 7 O 1 3 . 0 0 
2 0 9 L I N E i o 1 7 2 5 6 . 0 0 7 0 1 7 . 2 5 1015 
3 1 0 ELBOW 3 1 6 . 0 0 7 0 1 3 . 0 0 
21 > LINE 1 0 6 . O 0 7 0 0 . 8 1015 
3 1 2 ELBOW 2 1 6 . O 0 7 0 B . G 0 
2 1 3 LINE 1 0 6 . 0 0 7 0 5 . 0 1015 
2 1 4 ELBOW 3 1 6 . 0 0 7 0 1 3 . 0 0 
2 1 S LIME 1 0 - 1 SO 6 . O O 7 0 I . 5 1 0 1 5 
3 1 6 ELBOW 3 1 G . 0 0 7 0 1 3 , 0 0 
2 1 7 LINE i o 6 . 0 O 7 O 1 O . 0 1015 
2 18 El BOW 3 1 6 . 0 0 7 0 1 3 . 0 0 
2 1 9 LINE 1 0 1 - 9 . 2 5 6.0C-7C g . o 1 0 1 5 
2<t> ELBOW 3 1 6 . 0 0 7 0 1 3 . 0 0 
2 2 1 LINE 1 0 6 . 0 0 7 0 0 . 2 1015 
2 2 2 Cf)y P A N 1 1 - 3 0 4 6 0 . 0 0 7 0 1 2 . S O 1015 
2 3 3 L INE 1 0 6 . 0 0 7 0 0 . 2 1015 
2 2 4 I A P 3 1 6 . O 0 7 0 1 5 . 5 
3 2 5 C A S 1 2 5 
3 2 0 LINE 1 0 1 + 1 4 B S . 0 0 7 0 1 . 1 1 7 OLiOB 
Sj 1 VALVt 3 1 6 . 0 0 7 0 4 0 0 . 
3 2 3 LINE 1 0 G . 0 O 7 0 0 . B 6 3 . 0 5 0 B 
2 2 9 ELBOW 3 1 b . 0 0 7 0 1 3 . 0 0 
2 3 0 LINE 1 0 1 + 2 . 5 9 r,. 0 0 7 0 2 . 5 8 7 oboe 
2 3 1 ELBOW 3 1 6 . 0 0 7 0 1 3 . 0 0 

T I M E : 1 0 : 4 2 : 0 6 

C S - 1 0 0 
F E - 1 0 1 
C S - 1 0 2 
C V - 1 4 1 
C S - 1 0 3 
F S - t 0 4 
C S - t 0 5 
F S - 1 0 6 
C 5 - I 0 7 
F S - 1 0 8 
C S - 1 0 9 
F 5 - 1 1 0 
C S - t 1 I 
F S - 1 1 3 
C 5 - 1 1 3 
F S - 1 1 4 
C S - 1 1 5 
F S - l 1 6 
C S - 1 1 7 
FS-11B 
C S - t 1 9 
CVP-Z3 
CB-100 
F B - 1 0 1 
CR-102 
T R - 1 0 3 
H E - L I O 
C S - 3 0 3 
C V - 1 4 2 
C S - 2 0 3 
F S - 2 0 4 
C S - 2 0 5 
F S - 2 0 6 
C S - 3 0 7 
FS-20B 
C S - 2 0 9 
F S - 2 1 0 
C S - 2 1 1 
F S - 2 1 3 
C S - 2 1 3 
F S - 2 1 4 
C S - 2 1 5 
F S - 2 1 6 
C S - 2 1 7 
FS-21B 
C S - 2 1 9 
FS-22D 
CS 221 
CVP-Z1 
CFt-200 
T R - 1 0 3 
H E - L I O 
C S - 3 0 2 
C V - 1 4 3 
C S - 3 0 3 
F S - 3 0 4 
CS-30S 
F S - 3 0 6 

DATE 0 4 0 5 7 9 PAGE 

C-1 

0 - 3 



FILE: MFTF-A'RUNMFTF—* TIME: 10:42:06 DATE 040579 PAGE 
2 3 » L I N E 1 0 6 . 0 0 7 0 1 2 . 3 0 . 0 5 0 8 C S - 3 D 7 
2 3 3 ELBOW 3 1 G . 0 0 7 0 1 3 . 0 0 F S - 3 0 S 
2 3 * L I N E to 1 1 7 . 7 6 e . O 0 7 0 1 7 . 7 S . O 5 0 B C S - 3 0 9 
2 3 S E L B O r i 3 1 6 . O 0 7 0 1 3 . 0 0 F S - 3 1 0 
2 3 S L I N E t o O . O 0 7 0 0 . 8 . 0 5 0 8 C S - 3 1 1 
2 3 F E l ROW 2 1 G . O 0 7 0 B . G F S - 3 1 2 
2 3 * H M to 6 . 0 0 7 0 5 . 0 . 0 5 0 8 C S - 3 1 3 
2 3 9 ELBOW 3 1 G . C 0 7 0 1 3 . O 0 F S - 3 1 4 
2 4 9 L I K E to 1 - 1 . 5 0 6 . 0 0 7 0 l . S . 0 5 0 3 C S - 3 1 5 
2 1 1 ELBOW 3 1 6 . 0 0 7 0 1 3 . 0 0 F S - 3 1 6 
2 4 * L I H E 1 0 6 . 0 0 7 0 1 1 . 0 . 0 5 0 8 C 5 - 3 I 7 
2 4 3 ELBOW 4 1 6 . 0 O 7 O 1 8 . O 0 F S - 3 1 8 
2 d * L I N E t o t - O . 2 5 6 - 0 0 7 0 0 . 2 5 . 0 5 0 8 C S - 3 1 9 
2<1S T A P 3 1 6 . O O 7 O I 5 . O 0 T P - 3 2 0 
2->i L I N E 1 0 1 - 0 . 2 0 6 . 0 0 7 0 0 . 2 0 . U S O B C S - 3 2 1 
2-ir C R Y P A N 3 1 - 1 . B 2 3 6 . 0 0 7 0 6 . 0 0 . 0 S 0 8 C Y P - Z 3 C - 3 
2 4 * L I N E 1 0 1 - 0 . 2 0 G . 0 0 7 0 0 . 2 0 . O S O B C R - 3 0 0 
2 - ) * ELBOW 3 1 6 - 0 C 7 O I 3 . O 0 F H - 3 0 1 
2 5 » L I N E t o 6 . 0 0 7 0 1 0 . 0 . O S O B C R - 3 0 2 
2 5 1 T A P 3 1 6 . 0 O 7 0 G O . O O T P - 1 0 3 
2 B 1 GAS 1 4 H E - L I Q G - 4 
2 5 1 L I M E 1 0 6 . 0 0 7 0 t 0 . 0 . O 5 0 B C S - 4 0 1 
2 5 * ELBOW 3 1 B . 0 O 7 O I 3 . O 0 F S - 4 0 2 
2 E S L I N E 1 0 t - 0 . 2 6 . . 0 0 7 O 0 . 2 . O S O B C S - 4 0 3 
2sa C R V A N 4 1 - 1 . 5 2 3 6 . 0 O 7 O 6 . 0 0 . 0 6 0 8 C Y P - Z 4 C - 4 
2 b » L I N E 1 0 t - 0 . 2 6 . 0 O 7 O 0 . - 2 . 0 5 0 8 C R - 4 0 1 
5 b t ELBOW 3 1 6 - 0 O 7 O 1 3 . 0 0 F H - 4 0 2 
2T"" L I N E t o 1 - O . S 6 . 0 0 7 0 0 . 5 . 0 5 0 8 C B - 4 0 3 
2 6 * T A P 3 1 G . 0 O 7 O 6 0 . O O T P - 1 0 3 
2 6 1 G A S 1 2 B H E - L t Q G - 4 
2 6 1 T A P 3 1 6 . 0 0 7 0 1 5 . 5 0 T P - 1 0 3 
2 6 3 L I N E 1 0 1 - 1 . 5 0 6 . 0 0 7 O 1 . 5 . 1 5 2 3 CR 1 0 4 
2 G 4 ELBOW 2 1 6 . 0 0 7 0 8 . 6 0 F R 1 0 5 
2E>5 L I N E 1 0 1 - 4 . 7 5 6 . 0 0 7 0 7 . 2 6 7 . 1 5 2 3 CR 1 0 6 
2GC ELBOW 2 1 6 . O O 7 O B . 6 0 FR 1 0 7 
2 0 7 L I N E 1 0 6 . O O 7 0 1 2 . 3 0 . 1 5 2 3 CR 1 0 B 
2 6 * ELBOW 3 1 6 . 0 0 7 0 1 3 . 0 0 F B 1 0 9 
2 C 9 L I N E 1 0 1 - 2 . 5 9 6 . 0 O 7 O 2 . 5 8 7 . 1 5 2 3 CR 1 1 0 
2 7 0 ELBOW 3 1 6 . 0 0 7 0 1 3 . O O FR 1 1 1 
2 7 1 L : NE 1 0 6 . 0 O 7 O O . 5 3 3 . 1 5 2 3 CH H 2 
2 7 1 V A L V E 3 1 6 . 0 0 7 0 4 0 0 . C V - 1 4 4 
2 7 3 L I N E 1 0 6 . 0 0 7 0 2 . 2 0 8 . 1 5 2 3 CR 1 1 3 
2 / 4 ELBOW 3 1 6 . 0 O 7 O 1 3 . 0 0 PR 1 1 4 
2 7 5 L I N E 1 0 1 - 1 . 4 8 6 . 0 0 7 0 1 . 4 8 0 . 1 5 2 3 CR 1 1 5 
2 7 * TANK 0 E H E - 5 V 1 
2 7 7 E N D END 
2 7 9 P E H D 
2 7 9 P A S G . T C V I D A T A M C R . . F 4 0 
2 l i 9 S-DAtA. I L C V I O A T A M C R 
2 B I U S E R NAME 
2113 T E S T C A S E FOR T H E M F T F RET R I G E H A T O R - L I O U I F I E R S U B S Y S T E M I C V I ) 
2 U 9 R E F L l O S U O C R I 1 T H I R D DECK 
2 U 4 3 0 0 . 0 2 9 0 . 0 B O . O 7 7 . 3 4 8 3 8 . O S 3 . 0 1 3 . 0 5 . 0 4 . B 4 . 3 5 T . O 1 
2 U 5 6 3 1 0 . - 1 1 7 3 1 . G B 4 5 . B 2 7 7 . 3 6 6 . 4 6 0 U O . 1 1 7 2 7 . 6 5 3 4 . U 1 9 1 . 9 1 4 2 . 0 4 1 . i 2 
2 U * 1 2 1 5 . 9 0 1 1 3 . 7 8 7 9 1 0 1 . 3 2 5 3 
2 9 7 0 7 4 . I 7 2 . G 4 0 1 . 5 1 5 5 . 1 2 4 6 . 4 4 
! N 7 7 . 3 4 B 1 0 1 . 3 2 5 2 8 . 7 0 4 3 - 3 5 0 4 . 3 0 . 1 6 4 6 2 1 2 I 6 1 I . 3 2 9 0 . 0 R L O - 1 
2 9 9 O . 0 4 2 0 3 7 0 8 4 2 6 . 2 2 0 . 0 1 3 4 4 . 0 0 2 6 R L O - 2 



FILE: MFTF-A«RUNMFTF-A TIME: 10:42:06 DATE 040579 PAGE 1 
: * • 0 . S 7 2 B 5 . 0 R L O - 3 2 * 1 G A S t 1 t H E - G A S B - 1 
=ia T A N * 0 1 . 0 0 G . O 0 . 0 0 0 0 H E - S V 1 MAGNET 
? * 3 L I N E io 1 . 0 0 G . O O G . 9 1 3 1 3 . 0 7 ^ 1 io o 0 C 0 V 3 0 I L P - C L O H E 
2 » 4 
2 * 5 

ELBOW 3 1 . 0 0 6 . 0 0 7 1 3 . 0 . 0 to 0 0 F G V 3 0 2 L P - C L D H E 2 » 4 
2 * 5 L I N E to • oo G . D O G . 4 ' J G 9 . 0 7 6 1 to 0 0 C G V 3 0 3 L P - C I D H E 
Jte ELBDW 3 1 . 0 0 6 . O 0 7 1 3 . 0 . O 1 0 o o F G . V 3 0 4 I P - C L D H E 
? * ? L I N E 10 1 . 0 0 6 . 0 0 6 . 0 5 0 7 . 0 7 6 1 1 0 0 0 C G V 3 0 S L P - C L O H E 
2*a V A L V E 4 1 1 . 0 0 6 . 0 1 0 4 0 O . O . 0 1 0 0 o A V - 1 2 1 L P - C L D H E 
3 1 9 L I M E 1 0 . 0 0 6 . 0 0 6 , 0 7 6 2 . 0 7 6 1 1 0 o 0 C G V 3 0 6 L P - C L D H E 
3 » 0 ELBOW 3 1 . 0 0 6 . 0 0 7 1 3 . 0 . 0 1 0 0 0 F G V 3 0 7 L P - C L O H E 
3 * 1 L I N E io .oo G . O D 6 . 6 0 9 2 . 0 7 6 1 to 0 0 C G V 3 0 B L P - C L D H E 
3«a F I t t N G 4 1 ,oo 6 . O 0 6 8 . C O . 0 1 0 o o F G V 3 0 9 L P - C 1 . 0 H E 
9 * 3 L I N E 10 1 . 0 0 6 . 0 0 6 . 6 0 9 2 . 0 7 6 1 1 0 0 o C G V 3 1 0 L P - C L D H E 
3 * 4 ELBOW 3 1 .oo 6 . 0 0 7 1 3 . 0 0 . 0 1 0 0 o F G V 3 1 1 L P - C L D H E 
3 « 5 L I N E 1 0 .oo 6 . 0 0 6 5 . 9 3 9 . 0 7 6 1 1 0 o o C G V 3 1 2 L P - C L O H E 
3 « G C A S 1 2 H E - G A S B - 2 
34J7 TANK 0 6 . O . 0 0 0 o H E - S V 2 C R T P A N 
3 M . : t i £ 1 0 .oo 6 . 0 0 6 . 9 1 3 0 . 0 7 6 1 1 0 0 0 M G V 4 0 I L P - C L D H E 
3 * 9 E L E O d 3 1 . 0 0 6 . 0 0 7 1 3 . 0 . 0 1C 0 0 F G V 4 0 2 L P - C L D H E 
3 1 0 L I K E 1 0 . 0 0 6 . 0 0 6 . - 1 5 6 9 . 0 7 6 1 1 0 0 0 M G V 5 0 3 L P - C L D H E 
3 1 1 ELBOW 3 1 . 0 0 6 . 0 0 7 1 3 . . 0 I O 0 0 F G V 4 0 4 L P - C L O H E 
3>a L I K E 1 0 . 0 0 6 . 0 0 6 . O ! i 0 7 . 0 7 e t 1 0 0 0 M G V 4 0 5 L P - C L D H E 
3 1 3 V A L V E 4 1 . 0 0 6 . 0 1 0 4 0 0 . . 0 1 0 0 0 A V - 1 2 2 L P - C L D H E 
3 1 4 l ine 1 0 . 0 0 6 . 0 0 6 . 0 7 6 2 . 0 7 6 1 to 0 0 M G V 4 0 6 L P - C L O H E 
3 » 5 ELBOM 3 1 . 0 0 6 . 0 0 7 1 3 . . 0 1 0 0 o F G V 4 0 ? L P - C L D H E 
3 I E L I K E 1 0 . 0 0 6 . 0 0 6 . 6 0 9 2 . 0 7 6 1 1 0 0 0 M G V 4 0 a L P - C L D H E 
3 » 7 F 1 T I N G 41 1 . 0 0 6 . 0 0 7 6 . 0 . 0 1 0 0 a F G V 4 0 9 L P - C L O H E 
J I B L I N E 10 1 .oo 6 . 0 0 6 . 6 0 9 2 . 0 7 6 1 1 0 . 0 0 M G V 4 I 0 L P - C L O H E 
3 1 9 1 E E 3 1 . 0 0 6 . 0 0 7 6 0 . O . 0 1 0 0 0 F G V 3 I 3 L P - C L D H E 
-ao L I N E 1 0 . 0 0 6 . 0 0 6 1 . 8 2 7 . 0 7 6 1 1 0 0 0 M G V 4 1 1 L P - C L O H E 
J * I ELBOW 3 1 . 0 0 6 . 0 0 7 1 3 . . 0 1 0 0 0 F G V 4 1 2 L P - C L D H E 
2 1 2 L I M E to . 0 0 6 . 0 0 6 3 . 9 6 0 , 0 7 6 1 1 0 0 n M G V 4 1 3 L P - C L D H E 
£ 3 3 C A S 1 3 H E - C A S H - 3 
3 1 4 TANK O 6 . 0 . 0 0 o o H E - S V 3 S I O R V t N K 
3 1 5 L I N E 1 0 . 0 0 6 . 0 0 6 . 9 1 3 8 . 0 7 6 1 to 0 0 S G V b O l L P - C t D H E 
j » o ELBOW 3 1 . 0 0 6 . 0 0 7 1 3 . 0 . 0 to 0 o F G V 5 0 2 L P - C L D H E 
3 1 7 L I N E 1 0 . 0 0 6 . 0 0 6 . 0 6 0 7 . 0 7 6 1 i o 0 0 5 G V 5 0 3 L P - C L O H E 
3 3 8 V A L V E 4 1 . 0 0 C . O 1 0 4 0 0 . . 0 1 0 0 0 C V - 1 2 3 L P - C L D H E 
3 3 9 L I N E to . 0 0 6 . O 0 6 . O 7 C 2 . 0 7 6 1 1 0 0 a S G V 5 0 4 L P - C L C H E 
3 3 D ELBOW 3 1 . 0 0 6 . 0 0 7 1 3 . 0 . 0 1 0 0 o F G V 5 0 5 L P - C L D H F 
3 1 1 L I N E 1 0 .oo 6 . 0 0 6 . 6 0 9 2 . 0 7 6 1 1 0 0 0 E G U S 0 6 L P - C L D H L 
3 3 3 F I I I NO 4 1 . 0 0 C . 0 0 7 B . 0 . 0 to 0 0 F G V / 5 0 7 L P - C L D H E 
3 3 3 L I N E 1 0 ..oo C . 0 0 6 . 6 0 9 2 . 0 7 6 1 - . 0 0 0 S G V S O B L P - C L D H E 
3 3 4 EL DOW 3 1 . 0 0 6 . 0 0 7 1 3 . 0 . 0 1 0 0 0 F C V 5 0 9 L P - C L D H E 
3 3 5 L I N E 1 0 . 0 0 6 . 0 0 6 6 . 0 9 2 . 0 7 6 1 1 0 0 0 S G V 5 1 0 L P - C I O H E 
3 3 6 ELBOW 3 1 . 0 0 G . 0 0 7 1 3 . 0 . 0 1 0 0 0 F G V 5 1 1 L P - C L D H L 
3 3 7 L I N E to 1 . 0 0 6 . 0 0 6 1 . 2 1 8 . 0 7 6 1 1 0 0 a S G V S I 2 L P - C L O H E 
3 3 e I E E 3 1 . 0 0 d. 0 0 7 I S . 5 . 0 1 0 0 0 F G V 5 I 3 C L 0 B O X 1 N 
3 3 s L I N E 1 0 1 . 0 0 6 . 0 0 6 I . 2 1 8 . 0 7 6 1 1 0 0 o C B I 1 0 1 L P - C L D H E 
3 4 0 C A S 1 I . 0 0 4 H E - G A S « L O R - 4 
3 4 1 R E F L I Q O . 0 0 6 . 0 0 7 . 0 . 0 1 0 0 R F - L Q 1 L P C K E I N 
3 4 2 L I N E 1 0 . 0 0 6 . 0 0 9 . 6 0 9 2 . 1 0 1 5 1 0 0 0 C B O I O I H P - C L O H E 
3 4 3 F I T 1 N G 4 1 . 0 0 6 . 0 0 9 B . O . 0 1 0 0 0 F B O I 0 2 H P - C L D H E 
3 4 4 L I N E 1 0 . 0 0 6 . 0 0 9 . 6 0 9 2 . 1 0 1 5 1 0 0 0 C B O I 0 3 H P - C L O H E 
3 4 5 
• 4 8 

T E E 3 1 . 0 0 6 . 0 1 0 6 0 . . 0 1 0 0 0 F B O I 0 4 C L D B X O U T 3 4 5 
• 4 8 C A S 1 . 0 0 6 H E - G A S 5 T O R - 5 
3 4 7 R E F L I Q O . 0 0 6 . 0 0 7 , 1 0 0 . . 0 2 5 3 1 0 0 H F - I Q 2 H P C H E O U T 



F l i . 6 : tJFTF-A-RuNMFTF-A T I M E : 1 0 : 4 2 : 0 6 • DATE 0 * 0 5 7 8 PAGE • 

3 4 » L I N E I D 1 . 0 0 G . 0 0 9 1 . 3 1 B . l O I B 1 0 0 0 S H P 6 0 I H P - C L D H E 
3*3 E L S O H 3 1 1 . 0 0 6 . 0 0 9 1 3 . 0 . 0 1 0 o 0 F H P 6 0 3 H P - C L O H E 
3 5 0 L l H E 1 0 1 - O O 6 . 0 0 9 5 . 7 8 7 . 1 0 1 5 1 0 0 0 S H P 6 0 3 H P - C L D H E 
3 5 1 E L COW 3 1 1 .oo G . 0 0 9 1 3 . 0 . 0 1 0 0 0 F A P 6 G 4 H P - C L O H E 
3 5 2 L t N E 1 0 1 . 0 0 C . 0 0 9 . 6 0 9 2 . 1 0 1 S 1 0 o 0 S H P G O S H P - C L D H E 
3 5 3 F 1 T I N G 4 1 1 . 0 0 6 . C 0 9 B . O . 0 1 0 0 0 F H P 6 0 6 H P - C L O H E 
3 5 4 L l H E l O 1 .oo G . 0 0 9 . G 0 9 3 . 1 0 1 5 1 0 0 0 S H P 6 0 7 H P - C L D H E 
3 S S ELDOW 3 1 1 . 0 0 6 . 0 0 9 1 3 . O . 0 1 0 o o F H P 6 0 S H P - C L O H E 
3 5 * L I N E 1 0 1 .oo 6 . 0 0 9 . 3 0 4 6 . 1 0 1 5 1 0 0 0 S H P G 0 9 H P - C L D H E 
3 S 7 V A L U E 5 1 1 .oo G . O O Q 4 3 3 . . 0 1 0 0 0 C V - 1 0 4 J T - V A L V E 
Mm L I N E 1 0 1 . 0 0 6 . 0 0 7 . 1 5 2 3 . l O I S 1 0 0 0 S H P 6 1 0 L P - L I O H E 
3 5 9 ELBOW 3 1 1 . 0 0 6 . 0 0 7 1 3 . . 0 1 0 0 0 F H P 6 I 1 L P - L 1 0 H E 
SCO L I M E l O 1 .oo 6 . 0 O 7 2 . 4 3 7 . 1 0 1 5 1 0 0 o S H P 6 1 2 I P - L I Q H E 
3 * 1 TANK O 1 .oo 6 . 0 . 0 . 0 0 0 0 H E - S V 3 S T O - D E M R 
3 6 3 C A S 1 1 . 0 0 6 H E - G A S C V P B - 6 
Ma L I HE t o i .oo 6 . 0 O 9 4 . 2 6 4 , I 0 1 5 1 0 0 0 C H P 7 0 I H P - C L D H E 
3 « 4 ELBOW 3 1 t . 0 0 6 . 0 0 9 1 3 . 0 . 0 1 0 0 0 1 H P 7 0 2 H P - C L D H E 
J « S L I N E 1 0 1 . 0 0 6 . 0 0 9 1 . 2 1 8 . 1 0 1 5 1 0 a a C H P 7 0 3 H P - C L O H E 
3 * 6 r t E 3 1 1 .oo 6 . 0 O 9 6 0 . 0 . 0 t o 0 o F H P 7 0 4 H P - C L D H E 
3 C 7 L I N E 1 0 1 . 0 0 6 . 0 0 9 . G 0 9 2 . I O I S 1 0 0 0 C H P 7 0 S H P - C L D H E 
sea r i t i N G 4 1 1 . 0 0 6 . 0 0 9 B . O . O 1 0 a 0 F H P 7 0 6 H P - C L O H E 
3 6 9 L I N E l O 1 .oo 6 . 0 O 9 . 6 0 9 2 . 1 0 1 5 t o a 0 C H P 7 0 7 H P - C L D H E 
3 7 0 ELBOW 3 1 * 1 . 0 0 6 . 0 0 9 1 3 . 0 . O 1 0 0 0 F H P 7 0 S H P - C L D H E 
3 7 1 L I N E 1 0 . 1 . 0 0 6 . 0 0 9 . 0 5 0 7 . 1 0 1 5 1 0 0 a C H P 7 0 9 H P - C L O H E 
• 7 2 V A L V E 4 1 . 0 0 6 . 0 0 9 4 0 0 . . 0 1 0 0 0 C V - I O S S O - V A L V E 
3 7 3 L I N E l O . 0 0 6 . O 0 9 . 0 5 O 7 . 1 0 1 5 1 0 0 0 C H P 7 I 0 H P - C L D H E 
3 7 4 ELBOW 3 1 1 . 0 0 6 . 0 0 9 1 3 . 0 . O 1 0 0 0 F H P 7 I 1 H P - C L D H E 
» 7 S L I N E l O 1 . 0 0 6 . 0 0 9 . 6 0 9 9 . 1 0 1 5 1 0 o 0 C H P 7 1 2 H P - C L D H E 
3 7 6 V A L V E 5 1 1 . 0 0 6 . D 0 9 4 2 2 . . 0 1 0 0 0 A V ' 1 2 9 J T - V A L V E 
3 7 7 L I N E 1 0 t . 0 0 6 . 0 0 7 . 9 1 3 B . 1 0 1 5 l O 0 0 C H E 7 1 3 L P - L I O H E 
3 7 • I A t i l l O 1 . O O 6 . 0 . C . 0 0 0 o H E - S V I C Y P - D E W R 
3 7 9 C A S 1 1 . O O 7 H E - C A S MAG R - 7 
3 « 0 L I N E 1 0 1 . 0 0 G . O 0 9 E . 2 4 4 . 1 0 1 5 1 0 0 0 M H P B O t H P - C L D H E 
3 B 1 ELBOW 3 1 1 . 0 0 6 . O 0 9 1 3 . . O 1 0 0 0 F H P B 0 2 H P - C L D H E 
3 0 2 L I N E 1 0 1 . 0 0 6 . O 0 9 . 6 0 9 2 . 1 0 1 5 1 0 0 0 M H P B 0 3 H P - C L D H E 
3 0 3 F 1 1 1 N G 4 1 1 . O O G . 0 0 9 B . O . O 1 0 0 0 F H P B 0 4 H P - C L D H E 
3 6 4 L I N E 1 0 1 . 0 0 6 . 0 0 9 . 6 0 9 2 . 1 0 1 5 1 0 0 0 M H P B 0 5 H P - C L D H E 
3 B 5 E L D O M 3 1 1 . 0 0 6 . 0 0 9 1 3 . . 0 i o 0 0 F H P B 0 6 H P - C L D H E 
3 8 6 L I N E 1 0 1 . 0 0 6 . 0 0 9 . 0 5 0 7 . 1 0 1 5 1 0 0 0 M H P B 0 7 H P - C L D H E 
3 8 7 V A L V E 4 1 1 . 0 0 6 . 0 0 9 4 0 0 . . 0 1 0 0 0 C V - 1 0 6 S O - V A L V E 
3 S B L t N E 1 0 1 . 0 0 G . 0 0 9 . 0 5 0 7 . 1 0 1 5 I O 0 o MHPOOB H P - C L D H E 
3 8 9 E L DOW 3 1 1 . 0 0 6 . 0 0 9 1 3 . . 0 1 0 0 o F H P 6 0 9 H P - C L D H E 
3 9 0 L t N E 1 0 1 . 0 0 G . 0 0 9 . 6 0 2 9 . 1 0 1 5 1 0 0 0 M H P B 1 0 H P - C L O H E 
3 9 1 V A L V E 5 1 1 . 0 0 G . 0 0 9 4 2 3 . . 0 1 0 0 0 A V - I 2 B J T - V A L V E 
9 9 a L I N E 1 0 1 . 0 0 6 . 0 0 9 . 9 1 3 8 . I O I 5 1 0 0 J M H E B 1 1 L P - C L D H E 
3 9 3 TANK 0 1 . 0 0 6 . 0 . 0 . 0 0 0 0 H E - S V 2 M A G - D E W R 
3 9 4 G A S 1 i . o o a H E - G A S C P U R - B 
3 9 5 R E F L I O 0 1 . 0 0 6 . 0 0 7 . 0 . 0 1 0 0 0 R F - L Q 3 L P H H E O U I 
3 9 6 L I N E 1 0 1 . 0 0 C . 0 0 6 . 3 0 4 0 . 1 5 2 3 1 0 0 0 C L P 1 0 1 L P - H O T H E 
3 9 7 ELBOW 3 1 1 . O O G . O O G 1 3 . . 0 1 0 0 0 F L P 1 0 2 L P - H O T H E 
3 9 a L I N E 1 0 1 . 0 0 6 . 0 0 6 7 . 9 2 0 . 1 5 2 3 1 0 0 0 C L P 1 0 3 L P - H O I H E 
3 9 9 ELBOW 3 1 1 . 0 0 6 . 0 0 6 1 3 . . O t o 0 0 F L P I 0 4 L P - H O I H E 
4 0 0 L I N E 1 0 t . o o 6 . 0 0 6 3 . 9 6 0 . 1 5 2 3 1 0 0 o C L P 1 0 5 L P - H O T H E 
4 0 1 ELBOW 3 1 1 . 0 0 6 . 0 0 6 1 3 . . 0 1 0 0 0 F L P I 0 6 L P - H O I H E 
4 0 2 L I N E 1 0 1 . 0 0 G . 0 0 6 9 . 7 4 . 1 5 3 3 1 0 0 0 C L P 1 0 7 L P - H O T H E 
4 0 3 ELBOW 3 1 1 .OO 6 . 0 0 6 1 3 . . 0 1 0 0 0 F L P 1 0 B L P - H O T H E 
4 0 4 L I N E 1 0 1 . 0 0 6 . 0 0 6 9 . 2 2 . 1 5 2 3 1 0 0 0 C L P I 0 9 L P - H O T H E 
4 0 5 ELBOW 3 1 1 . 0 0 6 . 0 0 6 1 3 . . 0 1 0 0 o F L P 1 1 0 L P - H O T H E 



FILE: MFTF-k-RUKMFTF-A 
*oe L I N t 1 0 . 0 0 6 - O D G B . O . 1 5 2 3 1 0 
+01 ELBOW 3 1 . O O 6 . 0 0 6 1 3 . 0 . O I O 
4 W I t ME t o . 0 0 G . O O G 7 . 0 . 1 6 2 3 1 0 
4 0 9 E L O O W 3 1 . 0 0 6 . O 0 6 1 3 . O . 0 1 0 
4 1 0 L I l l E 1 0 . 0 0 S . O O G 6 . 0 . 1 5 2 3 l O 
4 1 1 ELBOW 3 1 . 0 0 6 . 0 0 6 1 3 . 0 . 0 I O 
4 1 2 L I N E 1 0 . 0 0 6 . 0 0 6 0 . 5 . 1 5 2 3 I O 

" 4 1 3 C O U P U B O . 0 0 6 . 0 0 G 1 0 
4 1 4 l i n e 1 0 . 0 0 6 . 0 0 6 0 . 5 . 0 7 6 1 l O 
4 1 5 ELBOW 3 1 . 0 0 G . O O B 1 3 . O . 0 1 0 
4 1 S L I K E t o . 0 0 6 . 0 0 B 6 . 0 . 0 7 6 1 1 0 
4 1 7 E L B O W 3 1 . 0 0 6 . 0 0 B 1 3 . 0 . 0 1 0 
4 1 0 H U E 1 0 . 0 0 6 . O 0 B B . O . 0 7 6 1 1 0 
4 1 9 E L DOW 3 1 . 0 0 6 . 0 0 8 1 3 . 0 . 0 1 0 
4 2 D L I N E t o . 0 0 6 . 0 0 B 6 . 2 2 . 0 7 6 1 1 0 
4 2 1 ELBOW 3 1 . 0 0 6 . 0 0 B 1 3 . O . O 1 0 
4 2 2 L I N E 1 0 . 0 0 B . b O B 9 . 7 4 . 0 7 6 1 1 0 
4 2 3 ELBOW 3 1 . 0 0 G . O O B 1 3 . 0 . 0 1 0 
4 2 4 L I N E 1 0 . 0 0 6 . 0 0 a 3 . 9 6 . 0 7 6 1 1 0 
4 2 5 ELBOW 3 1 . 0 0 6 . 0 0 a 1 3 . 0 . 0 1 0 
4 2 6 L I N E I O . 0 0 6 . 0 0 a 7 . 9 2 . 0 7 6 1 1 0 
4 2 7 V A L V E 4 1 . 0 0 G . O O B 4 2 2 . D . O 1 0 
4 2 B L I N E 1 0 . 0 0 G . O O B . 0 5 0 7 . 0 7 6 1 1 0 
4 2 9 E L B O W 3 1 . 0 0 e.ooa 1 3 . 0 . 0 1 0 
4 3 0 L I N E 1 0 . 0 0 6 . 0 0 B . 3 0 4 6 . 0 7 6 1 1 0 
4 3 1 R E F L I O 0 . 0 0 6 . 0 0 7 . 0 . 0 1 0 
4 3 2 E N D 
4 3 3 P E N D 
4 3 4 P A 5 G . T D A T A L N 2 . , T 4 0 
4 3 5 9 D M f t . l L O A T A L N 2 
4 3 6 U S E R NAME 6 3 1 3 1 0 4 3 0 2 3 5 
4 3 7 T E S T C A S E FOR T H E H F T F L 1 0 U I D N I T R O G E N 
4 3 8 L N 3 S U P P L V S U B C R 1 T F R T H DECK 
4 3 9 1 
4 4 0 3 0 6 a 0 6 - 1 . 0 0 0 . 0 0 . 
4 4 1 0 O - 1 . 0 0 - < - O O 3 1 . 0 0 . 
4 4 2 I B OO - 1 . 0 0 - 1 . 0 0 0 . 0 0 . 
4 4 3 0 0 - 1 0 0 - 1 . 0 0 3 1 . 0 0 . 
4 4 4 5 4 5 0 - 1 0 0 - 1 . 0 0 0 . 0 0 . 
4 4 5 0 O - 1 0 0 - 1 . 0 0 3 1 . 0 0 . 
4 4 6 7 9 0 - t 0 0 6 . 9 0 0 . 0 0 . 
4 4 7 O O 6 9 0 6 . 9 0 3 1 . 0 0 . 
4 4 B I B SO 6 9 0 6 . 9 0 0 . 0 0 . 
4 4 9 0 0 6 9 0 6 . 9 0 3 1 . 0 0 . 
4 S 0 B 5 0 6 9 0 1 5 . 4 0 0 . 0 0 . 
4 5 1 0 0 1 5 4 0 1 5 . 4 0 3 1 . 0 0 . 
4 5 2 2 6 0 0 I S 4 0 1 5 . 4 0 O . O 0 . 
4 5 3 0 0 1 5 4 0 1 5 . 4 0 9 0 . 0 0 . 
4 5 4 - 1 0 
4 5 5 a 
4 5 6 0 0 1 5 4 0 I S . 4 0 3 4 0 . 0 0 . 
4 5 7 2 0 0 1 5 4 0 1 5 . 4 0 0 . 0 0 . 
4 5 8 0 0 0 1 5 . 4 0 1 5 . 4 0 0 . 0 0 . 
4 5 9 1 . 0 0 1 5 . 4 0 1 5 . 4 0 0 . 0 0 . 
460 0 . 0 1 5 . 4 0 1 5 . 4 0 3 1 . 0 0 . 
4 6 1 0 . 6 8 1 5 . 4 0 1 6 . 0 6 0 . 0 0 . 
4 6 3 0 . 0 1 6 . O B 1 6 . 0 8 3 1 . 0 0 . 
4 6 3 0 . 5 0 1 6 . O S 1 6 . 0 8 0 . 0 0 . 

TIMES 1 0 : 4 2 : 0 6 DATE 0 4 0 5 7 9 PAGE 

0 C L P 1 1 1 L P - H Q T M E 
0 F L P 1 1 2 L P - H O T H E 
0 C L P 1 1 3 L P - H O t H E 
0 F L P 1 1 4 L P - H O T H E 
0 C L P 1 1 5 L P - H O I H E 
0 F L P 1 1 6 I P - H O T H E 
0 C L P t 1 7 L P - H O T H E 
a C P U - 0 1 C O M P P U F H 
0 C H P 1 0 1 H P - H Q I H E 
0 F H P 1 0 2 H P - H O F H E 
0 CMP 1 0 3 H P - H O I H E 
0 F H P I 0 4 H P - H O I H E 
0 C H P I 0 5 H P - H O I H E 
0 F H P I 0 6 H P - H O I H E 
0 C H P I 0 7 H P - H O I H E 
0 F H P I O B H P - H O I H E 
0 C U P 1 0 9 H P - H O T H E 
0 F H P I 1 0 H P - H O T H E 
0 C H P I 1 1 H P - H O T H E 
0 F H P 1 1 2 H P - H O T H E 
0 C H P I 1 3 H P - H O T H E 
0 A v - 0 4 1 C V - V A L V E 
0 C H P I 1 4 H P - H O I H E 
0 F H P I I S H P - H O I H E 
0 C M P 1 1 5 H P - H O T H E 
0 R F - L Q 4 H P H H E I N 

>LY S Y S T E M < C V I > 

1 . 0 0 . 0 1 . > . 
0 . 0 0 . 0 3. 1 . 
1 . 0 0 . 0 1 . 1 . 
0 . 0 0 . 0 2 . 1 . 
1 . 0 0 . 0 1 . 1 . 
0 . 0 0 . 0 a . 1 . 
1 . 0 0 . 0 1 . 1 . 
0 . 0 0 . 0 a . ' 1 . 
1 . 0 0 . 0 I . "" 1 . 
0 . 0 0 . 0 a . 1 . 
1 . 0 0 . 0 1 . 1 . 
0 . 0 0 . 0 a . 1 . 
t . 0 0 . 0 1 . 1 . 
7 . 0 0 . 0 3 . 1 . 

0 . 0 0 . 0 3 . 1 . 
1 . 0 0 . 0 1 » 1 . 
t . 0 0 . 0 4 . 1 . 
1 . 0 0 . 0 1 . 1 . 
0 . 0 0 . 0 a . 1 . 
> . 0 0 . 0 1 . t . 

1 0 . 0 a . 1 . 
J 0 . 0 1 . 1 . 

http://9DMft.lL


F I L E : MFTF-H'RUNMFTF-A T I M E : 1 0 : 4 2 : 0 6 

4 S 4 O - O 1G.0B 1 6 . O B O . O 0 . 0 1 . 0 o.o 4 . 1 . 
4 6 5 o.o 1 6 . OS 1 6 . OB 31 .O o.a 0 . 0 0 . 0 2 . 1 . 
4 6 6 6 . 3 6 1 6 . 0 8 1 6 . 0 8 O . O o.a O . 9 0 1 . 0 0 e . i . 
4 t r O - O 1 6 . 0 8 1 6 . O B 3 1 . 0 0 . 0 0 . 0 o.o 2 . 1 . 
4 6 a 0 . 5 0 1 6 . OS 1 6 . 0 8 O . O o.a 1 . 0 0 . 0 1 . 1 . 
4 6 9 O . O 16.OS 1 6 . 0 8 O . O 0 . 0 1 .O 0 . 0 4 . 1 . 
4 7 0 0 . 0 16 .OS 16 .OB 3 1 . 0 0 . 0 0 . 0 0 . 0 2 . 1 * 
4 7 1 8 . 7 3 I E . OS 1 7 . 4 5 O . O 2 8 8 . 0 0 . 0 0 . 0 6 . 1 . 
4 7 3 0 . 0 1 7 . 4 5 1 7 . 4 5 3 1 . 0 o.a a .a 0 . 0 2 . 1 . 
4 7 3 • . 3 7 1 7 . 4 5 1 6 . 0 8 O . O 0 . 0 1 . 0 o.o 1 . 1 . 
4 7 4 O . O 1 6 . OB 1 6 . 0 8 3 1 . 0 o.o 0 . 0 o.o 2 . 1 . 
4 7 5 0 . 0 16 .OB 1 6 . 0 8 O . O o.o 1 . 0 0 . 0 4 . 1 . 
4 7 6 0 . 5 0 16 .OB 1 6 . 0 8 0 . 0 0 . 0 1 . 0 0 . 0 1 . 1 . 
4 7 7 0 . 0 16.OB 1 6 . 0 8 3 1 . 0 o.o 0 . 0 0 . 0 2 . 1 . 
4 7 B • 2 . 7 2 1 6 . 0 8 1 6 . 0 8 O . O 0 . 0 O.SD 2 . 0 0 6 . t . 
4 7 9 O . O 1 6 . OB 1 6 . 0 8 3 1 . 0 0 . 0 0 . 0 0 . 0 2 . 1 . 
4 B 0 0 . 5 0 16 .OB 1 6 . 0 8 O . D o.o 1 . 0 0 . 0 1 . 1 . 
4 B I O . O 16 .OB 1 6 . 0 8 O . O o.o 1 -O 0 . 0 4 . 1 . 
4 8 2 O . O 16.OB 1 6 . 0 8 3 1 . 0 0 . 0 0 . 0 0 . 0 2 . 1 
4 83 1 7 . 3 7 • 6 .OB 1B.B1 0 . 0 5 7 6 . 0 o.o 0 . 0 6 . 1 
4 B 4 0 . 0 I S . 6 1 1 8 . 8 1 31 . 0 o.o o.o 0 . 0 a. i 
4 B 5 2 . 7 3 I B . 8 1 16 .OB 0 . 0 0 . 0 1 . 0 0 . 0 i . i 
4 8 6 0 . 0 1 6 . 0 8 1 6 . 0 8 3 1 . 0 0 . 0 0 . 0 0 . 0 2 . 1 
J B 7 O . O 1 6 . OB 1 6 . 0 8 0 . 0 o.o 1 .O o.o 4 . 1 
4 98 O.SD 16.OB 1 6 . OB 0 . 0 0 . 0 1 . 0 0 . 0 1 . 1 
4 8 9 0 . 0 16.OB . 1 6 . 0 8 3 1 . 0 0 . 0 0 . 0 o.o 2 . 1 
4 9 0 1 2 . 7 2 1 6 . 0 8 1 6 . O S 0 . 0 0 . 0 0 . 9 0 2 . 0 0 6 . 1 
4 9 1 0 . 0 1 6 . 0 8 1 6 . 0 8 31 .U 0 . 0 0 . 0 0 . 0 2 . 1 
4 9 2 0 . 5 O 1 6 . 0 8 1 6 . 0 8 0 . 0 0 . 0 1 . 0 0 . 0 1 . 1 
4 9 3 0 . 0 1 6 . 0 8 1 8 . 0 8 O . O o.*o 1 . 0 0 . 0 4 . 1 
4 9 4 O . O 16.OB I E . OS 31 . 0 0 . 0 o.o 0 . 0 2 . 1 
4 9 5 1 7 . 3 7 16 .OS 1 8 . 8 1 0 . 0 5 7 6 . 0 o.a 0 . 0 6 . 1 
4 9 3 0 . 0 I S . 8 1 1B.B1 31 . 0 0 . 0 o.o 0 . 0 2 . 1 
4 9 7 2 . 7 3 I B . 8 1 1 6 . 0 8 O . O 6 . 0 1 . 0 0 . 0 1 . 1 
4 9 8 O . O 16.OB 1 6 . OS 31 . 0 0 . 0 0 . 0 0 . 0 2 . 1 
4 9 9 0 . 0 1 6 . 0 8 1 6 . 0 8 0 . 0 6 . 0 1 . 0 0 . 0 4 . 1 
5 0 0 0 . 5 O 16.OB 1 6 . 0 8 O . O 6 . 0 1 -O 0 . 0 1 • 1 
5 0 1 0 . 0 1 6 . 0 8 1 6 . 0 8 31 . 0 0 . 0 0 . 0 0 . 0 a. i 
5 0 2 1 2 . 7 2 1 6 . 0 8 1 4 . 0 8 O . O 0 . 0 O . 9 0 2 . 0 0 6 . 1 
5 0 3 0 . 0 14.OB 1 4 . OB 31 . 0 0 . 0 o.o 0 . 0 a. i S 0 4 8 9 . 0 7 1 4 . 0 8 1 4 . 0 8 O . O 0 . 0 0 . 9 0 1 4 . 0 0 6 . 1 
S 0 5 O . O 1 4 . 0 8 1 4 . 0 8 31 . 0 0 . 0 0 . 0 0 . 0 3 . 1 
S 0 6 1 1 9 . 6 1 1 4 . 0 8 - 4 . 7 2 0 . 0 0 . 0 0 . 9 0 18.SO 6 . 1 
6 0 7 O . O - 4 . 7 2 - < . . 7 S 31 . 0 o.a 0 . 0 0 . 0 a. i SOB 4 6 . 4 4 - 4 . 7 2 - 4 . 7 2 0 . 0 0 . 0 0 . 9 0 7 . 3 0 6 . 1 
S O S O . O - 4 . 7 2 - 4 . 7 2 31 . 0 0 . 0 0 . 0 0 . 0 2 . 1 
5 1 0 1 3 . 3 6 - 4 . 7 2 - 2 . 6 2 0 . 0 0 . 0 0 . 9 0 2 . >0 6 . 1 
5 1 1 1 1 . 9 4 - 2 . 6 2 9 . 3 2 0 . 0 0 . 0 1 . 0 0 . 0 1 . 1 
5 1 2 3 0 . 2 8 9 . 3 2 1 4 . 0 8 0 . 0 0 . 0 0 . 9 0 4 . 7 6 6 . 1 
6 1 3 0 . 0 1 4 . 0 8 1 4 . 0 8 31 . 0 0 . 0 0 . 0 0 . 0 2 . 1 
6 1 4 4 6 . 4 4 1 4 . 0 0 14 .OB 0 . 0 o.o 0 . 9 0 7 . 3 0 6 . 1 
S I S 1 4 . 0 0 1 4 . 0 8 1 4 . 0 8 0 . 0 0 . 0 1 . 0 0 . 0 1 . 1 
Sis 0 . 0 1 4 . 0 8 1 4 . 0 8 31 . 0 0 . 0 0 . 0 0 . 0 2 . 1 
6 1 7 2 . 0 0 1 4 . 0 8 1 6 . 0 8 0 . 0 0 . 0 1 . 0 0 . 0 1 • 1 
s i s 0 . 0 1 6 . 0 8 1 6 . 0 8 31 . 0 0 . 0 0 . 0 0 . 0 2 . 1 
s i s S . 0 0 1 6 . 0 0 1 6 . 0 8 0 . 0 0 . 0 1 . 0 0 . 0 1 • 1 
5 2 0 0 . 0 1 6 . 0 8 1 6 . 0 6 31 . 0 0 . 0 o.o 0 . 0 a. I 6 2 1 0 . 0 1 6 . 0 8 1 6 . 0 8 0 . 0 0 . 0 1 . 0 0 . 0 4 . 1 

DATE 040S79 



FtlE! » »FtF-A»RUt MFTF-A TIME: 10:42106 
522 0.50 16. OB 16.OB 0.0 0.0 1 .0 0.0 1. 1. 
523 0.0 1G.0S 16.OB 31.0 0.0 0.0 o.o 2. 1. 
524 o.ea 16. OB 15.40 0.0 0.0 1.0 o.o 1. 1. 
525 0.0 15.40 15.40 31 .0 O.O 0.0 0.0 2- 1. 
526 1 .00 IS.40 15.40 0.0 O.O 1 .0 0.0 1. 1. 
527 0.0 15-40 15.40 0.0 O.O 1 .0 0.0 4. 1. 
528 a.oo 15.40 15.40 0.0 0.0 1 .O 0.0 1. 1. 
S29 0.0 15.40 15.40 340.0 O.O O.O 0.0 3. 1. 
530 -a. 531 3 
532 0.0 15.40 15.40 340. 0 O.O O.O 0.0 3. 1. 
53j 2.00 15.40 15,40 O.O 0.0 t .o o.o 1 . 1. 
S3* o.o 15.40 15.40 O.O 0.0 1 .0 0.0 4. 1. 
535 l.O 15.40 15.40 0.0 O.O 1 .O 0.0 1. 1. 
536 o.o 15.40 15.40 31.0 0.0 0.0 0.0 2. 1. 
537 1.32 15.40 14.08 0-0 0.0 1 .0 o.o 1. 1. 
538 O.O 14.OB 14.08 31 .o 0.0 0.0 0.0 3. 1. 
539 14.OO 14.08 14.08 0.0 0.0 1 .0 0.0 1 . 1. 
540 0.0 14.OB 14.08 3' 0 0.0 0.0 0.0 3. 1. 
541 5.OB 14.OB 9.00 O.O 0.0 1 .0 0.0 1. 1. 
542 0.0 9.0 9.0 31 .0 0.0 o.o 0.0 3. 1. 
S43 a.oa 9.00 9.00 O.O 0.0 1.0 0.0 1. 1. 
544 0.0 . 9.0 9.0 31.0 0.0 0.0 0.0 3. 1. 
545 1 .OO 9.O0 8.00 0.0 0.0 1 .0 0.0 1. 1. 
54G 0.0 8.00 B.OO 0.0 0.0 1.0 0.0 4. 1. 
547 0.50 a.oo 7.50 0.0 0.0 1.0 0.0 1 . 1. 
54a 0.50 7.50 7.00 0.0 0.0 1 .0 0.0 1. 1. 
549 O.O 7.00 7.00 90.0 0.0 0.0 0.0 5. 4. 
SSO 0.50 7.00 6.50 0-0 o.o 1.0 0.0 1 . 1. 
551 6.30 6.50 O.SQ O.O 7500.0 o.o o.o 6. 1 
552 1 .50 O.20 -1 .30 0.0 0.0 l.O 0.0 1. 1 
553 1 .00 -1 .30 -2.30 0.0 0.0 1 .0 0.0 1 . 1 
554 0.0 -2.30 -2.30 31.0 0.0 o.o 0.0 3. 1 
555 3.OH -2.30 -2.30 0.0 0.0 1 .0 o.o 1. 1 
556 0.0 -2.30 -2.30 31.0 0.0 0.0 0.0 2. I 
557 U .30 • 2.30 9.00 O.O 0.0 1 .0 0.0 1. 1 
BSB 0.0 9.00 9.00 31.0 0.0 o.o 0.0 3. t 
559 5.08 9.00 14.08 0.0 0.0 1 .0 o.o 1. 1 
5 GO 0.0 14.08 14.08 31 .0 0.0 0.0 0.0 3. 1 
56) 14.00 14. OB 14.OB 0.0 0.0 1 -O 0.0 1. 1 
562 0.0 14.OB 14.08 31 .0 0.0 0.0 o.o 3. 1 
563 1.32 14.OB 15.40 0.0 o.o 1 .0 0.0 1. 1 
564 O.O T5.40 15.40 31.0 0.0 0.0 0.0 "* 1 
565 1 .00 16. <0 15.40 O.O o.o l.O O.u 1 . t 
566 0.0 15.40 15.40 0.0 0.0 1.0 0.0 4. 1 
567 3.O0 15.40 15.40 0.0 0.0 1.0 0.0 1. 1 
sea O.O 15.40 15. 40 340.0 0.0 o.o 0.0 3. 1 9G9 - 3 . 
570 4 
571 O.O 15.40 15.40 340.0 0.0 0.0 0.0 3. 1 
572 2.00 15.40 15.40 0.0 0.0 1 .0 0.0 1 . 1 
573 0.0 15.40 15.40 0.0 0.0 1 .0 0.0 4. 1 
574 1 .OO 15.40 15.40 0.0 0.0 1 .0 0.0 1 . 1 
575 0.0 15.40 15.40 31 .0 0.0 0,0 0.0 3. 1 
576 1 .32 15.40 14.08 0.0 o.o 1 .0 0.0 t . 1 
577 0.0 14.08 14.OB 31.0 0.0 0.0 0.0 2 . 1 B7B 14.00 14.08 14.08 0.0 0.0 0 0.0 1 . 1 579 0.0 14.08 14.08 31.0 0.0 1 0.0 3 . 1 

DATE 0 4 0 5 7 9 



FILE: MFTF-A»RUMMfTF-A TIMES 10:42106 •ATE O40579 
5 BO 
SBI 
583 
SH3 
584 
5 as 
5 8 6 

- 5 8 7 
5 B 9 
5 B 9 
5 9 0 
5 9 1 
5 9 2 
5 9 3 
5 9 4 
5 9 5 
5 9 S 
5 9 7 
5 9 B 
5 9 9 
COO 
8 0 1 
6 0 2 
6 0 3 
6 0 4 
6 0 5 

» 6 0 6 
h-> 6 0 7 
•"* BOB 

6 0 9 
S I O 
6 1 1 
6 1 2 
6 1 3 
6 1 4 
6 1 S 
C I 6 
6 1 7 
6 1 0 
G 1 9 
6 2 0 
6 2 1 
6 2 2 
6 2 3 
6 2 4 
6 2 5 
6 2 6 
6 2 7 
6 2 8 

. 6 2 9 
6 3 0 
6 3 1 
6 3 2 
G 3 3 
6 3 4 
6 3 5 
6 3 B 
6 3 7 

5 . O B 1 4 . O B 9 . 0 0 O.O O . O 1 .O 0.0 t. 1. 
O . O 9 . 0 0 9 . 0 0 3 1 . 0 O . O 0.0 o.o 2 . 1. 
3 . 0 8 9 . 0 0 9 . 0 0 0.0 0 . 0 1 .0 o.c 1 . 1. 
O . O 9 . 0 0 9 . 0 0 31 .O O . O 0.0 0.0 2 . 1. 
9 . 7 0 9 . O 0 S . O O 0.0 0 0 1 .0 0.0 , 1 . 1. 
0 . 0 9 . 0 0 9 . 0 0 3 1 . 0 0.0 0,0 0.0 2 . 1. 
1 .00 9 . 0 0 8 . 0 0 0.0 0.0 1 .0 0.0 1 . I. 
o.o 8 . 0 0 8 . 0 0 0.0 0.0 > .0 o.o 4 . 1. 
0 . 0 8 . 0 O a.oo 9 0 . O 0.0 0.0 0.0 5 . a. 
t .00 B . O O 7.O0 0.0 0.0 1 .O 0.0 1. 1. 
0 . 0 7 . 0 O 7.00 31 .0 0.0 0.0 0.0 2 . 1. 
0 . 0 7 . 0 0 7.00 0.0 3 2 0 . 0 0.0 0.0 6 . 1. 
O . O 7 .OO 7.00 31 .0 0.0 0.0 0.0 2 . 1. 
•. oo 7 . 0 0 8.00 0.0 0.0 1 .0 0.0 ; 1 . 1 . 
O . O 8 . 0 0 a oo 0.0 0.0 1.0 0.0 4 . 1. 
I .OO a.oo 9.0O O.O 0.0 I .O 0.0 1 . (. 
0 . 0 9 . 0 0 9 . 0 0 . 3 1 . 0 0.0 0 . 0 0.0 2 . 1. 
9 . 7 0 9 . 0 0 9.00 0.0 0.0 1.0 0.0 1 . 1. 
0 . 0 9.00 9.00 31 .0 0.0 o.o 0.0 2 . 1. 
3 . O B 9 . 0 0 9.00 0.0 o.o l.O 0.0 1 . 1. 
O . O 9 . 0 0 9.00 31 .0 0.0 0.0 0.0 2 . 1. 
5 . O B 9.00 1 4 . O B 0.0 0.0 1.0 0.0 1 . 1. 
0 . 0 ' 4 . 0 8 1 4 . O B 31 .0 o.o o.o 0.0 2 . 1. 

1 4 . O O 1 4 . 0 3 1.4. o a 0.0 o.o 1 .0 0.0 1 . 1. 
O . O 1 4 . O S 1 4 . O S 3 1 . 0 0.0 0 . 0 0.0 2 . 1. 
1 .32 1 4 . O B 1 5 . 4 0 O.O 0.0 t .o 0.0 1 . 1. 
0 . 0 1 5 . 4 0 1 3 . 4 0 31 .0 0.0 0.0 0.0 2 . 1. 
1 .OO I S . 4 0 1 S . 4 0 0.0 0.0 1.0 0.0 1 . 1. 
0 . 0 1 5 . 4 0 1 5 . 4 0 0.0 0.0 1 .0 0.0 4 . 1. 
2 . 0 0 1 5 . 4 0 1 S . 4 0 O.O o.o 1 .0 o.o 1 . 1. 
0 . 0 

- 4 . 
1 S . 4 0 1 5 . 4 0 3 4 0 . 0 0.0 0.0 0.0 3 . 1. 

5 
0.0 I S . 4 0 1 5 . 4 0 3 4 0 . O 0.0 0.0 0.0 3 . t. 
2 . 0 0 1 5 . 4 0 1 5 . 4 0 O.O o.o 1 .0 0.0 1 . 1. 
0.0 1 5 . 4 0 1 5 . 4 0 0.0 0-0 1 .0 0.0 4 . 1. 
1 .00 1 5 . 4 0 1 5 . 4 0 O.O 0.0 1 .0 0.0 1 . 1. 
0 . 0 1 5 . 4 0 1 5 . 4 0 31 .0 0.0 0.0 0.0 2 . 1. 
1 .32 1 5 . 4 0 1 4 . 0 8 0.0 o.o 1 .0 0.0 1 . 1. 
O . O 1 4 . OB 1 4 . 0 3 31 .0 0.0 0.0 0.0 2 . 1. 
1 4 . 0 0 1 4 . 0 3 14. 0 8 O.O 0.0 1 .0 0.0 1 . 1. 
0 . 0 1 4 . 0 3 1 4 . 0 8 31 .0 0.0 o.o 0.0 a . i. 
s.oa 1 4 . 0 8 9 . 0 0 0.0 0.0 1 .0 0.0 1 . 1. 
O . O 9.00 9.00 31 .0 0.0 0.0 0.0 a . 1. 
2 . 0 0 9.00 9.00 0.0 0.0 1 .0 o.o 1 . 1. 
0.0 9 . O 0 9.00 31 .0 0.0 0.0 0.0 2 . 1. 
9.70 9 . 0 0 9.00 0.0 0.0 1 .0 0.0 1. 1. 
0.0 9 . O 0 9.00 31 .0 0.0 0.0 0.0 2 . 1. 
5 . 5 0 9 . 0 0 3.50 0.0 0.0 1 .0 0.0 t . 1. 
0.0 3 . 5 0 3.50 0.0 0.0 1.0 0.0 4 . 1 . 
0 . 5 0 3 . 5 0 3 . 0 0 0.0 o.o 1 .0 0.0 1 . 1. 
0.0 3 . 0 0 3 . 0 0 9 0 . 0 o.o o.o 0.0 5 . 3. 
0 . 5 0 3 . 0 0 3 . 5 0 0.0 0.0 1 .0 0.0 1 . 1. 
0.0 2 . S O 2 . 5 0 31 .0 0.0 0.0 0.0 a . i. 
0.0 2 . 5 0 2 . 5 0 0.0 0.0 1 .O 0.0 1. 1. 
0.0 2 . 5 0 2 . 5 0 31 .0 0.0 0.0 0.0 a. I. 
1 .00 2 . 5 0 3 . 5 0 0.0 0.0 1. J 0.0 i. 1. 
0.0 3 . 5 0 3. S O 0.0 0 . 0 1 .0 0.0 4 . 1 

y 



FILE: MFTF-A-HUNMFTF-A TIME: 10:42:06 DATE 040379 
638 
639 
640 
641 
642 
643 
644 
645 
646 
647 
64S 
649 
650 
651 
652 
653 
654 
655 
656 
GST 
658 
659 
660 
661 
662 

b* 663 
g 664 

66S 
666 
667 
66a 
669 
670 
671 
672 
673 
674 
675 
676 
677 
676 
679 
680 
681 
682 
663 
684 
685 
686 
6B7 
6BB 
689 
690 
691 
692 
693 
694 
BBS 

5.50 3.50 9-OD 0.0 0.0 1.0 0.0 0.0 9.00 9.00 31 .0 O.O O.S 0.0 9.70 9-00 9.00 0.0 0.0 1 .O . 0.0 0.0 9.0O 9.00 31 .0 0.0 O.O O.O 2.00, 9-00 9.00 0.0 0.0 1.0 0.0 0.0.' 9-00 9.00 31 .0 0.0 O.O 0.0 5.08 9.00 14.08 0.0 0.0 1 .0 O.O 
O.O 14.08 14.08 31.0 0.0 0.0 0.0 14.00 14.08 14 .08 0.0 0.0 1 .O 0.0 0.0 14.OB 14.OB 31 .0 0.0 0.0 0.0 
1 .32 14.08 15.40 0.0 o.O 1.0 0.0 0.0 15.40 15.40 31 .0 0.0 10. O 0.0 1 .00 1S.40 15.40 0.0 0.0 1.0 O.O 0.0 15.40 IS.40 0. 0 O.O 1 .0 0.0 3.00 15.40 IS.40 0.0 0.0 1 .0 0.0 0.0 

-5. 
15.40 15.40 340.0 0.0 0.0 O.O 

6 
O.O 15.40 15.40 90.0 0.0 7.0 0.0 26.00 15.40 15. 40 0.0 0.0 1 .0 O.O 0.0 IS. 40 15.40 31 .0 0.0 0.0 0.0 
a.so 15.40 6.90 0.0 0.0 1 .0 O.O 
0.0 6.90 6.90 31 .0 0.0 0.0 0.0 19,50 6.90 6.90 0.0 0.0 1 .0 0.0 O.O 6.90 6.90 31.0 0.0 0.0 0.0 
7.90 6.90 -1 .00 0.0 0.0 1 .0 O.O 0.0 -1 .00 -1 .00 31 .0 0.0 O.O 0.0 54.50 -1 . OO -1 -OO 0.0 0.0 1 .0 O.O 
0.0 -1 .0 -1 .0 31 .0 °-p 0.0 0.0 13.00 -1.00 -t .00 0.0 0.0 1 .O 0.0 0.0 -1 .0 -t .0 31 .0 0.0 O.O 0.0 3.06 

- 6 . 
3081IO.71 

-1 .OO 2.06 0.0 0.0 1 .0 O.O 3.06 
- 6 . 

3081IO.71 O.OO 
10. 293.15 

O.O 0.0 0 .100 0 .0 
O.OOI385 0.1O16 0.0254 0.050B O.0508 0.0508 0.1016 0.001042 — 1 . 0.1016 0.0254 0.0506 0.0508 o.osoa O. 1016 

VEND 
PASG.T DATAGHERC. 
•DATA.IL DATAGHERC. 
USER NAME 

TEST CASE FOB THE MF7F GASEOUS HELIUM SUPPLY SYSTEM !CVI) GHE RECOVERYSUBCRIT LAST DECK 
48.0 1 .0 0.0 
0.0 0.0 340.0 
5.0 2.0 0.0 
0.0 0.0 340.0 
1 .0 0.0 0.0 
0.0 O.O 0.0 1.0 
1 .0 0.0 0.0 
0.0 0.0 340.0 

12.0 2.0 0.0 
0.0 0.0 340.0 
1 .0 0.0 0.0 



FILE! MFTF-A*RUNMFTF-A T I M E : 10:42:06 DATE 040579 
596 0.0 0.0 340.0 
697 1 .0 0.0 O.O 
698 o.o 0.0 77.0 
639 3.0 4.0 0.0 
700 7.0 3.0 0.0 
701 O.O 0.0 170.0 
702 2.0 1 .0 0.0 
703 0.0 O.O O.O 2.0 
704 2-0 1 -O O.O 
70S O.O 0.0 0.0 3. 0 
706 2.0 O.O O.O 
707 O.O O.O 17O.0 
708 5.0 3.0 O.O 
709 0.0 0.0 340.0 
710 1 -O 1 .0 0.0 
711 0.0 0.0 0.0 4.0 
7ia 1 .0 1 .0 0.0 
713 O.O 0.0 340.O 
714 1 -O 1 .0 0.0 
71S 0.0 0.0 340.0 
716 2.0 2.0 O.O 
717 O.O 0.0 340.0 
718 99.0 - 5.0 0.0 
719 O.O 0.0 340.O 
720 -2.0 
721 5 5 1 
732 1 16 1 
723 273.15 101.325 16542.B6 
724 293.IS 101.325 16542.86 
725 -1 .0 
726 SEND 
727 PMSG.M TEST RUN OF THE CRYOGENIC SYSTEMS ANALYSIS PROGRAM 
728 *ASQ.A KF1F.CSA. 
729 •COPY.P MFTF*CSA. .TPFS. 
730 »XREF MFTF»CSA. 
731 PFREE MFTF'CSA. 
732 *XQT TPFS.ABS 
733 *ADD CVIDATAMAG. 
734 PADD CVIDATACRP. 
735 »ADD CV1DATAMCB. 
73S (•ADD 0ATALN2. 
737 M O O DATAGHEfiC 
738 •PMD.ELP . DUMP IF IN ERROR ONLY 



LMSC-D673325 

1 

V, 

APPENDIX C 
PROGRAM ELEMENT FLOWCHARTS 

Routine C0NTRL 
Subroutine C0MPIL 

CI 
C8 

Subroutine MAGNET C18 
Subroutine CRYPAN C25 
Subroutine HEMKUP C33 
Subroutine CMPCAL C40 
Subroutine GASRCV C86 
Subroutine N2MAIN C95 
Subroutine LNSYST C103 
Subroutine DPCAL C123 

( C-0 



FLQUCHABTED *Y FORFLQ /XBOB/ OH 3* UAR 7* Al «8tft 

• * * » * * • « 
t » rtnUTIHE WAW - CON¥«L. 
1 EXECUTIVE ROUTINE • 
I * *"uriftc IAHO - ramnAH v 
1 U?UVAC 11 ID EXEC ft* 
I • PROCHAIMKR - H.F.H1LUSMAN 1 0 4 ' 
1 • 3 1 3 - 3 0 3 3G- * 
1 
1 
1 

* DA1E CODED - AUOUET 3 3 . 1D7ft 

LOGICAL PAGC 

INCLUDE CCHIBL 

INCLUDE ClOUNT 

INCLUDE CKEVS 

INCLUDE CPAOE 
" • • • • • * • 

t OATA HSPC / 'SUP' / I LSI 
....... 

1 
B0OO FORMATf3AB.3X.A4.3X,.A;i. IX. 

AS/13AG) 
5001 rORMAT4A3.AS.AH.A3.I4K.A3) 
GOOO FORMAT 4•0*15* »»** SVSTCM 

MA14£ STARTING * .A3, > IS IN ERROA • --• ) 
EODI FORMAT ('0'/// 44H'*«•• VOU 

HAVE CALLED rOR THE *,A3,A« (* SYSTEM | **•') 
- I I N I T I A L I Z E QATA STORAGE. 

IRQlullINCS 

http://rORMAT4A3.AS.AH.A3


CALL S100TA I I 1,1 I 

C»i.LOTUNi» CIOII " 1 I , . .,,.»*.! 
t 
1 1 INITIALIZE NDXOAS 
I 
I 

" " N o i a i i • © " t 

GAIL DATE (O.OtWI t I 
.1.1 

I—-1 READ NAME AMD MILE INFORMATION] I 1 
^ ( • . • . . . • • i * i i i » i . » » . i » i » i > i . i t t l > * l * t t . . t / 
/ AEADI5.5000) NAME.0EPT.SLD.EXT.CT1TLE / / / 

NCASE - 1 1HTGSV . 1 

t 1 HEAD TABLE INPUT DATA (ONLY ] 
I lOHCEJ ] 
I 

CALL INTAD 
i 
a< 
• 

i t 

CONTINUE 
KEYI - \ 
MEM - O 

/III. 
< iFiiNTasr.Ea.il oo TO S 

i"fALSE"" 

' \ TBUE 
>-

/ ' / 
/ READ 15,60001 NAME.OEPT.BLb.EXT.CTtTLE/ / / 

SI 

http://iFiiNTasr.Ea.il


OX**XKWKKKKMK«lCKMXMQ 

I J 

« « « < « « ! 
C0M1H 

a 



> 1NTGSY - A t 
I . , . , , , 1 

I 
I 

i " \ FH« 
< If (IMIGH .10. IISTI » —-

\ / 
1 i n i f 
t 

l " " * " " " * lMTGSV*- • " " ' "* * ' * ' t 
I . . . , I 

t 
I 1 FlEAO COMMXKHT IHHJt OATA 
1 

t • CALL I 111 1 • 

r I Oa SV5TEU CALCULATIONS FOR THC GIVEN SVSTEM 

£ 

I - I 
K . 0 

I M P I -

M l 
tJKN • KSUBCISVSHUM.il 

I IF ZERO HAVE REACHED END OF 
(CALLING SEQUENCE 

ir IJKU . IQ . Ol CO 10 3209 
t"JAlSE 

"I CALL NOUTINCS DEPENDING ON (.SYSTEM SPECIFIED <S<SHUMI 

GO TO 1 ioo.sco.30Ar4ao.i6e.6oa.Taii.aai>. 
•Ofl,io£0),JKii is 

http://KSUBCISVSHUM.il
http://ioo.sco.30Ar4ao.i6e.6oa.Taii.aai


3 3 3 3 3 3 3 3 3 3 3 3 3 3 9 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 9 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 9 9 9 3 3 3 3 3 9 3 9 9 9 

0 & 0 ' 9 » 9 9 0 C 0 9 > 0 9 9 9 9 9 9 9 9 9 > 9 9 0 9 9 0 0 0 , 0 , 9 » 9 9 9 9 9 9 9 9 0 9 > 9 9 9 9 0 9 0 9 9 » » 

CMTIL 

0! 



93 

itima 

I i i i 

I 
J ^n«**MMKM*WW«IW«W|ft|(l(llflltl«|«k«ltl|*|*t»|ftMMM«l«l«i|l*|llfl|IIWI*MWMMMM«l4*«IU|APWU 

ceeecccecc|ecceeeceeccccccccccccccccececcccccccccccccccccccccccccc 
i 

j » » » . . . » „ „ „ „ „ , „ , 
N N M N N M N N M M N N N M N N N N N M N N N N N N M M N N N N N N N M N N N N N N N N M N N N N N N N N N M M M N I u M h N N N l M t u 



< IF(I-») 30,30,2200 > . L 6 . — — - 0 ™ — - - - - - - — — - — O 2 
\ . " • < / S Z 

-CT. 1 S 2 
1 S Z 
I t END OF PROCESS THIS SYSTEM ] S Z 
I 3 Z 
o< — o z 

I 2200] I Z 
• 2 

s CONTINUE : z 
* - 2 

I Z 
1 I IF THIS IS AN INTEGRATED SYSTEM} 2 
1 I- GD READ NEXT J 2 
t 2 
I 1 IF IT IS A LAST CARD EXIT ] 2 
1 Z 
1 Z 

/ l i i t M M I I I 1 l l l i i l l i l l i i l l > i i l l i M I M I I I n T R U E Z 
< IF (INTGSY .EO. 2) GD TO 1 >- _ _ _ _ _ _ « — — — — _ _ Q V-.-. / 

I FALSE 
J 
I 

3 1 CALL EXIT : 1 
:.: : .1 

I 
I / \ 

\ • / 



FLCMCHAATED Dv FOMFLO /X&OB/ OH 3t MAR 79 AT O0ES7H 

! * fl'HJIIHt NAMC - DATA INPUT. 
V£fttF* AHO ECHO * 
• Rr-urlNC LAHQ - rOAtHAN V 

UH1VAC 1114 IXEC •* 
• PROGRAMME* - R-F.»4AUSMAN «0«-

£213-3023& • 
• DATE COOED - NOVEMBCH 30. 

1S7M • 

V SUBROUTl HE CDUPlL i 
1 
I 

t LOGICAL Up^PAQE 1 
1 
1 

• 1 IHCLUDC CCNFIC 1 1 
I 

J 1 INCLUDE CCNTRL J 1 
I 
1 

a i INCLUDE CMAO t * 

1 
1 

t i INCLUDE ClOUNT I 1 

t 
I 

i i INCLUDE CNAHES I 1 
1 
1 

i t INCLUDE CPAGE t i 



1 
1 
1 — 

• • • • • MEQursEo ran VHE SYSTEM 
BElHO SlUOICD. * • 

- I * • • * * * * • • • . « . * , 

I GO tO 1110, ISO, 1 3 0 . M O . I S O ) . SVS.HUM 

COHT|HUE 

i 
MEAD IH 1HC MAGNET DATA ] 

1F{PAGE10)1 

l " t B U E 

UR11£(E.B030) ILQI » . 3 ) . 1 * 1 . » ) 

1 1 6030 f O B M A H ' O 1 ,3»X9AS/* 

READ iJ l t * ,602D> pMAGOH. IHJtGDM.HEUHl , 
<MtAGl«Vt*EMAG, VHEHGV, VHfSpW, HOUAGI* 

H O M A G O . H D M A J C , HUMMAC. WDH.H1 , / 
QLKSDW. QLCAK1, QLEAK2 / 

/.. - >/ I 
~l 5030 f O B « A T ( 7 * ( 0 . 2 / 3 F l O , 3 . 1 6 . 

l 3 M 0 . ? . 2 F t 0 . 4 » 

SrHj»£ I 6 . G D 4 0 ) J i 3 J l 
NUMMAG. ( L S t I . 2 t 

L 2 ( 1 . 3 > . 1 = 1 , 4 1 

( L 2 | I 

it. 1 - 1 , 4 ) , 
4 > . PUAGOtf. ( 

TMAGDW. U 2 U . 4 1 . I - ; 
tEMMt, 4 L 2 C 1 . S 1 , I = 1 . -» | . Q W A £ I „ 
6 J , 1 * 1 , 4 ) , V|*EMAG, ! L 2 1 | r ? 1 , 

J « t . 4 > , VHEMOU, 11.21 J , B ) , J O , 4 ) , 
VKESDtf, ( 1 . 3 ( 1 , 9 1 , 1 * 1 , 4 1 , h l K ^ u l , < 

Xai I , 1 0 ) , 1 * 1 . 4 | , HbUAGQ, CL3(1 , I I ! » • • 
I . M . HDMAGC. ( L 2 ( I , 1 2 ) . l - l , < j , 

MDTLH1 / 



e 

i 
I • 6040 faRmAIU4S.4AQ.fUO.13/145. 
I 4AG,i77.ra.ayr4S.4A8,f?7,Ffl.ay. 
[ 1 14S.4A6.177,F».9/T45.4AB.T77. 
t F9.a/I4S..4A«,17T.F0.2/. a T4S. 
t 4AG.ITT.F*.a/T45.4AB.T77.F».a/ 
I T45.4*6. I77,F0.2 / . 3 T45>*A«. 
I T77,F&.a/r41S.4A*,r77.F».a/MS. 
I 4Jk£.T77,ra.a/i 

I laoj I 
I CONTINUE 1 

I 
i — | ....* HEAP • [DATA 
I 
1 

IN THE 

IF(PACEI»M IF(PACEI»M 
1 TRUE 
1 

/ WRITE 4« •050| (L0(1.3>.l-t »J - / 
1 1 £050 FCHIMATC'«> t » * » * • / ' 

/ * / 
/ READ UlN.SOai) HUMCHP. FCRYOH. TCRYfM/ 

/ VMECDM. WOILCH. HEMHT / / / 
I 
I 1 6021 FQR4IAT(lBtBIUbFl0.3) 
I 

DO 70 1 « I.NUHCRP 

}...r?> .!.. , 
— / RLAD IIIH.B022) QCR( 1 1 .VHECRI 1 > .ItDCRI ( / 

/ 11»H0CRO(1).UOICRf1i / / / 
I 
I | b02S FORUAT<5FI0.3J 
t 
I 

r J.I.. *...,.., w./ 
/ READ (llM.SOaa) (JtEAKt. QLKAK3 J 
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I 1 U023 F 0 M M T ( 2 F t a . 4 t | 
I 
1 / * / 

WRITE { S . C f l i ^ l < L 3 l l , I l , 1 - « , * » , MUUCHP, / 
1 1 . 3 ( 1 . 3 1 , 1 ' l , 4 } t *>CftVE>W, * t U f J , 3 > , I - t / 

« , 4 ) . 1CRYDW, (1 .3 (1 .4J . 1 » 1 . M . VHECDM. / 
1 L 3 C I . S > . 1 - 1 | 4 ) , WOt tCt l , I L a < l » 4 k . I - / 

.4 J . HCMWT / 
t * / 

1 
- I B055 F a R U A f < 1 4 S . 4 * 6 . T S 0 , I 3 / T 4 G . I 

r7? .F9 ,a /T45 ,1*6 .T77 .F9 .a / . I 
" . 4 » » . T 7 7 . f » . a / 1 4 5 . 4 A G . 1 7 7 , 1 

T J 5 . A A 4 . T T T . F 0 . 3 / 1 J 

— | DW39 I" 

14AG.T7? 
1 1 4 * . 4 
F 9 . 2 / 1 4 

/ / 
/ WR11E |6.e05&> / 

/ / 
| I GOSE FOMIArC/ /1 *a . t CRVapANCL-2 ' 1 
I 1 3 ' - ' t1Q4.*CHYOrAHEL-4- /k 1 
1 
1 / *'*4 " / 

M I K < 6 . * 6 & 7 ) ( U ( ) , S ) . 1 -1 ,4 )1 . I0CJ»|J> / 
, 1 - 1 . 4 1 . U l ( ] , 7 | , l - l . 4 1 - ( V H C C f t l l t . l - / 

t , 4 > . 1L3( l . « ) . I M . 4 } * 4HDCRH 1 | . I " * . / 
4 | , < l 3 < l . e i . I - 1 . 4 | , (TOCNOf C 1 . 1 * 1 . 4 > . / 

( L ? t l . t 1 > > » l « l > 4 | . < W I C 1 t O » . t > t . 4 > / / / 
I 

- | fjOSl FQJIMRT<TIS.4l l&.»X,4<F9.a. ] 
• • U f t - a ^ l O M / " * * ! 

k l O X | / T t » r 4 A f t r | 
l . 4 A 6 , 9 X . 4 l F a . 3 | 

I I O J U ) I 

l ( 0 M / U S , ^ f t « . l K , 4 i r t 
14AG.9X., | 4 1 F I . 3 t l l 
1 « x T 4 ( F a . a , i O K ) / t i * . < 

oo to t ia 

I 1301 1 
COHt'tfiUe 

I—~r » • . . - . . H E A O I H fH£ eEFRZGERATOft| 
1 lLlQLJIFl£H DATA ] 

* « " " * • • » ' « \ FALSE 
IFt*MC£^0)> > 1 

/ I 
1 1RUE I 
r s 



/ Hf t lT I C6*«0GQ| ( L O I I . a t . I - l . » » / t 

' i ' ! 
I — I BOBO F O R M A T ! » o ' . a i x . a A B / ' '} i 

/ * • " • J 
/ K E H H I I H . U U I l l C a i l l . ! - > . t l t / 

/ — - / 1 — 1 5042 FOI IMAFI I IFT .S I ] 

I 
/ ' • " * • ' / 

/ READ(I IH.!>043> ( H E H I H l l ) , l . l , i n / 

/ - / i — [ so43 tBMinmrt.t) ] 

/ • • ' * • / 
J HEAOI I IN .S0441 ( f > C R I I I , l > 1 . 3 ) / 

/ - / t 1 5044 FORIMTC3Fia .4 l ] 

/'•" * / 
/ READ(l IH.S<l4a) ( t lD ICSt ! > . • • > . S I / 

/.. / 
1 — t so4fl F o i t u A t i s F t o . a i j 

I 

/ / 
/ READ ttlH.6O40i IM2L. PN2I. ON2L. W 2 L . / 

/ DH3LV. HH2V. 1N3D. DH3D. HN20, / 
/ GMWTH2, IIEUWT / / / 

1 
I 1 S040 FOMUT<2FI0.4.FI0.*.Flt.4,l 
I |Flo.G,3F10.4/FIO.f.3F1O,4) ] 
I 

/ * / 
/ MEAD U 1 M . S 0 4 1 I QLEAK1. OLEAK2 / 

y r 
• 
I 1 5041 F 0 H M A T I 2 F i a . 4 ) - ] 

WRITE 1 6 , 6 0 6 1 1 r e s u l t P C U I I I , MDTCf id l / 
. H E N I H O l . TCB13) . PCSt I I . MDTCBf lJ . / 

M E N T H O I . TCB131. F C B O I . H£NTH|7>. / 
T M I 2 1 . P C S ( a ) . HF.H1H16), l C 6 f 4 | , PCB| / 

3 ) , HNat. , t C B i 3 | . PCB(3>. MN30 - / / / 
I 
I 1 GOGt FORMAT4 T4.'REFRIGERATOR" ] 
I ( L l d U i r i E f l HEAD-EHD CDHDITCOHS;' .1 
I | I B 7 4

< C O t f r • R E S 5 Q l t > » l 1 0 4 . ' N 2 - V E N t ] 
I I . H 2 3 . ' » » « E - U » - / I I I > 2 . , B ' / 1 3 7 . ' } 
1 IEUP- PHtS at, FLOW EH1HAIPT' . 1 
I | T 9 4 . a C C » , T I 0 2 . *M T C / T 3 B . ' (DEO..K] 



WRITE < 6 . 6 b « 3 ) 

HGN1M(«), T C B I T ) . I 
HCNTH(4), T C B l H ) . * 

HEHTH|B|. T C B ( « ) , PCI 
HCHfH(ft ) . TCD(10I .»CI 

HEMTH4IM. TCBCB). 

/ 

1KT>* 3 ) (GM/5CCk l O / V O L ] * . ^ ? * ' 
C C * . r f 0 2 . * N P3*.1t?3.'V C ' / M i * 
U 4PPCH M I X - I N 1 BOILER A S S V . ! * * 
TU2 . 'C C " , T 1 0 a . ' N » , l 1 2 3 . ' - A V * V 
t f i7 . S'HMtH+C CM*ttJHIIItHMIIHHHHHI*MH 
HWItHIHIIHHH L M*tM* / I 7 , * WARM 
HELIUM INLE 01 t T l . n i . W I J * . F B * 2 
2F1Q. 1 . M 1 . I .TB7. <H C C ' . T I O J t ' N 
, t l t T . f H 7 • * V * * / T « J . * r i « C C 1 

T I 0 * . * I J * . T » I 3 . , I 4 M V ( ' / I T » . ' 
WAnM HELIUM DOtLEI I 1 3 . P 1 . M U ' . 

J . 3 f l O . I , F | t . » . T O ? . ' P i H 9 
GC' , M 0 3 , • H ' » 1 t 1 3 , 't>7 H 7 I 8 3 , *WI 
HHItHH1 . T I 0 2 . 'NNMNN1 , 11 I 3 , ' W2 A 
m*HHH' /17. 'COLD HELIUM INLC1 I T3 
P2.W3I * , F f i . 9 . r i 0 . 1 , • TBD « ' . 
F 1 I . I , T » I . ' H ' . t t O f t . ' N 1 . T i a i . ' r i ' / 
TB3, 'MUMHtlMUMM' , t U , •NNNKNNW4M* , 
CT1 1 3 . 'HHHMHHmiHVTT.^COLD 
HELIUM OUTLET t 1 4 . P 2 , u a i < . F « * a . 
r i O . l , ' D TBD » , F I 1 . 1 . 1 8 3 . *H* . 
T 9 8 » 4 M * , T I 1 3 . , M ' / l a a . 9 l , B ' I . ?9B, 
91 " H * l . E T I 1 3 . » ( ' M * W T 7 . » L N a -
BOILE« INLET ( t&*P3.W3> * , F 6 . a » 
F 1 Q . I . * T FBP ' , F t l . l , T O I . * H " t 
T I O G . ' M ' , T 1 3 I , * H ' / I B 3 . B ( «H"».T9B 
St *N* 1.T1 t 3 . flflCH' | / T 7 „ * G N 2 
TOP-HE* OUTLET (TS.P3.W31 'rfB.3 
F l O . i . 1 TBD ' H , F I I . I , T I 3 / H ' , 
I 9 B , » N * , T 1 1 3 , ' M ' / T B 3 , S 1 * H * ) , T « B , 
5 I ' H * F . T 1 1 3 , 9 1 * H * | | 

<5>> PC*11» . MDTCfcl2> 
, pcwr??, wore*!?}*' 
CB|1> . M D T C f l H t . 
• C a i . WDTCB(4>. 
( I ) , HDTCBlS l . 
2 1 , WDTCBLS), 
2 ) . I IENTH(IO) 

BOC2 FOHWA1IT4,.'TUHBIHE 
E X F A N P E N 5 : * . T 9 T . ' H ' . 1 I 0 2 . • H * , 
1117 . *H T 3 * / T B 7 , 1 ' H « . M D 2 , , W ' 
l l l 7 . ' H F 2 ' / T T , * W * R » TUMBINE 
I N L E T ' , T 3 7 . T B . a , 2 F 1 4 ) , 31 .F<1 • 1 * 
T 7 9 . B 4 " * * | . * H * » M < ' • ' 1 . * N ' . « ( * * 
i H 1 7 , ' H « V T 7 B , * * ' . 3 T B 7 . * H ' 
T 1 0 2 . * H • • . T 1 1 7 * ' H ' / T 7 . ' W A R M 
lUnBINE OUTLET1 ^ I 3 7 , F a . 3 . 43M< 
* . F l 1 . I . 1 7 9 , • • ' - t a 7 . B I 'M« t .T I OB, 
** , T * I 7 . ' H V T 7 » , * « ' . T 9 1 , ' H ' . 
V t O t i ^ ' . t n T . ' H V n , 'COLD 
lUnBlNE I H L E T ' . T 3 7 . I e . 3 . 3 F 10. > . 
Ft I . I , GT79. ' « ' .1113.91 ' I I ' ) . 1 9 B , 
Llia* . T 1 0 6 . ' " r . T I I 7 . , H V T 7 B . * * H' 
196 , "BO 7iLER • ' . 1 |1 7 , ' H V 1 7 . ' 
COLO TURBINE P U T L E t • , T 3 7 . F G . 3 • 
2 F I 0 . 1 . F 1 I . 1 fl,T79t'•'.TB3,«<'H' 
, 1 I 0 6 . * » * . T 1 1 7 . * H , / T 7 9 . * » * , T * h r 

H' . T I 0 3 , ' T5* , S I I I O B . ' f ' . T I I ? . ' * * 
/ 1 - 4 , ' R E F - L l Q BaTIOM-EMb 
C O N D I T I O N S 1 ' . T i g , ' * * , T « 7 , A Si "H 
l l n 0 3 i , P a * , T I 0 B , 4 * * » T l t 7 , ' H t / 

http://I13.P1.mU


( f ? 9 , • • ' . T O T . ' H * . M 0 J . < W 3 * . f «JB B l 
( • • ' . T i n , • * t ' / r 7 . ' N i - » V A L U E - i 
| IHLET' , T 3 7 , F B . 3 . 9 f | 0 . 1 , F H . ( t I 7 » ' 
| C a i 1 « l ) l ' H < 1 | » l , * ' l l 1 H ? < l H V 

ITGTT *H" , T t 1 7 , ' H V H i ' *t~t VALVE -
QU1L OCT' , T 3 7 , F G . 2 , ? F 1 4 K 1 . F 1 I • 1 . 

(ros. *ra H ' , n i 7 . ' H * / F « 3 . ' J » I H ' „ f 

J T I 1 7 . E * H * / I T * 'CDLl* HE-VAPOR 1 

l N L E l * . T 3 7 , F S . a . F I Q . I . T 5 B . ' I B D ' 1 
( F H . 1 . 1 B 3 . f ' W I H ' ^ I M T . ' H ' / T B I . I 
[ t T . T M T , ' H * l I 

/ ' * **"/ 
/ WSJ IE f S , S 0 E 3 ) I C B | 2 ) , PCBJ.9K WDf CB( I ) / 

/ « tlENIHCB), T C B ( | ) , P C B ( I 1 , ttDTCBM). / 
/ HENTH(I) / / *•--/ I 1 6063 r O R K A M H . •CO'JPftESSOII- 1 

I [PURIFIER A S S V t « / / T 7 , ' L I W - M E S . | 
1 [HELIUM l H L E f 1 1 . 137 .F« .1 ,3F1CK I . ] 
I f F « 1 . 1 / / t T , 'rllGW-PBES. MEL1UU J 
) [ D U » L E T * , 1 3 7 , F B . 3 , 2 3 F I 0 . f t • F 1 I . | 
1 I » / / / » ! » , • • • TBO VALUES ARE j 
1 [COMPETED I N HCMRAftl * • * ) J 

I • • • • • • * • • » • • • • 
[• 1 

:] 
» 5 I " 0 1 I 

• CONTINUE' 

i " 
- I «*«** HEAD I N ¥HE nqu io ] 

I [H1THPGEN SVSfEM DATA ] 
I 
I 

/ • " • . • ' \ f » l S E 
< i r | P A C f | D » > > ] 
\ / I 

I TRUE I 
I I 

/ • ' / I 
/ WRITEI6 .60TDI ( L O l I , 5 > . 1 > 1 . 9 ) / I 

/ / 1 
I I 
I f 6070 FDRUATI'O* . a a K t M B / ' *> 1 
t I 

a < _ • • — _ — . . . 
I / ' \ 

I CO IO 3 5 I 
S / 



" C O N T I N U E * " ' 

» • . . . . . 
I — I . 

4 • \ FALSE 
< I f l P A G E t O l l » \ / 

I TRUE 
• / ' / 

/ MMTEft.HaD) 4 L 0 U . 4 1 . I - I . B I / 
/ - • / 

i—I eoao rowMI 's 1 

l / \ 
l GO TO 3 S I-

\ / 
PI: 

I 1131 

INPUT IMC CONFIGURATION 

/ " " ^ " ' X FALSE 
< I F l P A Q E I O I I > 

V • / 
I TRUE 
I 

/ ' / 
/ wniTC|S,SD00» (LOCI,l),l>l,B),(<Lt|I. / 
/ dl«I"l.2l|,.t*l ,21 / 

/ • - - . . / -I GOOD FORI 
|2IA6/' •» 

FORMAT* 'O' .3aXSAG//atA«/ 



CO 30 1 1 - 1 , I C H f 

, . , . . . . . . . . . . . . . > . . i . . • / 
HEAD ( I I H . & O I O I CFUMCV. c f T M E , CHOPEH, / 
C H C A D | U > . C T V P E . FHCQEf l l t k . L O O U l l / 

, C I A I » l | l > , C I T V r E ( 1THICH|11>* t i B A I l t l l l / 
con l l l l l / 

I — - I 6010 F O I U M l l A S . M . i a . F C . a . l * . ) 
I i 3 F 5 - 0 , i 5 . 3 f S . 0 . 5 « . » 6 ( 1 • 
1 

/ • " " " " " " ^ » * I S E 
< I F I P A G E I M I > — — 

\ y 
I H U E • / * / 

/ u fc l lE tCCOODt I L O « l . l ) . l > 1 . 9 1 . U L l t t . / 
/ * i i . i » i . f t t ) . J * » . a i i OP - PACeiet / 

/ / O C -

/ '/ 
N R l T E U O l . e a l O l CFUHCf .C0DEU1 I . C ' I Y P E . / 

CHOPCN.ct iEAoti i | .cMFir?E. f R c o E r d i i . / 
m i l l ) . D I A U 1 I 1 ) . C I I V P E . I T H 1 C K 1 I 1 ) . / 
W M I I I I / 

i '••• ' 
I 1 6010 FQfiMArraKA«,H4Aa. tJCt4„2X<&t 
I l 4 * F 5 . 3 t .S .ax .E IS t f t tSJLFT .a teMFt . ] 
I 12. f 5M l& .»J IF * . a .7J (F * *> ) ) 
I 1 I . * * , SEARCH FOR 1MB CONFlGURhT) 
t [OH NAME, I 

- - > ( DO I D U • 1 , t& t 
t . . . . . A . * 

1 
I 

/ • » • • » • • . ! . . • • • » ^ T R U E 

< lF(CFUHCT.EQ.FH«ME<42|l GO TO 30 > \*...* - / 
t FALSE 

1 101 1 

ccHi.iuie 

/ / 
/ MRirEte.aoaol / 

' i ' 
I — - i 6 0 3 0 FtMUMTI>D • D J A C H D S I l o THE) 



1 (ABOVE FUNCTION CODE IS ILLEGAL' > | M 
1 M 
• X 

* * X 
1 IEXW • 1ERR • » I Ji 

I II 
1 ' II 
I X 

. " * • • • ' \ x 
* OO TO 30 t — • —O X 
* / ; U X 

u x 
I It X 
o< — — — . — — — — — — _ — — . — — . . . — — — — . 

( sal 1 <i x 
. u x 
t cr-UNCr > la i u x 
i..> — . - — . * . . i u x 

• u x 
• u x 

- . . » u x 
I 1 CALL STQCQHtllt I * U X 
I . I . , t . t U X 

• U X 
i U X 

/ » • » • • ' • • \ H U E U X 
< IFICFUHCI.EO.IB) QO IO IS > — — — • — — — - . — . — — . y 
\ / U X 1 FALSE It I 1 U X 0< ' . . — — — . ..- — « _ _ — -•-• • — — Q x t 30) I X 

* < X 
— I CONTINUE I X 

X 
i X" 

I 351 

I / ' \ 
> HEfuRN I \ / 



FlOMCHARlCQ Br FORFIO /KBOay OH 31 MAR 79 AT 0a:S7t37 

SUftftOUItNC MAGNE1 

» » » • • » • 
< Rnui INE NAME - MAGNET 

CHftHACrEltlZATIDH * 
< RHUrlNE LANG - FORTRAN V 

UHlVAC H i * EXEC • • 
• MOCHAMWI - H.r.HAUSAUN 1«4 -

6?13-3l>2a& * 
« DATE COO£D - AUGUST 23« 1 9 7 * 

LC41CAL U P > 4 G C 

INCLUDE CfLUIO 

INCLUDE CI*AU 

- [ BEGIN COMPUTATIONS FO« HAGNCT 
[SrSTEH 

I NPSVS - 1 I 

1 
1 

t P I A N * - PMACDN 1 
TIANtt - TMAGDM 1 

I 
1 



t I CALL HEPHDPtPM*GOW.lMAGOW,t| I I 
1.1 ..I.I 

1 
1 | KG/CU-HETEH 

1 BHO • HELD • HEM* I 
t , 

I 
1 1 •«•-. 
I 
I 

= ' p M a i ' * * M £ C O M * 4 V l E ^ D ( R ^ " H D U A a i ) * 
I.. 

I 
I 1 kPA 
I 
I 

("*MAGO*-"p*iiGO«'*"HCHCoJ*HO* ! H O M * G O > * 
1..., . * 

I 
| 1 L/UHL 

&VLIHT - HELSV 
S L V 1 N U ) * SVL1MI 
5LVIU(3] > SVLIHT 

t—— | DEC K 

1NAGI - 1MKQDM 

I 
S t CALL HEPROpipUAGl.TMAai.t)** * U Q ' " t 1 
3 * INlEt PROP t t 
l.t* *,..».! 

1 I CALL HEPRDP(PMACa,TMAGl,31 * MAQ t t 
1 * DUfLET PR01* t J 
t . t 1 . 1 

DELHI > HEHL - HELM 

I DELTA-M, SUfeeDOLED LIQUID TO 
$A1. VAPQR 

I IULJA-H. SUBCOOLED LIQUID TO I 
I SAT. LIQUID ] 
[ J/UOL ] 

I 1 UVMOL 



DELH2 - HErtO - IIELH 

- [ EMEftGv fO RAISE CONDITION TO | 
|«fcT. I.IOU1Q (HQ fLOHl ] 

1 OUAMf - WHEMAG • HEDL 1 

t | JOULE5 
I 

1 QSATI - qtla.Hr • DELHI t 

I 1 ENERGY TD RAISE CONDITION TO ) 
I |SAT. VAPCHt tND FLOU* I 
| J J Q U L E S 1 

QEVAP .• QUANI • OtLItt 

• EhERGr GENEftATCD I N M*ONEIS PERI 
(HOUR ] 

I 
o 

QGEQHR • QUASI * 3600.0 I *-
-( TIME TO OBTAIN NO FlOW COOLANT IlOSS 

1 
1 

I I1U4 - QSAt t / aa tQn f t t 
I 
l 1 HAS 
t 

1 IIU& > OEVAP/OGEOHR 1 
1 
1- 1 OEG-« 
1 

1 TEMPI fc HET 1 
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-1 SATURATION TEMPERATURE 

1 TuAGO - MET 1 
t 
I 1 UOL/l 
I 
I 

t ROHL » HEDL t 
t 
t 1 HOL/L 
t 
1 

I ROHG » MtDQ t 

1 1 MAK. CAS BENCRATIOH AT NO FLOW 
I {CONDI M O M 

-[ HG/HR 
1 
I 

' (ioGEWn/OCLMS) "*'HEUui I/LOCO! O* 

I " 1 ENERGY JtEQD. FOR SAT. L IQUID AT 1 
SPECIFIED FLOtf RATE [WOTLHIt j 

-_, S I 1 JOULES/MR 

s s : 

t I LNERGY AVAILABLE FOB VAPORSZAf]1 
I |N OF HELIUM ] 
1 | ^OULES/HR 1 

QEVAP1 - 0GEQHR - OSAfS 

I 1 VAPPR GENERATED AT SPECIFIED 
1 (FLOW JTATE 
1 
I [ KG/HR 

I WDTCHE <• (4QEVAP1/OELH2) * HEMtfl I /10DQ. O 1 

I 0EFERU1NE THE QUAL1TV OF THE 
(wlQUID 



I 1 UEC-FRAGTtOM 
I 
I 

QUALO - MCktOMC/UblLMl 

- f SP.YOL. *»o una or JHE ttouia 
Or MAQNEIS 

1 1 St* 
i (our 

I 1 L/HDL 
I 
I 

PsVLuix ' - ' i f .0 -WALOk*HE&VL** '0UALO»HC»a' > * * 
> AHCMIX - I.O/SVLUIX • 
B. . , I 

1 
I — - I KG/HR 

t WDDTl(l) - HQILHI/a.O f W0OTH31 - H M H I t 
I I I I 

I 
1 
1 [ KG/MR 

MDTQH3 - UGTCHC/a.O 

HD1LVO • WDlLM) - UOICHC 

I 1 C DM PUT* ftOUOFF IN SVMXOC 
1 IQEWAR DUE lO MtAT-LEAK 

PSIODW • PMAGD* 
ISIODW m IMAGDtf 

1 

t l " 'cALL*HEiRO»'l^SIODV.fsioDw!3>" " " i ' t 
K l . . . I . I 

1 1 J/ttOL L . fO Q. 

DL1H3 - HtHG - HEML 
. . j . 

I 1 d/HX 
I 
I 

QHISHR** QLH&DU***3&9o!o' 



I I MOL/HB 

WOTWOl - QHTSHR/OL.TH« 

-| KG/HH 

hiDGSIO • (WOlliaL * HEUWT)/IOl>0.0 

i 
1 — 1 0£G. K 

TMPSHI 

JP - f>AGEJ6> 

B I 

• R U E ( 6 . 8 1 0 0 1 WD ( .HI . IMAGDW. MAAOI- / 
HELD. HE.LSV. UDTLH . H E I . PNAGO. R O H L . / 
ROHG, HHOMlX. SVLM K, OUALO." WDILMG. / 

HOTCHE 

1 6000 F O R M A T I / / T 3 7 , . * * * * I N I T I A T E ] 

!
PROGRAM AMD CHARACTERIZE UACMET ] 
I M P i " A INO QUI PUT CONDITIONS • • ! 

t>100 FOHMATIT55,*»• ESMUATCO 
MAGHEI PARAMETERS • • ' / / l a D . 1 

FLUID FLOW IMG 1COWOI T I DNS: ' / T « r 

IMLtF flOW RATE IKG/HNl * .1BQ.E15 
Q, 3 / ? « & . ' I N L E T TEMPERATURE I 
oca.K* ' , roo r Eis .« , a / M s . * 

I 1NLEI PRESSURE ( KPA I'.TdO.CIS. 
fl. 4 /T4S.'INLET FLUlO DENSITY 
UOL/LI'.TBO.E15.A. S /T4S.• 
iriLEI SPECIFIC VOIUVE IL/MOLl'. 
r«lO.Et5.B, G //145, 'QUTttT FLOW 
RATE 1KG/HRI*.TflO.Ct5.fl. ? / M S 
'OUTLET TEMPERATURE IDEG.KI'.TeO 
EIS.B. II /i45. 'OUTLET PRESSURE 
KPA I'.Tf.O.EIB.B. 9 / M S . ' 

OUTLET L1&UID DENSITV (MQL/Lk ' . 
TH0.Et5.fl.-: A /T45.'OUTLET GAS 
DFtiSlT* CUOL/Ll ' ,rB0.EI5.» t 9/ 

http://TflO.Ct5.fl
http://TH0.Et5.fl.-


t l S . ' O U t L E I MIKTU0E OCNSkTVIHOL/ 
L I ' . ! • » . E l t . a . C / M S . ' O U I L I I 
MlftlURE S a . V O L . f L / M O L I 1 . I B B . E I & . 
a . o / n i . ' o u i i t T F L U I D O U A L I I V 
I F H A C I I * l l t . l l l . I . ! / / ! « • . ' 
a u n t i r i u j o c o H M H i r i o M i ' / i a T . • 
LIOUIO I K C S H a l ' . T a a . F . I B . a H t u , 
VAHMt i K C / t i a ^ ' t r e a . c i f t . B / ) 

t t a m i a . a a o o i o o i i w a , 
m u m 

B20B M M W A T I T M . *HO~FLOM 
C D N D t l l M S t * . 0 SM&. 'MAOHEf 
t H » G T u / H a . t ' . t a a . t i a . a . c 
I 4 S . - I I B C I O I M . LIOUIO IHOWISI 
. l « « . F 7 . 3 . F / l O . ' M U TO S k i . 
v a r o a ( H o u a t i ' . i a a . f » . j . e r m 
•BATf OF VAFO* BOUOFF ( R O / I M 1 1 . 
t s a . E i a . a i 

- Ic 

I I CALL CMFCAL I 1 
I . I . . . 1 . 1 • • / *"\ 

t HE1URH • \ / 
• 
I 

f \ 
> END • \ / 



FLWCtlARTCO BY f OH FLO / U O l / ON 31 HAH T« AT O H I T O I 

I »EQIN I 

\ / 
\ SUBROUTINE CHVPAN / 

\ ' ; f 

j « « • • • * • | 
• * M"UriNC NWE - CRYOPANEL 1 
I CHARACTERIZATION * 1 
I - WHJCINC IMt f l - MJHIRAN V I 
i U H i V A C t a a o - o s * I 

I - PROGRAMMER - R.F.HAUSMAH 104-
I £313-30239 • 
I • DAT* COOED - NOVEMBER 3 * . 
I 1979 * 
1 • • » * + • » * * * * * » * • - • • 
I | » • . . . • • 

t—f * # • • r t i t M tumiKHjriNc C H A R A C T E R ! 
I IES THE CRVOPANEL CONDITIONS I 

LOO ICAt JP,PAGE. 

INCLUDE CM AG 

1 BEGIN COMPUTATIONS FDR THE 
|CRYO»*NEL SYSTEM 

I " I-

i 



D O S I • «,MP 

0 * 

I I CALL H£PR0P|PCRYDM,TCRVDW«1| • CEt t I 
I t LIQ PRQP5 I I 
t . I , I . I 

I 
I — - I KG/CU-MCTER ] 
1 
I 

i " * " RHa'-*HEL.o*»*MeHui * t 
t . , . * i 

I 
I 1 K P A ] 
I 

l " p C R v i | i | a - * P C R V W * + ' H E m D | ' f l H o l M D C I l i ( i » 1 * t 
1 * - . . . „ ! 

1 
I [ KPA ] 
I 
t 

i * K n » D 4 i l * - * P C R V O w ' 4 ' M E H E O i * R ^ i H O C R O O l > * * > 
t . . * . * * . . I 

I 
I 1 L / iML J 
I 
I 

» SLVlNf i i * « * H E L S w " * * * 1 
t . . . . . . . . . . . . . » I . . . . . . * . . . . . . . * . * * . , . . . ! 

t 
I 1 DEC K ] 
I 
I 

t r e a l i i ) * - * T c n v D w i 
1 DEH5 ( I ) - HELD I 

J * CALL HCPROPfPCRYIII ) ,TCR)CI).%} • CP I I 
t t lNLEV PROP t t 
*. * * * I 

I 
i " i * C A L L * H E P A O P ( P C R v o i t i \ t c i i i 1 1 i t i > ' i ' c i * * J " i 
1 1 OUILCT PROP 1 I 
t . L . I. I 

1 
I 1 DEL1A-H $UBCOOL£B LlQUlQ TO SATI 
1 | LtOUlD | 
I 
I 1 J/MOL | 



1 
1 1 OELTA-H, SUKOOLED LIQUID VO 
1 (SA1 . VAPOR 
• 
1 1 J/*KIL 
1 
I 

3 DELH2 i • HCHO - HEHU t 
I 
t ( ENEAGY - SUfKOOLED LIQUID TO 
1 (SAT. LIQUID 
t 
1 1 MOI-S 
1 
I 

t QUANT > < *Hic*Ji> • he&i V I 

l-:i*iJ JOULES * 
I * *. 
1 -_- -

3 OS*II * QUANT * DELHI t 

* • 

1 
1 — - I ENERGY - SATURATED LIQUID IO 
1 [5AV. VAPOR 
I 
J-«t JOULES 
I 
I 

3 QEVAP • QUANT • 0ELH3 I 
1 
I — ( ENERGY INPUT TO CAYOPANEL$ -
1 {PER HOUIt 
I 1 J/HR 
I 
1 

t QGCNHFH1> - QCA4 * 1 * 3800 1 
1 
I 1 TlUE TO OBTAIN NO FLOW COOLANT 
1 |LOSS 

I T1MIII1 - QSAt 1/QCE.HHHf 1) I 

I 
I f HHS 
• 
I 

: TIMail) * OEUAP/QGtNHR(l) 1 



- | DEO H - TSAT 

1 ICNOH1 I m Htf 1. 
1 I-«| MOL/L 1 

s H H O L C H - MEDL t 
1 1 1 MOL/L 1 1 

I •MOO(t) - HCDO t 

• 1 M M . GAS OENERATION AT NO FLCM | 
• [CONDITION I 
1 [ rtO/H* 1 

X A " 1 ( ENERGV «EQP. FOR S*T.LIQUID AT 1 
A 2 I [SPECIFIED FLOVHATC (UOTCftfUl 1 
A I [ J/MA 1 
A 1 
A I 
A . 

lOQO.Ok/HEMWM * » 

— [ EHEflGT AVAILABLE FOR VApORUATII 
| H OF HELIUM | 

—•[ d/Hfl ] 

QEVAPt « QGENlimit - 05ATi 

I 1 VAP"R GCNERAlEO AT SPECIMEN t [F1CH RATE I t 1 KO/H« 

UOTail) - CJQEVAPI/DELM2k • H£Uwl)/10C0, 
0 



1 — 1 OUM- I IV a r THE LIQUID 
I 
I 1 DEC-FHACTIQN 

QWALIlt • W O l a m / W t C f t l l l 

I SP. VOL. AND '4HO OF IME L I Q U I D ] 
QUI nF CMVO»JMELS ] 

I — I I / H O I 
• 
I 

l " s v L H X [ i i * - * H E S U L . " i * Q W A L i i l * * ' H C S V O > 

I 
I 1 UOL/L 
I 

m t O H H I l ) • 1 . 0 / $ V L M « I I > 

I 1 MO/M» 

! I M O T H ! ) . yOtCHIII 
> 

1:: 

wmic tft.ioi 

1 10 FORMAT I / / I 3 3 . ' * * - CHARACTER! 

IE CRVOPANEL INPUT AND OUTPUT 
CONDITIO IHS » • • * / / ! * • . ' * * 
ESl IMAIED CftyDPANEL P A R A M E I E H S * 
V / l i . fcf l U l Q f l O 7UINO CQH&ITtOHt 
i *. t f io .*cmrapAf4CL-3' . T G B ( * I 
CMvaPANEL-l ' iTUG, 'C"TOPAH 3 E L - 3 * \ 
T I<H, -CHVOPAHEL-A ' / l ] 

URI1E I B , I S ] (WDTCRU k . l - I . N P k 



i—1 is FOMMUria,• I N K r ttminttt'i 
• l ias. ' IHQ/HUI . • .4[Ei2.s.mi i I 
I 

, ! , 
/ HRIIE l«.««i I I C « K I I . I - I . N F I / 

' i ' 
J 1 is n w u t l l l t . ' W I I HarcMTuRI 
I 1'.13>-MPtO-l>l - ' . • M t U . » . » » > ) 1 

, ! / 
/ H I K (S.1T1 (f>CR>lll l . l*>.M»l / 

/ - / 1 1 I? rOMUIf I t t . 'JMlET PRESSUJIE',! 
I i T M . ' t HP* I • ' . « » < > . • . • N i l I 
I 

i 
J • " / 

/ WRITE I C . i a i IDEMSfl>.l>'I.NM / 
' ".I ' 

I 1 l « FDW4I<TI*.>INLE1 FUIID 
I IDENS11y' . I».MI«H./ l . l • • •41(13.1 
1 l « . e i l t 
I 
I 

/•" / 
/ M I I E K . l t l |SI .VIMtl l . t - t .HI>) / 

a ' i ' 
Q g • 1 19 FOMMII t lS . ' lMl tT SPECIFIC 
" I • t VOLUME-.13*. • IL/KDII • * .4 |E ia . l 

I tS< l l / l 
I /'•>""•' ' • / 

/ URI1E IR .30 I IHDICRil l . lal .HPk / / / 
I 
1——I 30 FOMll I ( t |« . 'OUI lEr FlOW RATS1 
I |.13&.'<MO/HR| • ' .4(E«3.«.«*1I I 
I 
I / / 

/ WRITE I « . I I I i icaot i i . ix .Nr i / / / 
t 
I 1 31 FDoUMIItt . 'OUIlET 1EMPCH4IU] 
• IE' .O&.'IDCO.Kft - ' . A l E i a . l . C X I H 
1 
I 

/ " * J 
4 want i«.aat t f c m o i u . i . i . H H / / / 

I 
I — I aa FCMMAitfio.'OUTLET PRESSURE'] 
• [ t l S . M HFA t > • , 4 1 ( 1 3 . • . • x ) l I 
I 

I • / 
/ MB I IE 16.331 (RHOLII ».!««. HP) / 

J / 
1 



-I 33 FOftMATHtQ.'OUTLET LIQUID 1 {DCHSIIV1 .taS.MHOL'L) • *.4|Eta.I >.E> 111 | 

WRITE l « . 1 4 ) i i »wai i i . i -> .Nt - t 

- I 94 FOMuflf to . 'OUTLET O A I 
{DCNSlTv'.l3E.*4MOL/LI - > .4 (E13. 
6 . O i l 

M I I C (• .3X1 <RHOi«l I l . l - t . H M 

I 1 35 FORMAT.It*.»OurlCf WUCIUHC | 
I JOCNSITV* ataS,»|HaLyLI • ' ,-4.IEI?.l 
I 16. I 6X11 ) 

• HE <«.?c) 4 s v i N m l i . t p i . H r l 
i I 1 36 FORVJLTlTlS-.'OUTLET HIHIUftE | 
I J3>>.v»L.'.T».>IL/!-Ol.t • ' . 4 I C I I . 1 
I | « - I « • • | 

RITE (E.3TI (QWAL|1).|»I.NP» 
i - I 37 FOMiAIITBE.iOUTt.Er FLUID 1 

iQUALITr'.iaE.'IFRACII - '.4CF.1J.) 
i « . 1 E*i) ] 

HR11E IS.aat ( U O t l l l l . l o . H F I 

- I 2B FORMAit/Tta. 'OUTLET FtUlO 
|COMP"5titOHI V iaa . 'L IQUID ' . I 3 E . 
|KO/ttHI • - ' .6 |E ia ,S ,6K| | 

wRtic te.ast < W D T O I i i . i . « , h i l 
i'"' 
I — ! 39 FaRWAi4laa.,*v*pOR'.raE.'IKO/l 

MR I • ' . 4 | E O - E . a X ) l | 

WRITf fS.JP> rOCtMHftlJIJ.I.NP) 

— JO FOBU«It/I3,'HO-rKlK 
CONPITIOMSI'/rIR.'IKPUr 
CRYOPAHEL ENCRQV.T3S. < *(«l/tM. 

• ' . 4 I E I 3 . • . E l l I 

http://4sviNmli.tpi.Hrl
http://FOMiAIITBE.iOUTt.Er
http://fS.JP


SAt. I 
,«<cia .c l 

I 
i /• • / / MIIE i« .n ) i i i x i i i . i - i .nr ) / 

' i ' I 1 31 FOaUATITtO.MIMC tO SAt. 
1 i i l O U I D ' . 1 3 » . 4 ( " C K I « 4 l • ' "-

1 • 
/ " • ' • " " / 

t MAI1E <«.33l ITIU241I.1*1.HP] / 
' i ' 

I 1 3 1 F O M U m t i a . ' l l M C TO WIT. | 
I jvApon'.TaSiMHOuns) • '>4ccia.s»l 
1 
I 

y • • • • • • • • " " " " " / 
/ WHITE (S.33I CMOIUKOI H . I - * .HP) i 

I . . . . . / 
I 
1 - —I 33 rOMMIITia.'IIArE OF VAPOR I 
1 ( »a iL" f f " .m . - lKO/HBI • ' .4 IE13. 1 
I C«. « M i l I 

. . . . . . . . . . . . . . . . . . . . . . | 
• • j 

Q 3 I 1 DO THE CHOMNEL SUPPLY STSIEU 1 
** £ 1 icOJJPPNtHT COHriCIMATIOH AHALV5IS] 

I 
I ' i 'cALL'cMPCAL' 9 DO* THE'COMPONENT J " i 
I I ANALYSIS I I 
l . t l , t 

1 / " % 
• RETURN 1 \ / 

KM 

/ • " • • * • ' * \ 
tHP ' 

\ t 



FLOMCHARTED R* FOflFLH /KBOB/ ON 31 MAR 7ft AT OBI 67143 

* R"UT1HE NAME - HELIUM MAKE-UP 
COttPilTATtOti * 

> RfHJTINE LANG * FDR I RAH V 
UNIVAC I I 1 B EXEC B* 

* fHOGBAMMEft - R.F.tfAU5MAN I D 4 -
eaia-aoaas • 

* DATE COOED - FEBRUARY 1 3 . 
1979 * 

SUBROUI1NE HEMKUP 

j [ • * • + THIS SUBROUTINE CHARACTER! 
1 IES THE REFRIOERATDR-LIQUIFIER 
I I CONDITIONS AND COMPUTES LN3 
I [REQUIREMENTS FOR H E F - L t Q F R . 

1 LOGICAL UP, PAGE t 

1 I 
1 I INCLUDE CMAQ t t 

! 
I I INCLUDE CFLUIO t 1 

- | QEC1N COMPUTATIONS FOR I 
(REFRlCERATOft-LlQUIFlER SUBSYSTEM] 

V.v.v.v.wv.v.wi 

i [ Hcyim 

I F I w D Q I O l . E Q . O . t i l 
• \ FALSE 



I TRUE I I I ,..*. t 
t WbaiOT - 3DZ.0 t I !».... ..I • I I 

I 
" " ""* DWOTOT - WOOTor/3.6 '' » 
I . . . . . . . . . . . I 

1 
I ™ I 5ET LN3 • O l t E R M€* MRAMfcltftS 1 
1 - - - I J /CH 1 
J 
1 

* * * * * *OHtt2L¥* - * (HN2V ' - *HN2lt/GmtiN2•••"***** 
1 . . . . . . . . . . . . . . * • . . t 

I 1 J/GM ] 

1 
t D w a v » * » a ' m a o ° - * H N a v i y c M W T N a * " I 
* 1 , , , ' . , * . r , r . . . . r , J 

I 
I 1 J /GH 1 
I 
1 

I "***SOHM2 • DHM3LV • DH«".v">* * * " t 
1 * . . . . . . I 

1 
I——I KG/CU.M. ] 
I 
I 

J * " * * o i H i * " D N a L " " » ' c * i i i N a " « * i o o o ! " " " " * * * " * i 
t , « 

i 
I | HO/CU.M- ) 
f 
r 

1 *DVN*t • DH3LV •GUMTN3 * 1 0 0 0 . * " * * * " I 
1 t 

L 
t ( HG/CU.M. ] 
I 

I DW2HW* DNSrO**'6l*MrM2*** 1QGCK I 
t , w .. t 

I 
I ™ [ HEAT TO B t flfMOVCD F M M HOT I 
1 CHELlUH J 
1 
1 

i i "'CALL HEMOPJp«i tV.iciiii-Iai""""* ' * " " 
* . i , - . . . » . . < » » . ! « • 

I 1 JAMA 1 



8 ! 

1 
1 HH£1 - HCLlt/HEHWT 1 
I * . . . . . . . . * . . . . . . » . ! 

1 
I 1 HO/CU.M. 
1 
I 

I * D H C 1 * . HELD * HEMMI - I S O * ! t 
t . . . . . . . . . 1 

• 

t . « , . . » , . , . . , , . , , , . t . i 
i 
i — I J/«w* 

J 

» * * * * " * ' " H M E a ' i " H C L H / H t i i l * * • 
I * i t 

.1 
1 1 KO/CU.U. 
I 
I 

t 6 H E 3 ' * " H C L o ' * a H E H W t ' " t O O o ! I 
• , . . . . . I 

1 
i — | j / s e c 
• 
i 

I > B ' ' * W l H H E * - * < H H E i ' H H £ a i • ' • o i c B M l « 
t * I 

1 
t [ MH 
I 
I 

t qi"i oorHriE/iooi! * '* i 
i x 

I 
1 — 1 KG/CU.U. 
I 
t 

i " fMDTi*« waTcai11 • a ' i " * " * t 
i . . . * t 

i 
1 [ HEAT TO BE TAKEN OOF SV COLO 
I tHELlUM 
J 
1 

i*i CALLHEPHQPJPCBI tilicBJai'ai ' "i 
t , 1 1.1 

I '. U/GM 

t HHE3 • HELH/HEMMl' * I 



t ( KG/CU.U. 

• HELD * HE KMT • 1000 . 
T i 

I [ J / 5 EC 

I QDTCHO - 4HHE3-HHE2t * C " D I M ( 3 1 * UOTC»( I 
> 4 ) » l 

I 1 Htt 
I 

4 2 * QOTCHO/IOOO. 

I 
I [ k o y c u . y . 

i m o r a * iHDfca (2 i+HOTcB(4 i> • a . a J 
t » . » . . » . . . „ t i 

l 
| J u/SEC 

I 

* OOTCMC * f H M £ i - * w * e * i * * * < w D r c B < a i " * worctc * 
» «» * DWGIOTt , I 
I * 4* » , ...» 

1 
J 1 KM 
I 
I 

i Q4***gaTCHEyioo6* * t 
i * - ..i 

i 
t 1 KG/CU.M, 

1 
I 

Q0rt.N0 « QDTHHE - QUI CHS 
i 
1 1 HW-

I 
I J/5EC | 

http://Q0rt.N0


03 - QDTLHO/tOOO. 
*" " * ' i 

I C J/SCC 
1 

QDTLNa'-'qbTHIIE'-'ooicHC* 
i 
l--i| KH 
I 

05*• «DTLNZ/tOQo!" " 

I 1 QUANTITY OP INS REQUIRED AS 
J jrUNCTION OF TIME 
I [ GM/SEC 

t HDTNO - QOfLHO/SPHNa 
1 . . . . . . . . . , » , . 

I 
I - - - | KC/CU.U. 

Q f ". • 
"^ « * twDra - H P I H O * 3 . 0 

i . * , 
I 
f C O M / S C C 
1 
1 

i * * wDfiia*-'QOftNS/SDHriia 
1 . 

s 
1 1 KO/CU.M-

FUDTS » ND1H2 • 3 . 6 

1 | MEAT LOAD ON LH3 BOILER 
1 
J 1 KW 

QSUBS > UOUMQ * DHN2LV/100D. 
J * " '** ** 
I 1 KM 
t 

qSUBSI - NDth? t DHN3LV/1000. 

I 1 . • • «. 

1 

• 

i 

• 

i 

• 

i 



J P - PAGEIOI 

MNI IE ( « . 1 0 » 

l - " J IO F I H M I t T | / / T » , ' * ) ' CHARACTER! 
1 IE RE FRIOEHATOR-LI.QUIF1ER INPUI 
1 [AND r<u 1TPUT CDMDIltONS • * * • / / j 
• ( T A G , * * * HEFHIQERAIOR-LIQUIPIER 
I (PARAMETERS * * a * / / T 1 3 . * 2 E P O MAKE! 
I IUP fLOW COWOITlONSl' /tSA.^NAftU 
I |HC - UPPER**TTS. J'COLD HELIUM 
I I r H H U ' , I » 9 , ' C M ROJLER A W V T H , ' 
I IHEK A IH2 BOILER' .17f t 4 . 'UPPER 
1 [HEK ' t T IOa . 'UPPER H E * ' / * 

WATTE *B, SO) ICBt If. TCBIJ?, TC** + ttPCMt 
l t . P C « « a ] *>CR43I.QMEt .DHE2. OLNa t F IH lT I . 

PWOr2,FUOT3,TCRCai .1CR4ai , rCB«2t .PCR(t 1 / 
. f>CR(3| ,PCRC31. DHEa.DHea.OfttHV.FWDTI. / 

Fvora.FwoT3.oi,oa.Q3.osuas / 

/ / ta r O M l A W i a * . • 1HLET TEWPERATUft 
< DECK | * . E i a . 6 . i a X . E « 5 . £ T f t 

l E i a . G / T a i , ' I N L E T PRESSURE t KPA 
I • . E i a . G . l a x . E i a . s . a x . a c t a . B Y 
1 2 * . ' I N L E T FLUID OEH&I1V I IC3/CU. 
HI ' , E I 2 . a » I Z X . C l 2 . 6 . S N „ e 3 l 3 . f i / 
r a r . ' i N i c r F L O H RATE t K O / H R > * 
E I 3 , 6 . 1 3 1 L . E 1 2 . « . 4 * X , E I « 3 . < l / / r 3 1 , 
OUTLET TEMPERATURE 1 OEG.M 1 * , 
Eia.6. i3«.E»a.f t ,>x.E« fia.e/rai.* 
OUTLET PRESSURE ( KPA > ',£|3*Q. 
t2X,Et2.C.9M,E12 0.6/iai,'OUTLET 
GAS DEM&1TV (KC/CU.Mk *,£*?.&, 
a 2 x . E i a . f i , R X , E i a . ? a / i a i , ^ O U T L E T 
FLOW RATE i KG/HR 1 * , E I 2 . * r I ait, 
E i a . R . s x . E i a . a B / / ra t . *ENERGv 
THAH5FEH ( tl/Htt ) -» . E l » . t , I IM . ' 
' . .E ia .e .ex. * * * a , E i a . e / / t a t . » 
H€A| LOAD: ' / i a tVLM2 BOILER I MM 
* . T 9 9 . A E I 2 . B / 1 

WRITE <«,3QJ 

( 3D FORMATIT13,-CURRENT MAKE-UP 
(FLOW CONDITIONS!'/T 5 4»*HAHM HE -
'UPPER f,T7Sr'COlO HELIUH THRU*, 
T39,*LNa BOILER AMD' /T54, 'MEM. « 
LN» B0ILE aR'.TTR,'UPPER HEX*. 
TI03,'UPPER HEX*/) 

http://Fvora.FwoT3.oi
http://3l3.fi/
http://a2x.Eia.fi


i 

/ ' / 
• • • I t 4».3D| I C I ( l | , 1 C t | ] | , K M 4 ) . K l i / 

• i . r c i i a i . r c B i 3 ) . u i E i . n i E 2 . DLNa.fwuti. / 
FWDt4,rwir&.<cao>.TcaO). ic»l3t .Fcl i i> / 

. ec f to i .pca ta i , DHEa.onEs.DMaMtf.Fwort. / 
/ / r-l.v.w.v.v.w.v.vi 

• 
I - — I OO IHC HErAIGEflATOfl-LIQulFJEA J 
I I S I S I C H COW0HCH1 COHFIGUCATIOH ] 
I ( ANALYSIS | 

I 1 CALL CXfCAL I I 
1 * 1 . . . . 1 .1 

/ * \ 
1 U I U I K > 

V / 
I 

/ v 
I CNO I 

\ / 



FLWCHARTEO BY rORFlO /XBOI/ OH 31 MAR 79 AT OSIBTIST 

• Hn<|TlNC NAME - PRESSURE DROP t 
COMPUVAUDN * 
• Fffl EHTlllE CONFIGURATION * 
• RnuTIHE LAMO - FORIRAM V 

UNIVAC 1110 EXEC • » 
• PROGRAMMER. - R.F.HAUSIUN 104-

6213-U235 • 
• DATE COOED - AUGUST 23, 1S7B 

• INPUT DATA IS) PRESSURE IH 
KPA. AND 1CUT- IN OEQ. K * 

\ SUBROUTINE CMPQAL / 
1 
t 

> INICGCR Q S T A T E . GLOOP 
HEAL UOHE 

1 
1 

1 LOGICAL PAGE, JP 
I 
1 

I * INCLUDE CCNFtG 1 • 
I 
I 

1 Z INCLUDE CCNTHL 1 1 
1 
1 

t • IHCLUOE CFLUIp 1 1 

1 
f I IHCttfDE CfOUMT I I 

t 
t 

INCLUDE CUAQ 



INCLUDE CHAUES 

*"* i 
I 

" INCLUDE'CONST ' 

i 
I 

' ' INCLUDE'cPACE* 

INCLUDE VABLOK 

* I 

I * I f CFUNGT i 
I I D O I 

I. A CAS GO TO I 
. . MAGNET CO TO 1300) 

3, A LINE GO TO 13001 
4, A CONTROL an ia MOO) 
5, A FITTING CO TO (450) 
«, A TAP OO TO <S90I 
I. A TEE CO TO 1460) 
O, A ELBOW OO TO 14501 
«, A VALVE OO TO 14001 
ID, A REGULATOR CO TO |40&) 
II, A CHYQPANfcL CD TO (600) 
1», A REF-LIO. CO TO 12501 
»4. A TANK OO IO (TOO) 
14. A COMHJK CO TO (640) 
1«, A HT.XCHHCJI CO TO [<804k 
1*. A END CO TO (1100) 

INITIALIZE THE ROUTINE 

IDX * 0 
ISICW - 1 nee - o 
lfAP • O 
IHLQ - o 

MAGlJt - O 
HANtf - O 
JKM - O 

DLCIDT - O.O 
SYSVOL - O.D 

1 .S134E-0»/<ORAV1V -

NDXCAS 
" l 



IFIP»GEIO>> 
i"inuE' 

H*|IC (lOI.SOSO) <L«(I.ND>G«S).fl.5| / 
/ 

S % I 

WR1IE HOT.60301 

JP • PAGE 13) 

- I . . . . . SIAKT o r COMFIGIHUTIOH 
I M O C t S S I M d IOOP 

U 100ft ll'lilCHF 1 
1 
t 

I 
1 
t 

ID* - IDX * IS1GN 
MACHI1DMI * O.O 
MFLGCIDX) • 6H 

t 
t 
1 

1 
E 

t t CALL CEtCONUOR) 1 1 

l — l * • » • » BRANCH I D THE REQUIRED 
I ICOHF1CURA1IOH i y « . M E CCNFIO 
I | • . • . . FOR BRANCH DCF1HITI0N5. 

CO 10 ( lOO,SOD.300*400*450 ,300 ,4 t tO .4 f l 0 . 
4QQ.4Q&,C0P a 250 .700 . BOO.900, H O O K 
CFUNCT 

• • * * SETUP THE GAS I V * 1 * * • * * ] 

[ <oo| 
ICAS • CFIVPE 

CSIAIE - icuriGis, 
OLOOP > ICNFIQ I3 ) 

MAGIM > I 

l f - lNP51TS.EQ.i l 
* \ FALSE 

http://lf-lNP51TS.EQ.il


1 T « U E 
I 

* QUALM > Q U A I O * 1 
I . . * . * . . . . . , » . * • . • . > * * . • » . , 4 

t 
Oc . 
I 

/ * ' • • • • i ^ FALSE 
4 ) F ( N P S Y 5 . C Q . a i > - -

\ / 
I Tflue 
l 

I QUALJL'i^OHAUQLDOn " ' * * * * * J 
1 - t . t . . . . . . 4. . . . L t . l . l l 

I 
I 

i 6i*M[ ioij"**o!o t 
S NOOrMl IDM * 0 . 0 ( 
t WDOTUIOJO - O.O 1 
1 WDOtGI ID* ) • 0 . 0 1 
t QUAMIDXI • O.O I t icuptmm • a,a i 
r PAES<IOKI - o.o i 
l DELPflDXI * O.O k 
t VELOIIDlO • 0.0 I 
t RDEUS(IDX) - O.O 1 
t ftEYNDltOMJ * O.D I 
t . . . - . * I I 
/••*** * * * * i i m ^ THUE 

< IF |IGAS .EQ. JKH> GO TO «1Q »—____ \ / 
1 F*L*t I 1 

• UKU • IDAS I 
• 1SIGH • 1 I 
1 ISTHT11GASI » 10* * * t 
) tlX - 0 I 
1 . . » * . . . » . , . . * * d . t 

I 
t H O ) I 

i CONfIHUE ' * 1 
1 1 

I 
I 

/••**»• " " " " V TRUE 
C 1FIINPSVS.EO.il.AHD.laLO0P.CE.3tt CO ID > 
C 111 > 
\ J 

t FALSE I 1 
/'*'*'"* « . • . * • « i * i* . • .^ T * U E 

< 1F<tNPSVS.EQ.2).AN0.<aLOQP.0E.a)k OO IO > 
< 111 > 

v • / 
I FALSE 

http://INPSVS.EO.il
http://AHD.laLO0P.CE.3tt


< lFIlM»SKS.[0.S).*HO.C0LOO».CE.ai.«KD.( > -
< CtOOP.U.711 CD TO 111 > \ / I F»C5E I • /•••»•••• , i u . . i i i n i i M C H , ^ I B U ( 

< lHfH»«*- IQ-a| .AMO.(aLOt»,W-»t» GO TO >— 
* t l t t > \ / 

1 f U S l 
I > 

/ • ' " V 
< co 10 na , — — _ _ _ _ _ _ _ . . 

\ / 
I t i n 

HOKGhS - MOXOAS 4 I 

1 
IF(P*GEI«n 

•"Jiui" 

• \ FAIS1 

> ... 
/ • • ............... 

/ MMTC uoi.aosa) <I»I I ,>ID»GASI.••! .«> / / ./ 
I 
o<-

HUtlC II0I.«Q201 

Jf • O G t l l l 

[ «"»1 
HD*aA3 • NOIOAS f I 

t 
I 

inr»ena>l 
i ' *i«u£*"* 



3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 0 

0*XK«**X*J<*tf KMKtfVK I KII«MKRKMm(RKXKlfKK 

in-

t»KU. 

C45 



3 3 

* , M . . . . . I 
1 
1 

t WCtOTLMDH) i WOOIHIlOftl * * * S 
t UbOTCOOX.) - O.fl i 

* >. > 1 

I / l \ 
I C O T D 114 * \ / 

t "31 
I CONTINUE I 
t , , 

I 

n' "' 6a i i i i •"I.HUHCRP t 
1 . . . . . . . . 1 . 4 . 1 1 • 

I 
* iiuii*' m* suMf**?*+' T£**tAP( i \ c 
t fcUMPRfi - StMIPRS * PRSTAP(l) I 
t ~ . » . - » . . . . . . . . . + . . . . . . . I 

I 

- i * \mTlNUE"* * - > - j 
a . . , i 

1 
i 

I Xj» • NUHCHP t 
B TfMAVG - SUMTNP/XP t 
t PR&AVG. - SUNPRS/KP I 
I I 

I 
• 

t ' tCWP(IOX) - IEHAVO > 
t PttES<lDX> > PRSAUO * 
I WODTNtlD*) * UDOIM4 1 
t WD0TL1IDKI • UDOtLO 1 
t UDOTO(IDX| - HDOTAO • 
r 0UA..I1OKI - WDOTCf JOKt/UbOIH| IDXl 1 
I I 

I 
/ M"""""\ 

t GO ID 114 i « — — — — \ / 
I 

0< ~ 
t *tri i 

I CONTINUE t 
I PftEMID*) > TAPPflS t 
I HUH IDMI » TAPTEU * 
i HOOINdOKI - MDOrORCGL-nOPI I 

file:///mTlNUE"*


HDDTLIIDHl • H D D T N l t D K l 
WDOTGtIDX) • O.Q 
QUALCIOXI » O.D 

COHt1HUG 

i"** 

\.*" 

/ \ 
\ * / 

i 
1 1 * * * * * r i tOCEH A VU0N6T 

I aoo) i 
CONTINUE • « • • • • * • 
NPSVS - I 1 

HAQM • MAGIX + I ( 

FLD • mCOEFf lDIO • LDDUDKI / OlAH| lDX» 
CUPUOLMPXI - P I 0 4 • D I A M ( I O M * * 3 • LOD| 
1DX> 

WDOfNtlDKl - WMlNt lOX- lS IGH* 
IK - IDx - ISlGri 

I 
I 

CALL. HEPflOPI PMAQbtt.lMAGDtt', I t 

RHO - HELD - HE'JUl 
PMAai » PMAGPH * HEHEDIRHO. HDMAGII 
PMAGQ • PMAQDM * H E H E D I R H O , HDMAGOI 

iMAGl - I E H P H X I 

CALL 4IEPRDPIPMAG1 .1MAGI , % ) 

CALL HEPH0PIPMACD.TMACI.3f 

U 
U u u u 

] 

2 

http://HEPH0PIPMACD.TMACI.3f


DELHI • HEHL - I1EI.H 
DE1H2 - HEHG - HELH 

OHR * QMAGL * 3 6 0 0 . 0 / 2 . 1 1 
QSA1 » KHDOIL I | KI*IOOO .01/HEMMII *DELHI 

OVAr » OHM - QSAT 
H D O i a i t O H • rOVAP/OELH2L*HEMWT/1C)»«.* 

QUA 1.4 I D M * WDOICUOXk/wDnTLItXl 
WOOIM1DX] • HOOTLIIK) - WDOTG4IDX1 
SV1HIX • <t . -OUALt lDK) |«HCSUL * QUAU1DXI 
*HCSVG 

1 I KG/tU-tf 

HOCM&IIOX) * tt.Q/SVt*tX> * HEMHt 
ftIK) - RDCNSIIOXt 

DCiPtiox> - ct»FU>HwaoiN(iiti/CHOrcii)**a/ 
1HHO«DIAUUOXl »««| 

PRCSIlOKk • PRES(IX) - OELPflDXj 
VELOlIDKl - VELFIWDOlNI •0X»»5VLH1X,HUMT* 
OlAMCIOXt) 

* £ 

1 
1 

1 I CALL MPIOI><PRES4IOX». tEUP| |X1 .3> t t 

1 

2 TEMPI 1DM) » HE1 
4JUALN. a Qi'At.|[t)Ml 

* 
1 

i 
1 1 KD/CU-H 
1 
1 

RHQLGH • H . O / S V L M I X I * HtNWr 
UUHE - O U - 0 - Q U A t X t • HElWSCl + QUALX * 
HEGV5C) * 0 - 0 0 0 0 1 
JtEVNOdDXl • tO lAU41DXl» (VELO( ICX) /3a00 .k 
«RlM)LCH)/MUIIE 

HDLP - MEHEDinHOLGU.CHEAOttOX)| 
PH£S|lt>X> » PflESdDXk * HDL» 

GO tO 0ff9 

I » • « • « PROCESS 
UmuifiEn u«it 

A REFRIGERATOJI 

CONTINUE 



i 

IALQ - H l O «• t l 
I 

1 
1 1 SET OUALITV - ZERO 
1 
1 

0MAU4oii*-*O*O * 

/ * • » •» • •» • *» • • • * \ TRUE 
s i F ( 0 « L 4 , e a . a t . A N D . I G L O Q P . C Q . S U GO TO >-
< aia > 

W / 
I FALSI 
I 
X / •» . ,» . .» . * ,̂  T ( 1 U £ 

« IPJ<GL0OP.E0 .« ) .AHD. I IALQ.£Q.4>» GO TO » — — - -
< a*« > \ / 

I FALSE 
I 
1 

/ • M I M I U X I i l . M ' t < t H . . N T f l U £ 
< iriCkoop^Ea.aj CD to asa >_——-\ / 

I FALSE 
I 
I 

t V FLo '> 'FRC<KF( tDJo*» *LOo i i a J O / D l A M H D X i " " *S 
* C*a*YQUlDKt - PIO* * 01AUllO*t+*2 * LQOl i 
* 10*1 t 
t WDOINIIOX) - MD1CB|£l<-a.« t 
I WDOTLIIOHl • WOOTL<lOK-ISIGN) 1 
I UEH3TG|IDX| >HDOTHt lOK| t 
> FRESI lOXl • PCftl 1] 1 
> 1EI IPU0X1 • 1C«191 I 
I RDCMSfEOM > fiHOGASfFflESf | Q X ) , I f U P t f O K I » I 
t DELPC1DK) * Ct*FLD-HDOirit |DX1*>9/4JIDEHS| I 
t I D X » * D I A U I I D X ) « - 4 ) I 
I PAESIIDX) m PRESI1DX) - DELPJIDX) I 
I VELa( IDX) - 4.0-UDOTNl1DX»/[P1*D1AU11DH)+ I 
( * 3 * RDEN5(1DK|| I 
• . . . I 

t 
I 

1 1 GALL HEPROP { PRES4 IDX ] . IEMPI IDM 1*3 | * * * 1 " I 
»- > . . . . . . , , , . 1 . 1 

I 
1 

1 MUHE i HEUSC » 0*00001**** I 
t REVNDIIDX1 - (DIAMf |DX)>|VEL0t 10X|. /3CQO„| I 
t • • D E N 5 ( l Q X l l / y U I I E I 

GO 10 B99 1' ./ 

http://igloqp.cq.su


I « 3 | 

WQGCRY) 
HtHjrai l tJX) * UDOTNIIDK) 

W O O I L C t o x i • <i.a 
PRESMOM - FCB4 I ) 
FEUPflOX) . tC0«4 | 

AocNsciaxj • «O^MP< io*-isic*f 
O E L P M D K ) - a.a 
VELCM IOKI • a,a *Evna(ioxi • a.a 

G O ro 9BB 

[ a»3i 
HOOIHUEJK) - V D 1 C f t f 4 ) * 3 . « + MOGMAO. + 
VDGCItY + WOQSIO 

WOQIGIIOXI • HDOTNIlOKt 
WOOILtlDM] - O.O 

PRES(IDK| - FCftO* 
f£wP< tOK| m. TCB(2> 

HOCNSdQXI - ftHOGAS|pRtSllOK>aTEMP< IOH|> 
OEL^I IOJC) - 0 . 0 
VCLQI IDx) • 0 , 0 
REYNO(lOX) « 0 . 0 

CO lO Bl»9 

Q< 

WDOIMIIDX) * WOOINUDK-ISIOH) 
HDOTCIIDX) i MOOIGflDX-ISIGN) 
UDOrH IDX) • WDOTU 1DX- I5 IGN) 

PRES(IGK) • PflE5fIDX-IS1GM) 
1EUPItORj - TEMPILDX-1S1CM1 

DOENStlOXl - RDENS1lOK-ISlGNj 
OELPUbM) * O.O 

VELOflOX) - VELOHOX-|«IGN» 
REVNO(IOX) > n£VHOIlDX-|SIGH> 

• * • » • PROCESS A CRVOPAUEL 

I « D 0 | 



fU> - FRCOEFlIOHt • 
CMPvOLtlDXl - PICM 
torn 

IX * IDx - ISIGH 
UDOlN(10K> - WDOTHtlaK-ISIGN) 

PlCftV * PCRVIICLOOPI 
POCftV a PCRVO(GLDOP) 

TCHV1 - TEMPI I X * 

CALL HEPROPlPICre . F C B V l . n 

i 
1 

*CALL*H£PH6pCP0CRvi icRvi*^ i ' 

OH1 a tlEHL - H£LH 
DH2 * HEHG - HE.JL 

Qtui - Q C R I G L O O P > * a e o o . o 
05AT - MUDOrwi lDX)' tOOO.0l /HEMWT> * DH1 

OVAP * QtW - QSAT 
M u r c c i o x i - n o v A P / O H 2 i • H e m n / i a o d . o 
WDOILtlDXJ - WOOTLIlXk - W D D f G f l D X ) 

QUALA • WDOTGC lOXl/MDOIFil IDK) 
SVLGHK - t l .O -QUALXI * HE3VL + QUA LA • 
HEiSvG 

I 
1 ROEHS(IDX> • <l-O/SvLOMX) * HEMwT 
1 RHO • flDCrtSCIOMl 
1 DELPflDHl » CI »FLD* (MDOINr JX l /CHQPEi l ) * *? / 
1 <RI1Q*01AMUPX)>*41 
J PRE5HOXI = PRE51IX ) - 1S1CH • D tLP( lOA) 

1 ; CALL HEPHOPtPHESt IOM«TEMF| IX ) ^ ) 



• HEX 
QUALX 

KtftlLGM * Cl.O/SVLCMH) 
•UMC - 1 l l 1 . 0 - Q u K I . X l * HElVSC) * QUAlX • 
MCGW&Ck * 0 .600P1 
M T N - f l D M } . ( D I A M I | D K > * < V E L D J I O A | / 3 » 0 * . I 
»HMOLCM)/HUHE 

«D1F - HEH£DI*HQLCM,CH£AIH 1DXJ) 
M E S J I D X ) * PIIESfJDJC) * HOLF 

I « * l 

GO TO asff 
. . . . . . . . . . 

- ! 

SUCCESS A 1|HE 

I FL& * FftCoEf U D K > + L D 0 ( l D * ) / D l A M f IDK) I 
1 LOW • C f I V ^ E / l » t 
3 CFIVPE • CFTVPE - 10V • 1 * I 
« SFARCA - P I • 01AU( |0A1 • LOO(IQIL) I 
I *>USE •• QLEAKI t 
I C W O L C I D K I - FIOA * D lAM(JOX| * *2 • LOO I I 
3 IDA] t 
1 . . . 4 4 4 * . < . . . . „ I 

1 
1 

/ ' " m m i " • " " " • " \ TAUE 
< IF(Nf>SVS.NE.3> CO TD 31Q > - — \ , / 

I FALSE 
1 

' J 
/ . . . . . . . . . . ^ I H U E 

< i r ( (MPSVS.EQ>3) .AND.4GSTATE.CQ.} )> GO TO >-- — 
< 310 > \ / 

I FALSE 
1 
1 

/ • ' " ' * " * ' • ' *\ TflUE 
< i r ( I H P S V S . E 4 . 3 > . A N D . I C L O O P . L E . B U CO TO > 
< 3 1 * > 

N..* * . . . . - * • * / 
I FALSE 
I 
1 

/ ' * 14 , P l » , , I I I . » | ^ T f l U £ 

< I f < IMPSy5.EQ.3>.ANO.<GLOOf>.Ea.a>l CO TO > 
< 311 > \ './ 

I FALSE 
1 
1 

/ \ T 
< IF l fNPSYS.E0r3) .AHD. lCLD0P*EO>e>> GO TO > -

-o x z 
U A Z 
U X Z 

http://1ll1.0-QuKI.Xl


< a is > 
\ » . - - - . - * • . . * / 

I FALSE 
I 
I 

, . , , • . . . . . . , . , , , . , . . . , . • . . , , . . . . . . . . . . . , , . ^ 
< i rC(Hf>SV&.CQ.3| .AND.(QLDOP<C0.Tl l GO l O > 
< 4 2 0 > 

\ * y 
1 FALSE 
I 
<J< — — 

1 3 1 1 ] I 
t * w ' * \ j u 6 i N n D * > ' - ' * o o t N i i D x - i s i G M k i 
l JDUTL(IDX) • UOO»L41DK^1SIGH) t 
S VDOTG(IDX) - WOOtOI ID* - l t ICM) I 
t TEMPIIOK> - TEl iP I IDX- tS IGN) t 
t QUAL4lDft> - 0 . 0 t 

| 3151 J 
MOTXS >'wDXCB(si*al5"iM0CS)0**"HDCIi4ak<»* 

MDCCRVI 
WQOTNdDXJ » WOrCDtS)«3.6-(UDGSTO + 
WDTXS1 

/ * \ 
C 1FUGLOOP.CQ.«1,ANO.(1T£E.E0.41» > \ / 

I i flue 
I 

i *uDCTHiia*j*-'uDai*iibx> - M Q G C R Y 1 

WDOlGMDXl - MDOTNl IOH| 
MpOTLfIDXI » 0.0 
TEMPI I O M • TCB(9» 
P R E S U D M * PCOI U 

/ 
t CO TO 510 \ -

I 1301 I 

1 
a s o » 0 S a s « s « s 9 x 9 s 9 * 9 s 9 s 9 * 9 S a s a » 

a a « a « o 9 0 9 9 9 O a a 
H 9 H 9 H 9 H 9 H 9 H 9 H 9 
H 9 N 9 H 9 H 9 H 9 H g W 0 H 9 N 9 H 9 



MOOT H( I DM - MDlCBia»<3»«-lWDGSTO • 
HOTXS * WDGMJLG) 

VDOttil lO*! - W D O T N I I D * ! 
WOOTLfroKf - 0 ,0 

1CHP4KM1 - TC l l« ] 
PA ESI I OKI > PCMM) 

GO TO BIO 

WDOINIIDM) - WDOTMIIOX-ISICNI 
1EMP((DM) - lEMPt IOJI-IS1GMI 

GO TO 510 

• 

I tool 
PROCESS * COKTJIQL 

F L O - FRCOEFf10KI*lOOllDNl 
IDV - CFTVPE / 10 

CFTTPC - CflVPE - IQV * lO 
I 01AMUOK) « MdlNKQIAIIf 10X411.DIANilOK-l) 
I I 

SF**EA * PI • OlMmit0jtt**2 * ».fr 
t OUSE - OLEAkl 
t CMPvOMIDX) > CVQV(CFuHCT.CF1VPE»IDY, 
t DIAMMDX)) 

/ * " * \ IBUE 
«C JFHHF>5VS.£Q,3.j,AND.r.lI>V,EO'&)> OO 10 >— 
< 430 » 

\ / 
^ S , 1 FALSE 

% 
)_ IF|NPSVS.CQ.3k OO IO 311 

' \ TRUE 

»——--

CO IO 310 

[ 430 J 

\ 



I — 
I 

• • P R O C E S S * J o u L E - i H O H r a m 

- I « t S E t *Q ( H t 11QUJO S f A T l 

CSfAIC - 9 

I 
VOQlN l lOX l * WDOTHtlbX-t&ICHI 

WOTQLIDK) * • • • 
UOOfMIOKt - wPOTNUOHl 

PMESIIDKI - PCI I IS : 
1E«P{IDX> - TC»|»Q» 

t | CALL MEPflDP ( P A E 5 l * O X > . I E U P t 1 D X > , * I « - * . , 
I 
I — — | KG/CU.Ift. 

I 
KDfNSMDXI • WElO « MCMWI 

«kmc • H E L V S C * o , o o a « l 
VELOMDXI • 4 . 0 * U D O T N I I D l l t / I M * D|AW| 
| D * > * » 3 * A D E H S I I D X U 
NEVMOttDJI) - <0 lAM110Xl*<VEl .Ot l0Kh/3f t04r 
•>*ADChsi ioxil/mnie 

OCLPflOH) - O.Q 
QU*L<IDX| - • . * 

CO l O 999 

PAOCtK A HECULAXOA 

I 4 0 S | 
H O . FHCQEM lCM»«lOOt IDAI 

1DV - CFfVPE /tO 
' , ' I V P E - CFIV^E - tDV • IB 

D I * » K» - AliltNltOlAMf 1DX*1 I . O t * M I I D X - I ) 
I 
CHFVOL(JDX) - CWOllCfUNCl .Cf fVPE. IOV. 
O I A M d D x i l 

UDOlHIlOft- l&lGHl 
N O O r M I O X ' t S I G N j 
KDQIGtIDX-IS1GH1 
R0EH5C1DX-IS1O4) 
T£UE>4IOft-J£iGNl 

HOaiMl 1QX.I 
MDQIt(tDXI 
WDOICIIOX1 
RDEH&I I OX I 

ICUP4L0KI 

< I f U U A Q I A . E U . I I . O R . I U A Q I A . C Q . a k l G O TO 

M u X 
U u x 
N u X 
ft u X 
N u X 
M u X 
M u X 

« u X 
H u X 
H u X 
H u X 
H u X 
M u X 
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ft • c 
ft • c 
ft • c 
ft • r. 
ft • c 
ft • c 
ft • C 
ft • c 
A • c 
A a r. 
ft • c 
ft a e ft • c ft • c ft • c 
ft a c 
ft a c 
ft a c 
ft a c 
ft • c 
* • r ft • c 
ft • c ft * c 
A • c 
A a c ft • c 
ft a c 
ft a c 
A a c 
A a c A a c 
A a c 
A a c A a c 
A a c 
A a c 
A a c 
ft a c 
A a c 
A a c A a c A a c 
A a c 
A a « A a c 
A a c 
A a c A tt £ 
A a C 
A n C 
A m C 
A A C 
A a C 
A a c 
A • G 
A a G 
A a c 
A a c 
A a C 
A a c 
A a c 
A a C 

t M*CN**.tK2E-3»l*Mlf/IDEH-DIA>01fc*SQIITIT0> • > > > 

i r l«MfcCH.GT,«.?*4bl CO ID 3»ft 
• \ rnuc 

if ircfiAD.i.i.e.«> Ga 10 a t * 
* \ TRUE 

»_ \ / 
• FALSE > 
I / / 

/ untie (s.iaaiKt.Ri.M.ee.MiiuD.MUicri. 1 
/ . . . . . . . . • t n^W^!!!?"AS**l 

I 31*1 I / ' '••• ••/ 
/ M N U E ie.aaoiKA.Ki.ua.OP.MWILCH.PP.DEN i 

/ I 
I 
|—|.?|:.:sr%!^.;Si:i:»i:»i:4T| 

t OO IO 3 4 0 * « - • * — -
\ / 

o«,--__ . — . . _ _ _ — . . . 
1 330) I 

t ivPE»CMIP< I .HM t 
• • » . . • . . . . . . . • • . . .1 

I 
t 

1 1 CAH iuupopj iirPt ! oAJ J" J 
I - 1 - • I . I 

I 

i* ' P ^ « P £ - U £ * ' * J 

http://ie.aaoiKA.Ki.ua


c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c ft C 
c 
c 
c 

CALL OINCALIDEW.PP.IG) 

i i a M C H - a . i « 3 t - a > i n o T y i c E N > D t * > D U > » i t i i i a t i 

IF I M U C H . Q 1 . D . 7 7 4 5 ) CO TD 3 E » 

* i " F A L S E 
1 
1 

y \ 
t co to ato _ i — -

•V Taut 

I » • ] 

I SSOl 
/ • • • • • • • 

WHITE <a,JGOrMA.Kl ,H3 

act* FOHMAIIIS. ' L».la.ltt.la.* -
.ia.raa.*rLOw is CHOMCD IM THIS 
LINE S IEC1IOH FOR THIS FL<M 
BACC AhO OIAUEIC* ' I 

I [ HIGH PRESSURE HELIUM MCOvCAV 1 
I (SVSIEU LING ANALYSIS ] 

PJ>-J>COMP i 

1 
1 

1 I CALL DENCALtDEJi Pr- T G I i l 

1 
t 

I MIJkCH-Q 
t I 

1G3E- a*MU01/ (0EN*Dl i • l > U » S 0 R t t t O ) • 
i 



A • 
A • 
A • 
Jl • 
A m 
ft to 
A • A • 
A • A • 
A • 
A • A • 
A • A • c — 
A • c 
A to c 
A • c 
A • c 
A • c 
A • c 
A • c 
A • c 
A • c 
A s c 
A • c 
A B c 
A • c 
A • c 
A • c 
A * * A • c 
A to c 
A • c 
A • C o 
A • c h A • c " 
A « c 3 
A • c 
A • c 
A • c 
A • c 
A • c 
A » c 
A • c 
A • c 
A to c 
A * c 
A to c 
A a c 
A H c 
A * c 
A H c 
A • c 

• c 

• to c 
A • c 
A • c 
A H c 
A to c 
A • c 
A • c 
A to c 
A • c 
A • c 
A • c 

MRITC t«,3»Q|MIACH*FP.D€N 

1 1 2>D ro*MAI| / , / ,T4.*HlGH 
I (PHESSUHE I I N C M M L v a t * 1 . / , 
t • ! CWMI I IU I I [ • « ! > ' , T » » 
I l i i s . i D . i . m . i r . i l 
I 
I 

— . - - ftt DO 3SO Kll.l NUiMtil 

I H1*KB»30 

I •LD«IRLIH*t/DIAI»(3i;0*nNIHBII4HLD|MPV 

IF IXIO.GI.0.0) CO IO 1M 
i'riisc 
I • 

tVPE*CDUP43,KB| 

• > \ 1IIUE 

>—.—. 
.../ 

CALL COMPDPfTVf'E.OM 

i 

,l..???l ! 
<C IF tttLOlHBI.GI.O.DI GO It* 3QO 

\ * ... 
I FALSE 

»\ TRUE 

I t CALL 0P4*Nf (OP.F.^tO.PP .HMACH^ORAO. 1 I 
t I OlA) | | 
I . ! * » . , . , « M < , . , M , . , „ . M I , I . I 

GO ID 310 



I • C 
t • C 
1 • C 
t • c 
I • C 
I • C 
I • C 
I • C 
I • C 
i • C 
k • C 
k • C 
k • C 
i B C 
I B C 
I • C 
I • C 
I B C 
k • C k a c 
k • c 
k B C 
k B C 
k • C 
k • C 
k • C 
k B C 
k B C I a c i • c k a c I B C k B C t B C k a C 
k a c k a c h a c 

i « C > • c 
f a c . • c . B C . B C 
i • C 
I • C i a c i a c i a c t a c > a c > a c , 0 C > a c . a c 
. B C 
i B C > a c 
> B C 
i a c > a c > a c > s c 
i B C 

t l CALL DFVALV4DP*F»XLD.PP.M-DOttOEN.OlA» I t 
I t PGRAOI 1 I 
t.t ...»,(.» 

t 
| 31*1 

If IDP.LT.O.Ol GO TO 3Bft 
"* i"*AL.s£ 

"\ TUUE >--—— 

( 33D| 
PPapP-pP 

I 
* C A L L * O E ^ A M D E N ! P P ! T G ) * 

CH«a.1C3E-a*MOOY./(OEN«DlA«DlA«SOItTtka) I 

IF «ftMACll.aT.«.7T45> CD TO 3IB 
"l FALSE 

IF (PGRAD.Lf ,0.Q1 GO IO 34 Q 
***" *'"t"FALse 

'\ TRU£ 
> - — — - • 

*\ TRUE 

i WRITE 16*330)118,Kl .K2»DP .PGRAO.HUACf., / 
/ PP.OEH / 

J / t 
1—-I 330 FOHHAI4I5.«H',13.111.13.' -1 
I [ .I3.r33.F9.4.T3B,.Fi3.4.r«0.F?.5, t 
I [T75.Ft t».4.1*3.FT.31 \ 

/ • ' * » * » * \ 
t GO ID 3BO t — — — — — — — -\. / 

Q.C . , , „ 
| 3AD] 1 / " / 

/ WHITE (G,3SQ)K«,Kt.K2,QH,RUACHiPP.OEN / 
/ / 

I 
I — I 350 FQUHAIITB.«H ( .13.111, 13. ' -I 
I I .]3,T».Fg,4.T60.F?.S.17a.M3.4» | 



A B C 
A B C 
* ft C 
A ft C 
A * C 
A B C 
A B C 
A B C 
A B C 
A B C 
A B C 
A B C 
A * C 
A B C 
A B C 
A B C 
A B C 
A B C 
A B C 
A B C 
A B C 
A B C 
A B C 
A U C 
A B C 
A B C 
A B C 
A B C 
A * — 
A ft 
A B 
A B 
A B 
A B 

[T92.F7 1 .3] 

CO l O 3 Q 0 

[ 3 « 1 
MHI1C 4t.370JKa.K1.Ka 

370 FOMMATtTS.*H a.13.T1I,13.• -
.O.T32.*PLOy IS CHOKED IM THIS 
LINE S tfCTlOH torn THIS FLOW 
MATE AHO OlAMCKEM 1) 

GO TO 390 

t J") 

-„-.-_.._ I CONTINUE 
l " " 

http://4t.370JKa.K1.Ka


FLCMCIIJKRTED BV FOR FLO SXR.OB/ ON 0 4 APR 7B AT aa iQOtaf 

SUBROUTINE H2MAIN 
v y 

i 
i 

' c o w w / c t o M / i L E N i c i i o o j " z i N i e i i o i j i i o u i i * * 
• . 1 0 0 1 . 0 N E I I 6 . 1 U Q > 
CQUUON/GCDM/EFFIBr I O O i . l * P E I £ . 1001 . INOUJj 
« . lCOJ.dMAX(6) 
G a w K H 4 / c E a H / o o i « . i o o i , o i ( e . i o o i . Q 3 i a . t o o i 

3 £ 

.1 1 — INPUT LIQUID NITROGEN 1 
I [CONFIGURXTIOH GCOMETRY 1 
I 
I f .i* REFERS TO LINE NUMBER ] 
I t "J* REFERS fO LINc 5CC1ION j 
I (NUMBER ] 
1 
I [ XLENI1.J1 — GEOMETRICAL LINE 1 
1 15ECTIOM LENGTH (ME |£R ) j 
I [ ZINIt.J) INLET IIElCm I METER] 
I I ZOUtll.ai — EXIT IIEIC*1T {METER] 

I EFFIt.JJ — EFFECTIVE L/D RATIO] 
[FDR BENOS.VALVES.TEES.ET 
t QOll.tJl HEAT RAIE TERM 
L OHI.Jt HEAT RATE TERM 
C Q»ll.kl> — HEAT RAIE TERM 

LINE I LN3 STORAGE TANK TO 
VALVE BOX IHLCt 
LINE 3 VALVE BOX fa OEWAH 

SHIELDS AMO RElURN 
LINE 3 vALvC BOM TO INIERNAL 

CRVOPANELS AND ACTuilM 
LINE 4 VALVE Bait 10 UPPER 

EXTERNAL CftVOPANELS AND RlIURN 
LINE S VALVE SOX TO LOWED 

EXTERNAL CHVOPANELS PLUS BEAM 
LINE 
MODULE SHIELDS AND RETURN 
LINE e — VALVE BOX EXIT TO 

ATMOSPHERE VENf NEAR S10RAGE 
TANK 

I 0 0 110 1 - 1 . 6 t 

1 
1 

• READ ( S . 1 3 0 ) L | N £ J 

http://�.1001.0NEII6.1UQ


A • 
A • 
A * • -* • 
A • 
A • 
A • 
A * 
A * 

I 
- — — > » * DO ioo j - i . i o b * 

i , . . . * * . , . . . » , . t 
i 

/ • • » • • • * ' / 
/ READ 1 5 . t 2 0 1 A l . A 2 , A 3 . A 4 , A & , A B . A T . A a , A f t / / / 

I 
[ 

/ . . . » i . . . 4 . . . . . . . ^ t R u E 

* IF < * I , L T . O . O J ca ro n o »——— \ / 
1 FALSE 
1 
1 

I * X L E . H i l i d l - M I 
I 2 I N I L J l ' A a t 
1 Z O U T I l . J ) - A 3 t 
t E F F I I . J 1 - A 4 I 
1 HOIl.dt-Aft I 
: Q f ( l . J l - A * i 
1 Q2 I I *J»>AT 1 
t r V P E I I , d ] a A « t 
I 1 H U U I | ( J ] « A 9 t 

100) I 

120 F Q O y A T I T F I O . a . a F S . I I 
t 3 0 FORMAT M S I 

I I DEFINE INPUT PARAMETERS] 

I [ UNITS! rLOV»FLOWIMETER*«a/SEC> I 
1 I CSinR B psTORlHT/H£TEf l * -2 ] 1 
I | D E F I N I T I O N * RNLAVR I S IHE ] 
I INUM3ER. OF LAYERS OF TlSSUGLAQ/ 1 
1 IDAU 1 
I 1 USED ON IHE INSULATED CRTOGEN ] 
I UlriES 1 
I 1 U L N H , MLN1«, H L N I 7 , AMO WLH*9 1 
1 1 REPRESENT FLOW LOSSES > 
I | [ I N KC/SV TO THE OPEN LOOP ] 
• ISVS.TEUS IHCURRE ] 
I 
I 1 QUAL ] 5 THE INLET CRVQCEN MASS I 
I I VAPOR FRACTION 1 
I i AS MEASURED AT THE STORAGE TAMXJ 

READ (5. I40JPS10R.QUAL 



H I 

/ i 
1 
I — i t4.o »uttwhc4Fto.a,jtjo.«i 
l * 
I /•• * * " *••'/ 

4 HEAD t & » l » l R N t A Y f l . T * i a t / / ** / 
I 
I 1 ISO FCMMAfOFIO.31 
I 
I 

S" t-M*ii i i i 
i p . p s i o n t 
> t 

1 
I 

t t cALL*MaPRap(r>Iik* "* t i 
i - 1 1 .1 

i 
i 

t ic6iD>r t 
t C O N b L t - & . 3 2 » E - l O « H H 0 1 * T C o U k ) - l 3 . C » 4 E - t 3 * • 
t 4 1 l M > f * * 3 - 1 C a t O + * 3 l / I T H 0 1 - T C O L O ) l * t t . » 
* 4 « 4 I C ' > C * 4 I H O r * * 4 . « 7 - f C O l . D r * 4 . * 7 l / < r M O r - t 
1 ICQLOtl t 
1 - , , , % . . . . , • I 

I 
I / * / 

/ HEAD | 5 . l 6 D | U L N I 4 , U L N « a „ U L K 1 7 . H i M I » / / / 
1-—•£ IAD f O H U A l M M f t . 7 1 
t 

-J 

t 1?Q F O n t t A l l F t f t . 7 s a F 1 0 . S l 
I * . _ . * . . . . . . . •. . • » h b . • I 

->J ' DO*369 J f - I . I O t 
t , t 

I 
I 

/ ' " * " * " " « * . . . . . . . . < • • * « . . • - , 
/ READ t £ ) . 1 7 e i f L D W . I D l A | l l . l P l . S k / / / 

I 
1 

t * V TRUE 
< I F ( F L O U . L E . 0 . 0 } GO 1 0 370 > — 

\ / 
I FALSE 
| - - - | Dt&PLAV 1HMJ1 PARA^AEICRS 
I 
I 

/ ' " * * * • • ' * / 
/ WRI1E I U . I B D I / 

/ * * - ..**./ 

. ——_o 

http://FOnttAllFtft.7saF10.Sl


l 

I 

I I 

a 
as?-: 

Si 
lf-li'3 
-Sffi? 

i 

I 

I 

»*MW 

4 4 4 4 « l 4 4 « 4 4 4 4 ^ 4 4 « « 4 < 4 « 4 « 4 U < « « 4 « 4 4 t < « < 4 4 4 4 4 4 4 4 « « 4 « 4 4 4 

CSS 



S 6 
S D 
S 0 5 a 
S 5 
* O 
« O « a c e c a c a c a s o c a 
B a s a s a s a i a s a s a s a * a 

t a t a t a c a c a s a c a s a s a s a * a * a * a s a t a c a c a c a 5 a « a 
* a 

M / l O O Z M r ' I l N I ? ' (P* l tN3lK , P<<IBC , <M 3 1 I H * / » / / 
H | 
H | 
M •. • 1 
H I t r ' I I O 0 - 1 f " l U 3 N 0 i 
H »• • ' 
H 1 IDCC I 

O— . — » « . . — . . . . _ _ . . . . - . . ~ - .. vo 
p M 
P H 
P H / \ 
f> O — - » - _ . — — — t OSE OI 0!> I P \ ,, / P I P I P / / P / CP'I IHNB'IF' I IJi l ' Ir ' l / 
p /inorMr'UMiz" ir*i iHaivrfoccei aiian / 
p / / 
p i 
p I 
p i ' p r tjAviNtf/tonoai-ioHj >MP*IICO i 
P > » I P , I l l O » t l B N O D » 9 3 I D C ' l « I P , l lOf t - IP ' t > l3Ma I 

3 N M a i31H5 — • 3JA1 3 N I 1 t 1 
H»ivira , i . — ft W A I 3NIT i i 

D t f l l l l J 13NOAV* V S4A1 3N1-T j I 
3A1VA C 3<*Ai 3 N I 1 I | 
P»n013 C 3dAl 3N|T j | 

3M1T N33DAH3 I 3<*A1 3 N I 1 f | 
I 

3S1VJ I / \ 
< OEE ot oa IO-B 'OJ* IP* I ) IJA I> *r » 

i n s i > i * i . . / 
I 

3S1V3 I / • \ 
. < OKC O l 0 0 ( 0 ' » - 6 J - ( P - t l 3 d A l l 31 > 

3f in i \ . . / 
I 
t 

3S1»3 I 

/ \ 
< D S E U DO I O ' C ' 0 3 ' I P * I » 3 H A » f J | ? 

3 n t f l \ ) . . . . , , . , . . » M H i M X M . K l l l l M l l l t / 
I 
1 

351V3 I / \ 
< 096 O i OO ( O - e ' 0 3 - ( P ' l > 3 d A L I 31 > 

3nUl \ I I I / 
I 
I 

3S1»J | 

/ * \ 
— — < OZB O l OO l O ' l ' D S M P ' T I S d A l l J | > 

3m*i \ / 

6 V 
fl V 
fl ¥ 

fl ¥ 
fl V 
II V 
fl Y 
fl V 
fl V 
fl V a v 
• V 
B V 
• V 

fl v 
9 V 
a v 
fl V 
• V 
• V 
• V • » 
• V 
• V 
• V 
• V 

• ¥ 
• V 
• V a v 

• V a i 
m * • * • * • v • v • v • v • v 
• ¥ 
• ¥ 
• ¥ 
• ¥ 
• ¥ 
• ¥ 
• ¥ 



r" 09C a i era i \ ,../ 
I 
t / / 

/ IP-IU3N0' I F ' I I K I ' l r ' l / 
/ i n o t f c l r * i i H i r * i r * i i N 3 i K T [ D t c ' 9 l 3 i t i r « / / / 

l p ; i ' o o « i r ' t l l a n o 

| Ions 1 

/ / 
/ t r ' l I 1 3 H O * I P * ' ) 3 4 3 ' | p ' t / 

/ i n c * , c r ' i i N i z M r , i » w a " « T i < j o E " 9 > a i m * / 
r , . , I 

lose I 

/ '/ 
/ l r * l > j s H < > , ( r * l > i * a - | r ' i / 

/ i n Q 2 ' ' r ' l t N l z * < r * l l N a l x ' r i o O E ' ' M s t u n / 

• l r ' l M C « l l 4 O 1 0 3 1 I 

: :}£iii!:{3i?2?S§T;?;;Sir;:.?^:;::.;!Sli; 

/ * \ 
I 06C Ol DO I \«..» «. , . / 

i 
i / 

< f - * I U 3 H O M I " 1 l - l - l B M r M f 

O V 
« V « * 
« V 
a ¥ 
a v 
a v 
a v 
a v 
9 V 
a v 
a v 
0 V 
* V 
a v 
S V 
a v 
a v 
a v 
a v 
• V 
a v 
• v 
a ¥ 
a ¥ 
a ¥ 
a ¥ 
a ¥ 
a ¥ 
a ¥ 
• ¥ 
a ¥ 
a ¥ 
a v 
a v 
a ¥ 
a « 
a ¥ 
a ¥ 
a ¥ 
a ¥ 
a ¥ 
a ¥ 
a ¥ 
a ¥ 
a ¥ 
a ¥ 
a ¥ 
a ¥ 
a v 
a v 
a ¥ 
a ¥ 
a ¥ 
• ¥ 
a ¥ 
a ¥ 
a Y 

§ 



A a * a 
A B 
A • 
A • 
A a 
A * 
A • 
A a 
A a 
A a 
A a 
A a 
A a 
A a 
A a 
A a 
A a 
A a 
A a 
A a 
A a 
A a 
A a 
A a 
A a 
A a 
A a 
A a 
A a 
A a 
A a 
A a 
A a 
A B 
A a 
A a 
A a 
A B 
A a 
A B 
A a 
A B 
A B 
A a 

I O H E I I I . J I - O D [ l . J I * l l . 3 E I C G * C O M U L l * > D I A r j >• 
* XLCmt .d t«<1HOr - ICOLOI /RNLAVRl«OIM. iJ I 

/ WKIIC ( 0 * 3 3 0 1 J .KlCNI l . t l J . Z I N I I . J t . Z O U r / 
V l . d l . E F F I I . J I . Q N E I I I . J ) / 

GO TQ 330 

- f 300 F O A M A T I [ 3 r T 7 . F 7 . a . T l S , r a . 2 , 
| T 2 4 * F e . 3 » T 3 S . F B . . 1 . T 4 l . F a . a . T f t O ' 

I 390 390 FOAMAT113 ,T7 .F7>3 .T IB .Fa .a 

iT a 4 . F a . a . 1 3 3 . F S > 1 . T 4 1 . F a . a . T B 3 . 
I t M 

30ft F0AUAT4 t 3 . T 7 . r 7 - 2 . T l « , r a . a , 
r 3 4 . F H . a . T 3 2 . F * . 1 b T 4 1 . F B . a . T T 3 , a 

* • I 
s io FOAUATt13.17.F7.a»Tia.ra»a, 

T24*F<i.a..T32.Fa.i,,T4i.Fa.a.T6«. i 

[ 32tt FORMAT! 13.T7.F7-3.T1S.F0.2. 
i r a 4 . F f t . a . T 3 a . F s . i v i 4 i . F a . a . t « f t . ' 

D< • 
I 33P] I 
/ * , . . , . . . . . . . • y 

/ WHITE ( 6 . 3 4 0 1 1 / / - / 
1 ( 340 FORMAT I I M I . 1 3 3 . 'kINE 1 
J [DESCRIPTION tOH LINE NUMBER'.13.1 
1 [ . / . / . T 3 . * L I N t E ' . I I D . ' I M L E I ' . 1 2 6 ) 
1 ( ' 1 * 1 1 ' .132 . 'EFFECTIVE H E A T * . I A S . ) 
1 1 - l l N E T Y P E - * . 2 / . » SECT IOH ) 
I | ICNOIH HEIGHT HEIGHT ' . ? S S . * I / O ' . 1 
1 J l 4 3 . ' R A T E * . T A O . * L l M £ 3 ELBOrt ) 
I IVALVt BAYONET - T - ' . f , . ' NUUBER I 1 
I |UE1ER> (METER) I M E I E R l ' . T 4 4 1 . M l 
I ( W A I T S I ' . / . / I ] 

IF«.AG-O 

• • • • • • \ 
GO TO aao i / 

I 330 | 

- - - - - - — Q 

o 
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nowCHApr to BV r o n r i o / X B O B / on OA APR 79 A T 2 2 ; Q O S 4 O 

\ SUBROUTINE LHSYSTtDtA.FlflN.PSTOR. 
V QUAD \ -

t COUUON/fiCOU/JtLEMtA. IDS) , C l t t lG , I O O I . Z O U 1 | 
t « . l O O ) . 4 H C I t S . t O O ) 
t cauuoHj 'aeou/£FF<e. ioo>.r i rpEie, iooft ,TJ4UH( 
t B . I O 0 ) . j M A X t G ) 
t C0UUON/CtDU/Q4 |6 .1001 .O l (S . IOO>.Q2(B ,10D) 
t 
t C0MUOM/Ctr.«l/WL05Tr'>H"I 
t COkUUN/PROP/Bt .B2 ,B3 ,B4 ,BS.B6 
I COUUON/CALC/yDOl .'JUALI .QUAL2,DIAM,P t T 
I COMMON/CALC/REV[l,FRlCt, VAPbf EL , VAPMCH, 
I DCNS 
t COMMON/CALC/TQUAL 
I DIMENSION DIA|G> 
t DIMENSION WF*.OM4*Ot,I" ,CMIT1 I 0 J , O C X I T ( S | 
t OIUCNSIOH X O O . S f , * t ( 2 , 3 » , 112(2, B) , 1 3 ( 3 . * 1 
i . X ^ O . B ) 
1 DIMENSION V ( 3 , S I . K V ( 2 . S » . X X V ( 3 * B ] 
t OlMiH&tOH < < 2 . 3 , S ) . C C I 3 , 5 ) 
t DIMENSION TOAS(&|,TOUT(S| 
t O1MENSJOH MMAMI5I 
% DIMENSION f l A a ( 2 . a i 

I r ANALYSIS ROUTINE FOR LINES 
1 IAHO 6 

WRITE 16,100(1 

100 F O R W A T ( 1 H t . T 3 0 . ' A N A L V S I S OF | 
LIME NUMBER 1,ia. j , / .• INDEX OIAMJ 
bDO I T - L WDOT-V QUALIFY TEMP | 
PRESSURE PR CRAO FJtICTlON RET 3N1 
VAPOR VEL VAPDR MAC" D E N S I T Y * . / , j 
T U . ' f M l ' . T H . ' I K O / S ) IHC /S 3 ) ' . 1 
139 . * IK> ' . T4B. *(KPA) ' , F59 . 1 < K M / ) 
M l * . T 6 3 , ' F A C f O R * , T 7 U , ' N U M B E R ' . T \ 
4 9 0 . ' < M / S > * »T100, 'NUMBER 1 ,T1 t1 .»J 
K G / M - 3 ) * j / } | 



C A l l H2PflOPfP,T» 

uLi>ea 
RHOUI-D3 
RHOLI-B4 

HVI-B5 
OEMS-AHOll 

i Vf VAPOR VISCC51TV KG/M-SEC 1 
VL — LIQUID VISCOSITY HO/U-SEC) 

RHOV — VAPOR DEHStTV K«/M- »3 ] 
RHQL — LIOUIQ DENSITY HQ/M**3 ] 
IIV — HT OF VAPOAIZATiCW J/MQ 1 
PH — CHANGE I N SAT L IQUID J 

ENTHALPY WITH PRESSURE ] 

I 3 
woor-Fiow HHOII 

I n o ] t 
^['<DTL-( J .0-QUAL.i]*HQnT* 

WDD1V*0UALI"WDQT 
D I A H * D I A 1 i | 

REVN-4.0<WD0T/4 3.1415U>DIAWi>tfL11 
Pitici«o.cdaeo>-o.&oo>tRevri-*t-o.3a>k 

V*PV£L-WDOTV/tMOV l 
VAPUCH*VAPwCL/|2D.414>SgHrrT|I 

PKPA*P/ |0Q0,0 

/*• ' ""' / 
/ WRITE ( 6 . l201DIAU,UD0TL,bDnTV»QUALt,1 * / 

/ PKPA.FR1CT .REirN.VAPVEL.tfAPMCM.OENS / 

* / 
I 
I [ 120 FDnUAl<15 .^7 .4 , T I 3 . F 7 . 4 . 1 3 1 ] 
I L > 7 . 4 . F 3 0 , F e . 4 , T 3 7 , F U . . 3 , T . 4 B , l r i a . f i ] 
I LTOU.F i a . S , 1 7 7 . F i a . l . T B B , F 9 . « . ] 
I [ T 9 a , F 7 . 4 . T 1 0 9 , F l l . 6 ) ] 

oo tea J > I . J H A X ( I ) 
A 1 - X L E H I I , J | 
A? -Z fH | 1 ,t>> 
A3 -Z0U I I 1,JJ 
A 4 - E T f ( 1 . J > 
A6»CN£U l , J > 
AG*TVP£LI .J ) 
A..oT!UiM( I . J ) 



t J CALL DPCALIDP.T3.A1.A2»A3,A4.AB,A«. 
t t A?| 
t . t 

I F (XLCNI I T J > - E 0 , O - 0 1 fiO fO ISO 

PGRAp>DP/| | O D 0 . » * * L E * l t , * ! ) } 

pftp-DP .... 
IF (P.LT.101326-0) GQ Irt fifO 

1 rrtLSE 

WDOlL=l 1 .D~aUAL2)<wD<7T 
WpOTV*-QUAL2"W[>or 

PKpA-P/tOOO.Q 

/' / 
/ WRITE <G, lS0) t j .D |AM,H001 L.WDO'Y.QUALa. / 

/ T2,PKf>A,P'>RA0.FRlCf . P £ * N . V A P V F L . VAPUCH, / 
/ DENS / 

/ - / f 
1 ISO FUf)UAT< H . r i . F 7 . 4 . 1 I 3 . F 7 . 4 . 1 

T i l . F 7 . 4 . r a 0 . F G . 4 . r 3 7 . F O . a . T - 4 f i , 1 
JF10 .S*15 t 7 . F t O . S . i e a . F H . a . T 7 T . 1 
IF 10. 1 . I B I . F » . 4 . 1 S 9 . F 7 . 4 . M C 9 . f 11 1 
IB) 1 



VL1*Q2 
RH0VI-B3 
ttitOLt-B* 

1 DMlt-BG t 

I 1001 
1 
1 

t T-ia i 

- I ANALYSIS ROUTINE TO dCTCRMINE ] 
( FLOW RAT Eft IH EACH OF 1 

1HE PARALLEL LINES 3 . 3 . 4 AND ft J 

yFLOWtI1-W0OI 
Q E X l i m > O U A L I 

/ ' " ' * ' \ i HUE 
< IF ( 1 L E Q . I I ) GO 1 0 BIO > — « . - - _ 

W * . w * . t * / 
1 FALSE 

oa iro Kr-r . 

OO 1 7 a I O - 3 . 5 

FLAG|K I ,K2 ) -0 .Q 
X O l K I . K 2 I - 0 . 0 
X M K 1 . K 3 I - 0 . 0 
X a i K I . K 7 I - 0 . 0 
X3 IK I . K 2 K O . 0 
X 4 1 K 1 . K 3 I - 0 . 0 

V ( K | . K 3 I - 0 . 0 
X V ( H 1 . H 3 l - 0 , 0 

XKV1KI .K2) -O .0 

*>VALlN-P 
TUBNCH>T 

QUALlN'UUALl 
WDOT m-WDOr-HLDST 

W1OT*WP0tIN 
ufLOW[a)-HOOT|N 
WFlDWf3J»WOOT|N 
MflOWM>"WDOT|H 
WFLDU<a»rNUOtIH 
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H M A K j a i ^ O Q I I N 
HMAX<3l*WOaTIU 
MMAX<4)-MDOfIK 
MMAXISI-WDaflN 

jcauNT>a 

DO 3J0 I - a , 5 

D lAM«DtAt1 | 
HDOr-WFLOJII1 

QlMLI-OUALIH 
•-PvALtN 
T - I D R H C H 

I t90| 

a : 3 

DD 340 J . l . t M M X I I I 
A l ' M L E M d . J ) 
A 2 - Z I M I 1 . J I 
J U - Z O U M I . J 1 
A A - E F F I I . J I 
A.5-QHEMI .J1 
A 6 T V P E C I . J ) 
A?>r»uM< 1 .01 

I F I A S . N E . 5 . 0 1 CO TO 300 
1 \ TRUE > 

WDOT-MDOT/INUHf|.J) 

1 1 CALL OPCALCDP.12.A1 . A3,A3.A*'.AS,Ae. t t 
I I A?) I t 
:.! 1.1 

IF IMLEMiI.J>.EO.O.O] GO TO 210 
i ' ' F A L S E 

• \ TRUE 

> 
.1 

PGRAD-OP/M0a0.4-KLEN< I . J l I 

a s 
« * » * 
« s 
o » 
a s 
Q » 
a s 
a s 
o * 
« s 
a s 
o s 
o s 
o s 
o s 
o s 
» s 
a X 
a s 
o s 
a a 
a J 
a s 
o « 
o s 
a s 
o s 
o s 
o s 
a s 
o s 
a s 
Q * » * 
q 5 
o j 
9 J 
9 * 
0 * 



oic ox oy ( o ' o ' i - i - u u i v a d a ) J I 

( I Ino-l jN-CSMIHQ-WH 
1 - d l l f l O J 

"wn{HMi>s*oi 
zivnti-ci i i ivgo 

d - N I 1 V A d > < l l i l H 3 d a 
e i « l 

late 1 

ga>iHa 

frg*l~1DHH 

IB- l / l f t 
E inno-nwf l f t 

loaN«Ei¥ne>>Ataan 
l o a n * C E i v n b - o * i > o i o a * 

[OCE t 

061 Ol OD 

i"" 
o 
0 
D 
0 e e e o 
0 
0 
o 
t> 
t> 
b 
o « 
0 o o e 

i r 

HJHtHX- l 

Niivno*t~ivrta-
1 Don* 41 I f t o u n 

( i i vvwMoa ' o * i o o n 

?5J«„] 
ace o i OQ (o-secioi* ia*4 i J I 

^a-d-d 

i 9'«*avH?d 

face ] 

[aie I 

/ \ 
t. 02C O l DO : 



i Ki*clEK*f I ' O E X - I I ' E I G V H 1 ' c t t y J - E i a a i 
i. ( ( i *e )Ex* t i ' z )ex- ( i 'e i t *K*( i 'c ) iK>-a i3a i 

tO£S I 

DEC O l DD 

I 

0* l + CI'e>1»l**Cl*e>DV1J I 
t ( i ' e > A » c i ' c i E x - c i ' t } A v » c r c ) u » . i r c i ) 3 t 

[o?e 1 

PEC O l DD 

l l > M 0 1 j M ^ m i l X 3 d O > t I * C ' C } 3 
0 " Q ° I I ' I ' C > 3 

f l | f S n j n « C l l l f f f 3 d a H l * C ) A K M I ' C t M ( 
M > U K 3 d a M I ' C ) A * f I ' C l A 

( * •+<! insrumMi'slMc-t i -e lMe 
(C*M 1 iPUUKl + H '€)t:K«1l'CtGX 
(e *+U iffOUM)-»(i°£lcie-f I 'c lcx 

( i ) n o i i i * ( r c ) i i ' U ' e ) i Y 
o* i + (i*eiav«<i'e-|oir 

4 
3S1WJ I 

0 « OX CK> < O ' « * 0 J - ( l l 4 . l l ( a a l J I 



I H t 3 
• C(2i1 , I |>(YI2.1)«DEf1-XY(2.Ll*OET2+XKV12. 
t l|*DEI31/DENOM 
t O E f W C X 1 | 2 , l > * X 4 | 2 , l ) - X 2 | 2 , I ) + K3(2. I>> 
t D£f2-I*0l2. t t«*41?. ll-XaiS,. I>»*312i1 >> t oera-txois.i i**a<a.n-*i (a, n»xa<a. i|» 
t CI a.a. I l*4-*0,*>«ECI**KV(2 r I »-DCia-MHlf( 
t 3.1 )<DE)3)/DEMCMI 
i ocr i>(x i |2 . i ]»x3ia . i ) -x3(a. i i *xa«a, in 
t DE12*IX0t2.Il«N3[2,I)*X2|2 rll>Xl(2.l)» 
t PC*3*(X0(£.I |»X2(2,|)~X1|2,1)«K1<2, l)» 
I C0.3, l | - (Y4 2.l)*DCn-X<r<3.ll*DEt2»J(K'r424 
t l)*OET3)/CEHOM 
i F ixua. i i - fLAOia.n + i .o 

t 2*30] 

XII I t l l -KKl, l l tWFLOHtl l 
HSU , l)-X2l1»llt(NFLOt<lll«*2l 
X3(1 . I t»Xai1,D+CHFLOWt]>**3) 

vi»,n»vn .I>+D»EKJMM 
X V ( 1 . I ) - X T | 1 . | l » 4 0 ' C X I f 4 l ) « u F I . O H t l k l 

IF {FLAGf I ,1 ) -1 ,0> 250,300.3110 

C l r . l . t j - O . O 
C<i r 2,lt-OPEK1C<1)/HFLOHH1 

C « l . 3 . 1 ) - 0 . 0 
F L A G ( 1 , 1 } - F L A G ( I r I | * | . 0 

GO TO 330 

t 300) 
t C<1 . t , l >>0 -0 
t PCNQM-X1I 1 . I l - X 3 { I , J1-X2M . 1 ) * X 2 ( 1 . 1 ) 
I C l l . 2 , I ) . < Y ( l . | ) . X 3 ( t . l I - M 2 | 1 , I ) » M V < 1 , I ) ) 

1 C J t . 3 . 1 | * t X » : i . l ) * X y O . M - X 2 < 1 . f ) - V ( 1 , U ) 
1 /DENOH 
1 FLAGU. ll-FLAat 1 .11 + 1 . 0 

i 



S ft s b 
S 0 
S 0 
S 0 
S 0 
ft 0 
S 0 
» o 
ft 0 
ft ft 
ft ft 
ft ft 
s ft 
ft ft 
* a 
ft ft 
ft a 
ft 6 
£ 6 
ft b 
ft ft 
4 b 
s b 
s ft 

/ \ 
< 1 l O l K ' S N - l i O I « m > 

3S1VJ \ H i i i i i m M i / 
I 
I 

I * * * * * " I 
t I 

t < » u n r a t i a - H C ) i t v 3 d a * f £ ) i i v 3 d a t * s c ' 0 - O A v d < i t 
t 0-OViP t 

M M D Q n M l l X V K * 

D ' 0 - [ | * l t f > A k X 

0'0»C1*IJ*)AK 
D * D * < I " l W > A 

0'D*Cl* IM>frY 
0 ' 0 ' t l ' l M J C K 
O O M I ' I N M I 
0 * 0 " < 1 ' I M l Q * 

C ' t M M OZC 0 0 

[OCG I 
• V 
• V 
• V 
B V 
a v 
• V 
a v 
• V 
• V 
ft V 
a v 
• v 
ft V 
• V 
ft V 

OGS at oo <o*t*io-iiiviai JI 

s 
ft O — -
fi b 

3 W I 1 N 0 3 

ft „ _ ccc m oo 



• K K * m M n n * * n * m * n M * * n n n n u K K K N K « M « H < n « * * M M K • u K • tc K • K * * • • n < « tf v x « * M K * 4 * * 

3OOOO«994»99O>ff99«9OO9O»999OO9OO9OOOOaOOOO0A93OOO4999OOOOQ99OO9OO 
oiiftiiiiiiiitii» otnsi 
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ft H 
ft H 

a N 
6 N 
ft H 
O M 
0 N 

» f t 
t> W 
0 M 
0 M 
B N 
o N 
n N 
n H 

n N 
0 M 

o H 
ft M 
ft H 
ft H 

o * 0 W 
0 H 
0 t t 

n H 
a H 

a H 
a H 

a H 

a H 

a H 

n <N 
a H 

a H 

a N 

n H 

a H 

a H 
a n H 
a H 

I I 
351VJ I / * \ 

< ©6C oi on ro-o*3i*ISI'e»3Di JI > 
a n m \«,.,, , .,, t, t,,.,,,,./ 1 I08C ] 

-I 00b- 01 03 \ 
I 
I 

CD'0'3t*100HK) Jr 

< 
3HH1 \. 

???T?..! 
OBC Ol DO (0'0*03"<41*C)33) JI 

I 3 

c 
3HH1 \. 

OBC Ol OS (O'O'llM llllWlda) Jl 

s'e-91 oaf oa 

0'0-IVlUld 
o*oooc>4i3a 



WFLOM{ia)*0.Q 

kiTOT>urOT+MFLOU(|5> 

/ • * " • * ' * ' • • • * * * » - \ I RUE 
< I F (MWDOriN*WTOT| /HDaf lH»*«2.LT« I .OE- f t l > - — 
< CO TO 43D > \ -.-/ 

I FAL5E 

i I 
I F CWtOT.Lr.MDOlINt OQ TO 430 

i * " FAL.SE 

PTf l lAL-PTAIAL-OELP 
DELP-DELP/ ie-O 

PTRIAL-PTRIAL4DELP-

IF I D E L P . G 1 . 0 . 0 0 0 0 1 k CO TQ 37O 

* " i "FALSE 

' \ TRUE 

• \ IRUE 

O j 

WRITE I0.4ID} 

I f 41Q FOHMAf<,/<f3Di'UELF LESS ] H J 
1 (THAN I.OE-Q'l j H J 
1 H J 
I H J 

/' * *•' " ' *\ it il 
X CO tO 430 I — — — — — — . - . - • — — — V 
\. .. / M J 

H J 
« J 

a< — — — — — — . _ — — — . — — — — — o j 
I "30| | J 

J 
PfAl Ai.*PrniAL>OELP t -> 
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/ ' • • • l 

: CO I D 370 \... 
( 4301 1 

oo'x&o'isois' 

< IP fWFLOWMSk.HE.O.OI GO TO 4 4 0 
V • — •- */ 

1 fALSE 
1 

UFLO*t lS)>1-a&*WFLO><<lS*Sk 

** i 
GO TO 4 SO 

29-UFLOw(IS1-HFLOWI1S*S| 

' V TRUE 

/ * • " " ' » . 4 . . . * ^ FALSE 
< I F 4 4 B S I Z 9 ) . 0 1 . 2 0 ) » —— \ / 

t H F L O t r | I S ) - 2 B * ( J i a S i 2 9 ) / Z 9 ) + W F L O H l l S + « l t 

/ " * ' " " " " ^ FAL3C 
< I f ( W F L O W U a i . e e . HHAXI1&I) » •— 

\ - / 
I TRUE 

/ + • • • * « « + • « • * " * * " ' i \ FALSE 
< l F ( M F L O W ( I S ) . L E . O . a ) > \ * • / 

I TRUE 

J L H 0 5 u X 
J L H a S X 

- O H a S x 
J H 4 s u X 
J H 0 * u X 
J H 0 s u X 

H 0 s u X 
H Q s u X 
H 0 s u X 
H Q s u X 
N Q s u X 
H O 3 u X 
N O * u X 
N o * u X 

-o N 9 s u X 
L H Q s u X 
L N g 3 u X 
L H Q s u X 
L N Q s u X 
L H Q s u X 
L H Q 5 u X 
L H V S u K 
L H Q * u X 
L H Q 5, u X 
L H Q 1 ' u X 
L H Q 3 u X 

J L H a ft u X 
t j L H 0 3 u X 
4 L N g 3 u X 

- O H g * u X 
J H o * 41 X 
4 H g 5 u X 
d M Q S u X 
0 N a 3 u X 
J M a 3 u A 
J N 0 3 u X 
J H a 3 u X 
d H a 3 u X 
J H a 3 u X 
J N a 3 u X 
J H 0 S u X 
J H o 3 u X 
J M Q 3 u X 
J N Q 3 u X 
J N 0 S u X 
J N Q 3 u X 
J H O 3 u X 
.1 K 0 S u X 
o - H O S u X 
J H 0 & u X 
d H o s u X 
0 H 0 s u X 
J N o s u X 
l l N o s u X 
J H o s u X 
0 N Q s u X 
0 H o s u X 
d H Q s u X 
J N Q s u X 
J H Q s u X 
u N Q s u X 
J N 9 1 u X 
J N a s u X 
J H Q s u X 
J H 9 s u X 
J N 9 s u X 
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1 W F L O l H I S ) ' D . 5 * W F L D W I l & * & > I J 
: - 1 J 

1 1 J 
o < — - — - — • — - — — — — — . . — — « « o 

[ 4 S f t ) 1 

- t C D H I t H U E " t 
! . * . . » . . I 

1 
I 

" u i 6 W > W F L C u i a t + W F L D w i a » « W F L D W M k + W f L O U l S > * i 
t J C O U M T - O C O U H I + I t 
fc t 

1 

/ * * \ T K O E 
< HF I J C O U H T ^ L E . a O ) CQ I O 1 * 0 > _ _ - _ « — _ — — - _ _ _ - . - . — » - ^ _ - « . « _ V* • • * / 

t FALSE 
t 
I 1 ANALYSIS ROUTINE FOR LINES 3 I D ] 
* I* 1 

t 4B»> I 

* l 

H f L O U ( 1 1 - M F L O H I I » S 1 
woai*wFtow<I) 

QUAL1*QUALlN 
PaPVALIH 
i«raRHCH 

HDt IC ( f i . l O Q I I 

CALL N30flOP(P.T| 

i vvt-ai 
> VL I ' f l ? 
* flHDUI«03 
1 nilQL«>B4 
* HVI^OS 
i DHi«na 
* NDOTL-41. 0 - * } u * t l | WO"! 
* WDQIViQUALl*M0ai 
* O IAM*DIA( I J 
1 HFVN«i1tO*UD01/43. 14159 01 A* « V 1 1 | » 
1 FHtCI*O.00&&0*O.5aDMREVH* ( - 0 - s a i l 4 
1 VAPVEL-MDOIV/RIIDWL 
1 VAPUCH*VAPv£L/<20,414 5QB1 l H I i 
I PWPA-PyiQOO.O 



/ W R I T E l - . l Z Q I D l A U . U D O I L . W D n i V . Q U A L t t T . / 
/ rKrA»FRICI»REVH.VAPUEL.VAPMCM.DEN£ / / ; * / 

IFLA0*O 
DO 610 J > 1 , J ^ A A l t ) 

lFL*G>|FLAO+| 
A 1 - X L E H I | , J ) 
A ? ' Z 1 H I l . J ) 
A3>ZOUT|I , .1) 
A4>CFF( I . JJ 
AS-QHEH I , J ) 
A 6 - T Y P E I I , J ) 
AT-TN4JMI I , J) 

I F ( A t . N E - S . O ) CO TO 470 

j * ' F A L S E 

• \ TRUE > ——— 

WDQT-MOOT/1NUU( | . JJ 

S i » S I CALL 0 P C A L l D P . T a . A l . A 2 , A 3 , A 4 , * » , « • . . 1 1 
I t AT) t l 
1.1 t . l 

1 
1 

/ * • • " • • • • » U I M N . I I M l M n H . l l t l . l ^ | H U 6 

< IF (XLEN4I .J) .EO.0.01 GO tO 4«« > — ' \ - / 
t FALSE 

PG1*0<OP/l100a,0-XlEH1I,Jl| 

CO ID 490 

CGnAD^.O 

I 490) 

— — — - — - o 

O 



KKXHKXXHXMHK*KKKKXKnnK*n*MnnnHrtKKttKK It KnXHHHKtKMHKKHtCKKHXMmHMMMMXMHH 

3 . J 3 3 3 3 3 3 3 3 3 3 3 3 9 3 9 9 9 9 9 9 3 9 9 3 3 3 3 3 9 9 9 9 9 9 9 9 9 9 9 9 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 ^ 3 3 3 3 

O Ifl H1A M « HI tA « l« HI« HI M O 

9909999 9999999999999 j 999999999999999999C*99999D990-999990099tf999999 

si! m 

n 

iNtrsr 

cm 



U M 3 3 d S ' D l H d S H S T1V3 

T* D — — 

03S Ol OO 

I <MMlND1Jff*iaiM'101M 
. i <HMlHO~ljn-4XH)l 1*30*1011 v a - l O t tV3 

351VJ ! 

0 > 9 O l OD CO*I-03-<WXI1IK301 

i n S*C»HM OSS DO 

0 * 0 * 1 0 1 1 X 3 
0 * « * t V 3 H 

Sfl-fHfl 
SO"IAH 

l-S" MOHU 
ee*iAOHu 

ED-I1A 
t a - i A A 

I l 'd^daUdCH T1V3 

MOOt >9) 31IHW 

ft g 

Niioan-JDon 
a - i 

sAv<ra-NHVAd>d 



(OQG*9t 311UM 

' io«" i 

att oi oo 

( S N l O ' d d ' l l N i a Z H t ) 11V3 

d-dd 
0 0 3 0 * 4 * 1 

( lM33dS*« l J OOM 1 / (na<JvAM-lV3M) * O i l K J 

f o.oa ] 

a n D I cro 

1 1 6 * 1 * 1 - 0 * 1 I-«H*0dVAM/tV3H»»01W 

3STVJ 1 

1 DO f lV3H'in-UOdVAir> J t 

0 0 1 1 * 3 - 0 " 1 l*iO>M*S*"«OdVAH 
» O l l * / l f t l . l * 3 * 1 b l l » t 3 



TOO 1UEE FOR 1HI 

WRITE CC.COOI 

« 
o 

- 600 FORMAT*/,/,T30.'OIAME 
INCREASED ra CREATED THAN 
METER - IERMI 3MA1E flUti'l 

CO TO 6 6 0 

CONTINUE 

WHITE I A . G 3 0 I 

I 1 810 F M M A T I / . / . / . i a O . ' O l S t L M I 
I (OF r i U L FLOW P A R A M E T E R S * . / . / . / ) | 
I 

00 630 UK-I .6 

[ £30] I 
/ . . . . . . p . . . / -- / WRITE (6.640|KK.WFL0W'HKI.I<K.DIA'IW1, / / KK.OEX1IIKKI / 

/ •• / 

1 - I (S4D rOAUAT|T1C ( *HFLOHl ' , 1 3 . ' 1> 
l I . F i o . 7 . ' K G / S E C * . o x . ' D I A I ' . l a . 1 

I I.-.lm i.e.- M ' . U K . - u t . x l l l - , 1 2 . ' 
1 f - ' . F B . S . / ) 

WRITE ice&oiittor.T 

I — I 6 5 0 FORMAT! / . / . 133 . 'AMBIENT 1 
I ITEAIP - ' . F R . J . I O X . ' E M T TEMP . ' . I 
I [ F 0 . 3 I j 
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IS 
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FiowCHAfUEo ev roRft-o / x e o a / O H M APR 7a AT a a i o o i o a 

\ SUBROUTINE OPCAL<OP,T3,A1 ,A3 ,43 , ,A4 , 
\ AS,AB,A7) \ * ,..,, 

tiDMH0N/PA0P/ai.B3.a3'.B4.«9<B€> 
CO^KOH/CALC/WbOr.QUAil.QUAL3.0IAM*P*T 
COMHON/CALC/HETN.FniCt.VAPVEL.VAPMCN. 

COMMOH/CAlC/1QUA L 
PFHACI>0*0 

PMP 

I F ( Q U A L I . G E . I . O ) CO I d 330 

* * * * * j * * FALSE 

*\ TRUE 
> — w _ * _ 

I 1 PHE5SUNE MOP A HO QUALITY 
I ICHANQl ANALYSIS FD* TWO-PM 

I F 4 P . L T . 1 0 1 3 3 5 . o ) a a i n 3 4 0 I F 4 P . L T . 1 0 1 3 3 5 . o ) a a i n 3 4 0 

1 FALSE 
I -
i 

t t CALL N2PRDP|P,F) t I 

1 
J 

t 
f 
t 
t 
I 
1 
t 

t 
t 
t 

ntvt i * 
Ffl lCl 

WV1-B1 
VL1*B3 

RIIOV 1*113 
HIIC1LI-D4 

MV1*BS 
Dhl1*B(j 

4 .0 *MDOT/13 . *4 tS9<DIAM»VLI> 
• O.00&a*04&*IRCVH> > C - D . 3 3 H 

BLD-CA1/0IANI+A4 
EFFL>RLQ*01AH 

< I I 

1 
1 

(EFFL.EQ.O.OJ CO TO 1 2 0 >-
1 FALSE 
1 
1 

DPlHl!-F01Cl*RLD-((14.0-WdDT>/!3.I-USA»< 

http://4p.lt
http://4p.lt


> DI*M«*a>) )»*Al /4£>fr*AMOL1> 
1 DPaLOQ»DPiF{I1/£FFL 

. 0 . 0 1 CO TO 100 

i 'FALSE 

" \ TRUE 
> - - - • — — 

oa i a i to ] . . . — . . - . . . _ 

X T 1 - M M . O - Q U A L I | / Q u A L O » * l . * k * 4 ( V L I / u V 1 » 
•>0.2)* lRIKJVl / f iHQLifc 

KLDCH-|SORTC>tl I )t*»f I , 0 / 1 . S t J 
0 I 

1 P f1 IF f t - t . 0 * f1 .T034S4 /KL0CK1t f 1 . 3 6 9 0 7 1 / ! 
J XLOCK-*2M 
t D^Dt«DPPL0D*(Prt(FR+*2) . ( ( | . 0 - Q U A L U * » 1 . a j 
1 
t DPFRIC-DPDL'EFFL 

— — — — o 
PPHEAD-9.BDB&* IA3-A? I/EHM 

DP-DPFRIC4DP11EAD 
P-Pl -DP 

IF l " . | . r . 10133&.OI GO VO 3 4 0 

I FALSE 



XXXXXKXKXX«XXXX>CiCKWKXXKKXMXXXXX«XKXKXXKXKKXX«KXXKXXMMKKK«XKXiCX«XXX 
03333333333999333 33 33333333333333333333333 
I 
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I (ooi 1 

OGl O l O S 

oos'i-nu 
OOC'O-KH 

osi a i oo 

ewns-HNns^siNiu 

I O L I 1 

3S1VJ I 

O i l OL DO <O*D3*0V1JI I J I 

I Uf lM-HH I 

I ( 0 9 1 I 
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(1MH»MU(**vzivnD)«MV*inns"inns 
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t RJNT-flINT l * 3 . 4 Q * J 9 0 B * R I N I 4 / l t l E I A * 6 , 4 3 9 9 0 8 * 
t m w i ^ / ( i t i £ i i i « - a u 4 . a a 3 e a 5 - H i H i B / ( T H E T A « * 
t 3141.S10S&4*RIM13/(TMETA*-4I 
t WFBICEFFl*OPOLOO*lllHTi'<QOA«.aA-(JU*L1 J 

» \ 
CO tO 300 5 * / 

OPFRIC-O.O 

I 300) 

/*» " , , M " , , a ' "\ 
< IF <#.LT.lAiaaS.d] GO TO ?40 > 

\ - - • . . . « / 
I FALSE 

CALL H2PROPCP.1I 

i i s * r t 
i u v 2 * a i i 
I V12-Q2 : 
t RH0V7-B3 I 
t RIIDL7-B4 I 
I «IVf*B5 t 
i bna*Bi> t 
t VEL4* (4 .0 *MDDI I / O - 141 69» ID J AM**3 I J * ( | I , t 
: O / R H O L I >«QUALt - U 1 .D/RHOVI >- I 1 .O/FttHlLt) )1 I 
I I 
I V E L 2 * 1 4 . 0 * W D Q I > / ( 3 - 1 4 l & 9 M D I A M > * 2 1 J * ( t * . t 
I 0/mi0t.;?»«qUAL2A*< ( I . 0 / N M D V 2 I - < 1 .a /RIK3La)t 1 
1 > ! 
t QUAL2- ( ID r *0H I I M O U A H H I V l I - I 9 . BOGS* I A3- I 
t A 2 M + ( A&/WD0T»-0 .S* I ( V E L 3 * t 2 1 - I V C L I » * 3 > ] > I 
t fti*3 ! 
I RE.tCIK»aU0UAL.2*~QUAL3 WQUAL2A) * 1 0 0 . 0 1 

/ * * " ' " " " ^ " " " " X TRUE 
< 19 (P£LCHa.«a. LT. I .CE-3) GO m 3 n > > 

\ , . . < • / 
1 FALSE 1 



I F I iCOUNT.Gt . IO* GO TO 310 

*"J " FALSE 
I 
1 / " " ••"•••\ 

CO tO 140 * - -

* \ «RUE 

1 aio) 
t V A P V £ L « W D O I / i a ^ i ( H I * a v t + * H O V > t l 
1 V A P M C H « V A P V E L / t a 0 . 4 l 4 * S q H T ( < I t * V 2 » * 0 . S l l 
t SPECVL-O.S«t ( f I.O-QtJJUl J /RHOLU + U I . O -
t OCNS-1 <0/£PECVL 
t ewvvi 
t BS»VL2 
I M3*R»M3Va 
I B4*fl»OL2 
I BS*HV2 
I P.6-DH2 

. t 

I CO l a 3 4 0 : — - — - - -
W - * / 

1 
1 — - [ PRESSURE DROP ANALYSIS I N FOB 
1 [QUALITY " 1 . 0 CASES 
t 
0 < - — . — — — -

| 930] I 
I NFR*C1*<HU2-OUAL1*HV1 | / { DP*OH1-« ,kO«S* | I 
i A3-A3M4AS/WOQ1M I 
t P fH*C¥* *Fn*C I *DP I 
X P.PI-PFRHCI I 
i - t 

y« " " " . t u i i u i t i m t i * ^ TRUE 
< IF < P . L F . i 0 t 3 2 5 . 0 1 GO fO 3 4 0 > - — \ • / 

1 FALSE 
1 
I 

1 ' J CALL N » n 6 p i P ! l t »"l 
I . I I . I 

1 
1 

I TOUAt-T "l 
i A I - A I * t I . 0 - X F R A C I I I 
I A2 -A3* f1 .0 -XFRACI3 1 
t A3 .A3* (1 .0 -XFRACfJ 
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2301 I 
V I 5 G A S - 1 » I B 5 L - T M T * * Q . e B 1 5 1 

REVN-4 .0 -UDOT/ I3 . 14153« DI ATJ» V ISGA5 J 

RLD-IA1/DIAM1»A4 
pp .p 

QUAL2*t.O 

CALL GN3DEM|1.PP.DEN&fc 

DENtN-DKNS 

CALL S f C F H H I . S P t C r t l l 

J CH*VH»VAPMCH 
t GI>1.QtO.a065* IGMACH»"21 
: ca-i-o-(c*i*cit«-ai 
t G3*0.4 l3* lGMftCH*>2» 
t C 4 - I . 0 + G 3 
t \%\ JkG*.l*f 1 . O f 0 . 2 0 G S » t G - t « H » » 3 U 
: TUASS'MDO) *DE«S • A1 U D U U o j } , |0 .?a&39a> 
i 01SIAC»AS/ISPECII l*(UASSk 
t DUU*(C4*Gl/0.0*C3kl*4DTSTAO/TfilAaii-{|a3* 
I G i y O . a « C 2 | l » 4 . 0 * F R J C I < A L D k 
I GUACIl*GU*Cli*ICMACH*DUMk 
t ISTAG-TSTACvtDISTAG 
: T-T5TAG/4 1 . 0 * 0 . 20GH* (C-VtACM«*3 ) 1 
t i a - i 
1 FEMIT-r i 

i 
i t CALL GN3PENIT.PP.OEH&J t 

I 0£H0UI*DCNS 
t 0PIHlT«<4.0«FniCT*RL0/O.0«4 (OCuQuT* 
t DENINl/2.0) ll*| I WDDT/'10.7B5.ADMDIAM»*J) k) 
: PP-PP-DPINI1 

CAtL C*3rtfN( I .PP.DCN&k 



I 
1 

DENOUT=DENS 
DP=PFR«CT+9.BCG6*(A3-A3 I *((DENOUT+DENIN)/ 
3.0) 
DPsDP+I4.0«FRICr*RLD/(3.0*<<DENOUT+DENIN) 
/2.0))>•((HOOT/CO.7aS40»(DlAM«*3|I»»*3) 

P«P1-DP-PFHACT 
VAPMCHiGMACH 

VAPVEL»V*PMCH»30,414«SQRT<T) 

I 240) 
I 
0<-
I 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
-o 

DP.pl-P 
P.P1 

RETURN 

I I 



LMSC-D673325 

APPENDIX D 

SAMPLE PROGRAM LISTING 
MFTF*CSA 

Magnet Supply System 
Cryopanel Supply System 
Refrigerator-Liquefier Subsystem 
Liquid Nitrogen Supply System 
Gaseous Helium Recovery System 

D21 
D30 
D4l 
DS7 
D77 

D-0 
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APPENDIX A 

MFTF*CSA PROGRAM LISTING 0 

( 
A-0 



. I L 
DATA BR1 

1 . 
2 . 
3 . 
4 . 
S . 
6 . 
7 . 
a, 
9 . 

1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
I B . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 

3 26. 
2 7 . 
2U. 
3 9 . 
3 0 . 
31 . 
3 2 . 
3 3 . 
3 4 . 
3 5 . 
3 6 . 
3 7 . 
3 8 . 
3 9 . 
4 0 . 
41 . 
4 2 . 
4 3 . 
4 4 . 
4 5 . 
4 6 . 
4 7 . 
4 8 . 
4 9 . 
5 0 . 
6 t . 
5 2 . 
5 3 . 
. ' • 4 . 
5 5 . 
5 6 . 

CSATAB. 
LHSC49 0 4 / O 5 / 7 9 1 2 1 1 3 : 5 3 ( 0 1 

FTU OF 3 2 1 / 3 4 7 S T . S T E E L 3 3 1 
EFFECT OF TEMPERATURE ON THE T E N S I L E STRENGTH OF 3 2 1 / 3 1 7 STAINLESS STEEL 
R E F . M I L HANDBOOK - 5 . 

TEMPERATURE ( R l 
I S 1 2 

7 . 2 2 7 9 5 0 0 . 
3 S . 7 2 0 6 5 0 0 . 

2 5 9 . 7 1 7 3 0 O 0 . 
5 5 9 . 7 1 0 0 0 0 0 

1 0 5 9 . 7 7 0 0 0 0 . 
FTU OF 2 2 1 9 - T 8 7 ALUM. 

ULT.STRENGTH ( P S D 

I B . O 
5 9 . 7 

3 5 9 . 7 
6 5 9 . 7 

1 2 5 9 . 7 
2 3 2 

EFFECT OF TEMPERATURE ON THE T E N S I L E STRENGTH OF 2 2 I 9 - T 3 7 ALUMINUM 
R E F . S E C . 8 - L M S C A 9 8 1 6 0 8 . P A G E S . 1 . 1 - 8 

273500. 27.0 2695O0. 
251000. 159.7 2O7000. 
14 300O. 459.7 121000. 
91O0O. 359.7 75000. 
66000. 1459.7 63000. 

TEMPERATURE ( R l IILT.STRENGTH (PSI1 
15 

7.2 
36.7 

200.0 
3SO.O 
500.0 

2 
100300. 
9 4 0 0 0 . 
7 2 0 0 0 . 
6700O. 

- 6 3 8 0 0 . 

18.0 
100.0 
250.0 
4O0.O 
550.0 

2 3 3 
EFFECT OF TEMPERATURE OH THE TENSILE STRENGTH OF 6061-T6 ALUMINUM ALLOV 
REF. MIL HANDBOOK -5 

98000. 27 0 96000. 
82400. 150 0 76000. 
68500. 300 J 67800. 
6630O. 450 0 65000. 
62000. 600 0 60000. 

FTU Or 60E1-TS ALUMINUM 

TEMPERATURE (R) ULT.STRENGTH ( P S D 
15 * 3 

7.2 67500 
36.7 53940 

2O0.0 5061 O 
350.0 45696 
500.O 42840 

FTU OF INCONEL-718 

ta.o 
100.0 
250.0 
•aoo. o 
550.0 

2 3 4 
EFFECT OF TEMPERATURE ON THE TENSILE STRENGTH OF 1NCONF.L-71S 
REF. MIL HANDBOU!'. - 5 . 

66100. 27.0 64800 
57330. 150.0 53340 
483 8 4 . 300.0 46830 
44940. 450.0 43S4S 
41496. 600.0 40152 

TEMPERATURE <R1 ULT.STRENGTH (PSI1 
IS 1 3 

7 .2 2 2 1 9 0 0 . 
36.7 219600. 

200.0 206100. 
350.0 193140. 
500.0 182160. 

FTU OF TI -6AL-4V 
EFFECT OF TEMPF.RATURE ON THE 
REF. MIL HANDBOOK - 5 . 

IB.O 220B0O. 27.0 
100.0 213660. 150.0 
250.0 2O1240. 300.0 
4O0.O 189000. 450.0 
550.0 179400. 600.0 

2 3 5 

220000. 
210240. 
1SB200. 
1B5400. 
177300. 

TENSILE STRENGTH OF TITANIUM TI-6AL-4V 

TEMPERATURE 1R) 
15 

7 .2 
ULT.STRENGTH ( P S D 

36 
200 
350 
500 

3 
296000. 
2T.6320. 
2 2 6 3 B 0 . 
19072O. 
165280. 

FTU OF- 304 ST. STEEL 

IB.! 
100. 
250. 
4C0. 
550. 

293000. 
21,1600. 
212800. 
181280. 
158720. 

2 7 . ; 
ISO. 
300. 
4 5 0 . 
6 0 0 . 

289000. 
244430. 
200960. 
173120. 
154240, 



5 7 . EFFECT OF TEMPERATURE ON THE TENSILE STRENGTH OF 304 STAINLESS STEEL sa. 
59. eo. 

REF.APPL.CRYOGENIC ENG .PAGE 4S sa. 
59. eo. TEMPERATURE <R) ULT. STRENGTH ( P S H 
6 1 . 16 1 2 
6 2 . 7.2 276000. 18.0 2740O0. 27.0 370000. 
6 3 . 36.0 266000. 45.0 263000. 90.0 250000. 
6 4 . 13S.0 23 5 0 0 0 . 180.0 220000. 225.0 206000. 

- 6 5 . 270.0 186000. 315.0 172000. 35O.0 155000. 
6 6 . 405.0 139000. 450.0 124000. 495.0 109000. 
6 7 . 540.0 96000. 
6 8 . END T^BS 

END DATA. 

•ASG.T CvlDATAMAG. ,F40 



NATA.1L 
DATA BRI 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
a. 
9. 
to. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21 . 
22. 
23. 
24. 
25. 
36. 2 27. 
2a. 
29. 
3D. 
31 . 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49, 
50. 
51. 
52. 
53. 
54. 
55. 
56. 

CVtDATAMAG. 
LMSC49 04/05/79 12:i3;54 (O) 

USER NAME 63 I 3 104 30235 
TEST CASE FOB THE MFTF MAGNET SUPPLY SYSTEM (CVI) 

10 1 t 
!>»DD CSATA6. 
MAGNET SUBCRIT 

113.7879 4.35 
14.45 IB.69 

FRST DECK 
4.0026 565. 3000. 
16.47 2 962.545 4000. 

IB. 00 
G A S 1 2 1 
TANK 0 1 6 
L I N E 10 1 + 1 . 4 8 6 . 0 0 7 0 0 . 2 2 8 . 1 5 2 3 
T E E 3 1 1 6 . 0 0 7 0 6 0 . 0 0 
L I M E 1 0 6 - 0 0 7 0 1 . 0 6 6 . 1 5 2 3 
VALVE 3 1 6 . 0 0 7 0 4 0 0 . O 
L I N E 1 0 E . 0 0 7 0 1 - O O . 1 5 2 3 
ELBOW 3 1 6 . OD7O13 .0O 
L I N E to + 2 . 5 9 6 . 0 0 7 0 2 . 5 B 7 . 1 5 2 3 
ELBOW 3 1 6 . 0 0 7 0 1 3 . 0 0 
L I N E 1 0 6 . O 0 7 O 1 2 . 4 0 . 1 5 2 3 
ELBOW 3 1 6 . O 0 7 O I 3 . 0 0 
L I N E 1 0 1 7 2 5 6 . O 0 7 O I 7 . 2 5 . 1 5 2 3 
ELBOW 3 1 6 0 0 7 0 1 3 . O O 
L I N E 1 0 6 . 0 0 7 0 O . B O . 1 5 2 3 
ELBOW 2 1 6 . O07O B . 6 0 
L I N E 1 0 6 O07O 5 . 0 0 . 1 5 2 3 
ELBOW 3 1 6 . 0 0 7 0 1 3 . 0 O 
L I N E 1 0 - 3 0 0 6 007O 3 . 0 0 . 1 5 2 3 
ELBOW 3 1 6 0 0 7 0 1 3 . O O 
L I N E 1 0 6 0O7O 4 . 0 0 1 5 2 3 
ELBOW 2 1 6 0 0 7 0 8 . 6 0 
L I N E 1 0 1 - 0 . 6 4 6 0 0 7 0 0 . 9 0 1 5 2 3 
MAGNET 0 1 - 4 2 4 6 0 0 7 0 1 0 . 9 6 1 5 2 3 
L I N E i o t - O . 6 4 6 0 0 7 0 . 9 0 1 5 2 3 
ELBOW 2 1 6 0 0 7 0 B . 6 0 
L I N E 1 0 6 0 0 7 0 4 . 0 0 1 5 2 3 
ELBOW 3 1 6 0 0 7 0 1 3 . 0 0 
L I N E 1 0 1 - 4 0 0 6 0 0 7 0 4 . 0 0 1 5 2 3 
ELBOW 2 1 6 0O70 B . 6 0 
L I N E 1 0 1 - 4 7 5 6 0 0 7 0 7 . 2 6 7 1 5 2 3 
ELBOW 2 1 G 0 0 7 0 8 . 6 0 
L I N E 1 0 6 0 0 7 O 1 2 . 4 O 1 5 2 3 
ELBOW 3 1 6 0 0 7 0 1 3 . O O 
L I N E 1 0 1 - 2 5 9 6 O 0 7 O 2 . S B 7 152 3 
ELBOW 3 « 6 0 O 7 O 1 3 . 0 0 
L I N E 1 0 6 0 0 7 0 0 . 6 0 9 152 3 
VALVE 3 1 6 0 0 7 O 4 0 O . O 
L I N E 1 0 6 0 0 7 O 1 . 9 B O 1 5 2 3 
T E E 3 1 6 0O7O6O.OO 
L I N E 1 0 - 1 4 8 6 0 0 7 0 1 . 5 2 0 1 5 2 3 
TANK 0 6 
G A S t ^ 2 
L I N E 1 0 • > 6 0 0 7 0 1 . 0 6 6 15.23 
VALVE 3 1 6 0 0 7 0 4 0 0 . 0 
L I N E 1 0 6 0 0 7 0 1 . 0 0 1 5 2 3 
EL8DW 3 1 6 . 0 0 7 0 1 3 . 0 0 
L I N E 1 0 I + 2 5 9 6 0 0 7 0 2 . 5 B 7 1 5 2 3 
ELBOW 3 1 6 0 0 7 0 1 3 . 0 0 

2B000. 
0.5728 
HE-LIO 
KE-5V2 
MS-1C0 
FS-101 
MS-102 
CV-135 
MS-103 
FS-104 
MS-105 
FS-106 
MS-107 
FS-108 
MS-109 
FS-110 
MS-111 
FS-112 
MS-113 
FS-114 
MS-1IS 
FS-116 
MS-117 
FS-11B 
MS-119 
MAG-01 
MR-101 
FR-102 
MR-103 
FR-104 
MH-105 
FR-106 
MR-IO-
FH-1CB 
MR-f09 
FR-110 
MR-111 
FH-112 
HR-113 
CV-145 
MR-114 
FR-115 
MR-116 
HE-SV2 
HE-LIQ 
M5-202 
CV-136 
MS-203 
FS-204 
MS-205 
FS-206 

5.00 
MAGI 
MAQ2 
C-1 



S7. 
58. 
59. 
60. 
61. 
69. 
63. 
64. 
65. 
E6. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
7B. 
79. 
BO. 
Bl. 
B2. 

1 B3. 
84. 
B5. 
B6. 

END DATA. 

LINE 
ELBOW 
LINE 
ELBOW 
LINE 
ELtOW 
LINE 
ELBOW 
LINE 
ELBOW 
LINE 
ELBOW 
LINE 
MAGNET 
LINE 
ELBOW 
LINE 
ELBOW 
LINE 
ELBOW -
LINE 
ELBOW 
LINE 
ELBOW 
LINE 
ELBOW 
LINE 
VALVE 
LINE 
END 

10 
31 
10 
31 
10 
21 
10 31 
10 
3' 
10 
21 
10 
0 
10 
21 
10 
31 
10 
21 
10 
21 
lO 
31 
10 
31 
10 
31 
10 

1 7 . 2 5 

- 0 . 6 4 
- 4 . 2 4 
- 0 . 6 4 

- 4 . 7 S 

6. 007012.40. 1523 
6. 007013.00 
6 007OI7.25. 1523 
6 0O7O13.00 
6 0070 O.80. 1523 
6 0O70 8.60 
6 007O b.OO. 1523 
6 007013.00 
6 0070 3.00. 1523 
G 007013.00 
6 0070 8.30. 1523 
e 0070 8.60 
6 0070 0.90. 1523 
6 007010.96. 1523 
6 0070 0.90. 1523 
6 0070 B.60 
6 0070 8.30 1523 
6 007013.00 
6 0070 4.00 1523 
6 0070 B.60 
6 00707.2C7 1523 
6 0070 B.6U 
6 .007012.40 1523 
6 007013.00 
6 .00702.587 1523 
B .007013.00 
B .00700.609 1523 
6 .0070400.0 
E .00701.980 .1523 

•ASG.T CVIOATACRP. , F 4 0 

M S - 2 0 7 
F S - 2 0 8 
M S - 2 0 9 
F 5 - 2 1 0 
M S - 2 1 1 
F S - 2 1 2 
M S - 2 1 3 
F S - 2 1 4 
M S - 2 1 S 
F S - 2 1 6 
M S - 2 1 7 
F S - 2 1 8 
M S - 2 1 9 
MAG-02 M-2 
NIR-200 
F R - 2 0 1 
M H - 2 0 2 
F R - 2 0 3 
M R - 2 0 4 
F R - 2 0 5 
M R - 2 0 6 
•=R-207 
M R - 2 0 S 
F R - 2 0 9 
M R - 2 1 0 
F R - 2 1 1 
M R - 2 1 2 
C V - 1 4 6 
M R - 2 1 3 



M> ATA.IL 
DATA 8R1 

1. 
a. 
3. 4. 5. 6. 7. 
e. 
9. 

10. 
II. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
31 . 
22. 
23. 
24. 
25. 

a ". 
"• 27. 

28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41 . 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 

CVIDATACRP. 
LM5C49 04/05/79 12:13:56 

USER NAME 
TEST CASE 

CRYOPANEL SUBCRIT 
4 113.7879 
S5O.00 7000.00 
450.00 7000.00 
200.00 4000.00 
100.00 3000.00 
0.5728 5.O0 

2 

<0> 
FOB THE MFTF CRYOPANEL SUPPLY 

SECN DECK 

GAS 
TANK 
LIME 
TEE 
LINE 
VALVE 
LINE 
ELBOW 
LINE 
ELBOW 
LINE 
ELBOW 
LINE 
ELBOW 
LINE 
ELBOW 
LINE 
ELBOW 
LINE 
ELBOW 
LINE 
ELBOW 
LINE 
CRVPAN 
LINE 
ELBOW 
LINE 
TAP 
GAS 
LIME 
VALVE 
LINE 
ELBOW 
LINE 
ELBOW 
LINE 
ELBOW 
LINE 
ELBOW 
LINE 
ELBOW 
LINE 
ELBOW 
LINE 
ELBOW 
LINE 
ELBOW 

1 
O 
10 
21 
10 
31 
10 
31 
lO 
31 
lO 
31 
lO 
31 
lO 
21 
10 
31 
10 
31 
10 
41 
10 
2 
10 
3t 
10 
31 

1 
10 
3 1 
10 
3 1 
10 
3 1 
10 
31 
10 
31 
10 
21 
10 
31 
10 
31 
10 
31 

+ 1 . 4 8 

- 0 . 2 5 
- 3 . 0 4 6 

4 . 35 
1 9 . 5 7 
1 0 . 5 7 
1 9 . 3 7 
1 9 . 3 7 

4 0 0 0 . 0 0 
1 9 . 0 7 
1 0 . 0 7 
11 . 0 2 
11 . 0 2 

- 1 . 5 0 

1 
6 
6 . 0 0 7 0 0 . 2 2 8 . 
6.007O6O.O 
6 . 0 0 7 O 1 . 1 1 7 . 
6 . 0 0 7 O 4 0 O . 
6 . 0 0 7 0 0 . B 6 3 . 
6 . 0 0 7 0 1 3 . 0 0 
6 . 0 0 7 0 2 . 5 8 7 . 
6 . 0 0 7 0 1 3 . 0 0 
6 . 0 0 7 0 J 2 . 3 5 . 
6 . 0 0 7 0 1 3 . 0 0 
6 . 0 0 7 0 1 7 . 2 5 . 
6..O07O13.O0 
6 . 0 0 7 0 0 . B O O . 
6 . 0 0 7 0 8 . 6 0 
6 . 0 0 7 0 5 . 0 0 0 . 
6 . 0 0 7 0 1 3 . 0 0 

. 0 0 7 0 1 . 5 0 0 . 

. 0 0 7 0 1 3 . 0 0 

. 0 0 7 0 1 0 . 0 0 . 

. 0 0 7 0 1 8 . 0 

. 0 0 7 0 0 . 2 0 0 . 

. 0 0 7 0 1 2 . 5 0 . 

. 0 0 7 0 0 . 2 
6 . 0 0 7 0 1 3 . 0 0 
6 . 0 0 7 0 9 . 0 
6 . 0 0 7 0 6 0 . 0 0 
2 
6 . 0 0 7 0 1 . 1 1 7 . 
6 . 0 0 7 0 4 0 0 . 

. 0 0 7 O O . 8 6 3 . 

. 0 0 7 0 1 3 . O 0 

. 0 0 7 0 2 . 5 3 7 . 

. 0 0 7 0 1 3 . 0 0 

. O 0 7 O 1 P . 3 0 . 

. 0 0 7 0 1 3 . 0 0 
6 . 0 0 7 0 1 7 . 2 5 . 
6 . 0 0 7 0 1 3 . 0 0 
6 . 0 0 7 0 0 . 8 
6 . 0 0 7 0 B . 6 O 
6 . 0 0 7 0 5 . 0 
6 . 0 0 7 O 1 3 , 0 0 
6 . 0 0 7 0 1 . 5 
6 . 0 0 7 0 1 3 . O 0 
6 . 0 0 7 0 1 0 . 0 . 
6 . 0 0 7 0 1 3 . 0 0 

2 4 0 6 . 9 4 9 
1 0 2 2 . 9 5 3 

9 0 2 . 6 0 5 
3 0 0 . 8 6 8 
1 8 0 . 5 2 1 

1 0 1 5 

1015 

1 0 1 5 

1 0 1 5 

1 0 1 5 

1 0 1 5 

1 0 1 5 

1 0 1 5 

1 0 1 5 

1 0 1 5 

1 0 1 5 
1 0 1 5 
1 0 1 5 

1 0 1 5 

1015 
1015 
1015 
1015 
1015 
1015 
1015 
1015 
1015 

SYSTEM (CVI1 
4.0026 

HE-LIQ 
HE-SV1 
CS-100 
FS-101 
CS-102 
CV-141 
CS-103 
FS-104 
C5-I05 
FS-106 
CS-I07 
FS-10B 
CS-109 
fs-ito 
CS-1II 
FS-I12 
CS-113 
FS-I14 
CS-I15 
FS-116 
CS-117 
FS-118 
CS-119 
CYP-Z2 
CR-100 
FR-101 
CR-102 
TR-103 
HE-LIQ 
CS-202 
CV-142 
CS-203 
FS-204 
CS-205 
FS-206 
CS-207 
FS-208 
CS-209 
FS-210 
CS-211 
FS-212 
CS-213 
FS-214 
CS-215 
FS-216 
CS-217 
FS-218 

CRP-1 
CRP-2 
CRP-3 
CRP-4 
CRP-S 
CRP-6 

G-1 



5 7 . L I N E 1U 1 - 9 . 2 5 6 . O 0 7 0 9 . 0 . 1 0 1 5 
S B . ELBOW 3 1 1 6 . C 0 7 0 1 3 . 0 0 
5 9 . L I K E 10 1 6 . O 0 7 O 0 . 2 . 1 0 1 5 
6 0 . CRVPAN 1 1 - 3 . 0 4 6 6 . 0 0 7 0 1 2 . 5 0 . 1 0 1 5 
6 1 . L I N E IO 1 6 . 0 0 7 0 0 . 2 . 1 0 1 5 
6 2 . T A P 31 1 6 . O 0 7 O 1 5 . 5 
6 3 . G A S 1 I 3 
6 4 . L I N E l O 1 * 1 . 4 8 6 . 0 0 7 0 1 . 1 1 7 . 0 5 0 B 
6 5 . VALVE 31 1 6 . 0 0 7 0 4 0 0 . 
6 6 . L I N E l O 1 6 . 0 0 7 0 0 . U 6 3 . 0 5 0 8 
6 7 . ELBOW 3 1 6 . 0 0 7 0 1 3 . 0 0 
6 8 . L I N E 1 0 + 2 . 5 9 6 . 0 0 7 0 2 . 5 8 7 . 0 5 0 B 
6 9 . ELBOW 3 1 1 6 . 0 0 7 0 1 3 . 0 0 
7 0 . L I N E 10 1 6 . 0 0 7 0 1 2 . 3 0 . 0 5 0 8 
7 1 . ELBOW 3 1 1 6 . O 0 7 O I 3 . 0 O 
7 2 . L I N E 10 1 1 7 . 7 5 6 . 0 0 7 0 I 7 . 7 5 . 0 5 0 B 
7 3 . ELBOW 3 1 6 . 0 0 7 0 1 3 - 0 0 
7 4 . L I N E 1 0 S.O07O O . B . 0 5 0 8 
7 5 . ELBOW 2 1 6 . O O 7 0 B . 6 
7 6 . L I N E 1 0 6 . 0 0 7 0 5 . 0 . 0 5 0 8 
7 7 . ELBOW 3 1 6 . 0 0 7 0 1 3 . 0 0 
7 B . L I N E 1 0 - I . 5 0 6 . O 0 7 O 1 . 5 . 0 5 0 8 
7 9 . ELBOW 3 1 6 . 0 0 7 0 1 3 - O O 
B O . L I N E 1 0 G . D 0 7 O 1 1 - O . 0 5 0 8 
S I . ELBOW 4 1 6 . 0 0 7 O 1 B . O O 
8 2 . L I N E 1 0 - 0 . 2 5 6 . 0 0 7 G O . 2 5 . 0 5 0 8 

2 B3. 
° * 8 4 . 

T A P 3 1 6 . 0 0 7 0 1 S . O O 2 B3. 
° * 8 4 . L I N E 1 0 - 0 . 2 0 6 . 0 0 7 0 0 . 2 0 . 0 5 0 8 

as. CRVPAN 3 - 1 . S 2 3 6 . 0 0 7 0 6 . 0 0 . 0 5 0 8 
8 6 . L I N E to - 0 . 2 0 6 . 0 0 7 0 0 . 2 0 . 0 5 0 8 
C 7 . ELBOW 3 1 6 . 0 0 7 0 1 3 . 0 0 
a s . L I N E 1 0 6 . 0 0 7 0 1 0 . 0 . 0 5 0 8 
6 9 . T A P 3 1 6 . 0 0 7 0 6 0 . 0 0 
9 0 . G A S i : 4 
9 1 . L I N E 1 0 6 . 0 0 7 0 1 0 . 0 . 0 5 0 8 
9 2 . ELBOW 3 1 6 . 0 0 7 0 1 3 . O O 
9 3 . L I N E 1 0 - 0 . 2 6 . 0 0 7 0 0 . 2 . 0 5 0 8 
9 4 . CRVPAN 4 1 - 1 . 5 2 3 6 . 0 0 7 0 G . 0 0 . 0 5 0 8 
9 5 . L I N E 1 0 1 - 0 . 2 6 . 0 0 7 0 0 . 2 . 0 5 0 8 
9 6 . ELBOW 3 1 6 . 0 0 7 0 1 3 . 0 0 
9 7 . L I N E 1 0 1 - 0 . 5 6 . 0 0 7 0 0 . 5 . 0 5 0 8 
9 8 . T A P 3 1 6 . 0 0 7 0 6 0 . O O 
9 3 . G A S 1 5 

too . T A P 3 1 6 . 0 0 7 0 1 5 . 5 0 
1 0 1 . L I N E 1 0 1 - 1 . 5 0 b . 0 O 7 O 1 . 5 . 1 5 2 3 
1 0 2 . ELBOW 2 1 6 . 0 0 7 0 8 . 6 0 
1 0 3 . L I N E 1 0 1 - 4 . 7 5 6 . 0 0 7 0 7 . 2 6 7 . 1 5 2 3 
1 0 4 . ELBOW 2 1 6 . 0 0 7 0 8 . 6 0 
1 0 5 . L I N E l O 6 . O 0 7 O 1 2 . 3 O . 1 5 2 3 
1 0 6 . ELBOW 3 1 6 . 0 0 7 0 1 3 . 0 0 
1 0 7 . L I N E 1 0 1 - 2 . 5 9 6 . 0 0 7 0 2 . 6 8 7 . 1 5 2 3 
1 0 B . ELBOW 3 1 6 . 0 0 7 0 1 3 . 0 0 
1 0 9 . L I N E 1 0 6 . 0 0 7 0 0 . S 3 3 . 1 5 2 3 
n o . VALVE 3 1 6 . 0 0 7 0 4 0 0 . 
1 1 1 . L I N E 1 0 6 . 0 0 7 0 2 . S O B . 1 5 2 3 
1 1 2 . ELBOW 3 1 6 . 0 0 7 0 1 3 . 0 0 
1 1 3 . L I N E 1 0 1 - 1 . 4 8 6 . 0 0 7 0 1 . 4 8 0 . 1 5 2 3 
1 1 4 . TANK 0 6 

CS-219 
FS-220 
CS 221 
CYP-ZI 
CR-200 
TR-103 
HE-LIO 
CS-302 
CV-143 
CS-303 
FS-304 
CS-305 
FS-306 
CS-307 
FS-30S 
C5-30a 
FS-310 
CS-31I 
FS-312 
CS-313 
FS-314 
CS-315 
FS-316 
CS-317 
FS-?:g 
CS-3t9 
TP-320 
CS-321 
CYP-Z3 
CR-300 
FR-301 
CR-302 
TP-103 
HE-LIQ 
CS-401 
FS-403 
CS-403 
CYP-Z4 
CR-401 
FR-402 
CH-403 
TP-103 
HE-LIQ 
TP-103 
CR 104 
FR 105 
CR 108 
FR 107 
CR "OS 
FR 109 
CR 110 
FR 111 
CR 112 
CV-144 
CR 113 
FR 114 
CR 115 
HE-SV1 

C-1 

G-3 

G-4 

C-4 

G-4 



• < wo 
- o a m 

D7 



»QAT A , I L CWIOA1AMCR. 
DATA S R I LMSC49 0 4 / 0 5 / 7 9 12 : 1 3 : 5 B <o> 

1 . USER NAME 
a . TEST CrtSE FOR THE MFTF REFRIGERATOR- L l Q U I F l E R SUBSYSTEM ( C V I I 
3 . R E F L I Q SUE3CRIT T H I R D OECK 
4 . 3DO.O 2 9 D . O B O . O 7 7 . 3 4 8 3 8 . 0 2 3 . 0 1 3 . 0 5 . 0 4 . B 4 . 3 5 7 . 0 % 
5 . 6 3 1 0 . 4 1 7 3 1 . 6 8 4 5 . B 2 7 7 . 3 6 6 . 4 6 0 B 0 . 1 1 7 2 7 . 6 5 3 4 . B 1 9 1 . 9 < 4 2 . 0 4 1 . 5 « 
6 . 1 2 1 5 . 9 0 1 1 3 . 7 8 7 9 1 0 1 . 3 2 5 31 7 . 4 7 4 . 1 7 2 . 6 4 0 1 . 5 1 5 5 . ! 2 4 6 . 4 31 
a . 7 7 . 3 4 B 101 . 3 2 5 2 8 . 7 0 4 2 - 3 5 0 4 . 3 0 . 1 6 4 6 2 1 2 1 6 9 . 3 2 9 0 . 0 R L Q - f 
3 . 0 . O 4 2 0 3 7 O B 4 ^ 6 . 2 2 B . 0 1 3 4 4 . 0 0 2 6 R L q - | 

t o . 0 . 5 7 2 8 5 . 0 R L Q - f 
1 1 . G A S 1 1 1 HE-GAS R"f 1 2 . TANK 0 1 . 0 0 6 . 0 . 0 . 0 0 0 0 HE-SV: MAGNET 
1 3 . L I N E 10 1 . 0 0 6 . 0 0 6 . 9 1 3 8 . 0 7 6 1 1 0 0 0 C C V 3 0 I LP-CLDHE 
1 4 . ELBOW 31 1 . 0 0 6 . 0 0 7 1 3 . O . 0 1 0 0 0 FGV302 LP-CLDME 
1 5 . L I N E 10 1 . 0 0 6 . O 0 6 . 4 5 6 9 . 0 7 6 1 i n 0 0 CGV303 LP-CLOHE 
I S . ELBOW 3 1 1 . OO 6 . 0 0 7 1 3 . 0 . 0 t o 0 0 FGV304 LP-CLOHE 
1 7 . L I N E l O 1 . OO E . O 0 6 . 0 5 0 7 . 0 7 6 1 i o 0 0 C 0 V 3 0 5 LP-CLOHE 
1 8 . VALVE 41 1 . O O 6 . 0 1 0 4 O O . 0 . O t o o 0 A V - 1 2 1 LP-CLOHE 
1 9 . L I N E - l O 1 . O O 6 . 0 0 6 . 0 7 6 2 . 0 7 6 1 1 0 0 0 CGV306 LP-CLCHE 
S O . ELBOH 31 1 . 0 0 6 . 0 0 7 1 3 . O . 0 1 0 0 0 FGV307 LP-CLOHE 
2 1 . L I N E l O 1 . O O 6 . O 0 6 . 6 0 9 2 . 0 7 6 1 t o o 0 CGV30B LP-CLDHE 
S3. F l T I N G 4 1 . O O 6 . 0 0 6 8 . 0 0 . 0 1 0 o 0 FCV309 LP-CLDHE 
2 3 . L I N E 10 1 . O O 6 . 0 0 6 . 6 O 9 2 . 0 7 6 1 1 0 0 0 C G V 3 I 0 LP-CLDHE 
2 4 . ELBOW 31 1 . 0 0 6 . 0 0 7 1 3 . 0 0 . 0 t o o o FGV311 I P - C L D H E 
2 5 . L I N E 1 0 . 0 0 G . 0 0 6 5 . 9 3 9 . 0 7 6 1 1 0 o o COV312 LP-CLDHE 

a = 6 - G A S 1 1 2 HE-GAS R - 2 
OO 2 7 . TANK 0 1 6 - O . 0 0 0 0 H E - S V 2 CRYPAN 

2 S . L I N E 1 0 . O O 6 . 0 0 6 . 9 1 3 8 . 0 7 6 1 I O 0 o MGV401 LP-CLDHC 
2 9 . ELBOW 31 1 . 0 0 6 . 0 0 7 1 3 . 0 . 0 1 0 0 o FGV402 LP-CLDHE 
3 0 . L I N E 1 0 . O O 6 . 0 0 6 . 4 5 6 9 . 0 7 6 1 1 0 0 0 MGV403 LP-CL'JHE 
3 1 . ELBDW 3 1 . D O 6 . 0 0 7 1 3 . . 0 1 0 0 0 FGV404 L P - C I D H E 
3 2 . L I N E l O . O O 6 . 0 0 6 . 0 5 0 7 . 0 7 6 1 1 0 0 0 MGV405 LP-CLDHE 
3 3 . VALVE 4 1 . 0 0 6 . 0 1 0 4 0 0 . . 0 1 0 0 0 A V - 1 2 2 LP-CLDHE 
3 4 . L I N E 1 0 . O O 6 . 0 0 6 . 0 7 6 2 . 0 7 6 1 1 0 0 0 MGV406 LP-CLDHE 
3 5 . ELBOW 3 1 . O O 6 . 0 0 7 1 3 . . 0 1 0 0 0 FGV407 LP-CLDHE 
3 6 . L I N E 1 0 . 0 0 6 . 0 0 6 . 6 0 9 2 . 0 7 6 1 t o 0 0 MGV408 LP-CLOHE 
3 7 . F 1 r I N G 4 1 . O O 6 . 0 0 7 0 . 0 . 0 t o 0 0 FGV409 LP-CLOHE 
3 8 . L I N E 1 0 . 0 0 6 . 0 0 6 . 6 0 9 2 . 0 7 6 1 1 0 o o MGV410 LP-CLDHE 
3 9 . T E E 3 1 . 0 0 6 . 0 0 7 6 0 . 0 . 0 1 0 0 0 FGV313 LP-CLDHE 
4 0 . L1N£ 1 0 1 .OO 6 . O 0 6 1 - B 2 7 . 0 7 6 1 1 0 0 0 M G V 4 I 1 LP-CLDHE 
4 1 . ELJOW 3 1 . 0 0 6 . O 0 7 1 3 . . 0 1 0 0 0 FGV412 LP-CLDHE 
4 2 . L I N E 1 0 1 . 0 0 6 . 0 0 6 3 . 9 6 O . 0 7 6 I 1 0 0 0 MGV413 LP-CLDHE 
4 3 . G A S 1 3 HE-GAS R - 3 
4 4 . TANK 0 6 -O . 0 0 0 0 H E - S V 3 STCPTANK 
4 5 . L I N E 1 0 . 0 0 6 . 0 0 6 . 9 1 3 8 . 0 7 6 1 1 0 0 0 SGVS01 LP-CLOHE 
4 6 . ELQOW 3 1 1 0 0 6 . 0 0 7 1 3 . 0 . 0 t o o 0 FGV502 LP-CLOHE 
4 7 . L I N E 1 0 1 0 0 6 . 0 0 E . 0 5 0 7 . 0 7 6 1 1 0 0 0 SGV503 LP-CLDHE 
4 8 . VALVE 4 1 1 . 0 0 6 . O I 0 4 0 0 . . 0 1 0 0 0 C V - 1 2 3 LP-CLDHE 
4 9 . L I N E 1 0 1 . 0 0 6 . O 0 6 . 0 7 6 2 . 0 7 6 1 1 0 0 0 SGV504 LP-CLDHE 
S O . ELBOW 3 1 1 . 0 0 6 . 0 0 7 1 3 . 0 . 0 1 0 0 0 FGV505 LP-CLDHE 
5 1 . L I N E 1 0 1 .OO 6 . 0 0 6 . 6 0 9 2 . 0 7 6 1 1 0 0 0 SGVS'06 LP-CLDHE 
S 3 . - F I T I N G 4 1 1 . 0 0 6 . 0 0 7 8 . 0 . 0 1 0 0 0 FGVS07 LP-CLOHE 
S 3 . L I N E 1 0 i .oa 6 . 0 0 6 . 6 0 9 2 . 0 7 6 1 1 0 0 0 SGVS08 LP-CLOHE 
5 4 . ELBOW 3 1 1 . 0 0 6 . 0 0 7 1 3 . 0 . 0 1 0 0 0 FGV509 LP-CLOHE 
5 5 . L I N E 1 0 1 . 0 0 6 . 0 0 6 6 . 0 9 2 . 0 7 6 1 1 0 0 0 SGV510 LP-CLDHE 
S B . StBOW 3 1 1 .00 6 . 0 0 7 1 3 . 0 . 0 1 0 0 F G V 5 U LP-CLDHE 



S 7 . L I N E I D 1 . 0 0 
S B . T E E 3 1 1 . 0 0 
5 9 . L I N E I D . oo 
6 0 . G A S 1 . oo 
6 1 . R E F L I O 0 .oo 
6 2 . L I N E 1 0 .oo 
6 3 . F I T I N G 4 1 . 0 0 
6 4 . L I N E 1 0 . 0 0 
6 5 . T E E 3 1 . 0 0 
6 6 . G A S 1 . 0 0 
6 7 . R E F L I O 0 . 0 0 
6 8 . L I N E 1 0 . 0 0 
6 9 . ELBOW 3 1 . 0 0 
7 0 . L I N E 1 0 . 0 0 
7 1 . ELBOW 3 1 . 0 0 
7 2 . L I N E 1 0 . 0 0 
7 3 . F I T I N G 4 1 . 0 0 
7 4 . L I N E 1 0 .oo 
7 5 . ELBOW 3 1 . 0 0 
7 6 . L I N E 1 0 .oo 
7 7 . VALVE S I .oo 
7 8 . L I N E 1 0 .oo 
7 9 . ELBOW 3 1 1 . O O 
8 0 . L I N E 1 0 1 . 0 0 
8 1 . TANK O 1 . «*-
6 2 . G A S 1 1 . O O 
S 3 . L I N E 1 0 I . oo 
6 4 . ELBOW 3 1 1 . 0 0 
B 5 . L I N E 1 0 1 .OO 
8 6 . T E E 3 1 1 .OO 
8 7 . L I N E 1 0 1 . 0 0 
8 8 . F I T I N G 4 1 1 .OO 
8 9 . L I N E 1 0 1 .OO 
9 0 . ELBOW 3 1 1 .OO 
9 1 . L I N E io 1 .OO 
9 2 . VALVE 4 1 1 . 0 0 
9 3 . L I N E 1 0 1 , OO 
9 4 . ELBOW 3 1 1 . 0 0 
9 5 . L I N E 1 0 1 .OO 
9 6 . VALVE 5 1 1 .OO 
9 7 . L I N E 1 0 1 . 0 0 
9 8 . TANK O 1 . 0 0 
9 9 . G A S 1 1 . 0 0 

too . L I N E 1 0 1 . 0 0 
101 . ELBOW 3 1 1 .OO 
1 0 2 . L I N E 1 0 1 . 0 0 
1 0 3 . F I T I N G 4 1 1 .OO 
1 0 4 L I N E 1 0 1 . 0 0 
1 0 5 . ELBOW 3 1 1 . 0 0 
1 0 6 . L I N E 1 0 1 .OO 
1 0 7 . VALVE 4 1 1 . 0 0 
1 0 8 . L I N E 1 0 1 . 0 0 
1 0 9 . ELBOW 3 1 1 . 0 0 
1 1 0 . L I N E 1 0 1 .OD 
1 1 1 . VALVE 5 1 1 .OO 
1 1 2 . L I N E 1 0 1 . 0 0 
1 1 3 . TANK 0 i .oo 
1 1 4 . G A S 1 1 . 0 0 

6 . 0 0 6 1 . 2 1 8 . 0 7 6 1 to 0 
6 . 0 0 7 1 5 . 5 . 0 I O 0 
6 . 
4 
6 . 

0 0 6 1 . 2 1 8 0 7 6 1 i o 0 6 . 
4 
6 . 0 0 7 . 0 0 to o 
6 . 0 0 9 . 6 0 9 2 1 0 1 5 to 0 
6 . 0 0 9 B . O 0 1 0 0 
6 . 0 O 9 . 6 0 9 2 1 0 1 5 1 0 o 
6 . 
5 
6 

O I O 6 0 . 0 1 0 o 6 . 
5 
6 0 0 7 1 0 0 . 0 2 5 3 1 0 o 
6 0 0 9 1 . 2 1 B 1 0 1 5 1 0 0 
6 0 0 9 1 3 . O o- 1 0 0 
6 0 0 9 5 . 7 8 7 1 0 1 5 1 0 0 
6 0 0 9 1 3 . 0 0 1 0 0 
6 0 0 9 . 6 0 9 2 l O . 5 l O 0 
6 0 0 9 B . O O 1 0 0 
6 0 0 9 . 6 0 9 2 1 0 1 5 1 0 0 
6 0 0 9 1 3 . O 0 1 0 0 
6 0 0 9 . 3 0 4 6 1 0 1 5 1 0 0 
6 OOS 4 2 2 . 0 1 0 0 
6 0 0 7 . 1 5 2 3 1 0 1 5 1 0 0 
6 0 0 7 1 3 . 0 1 0 0 
6 0 0 7 2 . 4 3 7 1 0 1 5 l O 0 
e 0 . 0 0 0 0 
6 
6 0 0 9 4 . 2 6 4 1 0 1 5 1 0 0 
6 0 0 9 1 3 . 0 0 l O 0 
6 0 0 9 1 - 2 1 8 1 0 1 5 1 0 0 
6 0 0 9 6 0 . 0 0 1 0 . 0 
6 0 0 9 . 6 0 9 2 1 0 1 5 l O 0 
6 0 0 9 8 . 0 0 l O 0 
6 0 0 9 . 6 0 9 2 101S 1 0 0 
6 0 0 9 1 3 . 0 . 0 1 0 0 
6 0 0 9 . 0 5 0 7 . 1 0 1 5 1 0 0 
6 0 0 9 4 0 0 . . 0 i o 0 
6 0 0 9 , 0 5 0 7 . 1015 1 0 0 
6 0 0 9 1 3 . 0 . 0 l O 0 
6 0 0 9 . 6 0 2 9 . 1 0 1 5 i o 0 
6 0 0 9 4 2 2 . . 0 io 0 
6 0 0 7 . 9 1 3 6 . 1 0 1 5 l o 0 
6 
7 
6 

0 . 0 . 0 • o 0 6 
7 
6 0 0 9 6 . 2 4 4 . 1 0 1 5 i o 0 
6 - 0 0 9 1 3 . . 0 1 0 0 
6 . 0 0 9 . 6 0 9 2 . 1 0 1 5 i o o 
6 . 0 0 9 e . o . 0 1 0 0 
6 . 0 0 9 . 6 0 9 2 . 1 0 1 5 1 0 0 
6 . 0 0 9 1 3 . . 0 i o 0 
6 . 0 0 9 . 0 5 0 7 . 1 0 1 5 1 0 0 
6 . 0 0 9 4 0 0 . . 0 i o 0 
6 . 0 0 9 . 0 5 0 7 . 1 0 1 5 1 0 0 
6 . 0 0 9 1 3 . . 0 1 0 0 
6 . 0 0 9 . 6 0 2 9 . 1 0 1 5 1 0 0 
6 . 0 0 9 4 2 2 . . 0 1 0 0 
6 . 0 0 9 • 9 1 3 B . 1 0 1 5 1 0 0 
e . 0 . 0 . 0 0 0 

•• l l fc-k I Mi 

0 S G V 5 I 3 LP-CLOHE 
0 FGVE13 CLDBOXtN 
0 C B I 101 LP-CLQHE 

HE-GAS RLO R-4 
0 R F - L 0 1 LPCHE I N 
0 C B 0 1 0 1 MP-CLDHE 
0 F B 0 1 0 2 HP-CLOHE 
0 C B 0 1 0 3 MP-CLDHE 
0 F B 0 1 0 4 CLOBXQUT 

HE-GAS STO R-5 
0 R F - L 0 2 HPCHEOUT 
0 SHP601 HP-CLDHE 
0 FHP602 HP-CLDHE 
0 SHP603 HP-CLDHE 
0 F A P 6 0 4 HP-CLDHE 
0 SHP605 HP-CLDHE 
0 FHP606 HP-CLDHE 
0 SHP607 HP-CLDHE 
0 FHP60B HP-CLDHE 
0 SHP609 HP-CLDHE 
0 C V - 1 0 4 J T - V A L V E 
0 SHP610 L P - H O M E 
0 FHP611 L P - L I Q H E 
0 SHP612 L P - L I Q H E 
0 H E - S V 3 STD-DEWR 

HE-GAS CYP R-6 
0 C H P 7 0 I HP-CLDHE 
0 F H P 7 0 2 HP-CLDHE 
0 CHP703 HP-CLDHE 
0 FHP704 HP-CLDHE 
0 CHP705 HP-CLDHE 
0 FHP706 HP-CLDHE 
0 CHP707 HP-CLDHE 
0 FHP70B HP-CLDHE 
0 CHP709 HP-CLDHE 
0 C V - 1 0 5 SO-VALVE 
0 CHP710 HP-CLOHE 
0 FHP711 HP-CLDHE 
0 CHP712 HP-CLDHE 
0 A V - t 2 9 J T - V A L V E 
0 CHE713 L P - L I O H E 
0 H E - S V 1 CVP-DEWR 

HE-GAS MAG R-7 
0 MHP801 HP-CLDHE 
0 FHPI102 HP-CLDHE 
0 MHP803 HP-CLDHE 
0 FHP804 HP-CLOHE 
0 MHP80S HP-CLOHE 
0 FHP806 HP-CLDHC 
0 MHP807 HP-CLOHE 
0 C V - 1 0 6 SO-VALVE 
0 MHPB08 HP-CLDHE 
0 FHPB09 HP-CLDHE 
0 M H P 8 I 0 HP-CLDHE 
0 A V - 1 2 8 J T - V A I V E 
0 MHE811 LP-CLUHE 
0 H E - S V 2 MAQ-DEWR 

HE-GAS CPU R-8 



I I S . R E F L I O 0 
1 1 6 . L I N E to 
1 1 7 . ELBOW 3 1 
I I S . L I N E 1 0 
1 1 9 . ELBOW 3 1 
1 2 0 . L I N E 1 0 
1 2 1 . ELBOW 3 1 
iaa . L I N E 1 0 
1 2 3 . ELBOW 3 1 
1 2 4 . L I N E to 
1 2 5 . ELBDW 3 1 
1 2 G . L I N E 1 0 
1 2 7 . ELBOW 3 1 
1 2 8 . L I N E to 
1 2 9 . ELBOW 3 1 
1 3 0 . L I N E 1 0 
1 3 1 . ELBOW 3 1 
1 3 2 . L I N E 1 0 
1 3 3 . COMPUR O 
1 3 4 . L I N E to 
1 3 5 . ELBOW 3 1 
1 3 6 . L I N E 1 0 
1 3 7 . ELBOW 3 1 
1 3 8 . L I N E 1 0 
1 3 9 . ELBOW 3 1 
1 4 0 . L I N E 1 0 
1 4 1 . ELBOW 3 1 
1 4 2 . L I N E 1 0 
1 4 3 . ELBOW 3 1 
1 4 4 . L I N E 1 0 
1 4 3 . ELBOW 3 1 
1 4 S . L I N E 1 0 
1 4 7 . VALVE 4 1 
1 4 S . L I N E 1 0 
1 4 9 . ELBOW 3 1 
1 5 0 . L I N E 1 0 
151 . R E F L I O 0 
1 5 2 . E N D 

END DATA. 

. 0 0 6 . 0 0 7 . 0 . 0 i o 0 0 R F - L Q 3 LPHHSOUT 

. D O 6 . 0 0 6 . 3 0 4 6 . 1 5 2 3 1 0 0 o C L P 1 0 1 LP-HOJHE 

. 0 0 6 . 0 0 6 1 3 . . 0 1 0 0 0 F L P I 0 2 L P - H O I H E 
. 0 0 6 . 0 0 6 7 . 9 2 0 . 1 5 2 3 1 0 0 0 C L P 1 0 3 LP-HOTHE 
.oo 6 . 0 0 6 1 3 . . 0 1 0 0 0 F L P 1 0 4 L P - H O I H E 
. 0 0 6 . 0 0 6 3 . 9 6 0 .15 .23 1 0 0 0 C L P 1 0 5 L P - H O I H E 
. 0 0 6 . O 0 6 1 3 . . 0 1 0 0 0 F L P 1 0 6 LP -HOIHE 
. 0 0 S . O 0 6 9 . 74 . 1 5 2 3 to 0 0 C L P 1 0 7 LP -HOIHE 
. 0 0 6 . 0 0 5 1 3 . . O to 0 0 F L P 1 0 8 LP -HOIHE 
. 0 0 6 . 0 D 6 B . 2 2 . 1 5 2 3 1 0 0 0 C L P 1 0 9 L P - H O I H E 
. 0 0 6 . O 0 6 1 3 . . 0 1 0 0 0 F L P 1 1 0 L P - H O I H E 
.oo 6 . 0 0 6 B . O . 1 5 2 3 1 0 0 0 C L P 1 1 1 LP-HDTHE 
. 0 0 6 . 0 0 6 1 3 . 0 . 0 1 0 0 0 F L P 1 1 2 LP -HOIHE 
.oo 6 . 0 0 6 7 . 0 . 1 5 2 3 1 0 0 0 CLP1 13 LP-HOTHE 
. • 0 6 . 0 0 6 1 3 . 0 . 0 1 0 0 0 F L P I 1 4 L P - H O I H E 
. 0 0 6 . 0 0 6 6 . 0 . 1 5 2 3 to 0 0 C L P 1 1 5 L P - H O I H E 
. 0 0 6 . 0 0 6 1 3 . 0 . 0 to 0 0 F L P I 1 6 L P - H O I H E 
. 0 0 6 . 0 0 6 O . S . 1 5 2 3 1 0 0 0 CLP 1 17 L P - H O I H E 
.oo 6 . 0 0 6 io a 0 C P U - O I COMPPUFR 
. 0 0 6 . 0 0 B 0 . 5 . 0 7 6 1 10 o 0 CHP101 H P - H O I H E 
. 0 0 6 . 0 0 8 1 3 . 0 . 0 io o 0 FHP102 H P - H O I H E 
. 0 0 6 . 0 0 O 6 . 0 . 0 7 6 1 io o a CHP103 HP-HOTHE 
. 0 0 6 . 0 0 8 1 3 . 0 . 0 1 0 0 0 F H P 1 0 4 HP-HOTHE 
,oo 6 . 0 0 6 e . o . 0 7 6 1 1 0 0 0 CHP10S HP-HOTHE 
. 0 0 6 . 0 0 8 1 3 . 0 . 0 1 0 0 0 F H P I 0 6 HP-HOTHE 
. 0 0 6 . 0 0 8 8 . 2 2 . 0 7 6 1 1 0 0 0 CHP107 HP-HOTHE 
.oo S . 0 0 8 1 3 . 0 . 0 to 0 0 FHP10B H P - H O I H E 
.oo 6 . 0 0 8 9 . 7 4 . 0 7 6 1 1 0 0 0 CHP109 H P - H O I H E 
.oo 6 . 0 0 0 1 3 . 0 . 0 1 0 0 0 F H P 1 1 0 HP-HOTHE 
.oo 6 . 0 0 8 3 . 9 6 . 0 7 6 1 1 0 0 0 CHP111 H P - H O I H E 
. 0 0 6 . 0 0 B 1 3 . 0 . 0 1 0 0 0 F H P 1 1 2 H P - H O I H E 
.oo 6 . 0 0 B 7 . 9 2 . 0 7 6 1 1 0 0 0 CHP113 HP-HOTHE 
.oo 6 . 0 0 B 4 2 2 . 0 . 0 1 0 o 0 AV-Q41 CV-VALVE 
.oo 6.OOQ . 0 5 0 7 . 0 7 6 1 1 0 0 0 C H P I 1 4 HP-HOTHE 
.oo e.ooa 1 3 . 0 . 0 1 0 0 0 F H P 1 1 5 HP-HOTHE 
.oo 6 . 0 0 8 . 3 0 4 6 . 0 7 6 1 1 0 0 0 C H P 1 1 6 HP-HOTHE 
. 0 0 6 . 0 0 7 . 0 . 0 1 0 0 0 R F - L Q 4 HPHHE I N 

MSG.T DATALN2..F4D 



M>ATA.IL D A T A L N 2 . 
DATA SRI LMSC49 04/05/79 12:14:00 <D> 

1. USER NAME 6213 104 30235 
3. TEST CASE POt) THE MFTF LIQUID NITROGEN SUPPLY SYSTEM (CVI) 
3. 
4. 
5. 3.06 2.06 -1.00 0.0 O.O 
6. O.O -1.00 -1.00 31.0 O.O 
7. 18.00 -1.00 -1.00 0.0 0.0 
B. O.O -I.OO -1.00 31.0 O.O 
9. 54.SO -1.00 -1.00 0.0 O.O 

10. O.O -1.00 -1.00 31.0 O.O 
1 1 . 7.90 -1.00 6.90 0.0 O.O 
13. O.O 6.90 6.90 31.0 O.O 
1 3 . 18.50 G.90 6.90 0.0 0.0 
14. O.O 6.90 6.90 31.0 O.O 
1 5 . 8.50 6.90 15.40 0.0 0.0 
16. O.O 15.40 15.40. 31.0 0.0 
17. 26.00 15.40 15.40 O.O 0.0 
IB. 0.0 15.40 15.40 90.O 0.0 
19. 
2 0 . 
3 1 . O.O 15.40 15.40 340.O 0.0 
2 2 . 2.O0 15.40 15.40 0.0 0.0 
3 3 . O.OO 15.40 1.5.40 0.0 0.0 
3 4 . 1 .00 15 .40 15.40 0 .0 0 . 0 

z> 3 5 . 0 . 0 15 .40 15 .40 3 1 . 0 O.O 
j 26 . 0 .6S 15 .40 16 .09 O.O 0 . 0 

3 7 . 0 . 0 16 .08 16 .00 3 1 . 0 0 . 0 
2 8 . 0 . 5 0 16.08 16.08 0 .0 0 . 0 
3 9 . 0 . 0 16 .08 16.08 0 .0 O.O 

LN2SUPPLY 
1 
3.06 

SUGCRIT LN2SUPPLY 
1 
3.06 3.06 
O.O -1.00 

18.00 -1 .00 
O.O -1 .00 

5 4 . SO -1 .00 
O.O -1 .00 
7.90 -1 .00 
O.O 6.90 
18.50 6. go 
O.O 6. go 
a.BO 6. go 
O.O IS. 4 0 

26.00 15.40 
0.0 15.40 

-1 .O 
3 
O.O 15.40 
3.O0 15.40 
O.OO 15.40 
1 .00 15.40 
0.0 15.40 
0.6B 15.40 
0.0 16.08 
0.50 16.08 
0.0 16.08 
O.O 16.08 
6.36 16.08 
0.0 16.08 
O.50 16.03 
O.O 16.08 
O.O 16.08 
8.72 16.08 
O.O 17.45 
1 .37 17.45 
0.0 16.08 
O.O 16.08 
O.50 16.08 
0.0 16.08 

12.72 16.08 
0.0 16.08 
0.50 16. OB 
0.0 16. OB 
0.0 16. OB 

17.37 16. OB 
O.O 18. 81 
2.73 1S.B1 
0.0 16. OB 
0.0 16. OB 
0.50 16. OB 
0.0 16. OB 
12.72 16. OB 
0.0 16. OB 

3 0 . O.O 16.08 16 .08 3 1 . 0 0 . 0 
3 1 . 6 . 3 6 16 .08 16 .08 0 .0 0 . 0 
3 2 . 0 . 0 16 .08 16.08 31 .0 0 . 0 
3 3 . O . 5 0 1 6 . 0 3 1 6 . 0 8 0 . 0 0 . 0 
3 4 . O.O 16 .08 16 .08 0 .0 0 . 0 
3 5 . O.O 16.OB 16.08 3 1 . 0 0 . 0 
3 6 . B.72 16 .08 17.45 0 .0 2BB.0 
3 7 . O.O 17.45 17 .45 3 1 . 0 O.O 
3 8 . 1 .37 17 .45 16 .08 0 .0 O.O 
3 9 . 0 . 0 16 .08 16.08 31 .0 0 . 0 
4 0 . O.O 1 6 . 0 8 . 1 6 . 0 8 0 . 0 0 . 0 
4 1 . O.50 16.08 16 .08 0 .0 0 . 0 
4 2 . 0 . 0 16 .08 16.08 31 .0 0 . 0 
4 3 . 1 2 . 7 2 16 .08 16 .00 o.o O.O 
4 4 . 0.0 16.08 16.08 31.0 O.O 
4 5 . 0.50 16.OB 16.08 0.0 O.O 
46. 0.0 16.OB 16.08 0.0 O.O 
4 7 . 0.0 16.OB 16.08 31.0 O.O 
4B. 17.37 16.OB 16.8) 0.0 576.0 
49. O.O 18.81 16.81 31,0 O.O 
5 0 . 2.73 IB.B1 16.08 0.0 O.O 
5 1 . 0.0 16.OB 16.08 31.0 O.O 
5 2 . 0.0 16.OB 16.08 0.0 O.O 
5 3 . 0.50 16.OB 16.08 0.0 O.O 
5 4 . 0.0 16.OB 16.08 31.0 O.O 
5 5 . 12.72 16.OB 16.08 0.0 O.O 
5 8 . 0.0 16.OB 16.08 31.0 O.O 

FR1 m DECK 
-1 .00 0.0 
-1 .00 31 .0 
-1 .00 0.0 
-1 .00 31 .0 
-1 .00 0.0 
-1 .00 31 .0 
6.90 0.0 
6.90 31 .0 
6.90 0.0 
6.90 31.0 

15.40 0.0 
15,40. 31.0 
15.40 O.O 
15.40 90.O 

15.40 340.O 
15.40 0.0 
1.5.40 0.0 
IS. 40 0.0 
15.40 31 .0 
16.08 O.O 
16.08 31 .0 
16.08 0.0 
16.08 0.0 
16.08 31 .0 
16.08 0.0 
16.08 31 .0 
16.08 0.0 
16.08 0.0 
16.08 31 .0 
17.45 0.0 
17.45 31 .0 
16.08 0.0 
16.08 31 .0 
16.08 0.0 
16.08 0.0 
16.08 31 .0 
te.oe O.O 
16.08 31 . 0 
16.08 0.0 
16.08 0.0 
16.08 31 .0 
18.81 0. 0 
16. 8» 31.0 
16.08 0.0 
16.08 31.0 
16.08 0.0 
16.08 0.0 
16.08 31 .0 
16.08 0.0 
16.08 31.0 

1 . 0 
0. 0 
1 . 0 
0. 0 
1 . 0 
o. o 1. 0 
0. 0 
1. o 0. o 1. o 0. 0 
1. 0 
7. 0 

0 0 
1 0 
1 0 
1 0 
0 0 
1 0 
0 0 
1 0 
1 0 
0 0 
0 90 
0 0 
1 0 
1 0 
0 0 
0 0 
0 0 
1 0 
0 .0 
1 0 
1 0 
0 .0 
0 .90 
0 .0 
1 .o 1 .o 
o .o 0 .0 
o .0 1 .0 
0 .0 
1 .0 
1 . 0 
0 .0 
0 .90 

0.0 1. 
0.0 2 . 
0.0 1. 
0.0 a. 0.0 1. 
0.0 a. 0.0 1. 
0.0 a. 0.0 1. 
0.0 a. 0.0 1. 
0.0 2 . 
0.0 1. 
O.O 3. 

O.O a. 
O.O 1. 
0.0 4. 
O.O 1. 
0.0 2. 
O.O 1 . 
0.0 a. 0.0 1. 
0.0 4. 
0.0 a. 1 .00 6. 
0.0 a. 0.0 1. 
0.0 4. 
0.0 a. 0.0 6. 
0.0 a. 0.0 1. 
0.0 a. 0.0 4. 
0.0 1. 
0.0 a. 2.00 6. 
0.0 a. 0.0 1. 
0.0 4 . 
0.0 a. 0.0 6. 
0.0 a. 0.0 1. 
0.0 a. 0.0 4 . 
0.0 *. 0.0 a. 2.00 6. 
0.0 a. 



S 7 . o.so 1 6 . 0 8 1 6 . 0 8 0 . 0 O . O 1 . 0 
S B . 0 . 0 1 6 . 0 8 1 6 . 0 8 0 . 0 0 . 0 1 . 0 
5 9 . 0 . 0 1 8 - 0 8 1 6 . 0 8 31 . 0 O . O O . O 
G O . 1 7 . 3 7 1 6 . 0 8 1 8 . 8 1 0 . 0 5 7 6 . O 0 . 0 
6 1 . O . O 1 B . U 1 1 8 . 8 1 31 .O 0 . 0 O . O 
6 2 . 2 . 7 3 1 6 . 8 1 1 6 . 0 8 0 . 0 e . o 1 . 0 
6 3 . 0 . 0 1 6 . 0 8 1 6 . 0 8 3 1 . 0 0 . 0 o. o 
G 4 . 0 . 0 1 6 . 0 8 1 6 . O B 0 . 0 6 . 0 1 .O 
6 5 . 0 . 5 O 1 6 . 0 8 1 6 . 0 8 0 . 0 6 . 0 1 .O 
6 6 . 0 . 0 1 6 . 0 8 1 6 . O B 31 . 0 0 . 0 0 . 0 
6 7 . 1 2 . 7 2 1 6 . 0 3 1 4 . 0 8 0 . 0 O . O 0 . 9 0 
6 B . 0 . 0 1 4 . 0 8 1 4 . 0 8 31 . 0 O . O 0 . 0 
6 9 . 8 9 . 0 7 1 4 . OS 1 4 . O B 0 . 0 0 . 0 0 . 9 0 
7 0 . 0 . 0 1 4 . 0 6 1 4 . OB 31 -O O . O 0 . 0 
7 1 . 1 1 9 . 6 1 1 4 . 0 8 - 4 . 7 2 O . O O . O 0 . 9 0 
7 2 . O . O - 4 . 7 2 - 4 . 7 2 31 .O O . O 0 . 0 
7 3 . 4 6 . 4 4 - 4 . 7 2 - 4 . 7 2 O . O O . O 0 . 9 0 
7 4 . O . O - 4 . 7 2 - 4 . 7 2 3 1 .O O . O 0 . 0 
7 5 . 1 3 . 3 6 - 4 . 7 2 - 2 . 6 2 0 . 0 0 . 0 O . 9 0 
7 6 . 11 . 9 4 - 2 . 6 2 9 . 3 2 0 . 0 O . O 1 . 0 
7 7 . 3 0 . 2 8 9 . 3 2 1 4 . 0 8 0 . 0 O . O 0 . 9 0 
7 6 . 0 . 0 1 4 . 0 6 1 4 . 0 0 31 . 0 O . O O . O 
7 9 . 4 6 . 4 4 1 4 . 0 8 1 4 . 0 8 0 . 0 O . O 0 . 9 0 
6 0 . 1 4 . 0 0 1 4 . 0 8 1 4 , 0 8 0 . 0 O . O 1 . 0 
6 1 . 0 . 0 1 4 . 0 8 1 4 . 0 8 31 . 0 0 . 0 O . O 
6 2 . 2 . 0 0 1 4 . 0 6 . 1 6 . 0 8 0 . 0 O . O 1 . 0 
6 3 . O . O 1 6 . 0 8 1 6 . 0 8 31 . 0 O . O O . O 
8 4 . 5 . 0 0 1 6 . 0 8 1 6 . 0 8 0 . 0 O . O 1 .O 
S 3 . O . O 1 6 . 0 8 1 6 . 0 8 3 1 . 0 0 . 0 O . O 
8 6 . O . O 1 6 . O B I B . OB 0 . 0 0 . .0 1 . 0 
B 7 . 0 . 5 0 1 6 . O B 1 6 . 0 8 0 . 0 O . O 1 . 0 
S B . O . O 1 6 . 0 8 1 6 . 0 8 31 . 0 0 . 0 O . O 
S 9 . 0 . 6 8 1 6 . 0 8 1 5 . 4 0 O . O O.O 1 .O 
S O . O . O I S . 4 0 1 5 . 4 0 31 , 0 O.O O . O 
9 1 . 1 . 0 0 1 5 . 4 0 1 5 . 4 0 0 . 0 O . O 1 .O 
9 2 . 0 . 0 1 5 . 4 0 1 5 , 4 0 0 . 0 O.O 1 .O 
9 3 . 2 . 0 0 1 5 . 4 0 1 5 . 4 0 0 . 0 O . O 1 . 0 
9 4 . 0 . 0 1 5 . 4 0 1 5 . 4 0 3 4 0 . 0 0 . 0 O . O 
9 5 . - 2 . 
9 G . 3 
9 7 . O . O 1 5 . 4 0 1 5 . 4 0 3 4 0 . 0 0 . 0 O . O 
9 a . 2 . 0 0 1 5 . 4 0 1 5 . 4 0 0 . 0 O . O 1 . 0 
9 9 . O . O 1 5 . 4 0 1 5 . 4 0 0 . 0 O . O 1 . 0 

too. 1 . 0 1 5 . 4 0 1 5 . 4 0 0 . 0 0.0 1 . 0 
t o i . 0 . 0 1 5 . 4 0 1 5 . 4 0 3 1 . 0 0.0 0 . 0 
1 0 2 . 1 . 3 2 1 5 . 4 0 1 4 . 0 0 0 . 0 O . O 1 . 0 
1 0 3 . 0 . 0 1 4 . OB 1 4 . 0 8 3 1 . 0 0 . 0 O . O 
1 0 4 . 1 4 . 0 0 1 4 . O B 1 4 . 0 8 0 . 0 O . O 1 . 0 
ios. O . O 1 4 . 0 8 1 4 . 0 8 31 . 0 0 . 0 0 . 0 
1 0 6 . S . 0 8 1 4 . 0 8 9 . 0 0 0 . 0 0 . 0 1 . 0 
1 0 7 . 0 . 0 9 . 0 9 . 0 3 1 . 0 O . O O . O 
1 0 8 . 3 . 0 8 9 . 0 O 9 . O 0 0 . 0 O . O 1 . 0 
1 0 9 . 0 . 0 9 . 0 9 . 0 31 . 0 O . O 0 . 0 
1 1 0 . 1 . 0 0 9 . 0 0 B.OO 0 . 0 0 . 0 1 . 0 
1 1 1 . 0 . 0 B.OO B.OO 0 . 0 0 . 0 1 -O 
1 1 2 . 0 . 5 0 8 . 0 0 7 . 5 0 0 . 0 0 . 0 1 . 0 
1 1 3 . 0 . 5 0 7 . 5 0 7 . 0 0 0 . 0 0 . 0 1 . 0 
1 1 4 . 0 . 0 7 . 0 O 7 . 0 0 9 0 . 0 0 . 0 ' . O 

t 
f 

O . O 1 . 
0 . 0 4 . 
0 . 0 2 . 
0 . 0 6 . 
0 . 0 2 . 
0 . 0 1 . 
0.0 2 . 
0 . 0 4 . 
0 . 0 1 . 
O . O 2 . 
2 . 00 6 . 
0 . 0 2 . 

1 4 . 0 0 6 . 
0 . 0 2 . 

ta .eo 6 . 
0 . 0 2 . 
7 . 3 0 6 . 
0 . 0 2 . 
2 . 10 6 . 
0 . 0 1 . 
4 . 7 6 6 . 
0 . 0 2 . 
7 . 3 0 6 . 
0 . 0 1 . 
0 . 0 2 . 
0 . 0 1 . 
0 . 0 3 . 
0 . 0 1 . 
0 . 0 2 . 
0 . 0 4 . 
0 . 0 1 . 
0 . 0 2 . 
0 . 0 1 . 
0 . 0 2 . 
0 . 0 1 . 
0 . 0 4 . 
0 . 0 1 . 
0 . 0 3 . 

O . O 3 
0 . 0 1 
0 . 0 4 
O . O 1 
0 . 0 2 
0 . 0 1 
0 . 0 2 
0 . 0 1 
0 . 0 2 
0 . 0 1 
0 . 0 2 
0 . 0 1 
0 . 0 2 
0 . 0 1 
0 . 0 4 
0 . 0 1 
0 . 0 1 
0 . 0 5 



c 

115. 0.50 7.00 C.50 P 0 0.0 1.0 
116. 6.30 6.BO 0.20 O.O 750O.O 0.0 
117. 1.SO O.SO -1.30 0.0 O.O 1.0 lie. i.oo -i.3o -a.ao o.o o.o 1.0 
119. O.O -3.30 -2.30 31.O O.O 0.0 
130. 3.OB -2.30 -2.30 0.0 O.O 1.0 
121. 0.0 -2.30 -2.30 31.0 0.0 O.O 
122. 11.30 -2.30 9.00 0.0 O.O 1.0 
123. O.O S.OO 9.00 31.0 0.0 O.O 
124. 5.08 9.00 14.OB O.O 0.0 I.O 
125. 0.0 14.OS 14.OS 31.0 O.O O.O 
126. 14.CO 14.OB 14.08 0.0 O.O 1.0 
127. 0.0 14.OB 14.OB 31.O 0.0 0.0 
128. 1.32 14.08 15.40 0.0 0.0 1.0 
129. 0.0 IS.40 15.40 31.0 0.0 0.0 
130. 1.00 15.40 15.40 0.0 O.O 1.0 

- • - 1.0 

160. 1.00 B.OO .._ 
161. 0.0 9.00 9.00 31.0 0.0 0.0 

' 1.0 
O.O 
1 0 
0.0 

0 

162. 9.70 9.00 
163. O.O 9.00 
164. 3.08 9.00 
165. 0.0 9.00 
166. B.Ofl 9.00 
167. 0.0 14.08 14.08 31.0 0.0 O.O 
1 6 8 . 1 4 . 0 0 1 4 . 0 0 1 4 . 0 8 0 . 0 0 . 0 1 . 0 
1 6 9 . O.O 1 4 . o a 1 4 . 0 8 3 1 . 0 0 . 0 0 . 0 
1 7 0 . 1 . 3 2 1 4 . 0 8 1 5 . 4 0 0 . 0 O.O 1 . 0 
1 7 1 . 0 . 0 1 5 . 4 0 1 5 . 4 0 3 1 . 0 O.O 0 . 0 
1 7 2 . J . 0 0 1 5 . 4 0 

6 . 5 0 P 0 0 . 0 
0 . 2 0 O . O 7 5 0 O . O 

- 1 . 3 0 0 . 0 O . O 
- 2 . 3 0 0 . 0 0 . 0 
- 2 . 3 0 31 .O O . O 
- 2 . 3 0 0 . 0 O . O 
- 2 . 3 0 31 . 0 0 . 0 

9 . 0 0 0 . 0 O . O 
9 . 0 0 31 . 0 0 . 0 

14.OB O . O 0 . 0 
14.OB 3 1 . 0 o.o 
1 4 . 0 8 0 . 0 o.o 
14.OB 31 .O 0 . 0 
1 5 . 4 0 0 . 0 0 . 0 
1 5 . 4 0 31 . 0 0 . 0 
1 5 . 4 0 0 . 0 o.o 
1 5 . 4 0 0 . 0 o.o 
1 5 . 4 0 o.c o.o 
1 5 . 4 0 3 4 0 . 0 o.o 

1 5 . 4 0 3 4 0 . 0 0 . 0 
1 5 . 4 0 0 . 0 0 . 0 
1 5 . 4 0 0 . 0 0 . 0 
1 5 . 4 0 0 . 0 0 . 0 
1 5 . 4 0 31 . 0 o.o 
1 4 . OB d.o o.o 
14 .OB 31 . 0 o.o 
1 4 . 0 8 0 . 0 0 . 0 
1 4 . 0 6 31 . 0 0 . 0 

9 . 0 0 0 . 0 0 . 1 
S.OO 31 . 0 0 . 0 
9 . 0 0 O . O o.o 
9 . 0 0 3 1 . 0 o.o 
9 . 0 0 0 . 0 0 . 0 
9 . 0 0 31 . 0 0 . 0 
S.OO O . O 0 . 0 
B.OO O . O o.o 
B.OO 9 0 . 0 o.o 
7 . 0 0 0 . 0 • o . o 
7 . 0 0 31 . 0 o.o 
7 . 0 0 0 . 0 3 2 0 . 0 
7 . 0 0 31 . 0 0 . 0 
B.OO 0 . 0 o.o 
8 . 0 0 0 . 0 o.o 
9 . 0 0 0 . 0 0 . 0 
9 . 0 0 31 - 0 0 . 0 
9 . 0 0 0 . 0 0 . 0 
9 . 0 0 31 . 0 o.o 
9 . 0 0 0 . 0 o.o 
9 .O0 31 - 0 0 . 0 

1 4 . 0 8 0 . 0 o.o 
1 4 . 0 8 31 . 0 0 . 0 
1 4 . 0 8 0 . 0 0 . 0 
1 4 . 0 8 31 . 0 0 . 0 
1 5 . 4 0 0 . 0 o.o 
1 5 . 4 0 31 . 0 o.o 
1 5 . 4 0 0 . 0 0 . 0 

1 3 1 . O.O 1 5 . 4 0 . 
1 3 2 . 2 . 0 0 1 5 . 4 0 1 5 . 4 0 O.C O.O 1 . 0 
1 3 3 . 0 . 0 1 5 . 4 0 1 5 . 4 0 3 4 0 . 0 O.O 0 . 0 
134. - 3 . 
135. 4 
136. 0.0 15.40 15.40 340.0 0.0 0.0 
137. 2.00 15.40 15.40 0.0 0.0 1.0 
138. O.O -15.40 15.40 0.0 0.0 1.0 
139. 1.00 15.40 15.40 0.0 0.0 1.0 
140. O.O IS.40 15.40 31.0 O.O 0.0 
141. 1.32 15.40 14.OB G.O O.O 1.0 
142. 0.0 14.OB 14.OB 31.0 O.O 0.0 
143. 14.00 14.08 14.08 0.0 0.0 >.0 
144. 0.0 14.08 14,06 31.0 0.0 0.0 
145. 5.08 14.OB 9.00 0.0 0.1 1.0 
146. O.O 9.00 9.00 31.0 0.0 0.0 
147. 3.08 9.00 9.00 O.O O.O 1.0 
148. 0.0 9.O0 9.00 31.0 "O.O 0.0 
149. 9.70 9.00 9.00 0.0 O.O 1.0 
150. 0.0 9.00 9.00 31.0 0.0 0.0 
151. 1.00 9.00 B.OO O.O 0.0 1.0 
152. O.O 8.00 B.OO O.O O.O 1.0 
153. O.O 8.O0 B.OO 90.0 O.O 0.0 
154. 1.00 8.00 7.00 0.0 0.0 1.0 
155. O.O 7.00 7.00 31.0 O.O 0.0 
156. O.O 7.O0 7.00 0.0 320.O 0 O 
157. 0.0 7.00 7.00 31.0 0.0 0.0 
158. 1.00 7.00 B.OO 0.0 O.O 1.0 
'59. 0.0 B.OO B.OO 0.0 O.O 1.0 

1.0 

O . O 1 
o.o 6 
0 . 0 I 
o.o 1 
o.o 2 
0 . 0 1 
0 . 0 2 
o.o 1 
0 . 0 2 
o.o t 
0 . 0 2 
0 . 0 I 
o.o 2 
0 . 0 1 
0 . 0 2 
0 . 0 1 
0 . 0 4 
0 . 0 1 
o.o 3 

0 . 0 3 . 1 . 
0 . 0 1 
0 . 0 4 
0 . 0 1 
0 . 0 2 
0 . 0 1 
0 . 0 2 
0 . 0 1 
0 . 0 2 
0 . 0 1 
0 . 0 2 
o.o 1 
0 . 0 2 
0 . 0 1 
0 . 0 2 
o.o 1 
0 . 0 4 
0 . 0 5 
0 . 0 I 
0 . 0 2 
0 . 0 6 
0 . 0 2 
0 . 0 1 
0 . 0 4 
0 . 0 1 
0 . 0 2 
o.o 1 
0 . 0 2 
0 . 0 1 
0 . 0 2 
0 . 0 . 1 
0 . 0 2 
0 . 0 1 
0 . 0 2 
0 . 0 1 
0 . 0 2 
0 . 0 1 



173. O.O 15.40 15.40 O.O o.o 1 . 0 0.0 4 
174. 2 . OO 15.40 15.40 O.O O.O 1 .0 0.0 1 
175. 0.0 15.40 15.40 340.0 0.0 O.O 0.0 3 
176. - 4 . 
177. 5 
178. O.O 15.40 15.40 340. O 0.0 0. 0 0.0 3 
179. 2.00 15.40 IS.40 O.O 0.0 1 . 0 0.0 1 
1B0. O.O 15.40 15.40 0.0 0.0 1 .0 0.0 4 

" 181. 1 .00 15.40 1 5.40 0.0 0.0 1 .O 0.0 1 
iaa. O.O 15.40 15.40 31. O 0.0 0.0 0.0 2 
183. 1 .32 15.40 14.08 0.0 O.O 1 .0 0.0 1 
184, 0.0 14.08 14.oa 31 .0 O.O 0.0 0.0 2 
185. 14 .OO 14.OB 14.08 O.O O.O 1 .0 0.0 1 
toe. 0.0 14.08 14.08 31 .0 O.O 0.0 0.0 2 
187. 5.OS 14.OB 9.00 0.0 0.0 1 .0 O.O 1 
IBB. O.O 9.0D 9.00 31 .0 O.O 0.0 O. 0 2 
189. 2.00 9.00 9.00 0 0 O.O I .0 0.0 1 
190. 0.0 9.0O 9.0O . 31 .0 O.O 0.0 0. 0 2 
191 . 9.70 9.00 9.0O 0.0 O.O 1.0 0.0 1 
192. O.O 9.0O 9.00 31 .0 O.O 0.0 0.0 2 
193. 5. SO 9.00 3.50 0.0 0.0 1.0 O.O 1 
194. O.O 3.50 3.50 O.O O.O 1 .0 O.O 4 
195. O. SO 3.50 3.00 O.O O.O i .0 0.0 1 
196. 0.0 3. on 3.00 90.0 O.O 0.0 0.0 5 
197. O.SO 3.00 .2.50 0.0 0.0 I .0 0.0 1 
136. O.O 2.50 2.50 31 .0 O.O 0.0 0.0 2 
199. 0.0 2.50 2.50 0.0 0.0 1 .0 0.0 1 
200. 0.0 2.50 •'.SO 31 .O 0.0 O.O 0.0 2 
201. 1 .00 2.50 3. SO 0.0 0.0 1 .0 0.0 1 
202. 0.0 3.50 3.SO 0.0 0.0 1 . 0 0.0 4 
203. 5.50 3.50 9.00 0.0 0.0 1 .0 O.O 1 
204. 0.0 9.00 9.00 31 . 0 0.0 0.0 0.0 2 
205. 9.70 9.O0 9.00 0.0 0.0 1 .0 O.O 1 
206. 0.0 9.0O 9.0O 31 .0 0.0 0.0 0.0 2 
207. 2.0O 9.00 9.00 0.0 0.0 1 .0 0.0 1 
208. 0.0 9.00 9.00 31 .0 0.0 0.0 0.0 2 
209. 5.08 9.00 14.OB 0.0 0.0 1 .0 O.O 1 
210. 0.0 14.08 14.08 31 .0 0.0 0.0 0.0 2 
211 . 14.00 14.08 14.08 0.0 0.0 1 .0 O.O 1 
212. 0.0 14.08 14.08 31 .0 0.0 0.0 O.O 2 
213. 1 . 32 14.08 15.40 0.0 0.0 1 .0 0.0 1 
214. 0.0 15. 40 15.40 31 .0 O.O 10.0 0.0 2 
215. 1 .00 15. 40 15.40 0.0 0.0 1." 0.0 1 
216. O.O 15.40 15.40 0.0 O.O 1. il 0.0 4 217. 2.00 15. 40 IS.40 0.0 O.O 1 .0 0.0 1 
218. 0.0 15.40 IS. 40 340.0 0.0 0.0 0.0 3 
219. - 5 . 220. 6 
221 . O.O 15.40 1 5.40 90.0 0.0 7.0 O.O 3 
222. 26.00 15.40 15.40 0.0 0.0 1 . 0 0.0 1 
223. o.o • 15. 40 15.40 31 .0 0.0 0.0 0.0 2 
224. 8.50 15-10 6. 90 0.0 0.0 1 .0 O.O 1 
225. 0.0 S.90 6.90 31 .0 O.O 0.0 0.0 2 
226. 18.50 6.90 6.90 0.0 O.O 1 .0 0.0 1 
227. 0.0 6.90 6.90 3) .0 0.0 0.0 O.O 2 
228. 7.90 6.90 -1 .00 0.0 0.0 1 .0 0.0 1 
229. 0.0 -1 .00 -1 .00 3i. a O.D 0.0 0.0 2 230. 54.50 -1 .00 -1.00 0.0 0.0 1.0 O.D 1 



231. O.O -1 .O -1 -O 31 .0 0.0 O.O 
232. IB.OO -1 .00 -1 .00 0.0 O.O 1 .0 
233. 0.0 -1 .0 -1 .0 31 .0 0.0 0.0 
234. 3.0E -1 .00 2 .OB 0.0 0.0 1 .0 
235. - 6 . 
236. 3O8tl0.71 0.00 
237. 10. 293.15 
238. O.O 0.0 0. lOO 0.0 
239. 0.001389 0.1016 0.0254 O.OSOB 0 .0508 o.osoa 240. O.001042 0.1016 0.0254 0.0500 0 .0508 0.0508 
241. -1 . 

END DATA. 

•ASG.T DATAGHEHC. 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 1 0 1 6 
0 . 1 0 1 6 



•OATA.1L DATAGKERC. ! 
DATA BRI LMSC49 0 4 / 0 5 / 7 9 1 2 : 1 4 : 0 3 ( 0 ) j 

1 . USER NAME i 
2 - TEST CASE FOR THE MFTF CASEOUS HELIUM SUPPLY SYSTEM (CVI> 1 
3 . GHE RECQVERYSUBCRIT LAST DECK I 
4 . 4 8 . 0 1.0 O.O ; 
5 . 0 . 0 0 . 0 3 4 0 . 0 
6 . 5 . 0 2 . 0 0 . 0 t 
7 . O.O 0 . 0 3 4 0 . 0 
8 . t . 0 O.O 0 .0 
9 . 0 . 0 O.O O.O 1.O '* 

10. t . O 0 . 0 0 . 0 S 
! > - O.O 0 . 0 3 4 0 . 0 ii 
12 . 12 .0 2 . 0 0 . 0 
13 . 0 . 0 O.O 34O.0 
14 . 1.0 O.O O.O 
15. - L O 
16 . | . 0 O.O 0 .0 
17. 0 . 0 0 . 0 3 4 0 . 0 
I B . 1.0 O.O 0 .0 
19 . 0 . 0 O.O 7 7 . 0 
2 0 . 3 , 0 4 . 0 0 . 0 
21 . 7 .0 3 . 0 0 . 0 
3 2 . O.O • O.O 170 .0 
2 3 . 2 . 0 1.0 0 . 0 

j 2 4 . O.O 0 0 O.O 2 . 0 
J 25 . 2 . 0 1.0 0 .0 
* 26- 0 . 0 0 . 0 0 . 0 3 . 0 

2 7 . 2 . 0 O.O 0 . 0 
28. 0 . 0 O.O 170.0 
2 9 . 5 . 0 3 . 0 0 .0 
3 0 . 0 . 0 O.O 340.O 
3t . 1.0 1 .0 O.O 
3 2 . O.O 0 . 0 0 . 0 4 . 0 
3 3 . 1.O 1.0 O.O 
34 . 0 . 0 O.O 34O.O 
3 5 . 1.0 1 .0 O.O 
3 6 . 0 . 0 0 . 0 340.O 
3 7 . 2 . 0 2 . 0 O.O 
3S. 0 . 0 O.O 3 4 0 . 0 
3 9 . 9 9 . 0 S.O O.O 
4 0 . 0 . 0 O.O 3 4 0 . 0 
" 1 - - 2 . 0 
4 2 . 5 S 1 
4 3 . I 16 1 
4 4 . 2 7 3 . I S 101.32S 16542.86 
4 5 . 2 9 3 . 1 5 101.325 16542.S6 
4 6 . - » . o 

END DATA. 

TEST RUN OF THE CRYOGENIC SYSTEMS ANALYSIS PROGRAM 

MFTFTCSA. 

•COPY.P MFTF»CSA..TPFS. 



FURPUR 27R3B E33 SL73R1 04/05/79 t2:14:04 97 SYM Bl REL 1 ABS 

ta 



•XHEF MFTF»C5A. 
XREF 0 1 * LMSC43 0 4 / 0 5 / 7 9 I 2 M 4 : 2 2 

XBEF OF F I L E MFTF-.C5A 

CFTM cot (00OI03J ICFTW) 
CMPCAL O01 (005404) (CMPCAL) .CRYPAN,HEMKUP,MAGNET 
COMFLO 001 (000204) ICOMFLOI .CMPCAL 
COMPDP 001 1000020> (COWPOPl .ANALYSIS 
COMPIL 0O1 (OOI143) (COMPIL) •CONTRL 
CP OOI (0000431 <CP) , SOUN 
CRYPAN OOI 1000507) (CRYPAN1 .CONTRL 
CSUBP J01 (00004(3) (CSUBP) . C O M F L O 
CSUBV OOI (000047) (CSUBV) .COMFLO 
CV " oot (000031) (CV) .CP.HEPRDP.SDUN 
CWtMT OOI (OO0443) (CV1NT) .CV 
CVOL OOI (000354) (CVOL) .CMPCAL 
DATAIN OOI (000204) (DATAIN) .GHERCV 
OBOT OOI (000046) (DBDT) .CVINT.DPCLOT.HINT.SINT 
DOHEF OOI (000331) (ODHEFJ ,CP.FIHOO,HEPROP,SOUN 
DELT OOI (OOOOt1) COELT) .DPDTVP.VPN 
DENCAL OOI (000237) (DENCAL) .ANALYSIS 
DENSL 001 (0001 t'j) (DENSL) .NZPROP 
DENSV oot (DOOI21> (OENSV) .H2PRQP 
DPCAL oot (0014321 (DPCAL) .LNSYST 
DPCLOD 001 (000023) (OPCLDD) •DDHEF 
OPCLDT OOI (000033) (DPCLDT) .DTHEF 
OPOTVP OOI (000144) (DPDIVP) .VPTEMP 
OPLINE ogi 1000130) (DPLINE) .ANALYSIS 
OPVALV 001 (000031) (DPVALV) .ANALYSIS 
OSATL oot (0O0O4G) (DSATL) .HEPROP 
OSATV OOI 10OO046) (OSATV) .HEPROP 
DJHEF oot IDOD34 7) (DTHEF) ,CP.HEPROP 
D20BT2 OOI 1000052 9 (D2DBT2) .CV1NT 
ENTHAL oot (000053) (ENTHAL) .HEPROP 
ENTHSL oot 1000056) !SLENTH) .DHL DP 
ENTHSV OOI (001152) ( SVE14TH) .SLENTH 
ENTROP OOI (00O061) (ENTROP) .HEPROP 
F1HDO OOI (000074 J (FINDO) .HEPHOP.RHOGAS.RHOLIQ 
FIMOR 00 1 (000012) ( F1NDR) .COMFLO.VGVS 
FINTAB 00 1 (000113) (F1N1AB) 
FLOOEQ OOI (OOO04 2) 4 FLODEQ) , COIMFLO 
GASRCV 001 (0007211 (ANALYSIS) .DATAIN 
GETCOM 001 (000031) (GETCON) .CMPCAL 
GHERCV OOI (OOOOOG) IGHERCV) .CONTRL 
GN2DEN O01 (O0O233I (GN2DEN) .DPCAL.LNSYST 
HEFtT OOI (000301) (HEFIT) .FINDD 
HEHED OOI 1000011) (HEHED) .CMPCAl.CRYPAN.MAGNET 
HEMKUP OOI (0O033O) (HEMKUP) .CONTRL 
HEPHOP OOI (OO0545) (HEPROP) .CMPCAL.CRYPAN.CSUBP.CSUBV.HEMKUP.MAGNE T VGVS MINT OOI < 000361 ) (HINT( , ENTHAi. 
HPRAT OOI (000132) (DHL DP) •N2PR0P 
HTVAP OOI (000357) (HVAP) ,N2PR0P,Sl.eNTH 
INTAB 001 (001467) (INTAB) .CONTRL 
LIONIT 001 (OOOOOQ) < LIONIT) .CONTRL 
LNSYST 001 (002257) (LNSYST) ,N2MAIN 
LOCAT 001 1000128) (LOCATE) .WIPE 
MAGNET 001 (000260) (MAGNET) .CONTRL 



MtPE OOI (000377) (M1PE > 
N2MA1N OOI <000611) (N2MA1N) ,LlONIT 
N2PROP OOI (000060) (N2PROP) .DPCAL.LNSVST.N2MAt N 
OTUHlt OOI IO00442) (OUTPUT) .COHTRL 
OUTPA OOI (00037'i) (OUTPUT) 
OUTPF OOI (000332) (OUTPUT) 
OUTPF1 OOI (0003471 (OUTPUT) 
OUTP1 OOI (OOO360) (OUTPUT) 
OUTPH OOI (00041?) (OUTPUT) 
PAGE OOI (0C01IG> (PAGE) . ANA LYSIS. CMPCAL. CC1MP! L.< 
PCAL OOI (OO002*J > (PCALI .HEFIT 
RHOGAS OOT (00006?) (RHOGAS) .CMPCAL 
RHDLIQ oot (OO0062) (RHDLIQ) .CMPCAL 
RVMIPE 001 (00040G) (MIPE) 
SINT OOI (000377) (SINT| .ENTROP 
SOUN OOI (OO0041) (50UH1 
SPACE OOI (000437) (OUTPUT) 
SPCFHT oot (000113) (SPCFHT) .DPCAL,LNSVST 
STOCON ODI (00003G) (5TDCON) .CUMPIL 
STOOTA OOI (000005) (STOOTA) .CONTRL 
TCOND OOI (000365) (TCOMO) 
TEL OOI (O00153) (TEL) .MIPE 
TVP OOI (000303) (TVP) .DHLDP.N2PROP 
VELF OOI (000021> (VELF) .CMPCAL 
VGVS OC1 (00007'5) (VCVS) 
VIRB OOI (0C0040) (VIRB) .DPC LDD.OPCLDT,PCAL.SINT 
vise 001 1000027) (VISC) .N2PRDP 
VtSCDT OOI 1000124) IVISCDT) .VlSCHE 
VlSCHE oot (000142) (VlSCHE} .HEPROP 
VISCX 001 (000030) (VISCX) .VlSCHE 
VPN OOI (00011G) (VPN) .DPDTVP.VPTEMP 
VPTEMP OOI (OOOI13) (VPTEMP) .HEPfiOP,RHOGAS,RHOL10 
YLG1NT 001 (000370) (YLGINT) .TEL 
ZCALC 001 (O0O015) (ZCALC) .HEPHOP 
«•• DONE »*• 

•FREE MFTF< >CSA. 

CXQT TPFS.ABS 



NAME USER NAME 
DEPT 6213 EXT. 30235 
BLD. 104 

CRYOGEN SYSTEMS ANALYSIS 
MFTF 

• PAGE 1 
• DATE 0 5 APR 7 0 
• TIME 1 2 i 1 4 : 4 5 
• CASE 1 

TABLE 
NUMBER 

TEST CASE FOB THE HFTF "flAGNET SUPPLY SYSTEM ( C V I i 

TABLE 

TITLE OF TABLE 

1 FTU OF 321/347 ST.STEEL 2 FTU OF 2219-TB7 ALUM. 
3 FTU OF 6061-TB ALUMINUM 4 FTU DF INCONEL-71B 5 FTU OF TI-6AL-4V 6 FTU OF 304 ST. STEEL 

PUT SUMMARY 

NUMBER OF NUMBER OF NUMBER OF 
DIMENSIONS SUBTABLES WORDS 

2 3 4 
2 3 4 
2 3 4 
2 3 4 
2 3 4 
2 3 6 

TOTAL TABLE STORAGE • 



NAME USER NAME • • » » • • • * * * * » * » * * , * + • * PAGE 2 
DEPT 6213 * CRYQGEN SYSTEMS ANALYSIS * DATE 05 APR 79 
EXT. 30235 • • TIME 12:14:47 
BLD. 104 • MFTF * CASE 1 

TEST CASE FOR THE MFTF MAGNET SUPPLY SYSTEM (CVI) 

• •• YOU HAVE CALLED FOR THE MAGNET SYSTEM 

to 



NAME USEH NAME . . • » . . » . . « , . . . * , , » . » , PAGE 3 
DEPT 6213 • CRYOGEN SYSTEMS ANALYSIS * DATE OS APR 79 
EXT. 30335 • "TIME 12:14:47 
OLD. 104 • MFTF • CASE 1 

TEST CASE FOR THE MFTF MAGNET SUPPLY SYSTEM (CVI) 
'•••• M A G N E T D A T A »»*»• 

NUMBER nF MAGNETS 2 
MAGNET DEWAR PRES. - KPA 113.79 MAGNET OEWAR TEMP-DEG.K 4-35 HELIUM MOLEC. WGT. 4.00 MAGNET HEAT LEAK- WATTS 565.00 VOL.L1Q.HE-MAGNET.LITERS 3000.00 VOL.MAG-DE HARCLHE111TERS 4000.00 VOL.RESERVE!LHE)~LITER5 28000.00 HEAD-MAC.IMLET - METERS 16.69 HEAD-MAG.OUTLET - METERS 14.45 HEAD-MAG.CENTER - METERS 16,47 INITIAL FLOW RATE-KG/HH. 962.54 



NAME USER NAME • * * • * • • * * * • • * • • . » • • * • PAGf 4 
OEPt 6 2 1 3 • CRYOGEN SYSTEMS ANALYSIS • DATE OB APR 79 
EXT. 3 0 2 3 5 * - t t w e 1 2 : 1 4 : 4 7 
BLD. 104 • MFTF • CASE 1 

TEST CASE FDR THE MFTF MAGNET SUPPLY SYSTEM ( C V I ) 

. . „ „ « S Y S T E M C O N F I G U R A T I O N • • • • • 

COUP COMP FUNC. NUMB. NHEAD MATRL. FLOW FRICTION LINE LENGTH LINE INSULATION INSULATION 
NAME CODE TYPE OPER. (M) TYPE CQEFICIENT OR L-OVER-D DIAMETER TYPE THICKNESS 

GAS HE-LIQ 1 2 -.00 1 -.00000000 -.00 -.00 0 -.00 
TANK HE-SV2 0 1 -.OO 6 -.00000000 -.OO -.00 0 -.OO 
LINE MS-tOO 10 1 1.48 6 .70000000-02 .23 .15 0 -.00 TEE FS-tOI 31 1 -.00 6 .70000000-02 60.00 -.00 0 -.00 
LINE MS-102 10 1 -.00 G .70000000-02 1 .07 .15 0 -.00 VALVE CV-135 31 1 -.00 6 .70000000-02 400.00 -.00 0 -.00 LINE MS-103 10 1 -.00 6 .70000000-02 1 .00 .15 0 -.00 ELBOW FS-104 31 1 -.00 6 .70000000-02 13.OO -.00 0 -.00 LINE MS-IQ5 10 1 2.59 6 .70000000-02 2.59 .15 0 -.00 ELBOW FS-106 31 1 -.00 6 .70000000-02 13.00 -.00 0 -.00 LINE MS-t07 10 1 -.00 6 .70000000-02 12.40 .15 0 -.00 
ELBDW FS-IOB 31 1 -.00 6 .70000000-02 13.00 -.00 o -.00 
LINE MS-109 10 1 17.25 6 .70000000-02 17.25 .15 0 -.00 
ELBOW FS-IIO 31 1 -.00 6 .70000000-02 13.OO -.00 0 -.OO 
LINE MS-111 lO 1 -.00 6 .70000000-02 .60 .15 0 -.00 
ELBOW F5-112 21 1 -.00 6 .70000000-02 B. 60 -.00 0 -.00 
LINE MS-t13 10 1 -.00 S .70000000-02 5.00 .15 0 -.00 ELBOW FS-t14 31 1 -.00 6 .70000000-02 13.00 -.00 0 -.00 LINE MS- 11 5 10 1 -3.00 6 .70000000-02 3.00 .15 0 -.00 
ELBOW FS->16 31 1 -.00 6 .70000000-02 t3.00 -.00 0 -.00 
LINE MS-I17 10 1 -.00 6 .70000000-02 4.00 .15 0 -.00 
ELBOW FS-118 21 1 -.00 6 .70000000-02 B-60 -.00 0 -.00 
LINE MS-I19 10 1 -.64 6 .70000000-02 .90 .15 0 -.00 MAGNET MAG-OI 0 1 -4.24 G .70000000-02 10.96 .15 0 -.00 LINE MH-lOl 10 1 -.64 6 .70000000-02 .90 .15 o -.00 ELBOW FR-J02 21 1 -.00 6 .70000000-02 B.60 -.00 0 -.00 LINE MR-103 10 1 -.00 6 ,70000000-02 4.00 .15 0 -.00 ELBOW FR-I04 31 1 -.00 6 .70000000-02 13.00 -.00 0 -.00 
1 !NE MR-IOS 10 1 -4.00 6 .70000000-02 4.00 .15 o -.00 ELBOW FR-106 21 1 -.00 6 .70000000-02 B.60 -.00 0 -.00 
LINE MR-107 lO 1 -4.72 6 .70000000-02 7.27 .15 0 -.00 ELBOW FR-100 21 1 -.00 6 .70000000-02 B.GO -.00 0 -.00 LINE MR-109 10 1 -.00 6 .70000000-02 1 2.40 .15 0 -.00 
ELBOW FR-1lO 31 1 - . OO 6 .70000000-02 (3.00 -.00 0 -.00 LINE MR-I1 1 lO 1 -2.59 6 .70000000-02 2.59 .15 0 -.00 ELBOW FR-I12 31 1 -.OO e .70000000-02 13.00 -.00 0 -.00 LINE MR-113 10 1 -.00 6 .70000000-02 .61 .15 a -.00 VALVE CV-145 31 1 -.OO E .70000000-02 400.00 -.00 0 -.00 LINE MR-114 10 t -.00 G .70000000-02 1 .98 .15 0 -.00 
TEE FR-115 31 1 -.00 6 .70000000-02 60.00 -.00 0 -.00 LINE MR-116 lO 1 -1.48 6 .70000000-02 1 .52 .15 0 -.00 TANK HE-SVS 0 1 -.OO 6 -.00000000 -.00 -.00 a -.00 GAS HE-LIQ 1 2 -.00 2 -.00000000 -.00 -.00 0 -.00 
LINE HIS-202 10 1 -.00 6 .70000000-02 1 .07 .15 0 -.00 

NO. LAYERS 
INSULATION 

- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . O 
- . 0 • 
- . 0 
- . o 
- . 0 
- . 0 
- . o 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . o 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . o 
- . 0 
- . 0 
- . o 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 



NAME 
OEPT 6213 • CRVOGEN SYSTEMS ANALYSIS * DAte 5 

OS APR 79 
EXT. 30235 * * TIME 12:14:48 
BLO. 104 n MFTF * CASE 1 

TEST CASE FOR THE MFTF MAGNET SUPPLY SYSTEM ICVI > 
S Y S T E M C O H F 1 G U R A T I O H 

CD.1P COMP FUNC. NUMB. NHEAD MATRL. FLOW FRICTION LINE LENGTH LINE INSULATION INSULATION 
NAME CODE TYPE OPER. (M) TYPE COEFtCIENT OR L-OVER-D DIAMETER TYPE THICKNESS 

VALUE CV-136 31 -.00 6 .70000000-02 400.00 -.00 0 -.00 
LINE KS-203 10 -.00 G .70000000-02 1 .00 .15 0 -.00 
ELftDW FS-204 31 -.00 6 .70000000-02 13.00 -.00 O -.00 
LINE MS-205 10 2.S9 B .70000000-02 2.59 . 15 0 -.00 
ELBOW FS-206 31 -.00 6 .70000000-03 13.00 -.00 0 -.00 
LINE M5-207 10 -.00 6 .70000000-02 12.40 .15 0 -.00 
ELBOW FS-20B 31 -.00 6 .70000000-02 13.00 -.00 0 -.00 
LINE MS-209 10 17.25 e .7000000U-02 17.2S .15 0 -.00 
ELBOW FS-210 31 -.00 e .70000000-02 13.00 -.00 O -.00 
LINE MS-211 10 -.00 6 .70000000-03 .80 .15 0 -.00 
ELBOW FS-212 21 -.00 6 .70000000-02 B.GO -.00 O -.OD 
LINE MS-213 10 -.00 6 .70000000-02 5.0O .15 0 -.00 
ELBOW FS-214 31 -.00 6 .70000000-02 13.00 -.00 0 -.00 
LINE MS-21S 10 -3.00 6 .70000000-02 3.00 .15 0 -.00 
ELBOW FS-216 31 -.00 6 .70000000-02 13.00 -.00 0 -.00 
LINE MS-217 10 -.00 B .70000000-02 B.30 .15 0 -.00 
ELBOW FS-218 31 -.00 G .70000000-03 S.60 -.00 0 -.00 
LINE M"=-?I9 10 -.64 6 .70000000-0^ • 90 .15 a -.00 
MAGNET MAG-02 D -4.34 B .70000000-02 10.96 .15 0 -.00 
LINE MR-ZOO 10 -.64 6 .70000000-02 • 90 .15 0 -.00 
ELBOW FR-201 21 -.00 6 .70000000-02 B.60 -.00 0 -.00 
LINE MR-202 10 -.00 6 .70000000-02 B.30 .15 0 -.00 
ELBOW FH-Z03 31 -.00 6 .70000000-02 13.00 -.00 0 -.00 
LINE MR-204 10 -4,00 6 .70000000-03 4.00 .15 0 -.00 
ELBOW FR-205 2t ' -.00 6 ,70000000-02 B.GO -.00 0 -.00 
LINE MR-206 10 -4.75 6 .70000000-02 7.37 .15 0 -.00 
ELBOW FB-207 21 -.00 6 .70000000-02 B.60 -.00 0 -.oo LINE MR-208 10 -.00 6 .70000000-02 12.40 .15 0 -.oo ELBOW FR-209 31 -.00 6 .70000000-02 13.00 -.00 0 -.00 
LINE MR-210 . 10 -a. 09 6 .70000000-02 2.59 .15 0 -.00 
ELBOW FR-211 31 -.oo 6 .70000000-02 13.00 -.00 0 -.00 
LINE MR-212 io -.oo 6 .7O0O0000-02 .61 .15 0 -.00 
VALVE CV-146 31 -.00 6 .70000000-02 400.00 -.00 0 -.00 
LINE MR-213 10 -.00 6 .70000000-03 1 .9B .15 0 -.00 
END 0 O -.00 0 -.00000000 -.00 -.00 0 -.00 



NAME USER NAME 
OEPT S213 
EXT. 30235 
BLI>. 104 

* CRYDGEN SYSTEMS ANALYSIS 
» MFTF 

TEST CASE FOR THE MFTF MAGNET SUPPLY SYSTEM (CVI) 

• PAGE 6 
• DATE 05 APR 79 
• TIME 12:14:50 
• CASE 1 

•• INITIATE PROGRAM AND CHARACTERIZE MAGNET INPUT AND OUTPUT CONDITIONS »•• 

»* ESTIMATED MAGNET PARAMETERS »« 
FLUID FLOWINGCONDITIONS; 

NO-FLOW CONDITIONS: 

INLET FLOW RATE (KG/HR) 
INLET TEMPERATURE (DEG.K) 
INLET PRESSURE ( KPA ) 
INLET FLUID DENSITY (MOL/L) 
INLET SPECIFIC VOLUME IL/MOL) 
OUTLET 
OUTLET 
OUTLET 
OUTLET 
OUTLET 
OUTLET 
OUTLET 
OUTLET 

FLOW RATE 
TEMPERATURE 
PRESSURE 
LIQUID DENSITY 
GAS DENSITY 
MIXTURE DENS IT 
MIXTURE SP.VOL 
FLUID QUALITY 

(KG/HR) 
IDEG.K) 
( KPA ) 
(MOL/L) 
(VOL/L) 

YHWOL/L) 
I L/MOL) 
(FRACT1 

OUTLET FLUID COMPOSITION: 
LIQUIO (KG/HR) 
VAPOR (KG/HR) 

MAGNET ENERGY (J/HR.) 
TIME TO SAT. LIQUID (HOURS) 
TIME TO SAT. VAPOR (HOURS) 
RATE OF VAPOR BOILOFF (KG/HR) 

.30251500+03 

.43500000+01 

.13G41071 +03 

.31277659+02 

.31117 17 02-01 

.362S4500+03 

.43503336+01 

.13127B51+03 

.2093 2631+02 

.5<>402Q12+01 

.23655197+02 

.42274008-01 

.61614337-01 

.9032 3843+03 

.59306572+02 

..20340000+07 

.161 
3.452 

.10413321+03 



NAME USER NAME 
DEPT 6213 EXT. 3023S 
BLD. 104 

CRYOGEN SYSTEMS ANALYSIS 
• PAGE 7 
• DATE OS APR 79 
• TIME 12114:51 • CASE 1 

TEST CASE FOB THE MFTF .MAGNET SUPPLY SYSTEM <CVI> 
»« SOM.UHV OF COMPUTED SYSTEM CONFIGURATION PARAMETERS - FOB MAGNET PRIMARY CIRCUIT NO. 

F CODE IOX S G5 DIAM. WOOT-T WDOT-L WODT-G QUAL­ TEMP. PRESS. OELTA-P VELOCITY DENSITY REYNOLDS 
(Ml (KG/HP! (KG/HR) (KG/HR) ITY <K) 1KPA) (KPA.1 (M/HRI (KG/CU-M) NUMBER 

CAS HE-LI3 t 1 2 .OOO OOO 000 .000 .OOOOO 000 0000 .000000 .0000 .00000 .000 
TAN HE-SV2 2 1 2 -.000 962. 545 962 545 .000 .00000 4i 350 1 13. 7B79 .000000 .0000 1 23.42882 .000 
LIN MS-100 3 1 2 .152 962 545 962 545 .00 0 .00000 4. 350 115. 5793 .000005 428.0690 123.42882 709T.B9B 
TEE FS-IOI 4 1 2 .152 4BI 272 401 272 .000 .OOOOO 4. 350 115. 5791 .000202 214.0345 123.57646 3553.398 
LIN MS-(02 S 1 2 .152 4B1 272 4B1 272 .000 .00000 4 35 I 115. 5791 .0000 06 214.034S 123.57062 3553.644 
VAL CV-13S 6 1 2 .152 481 2 12 4B1 272 .000 .00000 4 352 115. 5788 .000336 214.0345 123.55873 3554.337 
LIN US-1D3 7 1 2 .152 4BI 372 4B1 272 .OOO .OOOOO 4 352 115. 5788 .00 0006 214.0345 123.529 03 3553.872 
ELB FS-104 8 1 2 .152 4BI 272 481 272 .000 .OOOOO 4 352 115. 578B .000011 214.0345 123.51788 3553.648 
LIN MS-105 9 1 2 .152 4B1 272 4B1 272 .000 .OOOOO 4 353 11B 7159 .000014 214.0345 123.51509 3542.429 
ELB FS-106 io 1 2 .152 4B* 272 481 272 .OOO .00000 4 353 118 7159 .00 0011 214.0345 123.74410 3549.093 
LIN MS-107 11 1 2 -152 481 272 481 272 .000 .00000 4 358 118 7159 .00 006B 214.0345 123.74132 3553.B18 
ELB FS-10B- 12 1 2 .152 481 272 4B1 272 .000 .00000 4 358 iia 7.1 SU .OO0O11 214.0345 123.603 25 3549.949 
LIN MS-109 13 1 2 .152 481 272 4B1 272 .000 .OOOOO 4 365 139 6240 .000095 214.0345 123.600 47 3480.250 
ELB FS-110 14 1 2 .152 481 272 481 272 .000 .000.0 4 365 139 G24G .000011 214.0345 125.02970 3520.S86 
LIN MS-I11 15 1 2 .152 481 272 4B1 272 .OOO .00000 4 366 139 624B .000004 214.0345 125.02704 35 20.006 
ELB FS-112 16 1 *> .152 481 272 491 272 .000 .00000 4 366 139 6246 .000007 214.0345 125.01850* 3520.657 
LIN MS-113 1 7 1 2 .152 481 272 481 272 .000 .1)0000 4 363 139 6245 .000027 214.0345 125.01583 3522.426 
ELB FS-114 IB 1 2 .152 481 272 481 272 .OOO .00000 4 368 139 6245 .000011 214,0345 124,96236 352*.012 
LIN MS-115 19 1 2 .152 481 272 4B1 272 .000 .OOOOO 4 369 135 94 82 .000016 214.0345 124.95959 353S.OSB 
ELB FS-1IE SO 1 2 . 152 481 272 481 272 .000 .OOOQO 4 369 135 94 B2 .O00O1I 214.0345 124.65320 3526.480 
LIN MS-117 21 1 2 .152 481 272 4B1 272 .000 .00000 4 J71 I3S 9482 .000022 214.0345 124.6S051 3527.893 
ELB FS-1 IS- 22 1 2 .152 4Q> 272 481 272 .OOO .OOOOO 4 371 135 9482 .000007 214.0345 124.60737 • 3526.765 
LIN MS-119 23 1 2 .162 481 .272 481 272 .000 .00000 4 371 135 16G1 .000005 214.0345 124.60467 3529.832 
MAG MAU-01 24 1 2 . 152 4B1 .272 44U 793 32.4B0 .06749 4 546 131 3063 .000081 284.5955 92.82658 3827.349 
LIN MR-1D1 25 1 2 . 152 481 .272 443 092 38.IBO .07933 4 507 130 7237 .000007 296.1127 89.21613 3826.299 
ELB FR-102 26 1 2 . 152 4B1 .272 443 092 38.180 .07933 4 507 130 7237 .000010 296.1 127 89 . 21613 3826.299 
LIN MR-103 27 1 2 . 152 481 272 443 092 38.180 ,07933 4 508 130 7236 .000031 296.1127 69.21613 3B26.299 
ELB FR-104 2B 1 2 .152 481 .272 443 092 38.ISO .07933 4 508 130 7236 .000015 296.1127 89.216i:3 3826.299 
LIN MR-IOS 29 1 2 . 152 4B1 .272 438 757 42.516 .0QB34 4 476 127 2240 .0000 31 306.B673 66.08942 3825.B07 
ELB FR-106 30 1 2 . 152 481 .27 2 438 .757 42.516 .0BB34 4 .476 127 2240 .000010 306.8673 86.08942 3025.807 
LIN MR-107 31 1 2 .152 481 .272 433 .945 47.32B .09834 4 .439 123 .2137 .000058 319.9798 82.56154 3825.578 
ELB FR-IOB' 32 1 2 .152 481 .272 433 .945 47.328 .09834 4 .439 123 .2137 .OOOOt1 319.9798 82.56154 3825.578 
LIN MR-109 33 1 2 . (52 481 .272 433 945 47.328 .09834 4 444 123 2136 .000102 319.979B S2.S6154 3925.578 
ELB FR-110 34 1 2 . 152 481 .272 433 945 47.328 .09B34 4 .444 123 2136 .000016 319.9798 82.56154 3825.578 
LIN MR-11t 35 1 2 . 152 4BI .272 431 .487 49.786 .10345 4 420 121 1 166 .000021 327.2013 80.73936 3825.605 
ELB FR-112 36 1 2 .152 481 .272 431 487 49.786 ,1034S 4 .420 12* 1165 .000017 327.2013 60.73936 3335,605 
LIN MR-113 37 1 2 v .152 481 .272 431 .487 49.786 .10345 4 .420 121 . 1165 .000005 327.2013 60.73936 3825.605 
VAL CV-145 38 1 2 .152 481 .275 431 ,4B7 49.766 . 10345 4 .421 121 .1160 .000515 327.2013 80.739 36 3B25.C05 
LIN MR-114 39 1 -2" .152 481 .272 431 . 4B7 49.786 .10345 4 .422 121 .1160 .000017 327.2013 80.73936 3835.605 
TEE FR-115 40 1 2 -152 962 .545 862 .973 99.572 .10345 4 .422 121 . 1159 .000077 654.4028 BO.73936 3625.605 
LIN MR-116 41 1 2 .152 962 .545 860 .258 102.287 .10627 4 .409 119 .9440 .000051 662.7070 79.72761 7651.330 
TAN HE-sua 43 1 2 -.000 962 .545 360 .25S 102.287 .00000 4 .409 113 .7879 .000000 .0000 123.42082 .000 



NAME USER NAME OEpT 6213 
EXT. 30235 8LD. 104 

CRYOGEN SYSTEMS ANALYSIS 
MFTF 

PAGE 8 
DATE OS APR 79 1IME 12:16:06 CASE 1 

TEST CASE FOR THE MFTF MAGNET SUPPLY SYSTEM (CVII 
•*• SUMMARY OF COMPUTED SYSTEM CONFIGURATION PARAMETERS - FOR MAGNET PRIMARY CIRCUIT NO. 

F CODE I D X 6 , G S D I A M . W O D T - T W D O T - L U D D I - G Q U A L ­ TEMP . P R E S S . O E L T A - P V E L O C I T Y D E N S I T Y R E Y N O L D S 
( M l ( K G / H R I ( K G / H R I ( K G / H R ) I T Y ( K 1 < K P A J ( K P A > I M / H R ) ( K G / C U - M ) NUMBER 

C A S H E - L I 3 4 3 1 2 . 0 0 0 4 B 1 , . 2 7 2 4 8 1 , . 2 7 2 . 0 0 0 . 0 0 0 0 0 4 . . 3 5 0 11 5 . . 5 7 9 1 . 1 0 0 0 0 0 . 0 0 0 0 OOOOO . 0 0 0 
L I N M S - 2 0 2 4 4 1 2 . 1 5 2 4 B 1 . 2 7 2 4 B 1 , . 2 7 2 . 0 0 0 . O O O O O 4 , . 3 5 0 1 1 5 . . 5 7 9 1 . 0 0 0 0 0 6 2 1 4 . 0 3 4 5 1 2 3 . . 5 7 6 4 5 3 5 5 3 . 6 0 8 
V A L C V - 1 3 6 4 5 I 2 . 1 5 2 4 B I . . 2 7 2 4 B 1 . . 2 7 2 . 0 0 0 . O O O O O 4 . 3 5 1 1 1 5 . 5 7 8 0 . 0 0 0 3 3 6 2 1 4 . 0 3 4 5 1 2 3 . 5 6 4 5 6 3 5 5 4 . 3 0 2 
L I N M S - 3 0 3 4 G 1 2 . 1 5 2 4 B 1 . 2 7 2 4 B 1 . . 2 7 2 .OOO . O O O O O 4 . 3 5 2 1 1 5 . , 5 7 8 8 . 0 0 0 0 0 6 2 1 4 . Q 3 4 S 1 2 3 , , 5 3 4 8 6 3 5 5 3 . 8 3 7 
E L B F S - 2 0 4 4 7 1 2 . 1 5 2 4 B I . 2 7 2 4 B 1 , . 2 7 2 . 0 0 0 . 0 0 0 0 0 4 . 3 5 2 1 1 5 , , 5 7 8 8 . 0 0 0 0 1 1 2 1 4 . 0 3 4 5 1 2 3 . , 6 2 3 7 1 3 5 5 3 . 6 1 2 
L I N M 5 - Z 0 S 4 B 1 2 . 1 5 2 4 B 1 . 2 7 2 4 B 1 . . 2 7 2 . 0 0 0 . O O O O O 4 . . 3 5 3 1 1 6 , , 7 1 6 1 . 0 0 O O 1 4 2 1 4 . 0 3 4 5 1 2 3 . , 5 2 0 9 2 3 5 4 2 . 3 9 6 
E L B F 5 - 2 0 6 4 9 1 2 . 1 5 2 4 8 1 . 2 7 2 4 B 1 , . 2 7 2 . 0 0 0 . 0 0 0 0 0 4 . 3 5 3 1 1 8 . , 7 1 6 1 . 0 0 0 0 1 1 2 1 4 . 0 3 4 5 1 2 3 . , 7 4 9 8 4 3 5 4 9 . 0 5 8 
L I N M 5 - 2 0 7 5 0 1 2 . 1 5 2 4 8 1 . 2 7 2 4 8 1 . . 2 7 2 . 0 0 0 . O O O O O 4 . . 3 5 8 1 1 8 , , 7 1 6 0 . O O O O S B 2 1 4 . 0 3 4 5 1 2 3 , , 7 4 7 0 7 3 5 5 3 . 7 8 2 
E L B F S - 2 0 B - 5 1 1 2 1 5 2 4 B 1 . 2 7 2 4 B 1 . . 2 7 2 . 0 0 0 . 0 0 0 0 0 4 . . 3 5 8 1 1 8 . , 7 1 6 0 . 0 0 0 0 1 1 2 I 4 . 0 3 4 E 1 2 3 . . 6 0 9 0 0 3 5 4 9 . 9 1 4 
L I N M S - 2 0 9 5 2 1 2 . 1 5 2 4 8 1 . 2 7 2 4 B 1 . . 2 7 2 . 0 0 0 . O O O O O 4 . . 3 6 5 1 3 9 . , 6 2 5 7 . 0 0 0 0 9 5 2 1 4 . 0 3 4 5 1 E 3 . , 6 0 6 2 3 3 4 B O . 2 3 3 
E L B F S - 2 1 0 S 3 1 2 . 1 5 2 4 8 1 . 2 7 2 4 B 1 , . 2 7 2 .OOO .ooooo 4 , 3 6 5 1 3 9 , , 6 2 5 7 . 0 0 0 0 1 t 2 1 4 . 0 3 4 5 1 2 5 . , 0 3 4 9 5 3 5 2 0 . 5 5 2 
L I N M S - 2 1 1 5 4 1 2 . 1 5 2 4 8 1 . 2 7 2 4 8 1 . . 2 7 2 . 0 0 0 . O O O O O 4 . . 3 6 6 1 3 9 . , 6 2 5 7 . 0 0 0 0 0 4 2 1 4 . 0 3 4 5 1 2 S . . 0 3 2 2 8 3 5 2 0 . 7 7 1 
E L B F S - 2 1 2 5 5 1 2 . ?"S^ •-C : . 2 7 2 4 B 1 . 2 7 2 . 0 0 0 . 0 0 0 0 0 4 . . 3 6 6 1 3 9 , . 6 2 5 7 . 0 0 0 0 0 7 2 1 4 . 0 3 4 S 1 2 5 , . 0 2 3 7 4 3 5 2 0 . 6 2 3 
L I N M 5 - 2 1 3 5 6 1 2 . >JZ 4 8 1 . 2 7 2 4 8 1 . 2 7 2 . 0 0 0 . O O O O O 4 , . 3 6 B 1 3 9 , . 6 2 5 7 . 0 0 0 0 2 7 2 1 4 . 0 3 4 5 1 2 5 , , 0 2 1 0 7 3 5 2 2 . 3 9 1 
E L B F S - 2 1 4 S 7 1 2: . 1 5 2 4 8 1 . 2 7 2 4 8 1 . 2 7 2 . 0 0 0 . 0 0 0 0 0 4 , . 3 6 B 1 3 9 , . 6 2 5 7 . 0 0 0 0 1 i 2 1 4 , 0 3 4 5 1 2 4 , , 9 6 7 6 2 3 5 2 0 . 9 7 7 
L I N M S - 2 1 5 5 B 1 2 . 1 5 2 4 8 1 . 2 7 2 4 8 1 . 2 7 2 . 0 0 0 . O O O O O 4 , . 3 6 9 1 3 5 , . 9 4 9 2 . 0 0 0 0 1 6 2 1 4 . 0 3 4 5 1 2 4 , . 9 6 4 9 4 3 5 3 5 . 0 2 1 
E L B F S - 2 1 6 S 9 1 2 . 1 5 2 4 8 1 . 2 7 2 4 8 1 , . 2 7 2 . 0 0 0 . O O O O O 4 , . 3 6 9 1 3 5 . . 9 4 9 2 . 0 0 0 0 1 1 2 1 4 . 0 3 4 5 1 2 4 , . 6 5 8 5 4 9 5 2 6 . 4 4 6 
L I N M S - 2 1 7 6 0 t 2 . 1 5 2 4 8 1 . 2 7 2 4 Q I . . 2 7 2 . 0 0 0 . .ooooo 4 , . 3 7 2 1 3 5 . , 9 4 9 1 . 0 0 0 0 4 5 2 1 4 . 0 3 4 5 1 2 4 , , 6 5 5 8 5 3 5 2 9 . 4 6 4 
E L B F 5 - 2 I I I ' 6 1 1 2 . 1 S 2 4 8 1 . . 2 7 2 4 8 1 . . 2 7 2 . 0 0 0 . 0 0 0 0 0 4 . . 3 7 3 1 3 5 , . 9 4 9 1 . 0 0 0 0 0 7 2 1 4 . 0 3 4 5 1 2 4 , . 5 6 6 2 1 3 5 2 7 . 0 1 9 
L I N M S - 2 1 9 G 2 1 2 . 1 S 2 4 8 1 . . 2 7 2 4 8 1 . . 2 7 2 .OOO . 0 0 0 0 0 4 , . 3 7 3 1 3 5 , . 1 6 7 3 . 0 0 0 0 0 5 2 1 4 . 0 3 4 5 1 2 4 . , 5 6 3 5 1 3 5 3 0 . O 9 I 
MAG M A G - 0 2 6 3 I 2 . 1 S 2 4 8 1 . . 2 7 2 4 4 8 , . 5 8 5 3 2 . 6 8 7 . 0 6 7 9 2 4 , . 5 4 6 1 3 1 , , 3 1 3 0 . 0 0 0 0 8 1 2 8 5 . 0 0 4 1 9 2 . . 6 9 3 4 8 3 8 2 8 . 2 7 6 
L I N M R - 2 0 0 6 4 1 2 . 1 5 2 4 8 1 . 2 7 2 4 4 2 . 8 9 6 3 8 . 3 7 7 . 0 7 9 7 4 4 . 5 0 7 1 3 0 . 7 3 1 3 . 0 0 0 O O 7 2 9 6 , 4 9 9 2 8 9 , . 0 9 9 8 1 3 6 2 7 . 2 3 6 
E L B F R - 2 0 1 6 5 1 2 . 1 5 2 4 8 1 . 2 7 2 4 4 2 . 8 9 6 3 3 . 3 7 7 . 0 7 9 7 4 4 . 5 0 7 1 3 0 . 7 3 1 3 . 0 0 0 0 1 0 2 9 6 . 4 9 9 2 8 9 . . 0 9 9 6 1 3 8 2 7 . 2 3 8 
L I N M R - 2 0 2 6 6 1 2 . 1 5 2 4 8 1 . 2 7 2 4 4 2 . 8 9 6 3 8 . 3 7 7 . 0 7 9 7 4 4 . 5 1 0 1 3 0 . 7 3 1 2 . 0 0 0 0 6 4 2 9 6 . 4 9 9 2 8 9 . . 0 9 9 B 1 0 8 2 7 . 2 3 8 
E L B F R - 2 0 3 6 7 1 2 . 1 5 2 4 8 1 . 2 7 2 4 4 2 . 8 9 6 3 8 . 3 7 7 , 0 7 9 7 4 4 . 5 1 0 1 3 0 . 7 3 1 2 . 0 0 0 0 1 5 2 9 6 . 4 9 9 2 8 9 . 0 9 9 8 1 3 8 2 7 . 2 3 8 
L I N M R - 2 0 4 6 8 1 2 . 1 5 2 4 8 1 . 2 7 2 4 3 0 . 5 6 8 4 2 . 7 0 5 . 0 8 Q 7 3 4 . 4 7 6 1 2 7 . 2 3 6 1 . 0 0 0 0 3 1 3 0 7 . 2 5 0 9 8 5 . 9 8 1 9 1 3 B 2 G . 7 5 7 
E L B F R - 2 0 5 6 9 1 2 . 1 5 2 4 8 1 . 2 7 2 4 3 8 . 5 6 8 4 2 . 7 0 5 . 0 8 6 7 3 4 . 4 7 6 1 2 7 . 2 3 6 1 . 0 0 0 0 1 0 3 0 7 . 2 5 0 9 8 5 . 9 8 1 9 1 3 B 2 S . 7 5 T 
L I N M B - 2 0 F 7 0 1 2 . 1 5 2 4 8 1 . 2 7 2 4 3 3 . 7 t > 3 4 7 . 5 0 8 . 0 9 8 7 2 4 . 4 4 0 1 2 3 . 2 3 0 8 . 0 0 0 0 5 8 3 2 0 . 3 5 9 1 8 2 . 4 6 3 7 7 3 8 2 5 . 5 3 6 
S L B F H - 2 0 7 7 1 1 2 . 1 5 2 4 8 1 . 2 7 2 4 3 3 . 7 6 3 4 7 . 5 0 9 . 0 9 B 7 2 4 . 4 4 0 1 2 3 . 2 3 0 8 . 0 0 0 0 1 1 3 2 0 . 3 5 9 1 8 2 . 4 6 3 7 7 3 B 2 6 . 5 3 6 
L I N W R - 2 0 B 7 2 1 2 . 1 5 2 4 8 1 . 2 7 2 4 3 3 . 7 6 3 4 7 . 5 0 9 . 0 9 8 7 2 4 . 4 4 4 1 2 3 . 2 3 0 7 . 0 0 0 1 0 3 3 2 0 . 3 5 9 1 8 2 . 4 6 3 7 7 3 8 2 6 . 5 3 8 
E L B F R - 2 0 9 7 3 1 2 . 1 5 2 4 8 1 . 2 7 2 4 3 3 . 7 6 3 4 7 . 5 0 9 . 0 9 8 7 2 4 . 4 4 4 1 2 3 . 2 3 0 7 . 0 0 0 0 1 6 3 2 0 . 3 5 9 1 8 2 . 4 6 3 7 7 3 e 2 « , 5 3 6 
L I N *n-2io 7 4 1 2 . 1 5 2 4 8 1 . 3 7 2 4 3 1 . 3 0 9 4 9 . 9 6 4 . 1 0 3 8 2 A . 4 2 0 1 2 1 . 1 3 6 2 . 0 0 0 0 2 1 3 2 7 . 5 7 B 1 8 0 . 6 4 6 4 8 3 8 2 6 . 5 7 0 
E L B F R - 2 1 1 7 5 1 2 . 1 5 2 4 8 t - 2 7 2 4 3 1 . 3 0 9 4 9 . 9 6 4 . 1 0 3 B 2 A . 4 2 0 1 2 1 . 1 3 6 1 . 0 0 0 0 1 7 3 2 7 . 5 7 8 1 8 0 . 6 4 6 4 8 3 8 2 6 . 5 7 0 
L I N M R - 2 1 2 7 6 1 2 . 1 5 2 4 B I . 2 7 2 4 3 1 . 3 0 9 4 9 . 9 6 4 . 1 0 3 8 2 A . 4 2 0 1 2 1 . 1 3 6 1 . 0 0 0 0 0 5 3 2 7 . 5 7 8 1 8 0 . 6 4 6 4 8 3 B 2 6 . 5 7 0 
V A L C V - 1 4 6 7 7 1 2 . 1 5 2 4 8 1 . 2 7 2 4 3 1 . 3 0 9 4 9 . 9 6 4 . 1 0 3 B 2 A . 4 2 1 1 2 1 . 1 3 5 6 . 0 0 0 5 1 5 3 2 7 . 5 7 8 1 8 0 . 6 4 6 4 0 3 8 2 6 . 5 7 0 
L I N M R - 2 1 3 7 8 1 2 . 1 5 2 4 B 1 . 2 7 2 4 3 1 . 3 0 9 4 9 . 9 6 4 . 1 0 3 B 2 A . 4 2 2 1 2 1 . 1 3 5 6 . 0 0 0 0 1 7 3 2 7 . 5 7 8 1 8 0 . 6 4 6 4 8 3 8 2 6 . 5 7 0 

TOTAL PRESSURE DROP IN THE MAGNET LOOP -
<MAGNET INCLUDED) 

TOTAL FLUID VOLUME IN THE MAGNET LOOP -(MAGNET INCLUDED) 

.36441060-02 KPA 

.77555842+01 CUBIC METERS ( 775S.S8 LITERS) 



NAME USER NAME * • . * » • • • • • * • • . » » » , « . * P A G E 9 
DEPT 6213 • CRYOGEN SYSTEMS ANALYSIS * DATE OS APR 79 
EXT. 30235 . . TIME 12:16:56 
BL[>. 104 • MFTF • CASE 1 

TEST CASE FOR THE MFTF YIAGNET SUPPLY SYSTEM (CVI> 
..... MAGNET SUPPLY TANK DATA -•»*• 

NOMINAL VOLUME OF HELIUM IN TANK - (LITERS) 
TANK OUTFLOW OF HELIUM (KQ/HR ) 
LIQUID HELIUM IN RETURN FLOW (KG/HR ) 
LIQUID HELIUM MAKE-UP REQUIRED (KG/HR ) 
RETURN FLUtO QUALITY (DECIMAL FRACTION) 

4000.0000 
962.54SO 
360.2579 
•02.2871 

.1063 



NAME USER NAME » » » • . » » * » » . . • * » * * * » * PAGE 10 
OEPT « CRYOGEN SYSTEMS ANALYSIS • DATE 05 APR 79 
EAT. * • TIME 12M6IS6 
BLD. * MFTF • CASE 1 

TEST CASE FOR. THE MFTF CRYOPANEL SUPPLY SYSTEM «CVI) 

••» VOU HAVE CALLED FOR THE CRYOPANEL SYSTEM 

t 
I 



NAME USER NAME • » • • • • • • • * * * * * * • * * » • • PAGE 11 
DEPT » CRYDGEN SYSTE'AS ANALYSIS • DATE OS APR 7 8 
EXT. * • TIME 1 2 M 6 : 5 6 
OLD. • MFIF • CASE 1 

TEST CASE FOB THE MFTF CBYOPANEL SUPPLY SYSTEM (CWI ) 

• • • • • C R Y O P A N E L D A T A » • • • « 

NUMBER OF CRYOPANELS 4 
CP DEWAR PRESSURE - KPA 1 1 3 . 7 9 
CP OEWAR TEMP. - DEG.K 4 . 3 5 
CP QEl.'AR L I O . VOL. - L I T E R S 4 0 0 0 . 0 0 
TOTAL FLOW RATE - KC/HR 2 1 0 6 . 9 5 
HELIUM MOLEC. WQT. 4 . 0 0 

CRYOPANEL-:* CRYOPANEL-1 CRYOPANEL-3 CFYOPANIL-4 

CP HEAT INPUT - WATTS 5 5 0 , 0 0 4 5 0 . 0 0 2 0 0 . 0 0 . iOO.OO 
CRYOPANEL VOLUME- LITERS 7 0 0 0 . 0 0 7 0 0 0 . 0 0 4 0 0 0 . 0 0 3 0 0 0 . 0 0 
HEAD AT CP I N L E T - METERS 1 9 . 5 7 1 0 . 5 7 1 9 . 3 7 1 0 . 3 7 
HEAD AT CP OUTLET-METERS 1 9 . 0 7 1 0 . 0 7 1 1 . 0 3 1 1 . 0 2 
CP INLET FLOW RATE-KG/HR 1 0 2 2 . 9 5 S 0 2 . 6 1 3 0 0 . 8 7 1 8 0 . 5 2 



NAME. 
D E P T 
E X T . 
B L D . 

U S E R NAME 
C R Y Q G E N S Y S T E A S A N A L Y S I S 

PAGE 1 2 
DATE 0 5 APR 7 9 
T I M E 1 2 : l s : 5 6 
C A S E t 

T E S T C A S E FOR T H E M F T F C R Y O P A N E L S U P P L Y S Y S T E M ( C V I ) 

* * * * * S Y S T E M C O N F I G U R A T I O N * ' ) 

C O * p COMP F U N C . N U M B . N H E A D M A T R L . FLOW F R I C T I O N L I N E L E N G T H L I N E I N S U L A T I O N I N S U L A T I O N 
N A U E CODE T Y P E O P E R . ( M l T Y P E C O E F 1 C 1 E N T OR L - O V E R - O D I A M E T E R T Y P E T H I C K N E S S 

C A S H E - L I Q 1 2 - . 0 0 1 - . 0 0 0 0 0 0 0 0 - . 0 0 - . 0 0 0 - . 0 0 
T A N K H E - S V 1 0 1 - . 0 0 6 - . 0 0 0 0 0 0 0 0 - . 0 0 - . 0 0 0 - . 0 0 
L I N E C 5 - 1 0 0 t o i 1 . a s 6 . 7 0 0 0 0 0 0 0 - 0 2 . 2 3 . 1 0 0 - . 0 0 
T E E F S - I O I 2 1 i - . 0 0 6 . 7 0 0 0 0 0 0 0 - 0 2 6 0 . 0 0 - . 0 0 0 - . 0 0 
L I N E cs- ioa t o i - . 0 0 6 . 7 0 0 0 0 0 0 0 - 0 2 1 . 1 2 . 1 0 0 - . 0 0 
V A L V E C t f - 1 4 1 3 1 1 - . 0 0 6 . 7 0 0 0 0 0 0 0 - 0 2 4 0 0 . 0 0 - . 0 0 0 - . 0 0 
L I N E C S - 1 0 3 1 0 1 - . 0 0 6 . 7 0 0 0 0 0 0 0 - 0 2 . 6 6 . 1 0 0 - . 0 0 
ELBOW F S - 1 0 4 3 1 1 - . 0 0 6 - 7 O O 0 0 O 0 O - 0 B 1 3 . 0 0 - . 0 0 0 -.00 
L I N E C S - l O S t o 1 2 . 5 3 6 . 7 0 0 0 0 0 0 0 - 0 2 2 . 5 9 . 1 0 0 - . 0 0 
ELBOW F S - I O B 3 1 1 - . 0 0 e . 7 0 0 0 0 0 0 0 - 0 2 1 3 . 0 0 - . 0 0 0 - . O P 
L I N E C S - 1 0 7 I O 1 - . 0 0 6 . 7 0 0 0 0 0 0 0 - 0 2 1 2 . 3 5 . 1 0 0 - . 0 0 
ELBOW F s - t o a 3 1 . 1 - . 0 0 6 . 7 0 0 0 0 0 0 0 - 0 2 1 3 . OO - . 0 0 0 - . 0 0 
L I N E C S - 1 0 9 1 0 1 1 7 . 2 5 B . 7 0 0 0 0 0 0 0 - 0 2 1 7 . 2 5 . 1 0 0 - . 0 0 
ELBOW F S - 1 1 0 3 1 1 - . 0 0 e . 7 0 0 0 0 0 0 0 - 0 2 1 3 . O O - . 0 0 0 - . 0 0 
L I N E C S - 1 1 1 l O 1 - . 0 0 6 . 7 0 0 0 0 0 0 0 - 0 2 . B O . 1 0 a - . 0 0 
E L B o w Fs-na 2 1 1 - . 0 0 s . 7 0 0 0 0 0 0 0 - 0 2 B . E O - . 0 0 Q - . 0 0 
L I N E C S - 1 1 3 1 0 1 - . 0 0 6 , 7 0 0 0 0 0 0 0 - 0 2 5 . 0 0 . 1 0 0 - . 0 0 
E L S Q W F S - t 1 4 3 1 1 - . 0 0 e . 7 0 0 0 0 0 0 0 - 0 2 1 3 . OO - . 0 0 0 - . 0 0 
L I N E C S - 1 I S 1Q 1 - 1 . 5 0 6 . 7 0 0 0 0 0 0 0 - 0 2 1 . 5 0 . 1 0 0 - . 0 0 
E L S o w F S - 1 t e 3 1 1 - . 0 0 6 . 7 0 0 0 0 0 0 0 - 0 2 1 3 . 0 0 - . 0 0 0 - . 0 0 
L I N E C S - I O 1 0 - . 0 0 6 . 7 0 0 0 0 0 0 0 - 0 2 1 0 . 0 0 . 1 0 0 - . 0 0 
E L B D r t F S - n e 4 1 - . 0 0 6 . 7 0 0 0 0 0 0 0 - 0 2 I B . OO - . 0 0 0 - . 0 0 
L I N E C S - 1 1 9 1 0 - . 2 5 6 . 7 0 0 0 0 0 0 0 - 0 2 . 2 0 . 1 0 0 - . 0 0 
C R Y P A N C Y p - z a a - 3 . 0 4 6 0 0 0 6 . 7 0 0 0 0 0 0 0 - 0 2 1 2 . 5 0 . 1 0 0 - . 0 0 
L I N E C R - 1 0 0 1 0 - . 0 0 6 . 7 0 0 0 0 0 0 0 - 0 2 . 2 0 . 1 0 0 -.00 
ELBOW F R - 1 0 1 3 1 - . 0 0 6 . 7 0 0 0 0 0 0 0 - 0 2 1 3 . 0 0 - . 0 0 a - . 0 0 
L I N E C R - i o a 1 0 I - 9 . 0 0 e . 7 0 0 0 0 0 0 0 - 0 2 9 . 0 0 . 1 0 0 - . 0 0 
T A P T R - 1 0 3 3 1 1 - . 0 0 6 . 7 0 0 0 0 0 0 0 - 0 2 6 0 . 0 0 - . 0 0 0 - . 0 0 
G A S H E - L 1 0 1 i - . o o 2 - .oooooooo - . 0 0 - . 0 0 0 - . 0 0 
L I N E C S - 2 0 2 1 0 i i . 4 a 6 . 7 0 0 0 0 1 ; ' • 0 - 0 2 1 . 1 2 . t o 0 - . 0 0 
V A L V E C V - 1 4 2 3 1 I - . 0 0 6 . 7 O 0 O G O O , . - 0 2 4 0 0 . 0 0 - . 0 0 0 - . 0 0 
L I N E C S - 2 0 3 1 0 1 - . 0 0 6 . 7 0 0 0 0 0 0 0 - 0 2 . 8 6 . 1 0 0 - . 0 0 
ELBGW F S - 2 0 4 3 1 1 - . O O 6 . 7 0 0 0 0 0 0 0 - 0 2 1 3 . 0 0 - . 0 0 0 - . 0 0 
L I N E C S - 2 0 5 l O t 2 . 5 9 6 . 7 0 0 0 0 0 0 0 - 0 2 2 . 5 9 . 1 0 0 - . 0 0 
ELBaw- F S - 2 0 6 3 t 1 - . O O 6 . 7 0 0 0 0 0 0 0 - 0 2 1 3 . 0 0 - . 0 0 0 - . 0 0 
L I N E C S - 2 0 7 1 0 1 - . 0 0 6 . 7 0 0 0 0 0 0 0 - 0 2 1 2 . 3 0 . t o 0 - . 0 0 
ELBOW F 5 - 2 0 S 3 1 1 - . 0 0 e . 7 0 0 0 0 0 0 0 - 0 2 1 3 . 0 0 - . 0 0 0 - . 0 0 
L I N E C S - 2 0 9 1 0 1 1 7 . 2 5 6 . 7 0 0 0 0 0 0 0 - 0 2 1 7 . 2 5 . 1 0 0 - . 0 0 
ELBOW F S - 2 1 0 3 1 1 - . 0 0 6 . 7 0 0 0 0 0 0 0 - 0 2 1 3 . 0 0 - . 0 0 0 - . 0 0 
L I N E C S - 2 1 1 t o I - . 0 0 B . 7 0 0 0 0 0 0 0 - 0 2 . B O . 1 0 0 - . 0 0 
ELBOW f S - 2 J 2 2 1 1 - . 0 0 6 . 7 0 0 0 0 0 0 0 - 0 2 B . 6 0 - . 0 0 0 - . 0 0 
L I N E C S - 2 1 3 l O 1 - . 0 0 B . 7 0 0 0 0 0 0 0 - 0 2 S . 0 0 . 1 0 0 - . 0 0 
ELBOW F S - 2 1 4 3 1 1 - . 0 0 6 . 7 0 0 0 0 0 0 0 - 0 2 1 3 . 0 0 - . 0 0 0 - . 0 0 
L I N E C S - 2 1 S 1 0 1 - t . S O 8 . 7 0 0 0 0 0 0 0 - 0 2 1 . 5 0 . 1 0 0 - . 0 0 

N O . L A Y E R S 
I N S U L A T I O N 

- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . O 
- . 0 
-.O 
• • . 0 
- . O 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- , 0 
- . a 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
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USER NAME 
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M F T F 

PAGE 13 
DATE OS APR 79 
TIME 1 2 : 1 G : 5 B 
CASE 1 

CtUli" CiiMI» FUNC. NUMB. NHEAD MATRL. 
h \ \ u C o m TYPE OPER. <MJ TYPE 

t.t iww F S - 2 1 6 3 1 1 - . 0 0 6 
H U 1 C S - 2 1 7 10 1 - . 0 0 G 
ELBllH F S - 2 1 B 31 1 r-.OO 6 
L I N l C S - 2 1 9 10 1 - 9 . a s 6 
ELB.1W F S - 2 2 0 31 1 - . 0 0 G 
LINE C' fkZZl 

C f l - 2 I 
10 1 - . o o 6 

CRYPAN 
C' fkZZl 
C f l - 2 I 1 1 - 3 . 0 4 6 0 0 0 6 

L I N E C H - 2 0 0 10 1 - . 0 0 5 
T A P T k - 1 0 3 31 1 - . 0 0 6 
G A S H E - L I O i : t - . 0 0 3 
L I N E CS-3DS 10 1 1 . 4 a 6 
VALVE C V - 1 4 3 31 1 - . o o 6 
L I N E C S - 3 0 3 1 0 - . 0 0 6 
ELBOW F S - 3 0 4 31 1 - . 0 0 6 
LINE C S - 3 0 5 10 1 2 . 5 9 G 
ELBOW FS-30G 31 1 - . o o 6 
LINE C S - 3 0 7 t o - . 0 0 6 
ELB3M FS-30Q 3 1 - . 0 0 G 
LINE C S - 3 0 9 t o 1 7 . 7 5 6 
ELBOW F S - 3 1 0 3 1 - . 0 0 6 
LINE C S - 3 1 1 1 0 - . 0 0 6 
ELBOW F S - 3 1 2 2 1 - . 0 0 6 
LINE C S - 3 1 3 1 0 - . 0 0 G 
ELBOW F S - 3 1 4 3 1 - . 0 0 6 
LINE C S - 3 1 5 i o - 1 .SO 6 
ELBOW F S - 3 K 3 3 1 1 - . O O 6 
LINE C S - 3 1 7 1 0 ( - . 0 0 6 
ELBOW F S - 3 1 8 4 1 1 - . 0 0 e 
LINE C S - 3 1 9 1 0 1 - . 2 5 6 
T A P T P - 3 2 0 3 1 1 - . 0 0 G 
LINE C S - 3 2 1 10 ' 1 - . 2 0 G 
CRYPAN CYP-Z3 3 - 1 . 5 2 3 0 0 0 6 
L INE C R - 3 0 0 1 0 - . 2 0 6 
ELBOW Ff t -301 3 1 t - . 0 0 6 
LINE C R - 3 0 2 1 0 1 - . 0 0 6 
T A P T P - 1 0 3 3 1 t - . 0 0 6 
G A S HE-L1Q 1 2 - . 0 0 4 
LINE C S - 4 0 1 1 0 1 - . 0 0 G 
ELBOW F S - 4 0 2 3 1 1 - . 0 0 G 
LINE C S - 4 0 3 1 0 1 - . 2 0 6 
CRYPAN C Y p - z a A 1 - 1 . 5 2 3 0 0 0 6 
L INE C R - 4 0 1 1 0 1 - . 2 0 6 
ELBOW F R - 4 0 2 3 1 1 - . 0 0 6 
LINE C R - 4 0 3 1 0 1 - . 5 0 6 

TEST CASE FOR THE MFTF CRYCPANEL SUPPLY SYSTEM (CUI> 

S Y S T E M C 

FLOW FRICTION 
COEF1CJENT 
.70000000-02 
.70000000-02 
. 70000000-02 
, 70000000-02 
.70000000-02 
.70000000-02 
.70000000-02 
.70000000-02 
.70000000-02 

-.oooooooo 
.70000000-02 
.70000000-02 
.70000000-02 
.70000000-02 
.70000000-02 
-7O000Or.0-02 
.70000000-02 
.70000000-02 
.70000000-02 
.70000000-02 
.70000000-02 
.700000 00-02 
.70000000-02 
.70000000-02 
.70000000-02 
.700000 00-02 
.70000000-02 
.70000000-02 
.70000000-02 
.70000000-02 
.70000000-02 
.70000000-02 
.70000000-02 
.70000000-02 
.70000000-02 
.7 0000000-02 

-.00000000 
.70000000-02 
.70000000-02 
.70000000-02 
.70000000-02 
.70000000-02 
.70000000-02 
.70000000-02 

LINE LENGTH 
OR L-OVER-D 

13.00 
10.00 
13.00 
9.00 

13.00 
.20 

12.50 
.20 

15.50 
-.OO 
1 -12 

400.00 
.OS 

13.00 
2.59 

13.00 
12.30 
13-00 
17.75 
13.00 

.80 
B.60 
5.00 

13.00 
I .50 

13.00 
1 1 .00 
IB. 00 

.25 
15.00 

.20 
6.00 
.20 

13.00 
10.00 
60.00 
-.00 

10.00 
13.00 

.20 
6.00 
.20 

13.00 
.50 

i T I O N • 

LINE INSULATIDN INSULATION 
DIAMETER TYPE THICKNESS 

- . 0 0 0 - . O O 
. 1 0 0 - . 0 0 

- . 0 0 0 - . O O 
. 10 0 - . O O 

- . 0 0 0 - . 0 0 
. 1 0 O - . O O 
. 10 0 - . 0 0 
. 1 0 c - . 0 0 

- . 0 0 0 - . 0 0 
- . 0 0 0 - . 0 0 

. 0 5 0 - . 0 0 
- . 0 0 0 - - 0 0 

. 0 5 o - . o o 
- . 0 0 0 - . 0 0 

. 0 5 0 - . 0 0 
- . 0 0 0 - . 0 0 

. D 5 0 - . 0 0 
- . 0 0 0 - . 0 0 

. 0 5 0 - . 0 0 
- . 0 0 0 - , o o 

. 0 5 0 - . 0 0 
- . 0 0 0 - . 0 0 

. 0 5 0 - . 0 0 
- . 0 0 0 - . 0 0 

. 0 5 0 - . 0 0 
- . 0 0 0 - . 0 0 

- O P 0 - . 0 0 
- . 0 0 0 - . 0 0 

. 0 5 o - . o o 
- . 0 0 0 - . 0 0 

. 0 5 0 - . 0 0 

. 0 5 0 - . 0 0 

. 0 5 0 - . 0 0 
- . 0 0 0 - . 0 0 

. 0 5 o - . o o 
- . 0 0 0 - . 0 0 
- . 0 0 0 - . 0 0 

. 0 5 0 - oo 
- . 0 0 0 - . 0 0 

. 0 5 0 - . 0 0 

. 0 5 0 - . o o 

. 0 5 0 - . 0 0 
- . 0 0 0 - . 0 0 

. 0 5 0 - . 0 0 



NAME USER NAME » * • • » . * * * . . . . . . . * . « * • PAGE 14 
DEPT • CRYOGEN SYSTEMS ANALYSIS • DATE 0 5 APR 7 » 
EXT. * • TIME 1 2 M 7 : 0 0 
BLO. * . MFTF • CASE 1 

TEST CASE FDR THE MFTF CRYOPANEL SUPPLY SYSTEM ( C U I ) 

• » • « • S Y S T E M C O N F I G U R A T I O N • • . . . 

CO MP COMP FUNC. NUMB. NHEAD MATHL. FLOW FRICTION LINE LENGTH LINE INSULATION INSULATION 
NAME CODE TYPE OPER. (M) TYPE COEFIC1ENT OR L-OVER-O DIAMETER TYPE THICKNESS 

TAP TP-103 31 - 1 -.00 6 .70000000-02 60.00 -.00 0 -.OO 
GAS HE-LIQ 1 2 -.OO S -.00000000 -.OO -.00 0 -.OO 
TAP TP-103 31 1 -.00 6 .7OO0000O-O2 IS.50 -.00 0 -.OO 
LINE CR 104 10 1 -1 .so 6 -7OO0C00O-O2 1 .50 . 1S 0 -.OO 
ELBOW FR 105 21 1 -.00 6 .70000000-02 B.60 -.00 0 -.00 
LINE CR 106 10 1 -4.75 6 .70000000-02 7.27 . IS 0 -.00 ELBOW FR 107 21 1 -.00 6 .70000000-02 e.eo -.00 0 -.OO 
LINE CR 'OB 10 1 -.OO e .70000000-02 12.30 . 15 0 -.00 
ELBOW FR 109 31 1 -.00 6 .70000000-02 13.00 -.00 O -.00 LINE CR 1 10 to 1 -2.59 6 .70000000-02 2.59 . 15 0 -.00 ELBOW FR 111 31 1 -.OO 6 .70000000-02 13.00 -.00 0 -.00 
LINE CR 11S 10 1 -.OO 6 .70000000-02 .53 . IS 0 -.00 VALVE CV-144 31 1 -.00 6 .70000000-02 400.00 -.00 0 -.00 
LINE CR 1 13 10 1 -.OO 6 .70000000-02 2.21 • IS 0 -.00 
ELBOW FH 114 31 > -.00 6 .70000000-02 13.00 -.00 0 -.00 LINE CR 115 10 1 -1 .48 6 .70000000-02 1 .48 .15 O -.00 TANK HE-SV1 0 1 -.OO 6 -.00000000 -.00 -.00 0 -.00 _ END 

s 
0 0 -.00 0 -.00000000 -.00 -.00 0 -.00 

NO. LAYERS 
INSULATION 

- . 0 
- . O 
- . 0 
- . 0 
- . 0 
- . O 
- . 0 
- . O 
- . O 
- . O 
- . 0 
- . O 
- . 0 
- . O 
- . 0 
- . 0 
- . 0 
- . O 
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USER NAME 
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PAGE 15 
DATE OS APR 79 
TIME 12:i7:OS 
CASE 1 

TEST CASE FOB THE MFTF CflYOPANEL SUPPLY SYSTEM I CM I» 

•»• CHARACTERIZE CRYOPANEL INPUT AND OUTPUT CONDITIONS ••• 
•• ESTIMATED CRYQPANEL PARAMETERS •• 

FLUIf FLOwfNG CONDITIONS: 
INLET FLOW RATE 
INLET TEMPERATURL 
INLET PRESSURE 
INLET FLUID DENSITY 
INLET SPECIFIC VOLUME 
OUTLET FLOW RATE 
OUTLET TEMPERATURE 
OUTLET PRESSURE 
OUTLET LIQUID DENSITY 
OUTLET CAS DENSITY 
OUTLET MIXTURE DENSITY 
OUTLET MIXTURE SP.VOL. 
OUTLET FLUIO QUALITY 

(KG/HR) 
(DEG.K) 
( KPA ) 
(MOL/L) 
( L/MOL J 
IKG/HR) 
(DEG.K) 
( KPA ) 
(MOL/L) 
(HQL/L) 
(MOL/L) 
< L/MOL) 
(FRACT) 

CRYOPANEL-2 
.1OZ295+04 
.435000+01 
.13747G+03 
.303372+02 
.324284-01 
.102295+04 
.456041+01 
.136B71+03 
.295295+02 
.593174+01 
.246983+03 
.404887-01 
.399716-01 

CRYOPANEL-1 
.902605+03 
.435000+01 
.I 26502+03 
.308372+02 
.324284-01 
.902605+03 
.446460+01 
.125977+03 
.30212S+02 
.537304*01 
.224959+02 
.444525-01 
.610049-01 

CRYOPANEL-3 
.3008 68+03 
.4350 00+01 
.137234+03 
.30Q372+02 
.324234-01 
.3008 68+03 
.447498+01 
.127127+03 
.301526+0? 
.543027+01 
.201025+02 
.497452-01 
.9003S6-OI 

CRYOPANEL-4 
.1B0521+03 
.435000+01 
.137234+03 
.308372+02 
.324284-0! 
.180521+03 
..44743B + 01 
.127127+03 
.301526+02 
.543027+01 
.21803. 02 
.458637-01 
.6B9592-01 

OUTLET FLUID COMPOSITION: 
LIQUID (KG/HR) 
VAPOR (KG/HRI 

.982064+03 

.406891+02 
.947542+03 
.550633+02 

.273779+03 

.270991*02 
. 1G9072+O3 
. 1244 86+02 

NO-FLOW CONDITIONS: 
INPUT CRYOPANEL ENERGY (J/HR.) 
TIME TO SAT. LIQUID (HOURS) 
TIME TO SAT. VAPOR (HOURS) 
RATE OF VAPOR BOILOFF (KG/HH) 

.198000+07 

.506506+00 

.763125+01 

. )Oa7B5+03 

. I 62000+07 

.332048+00 

.993038+01 

. B52443+03 

.720000+06 

.462178+00 

. 126376+03 

. 330469+02 

.360000+08 

.693267+00 

.190316+02 

.190244+02 
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Nf.ME 
DEPT * CRYOGEN SYSTEMS ANALYSIS • 

PAGE 17 
DATE 05 APR 79 

EXT. 
DLD. 

* * MFTF * TIME 12=17 
CASE 1 

S51 
* + + * 

TE5T CASE FOR THE MFtf CRYOPANEL SUPPLY SYSTEM ICVI) 

S51 
* + + * 

* *» SUMMARY OF COMPUTED SYSTEM CONFIGURATION PARAMETERS - FOR CRYOPANEL CIRCUIT - ZONE 1 *# # 
F CDDE 1DX G G5 DIAM. WDOT-T WDOT-L WOOI-G DUAL­ TEMP. PRESS. DELTA-P VELOCITY DENSITY REYNOLDS 

(M> (KG/MR) (KG/HR) ( KG/HR) ITY (HI (KPA) 1KPA1 (H/HRI (KG/CU-M) NUMBER 
GAS HE-L13 29 1 2 .000 902.605 902.605 .000 .ODOOO 4.350 115.5727 .000000 .0000 .00000 .000 
LIN CS-202 30 -I 2 . 101 902.G05 907.605 .ODD -OOODO 4.350 117.3661 .000165 903.77O5 123.576US 9979.966 
VAL CV-142 31 1 2 .101 902.605 903.605 .000 -ODOO0 4.350 117.3601 .0059B9 903.770S 123.71977 9992.259 
LIN C5-2D3 32 t 2 -lOI 902.GOB 902.605 .000 .00000 4.351 117. 3600 .000127 9C3.7705 123.71229 9991.989 
ELB FS-20 4 33 1 2 .101 9O2.505 902.605 .ODO .00000 4.351 117.3598 .000195 903.7705 123.70889 9991.812 
LIN CS-205 34 1 2 .101 9O2.605 902.605 .000 .OOOOO 4.351 120.5015 .000302 903.7705 123.7079B 9958.95B 
ELB FS-2D6 35 1 2 .101 902.60S 902.605 .ODO .00000 4.351 120.5013 .000194 903.7705 123.95203 997B.711 
LIN CS-207 36 1 2 . 101 902.G05 902.605 .000 .OOOOO 4.353 120.4995 .001811 903.77OS 123.95103 9903.377 
ELB FS-20B- 37 1 2 .101 902.G05 902.605 .000 .OOOOO 4.353 120,0993 -00OJ94 903.77O5 123.90260 9979.574 
LIN CS-209 38 1 2 . 101 902.G05 902.605 " .000 .00000 4.355 141.4565 .002541 903.7705 123.90160 9775.218 
ELB FS-210 39 1 2 . 101 902.G05 902.605 .000 .00000 4.355 141.4563 .000192 903.7705 125.42096 9895.1 B2 
LIN CS-211 40 1 2 .101 902.GOS 902.605 .ooo .OOOOO 4.355 14 i .4552 .000116 903.7705 125.420O1 9S9S.400 
ELB FS-212 41 1 2 -toi 902.605 902.605 .000 .00000 4.355 141.4561 .000127 903.7705 125.41699 9895.255 
LIN CS-213 42 1 2 .101 902.605 902.605 .000 .00000 4.3S6 141.4554 .000728 903.770S 125.41604 9B97.0 13 
ELB FS-214 43 1 3 .101 902.605 902.605 .000 .00000 4.356 141.4559 .000192 903.770S 125.39717 9895.619 
LIN CS-215 44 1 2 .101 902.605 902.605 .000 .00000 4.356 139.6104 .000218 903.77O5 125.39631 9913.925 
ELB FS-21G 45 1 2 .101 902.G05 902.605 .000 .OOOOO 4.356 139.6102 .000192 903.7705 125.257 79 9903.076 
LIN CS-217 46 1 2 .101 902.605 90 2.605 .ooo ..00000 4.358 139.60B7 .001457 903.7705 125.25683 9906.690 
ELB FS-21B' 47 1 2 .101 902.605 902.6C5 .000 .OOOOO 4.35B 139.6086 .000192 903.7705 125.2IB9I 9903.784 
LIN CS-219 4B 1 2 .101 902.605 902.605 .000 .00000 - 4.359 12B.24B5 .001312 903.7 705 125.21795 10021.2B9 
ELB FS-220 49 1 2 .101 902.605 902.605 .000 .00000 4.359 I28.24B3 .000194 903.7705 124.33178 9950.463 
LIN CS 221 50 1 2 .101 902.605 902.605 .000 .ooooo 4.359 128.2483 .000029 903.7705 124.33080 9950.460 
CRY CYP-Z1 SI 1 2 .101 902.605 845.260 57.345 .06353 4.485 125.4592 .002440 1193.3851 93.47471 10629.452 
LIN CR-200 52 1 2 .101 902.605 B45.260 57.345 .06353 4.485 125.4592 .000O39 1239.2070 93.47471 10629.4 52 
TAP TH-103 53 t 2 .101 902.605 645.260 57.345 .06353 4.485 125.4592 .000000 1239.2070 93.47471 10629.4 52 



NAME USER NAME » » - . • » » . » . . . . * . . , 4 * . PAGE IB 
OEPT • CRVOGEKI SVST£7ls ANALYSIS « DATE 0 5 APR 79 
EXT. • * TIME 1 2 : 1 8 : 1 0 
BLD. • MFTF . CASE 1 

TEST CASE FOR THE M F I F CRCOPANEL SUPPLY SYSTEM t c v i t 

• • * SUMMARY OF COMPUTED SYSTEM CONFIGURATION PARAMETERS - FOR CRYOPANEL CIRCUIT - ZONE 3 *** 
F CODE IDX G G 5 DIAM. WDOT-T UDOT-L UDOT-C. DUAL­ TEMP. PRESS, 06LTA-P VELOCITY DENSITY REYNOLDS 

CM) (KG/HR) 1KG/HR) (KG. 'Ht>) ITY IK) 1KPA) IKPAI (M/Hft) (KG/CU-M) NUMBER 
GAS HE-L13 54 I 2 .ODD 4B1. 3B9 4B1 .389 .000 .OOOOO 4.350 115. 5757 .000000 .0000 .00000 .000 
LIN CS-302 BS 1 3 .051 481.3B9 4B1 .389 .000 .OOOOO 4.350 117, 3b48 .00 1494 1924.2490 123.57685 10634.799 
WAL CW-143 B6 1 2 .051 431.309 481 .389 .000 .OOOOO 4.350 117. .3376 .027147 1924.2490 123.71994 10647.769 
LIN CS-303 57 1 2 .051 481.3B9 4B1 .389 .000 .OOOOO 4.350 117. .3365 .001153 1924.2490 123.71444 IOG47.644 
ELB FS-304 5 3 1 2 .051 4BI.3B9 4HI . 3B9 .000 .00000 4.350 117. .3356 .0ODBB2 1924.2490 123.71115 10G47.4CQ 
LIN CS-30S 59 1 2 .051 4B1.3B9 481 .389 .000 .00000 4.351 120, .4743 .003456 1924.2490 123.71015 10612.429 
ELB FS-30B SO 1 2 .051 4B1.3B9 4B1 .;o9 .000 .00000 0.351 120. .4734 . 0OOUQ1 1924.2490 123.95455 10633.511 
LIN CS-307 61 1 2 .051 4B1.3B9 4B1 .389 .000 .00000 4.352 120, .4570 .010402 1924.2490 123.95366 loose.asa 
EL a FS-30d- 63 1 3 .051 4B1.309 481 .309 .000 .00000 4.352 120. .4561 -0OOU31 1924.2490 t 23.90703 10634.442 
LIN CS-303 S3 1 2 .051 43I.3B9 481 .389 .000 .00000 4.355 142. ,0005 .023678 1924.2490 123.90604 10410.566 
ELB FS-310 64 1 2 .051 4B1,3B9 481 .383 .000 .00000 1.355 141 . .9996 .O0O87O 1924.2490 125.46903 10541.989 
LIN CS-311 6 5 1 2 - .051 4B1.3B9 4B1 .389 .000 .00000 4.355 141 , , 99B6 .001054 1924.2490 125.46809 10542.2IO 
ELB FS-312 66 1 2 .051 4B1.389 481 .389 .000 .00000 4.355 141 , ,9980 .000576 1924.2490 125.46519 10542.064 
LIN CS-313 67 1 2 .051 4B1.3B9 4B1 . 3B9 .000 .00000 4.355 141 , .9914 .00C5B7 1924.2490 125.46427 10543.882 
ELD FS-314 GS 1 2 .051 4B1.3B9 4B1 .339 .000 .00000 4.356 141 , ,9906 .000870 1924.2490 125.44616 10542.459 
LIN CS-315 69 1 2 .051 4B1.3B9 4B) .3B9 .0 00 .00000 4. 356 140, . 1433 .001976 1924.2490 125.44522 10561.890 
ELB FS-316 70 1 2 .051 481.3S9 4B1 .309 .000 .00000 4. 355 140, . 1424 .DO0871 1924,2490 125.30745 10550.399 

S l , M CS-317 71 1 2 .051 4Bl . 3f)9 4B1 .389 .000 .00000 4. 358 140, , 1279 .014510 1924,2490 125.30651 10554.508 
H ELB FS-313' 73 1 2 .051 4B1.3S9 4B1 .389 .000 .00000 4.35a 140 . 1267 .001207 1924.2490 125.26647 10S51 .239 

LIN CS-319 73 1 2 .051 4B1.3E9 4B1 .389 .000 .00000 4.358 139 .8193 .000330 1924.2490 125.26549 10554.427 
TAP TP-330 74 1 a .ost 300.86B 300 .asa .000 .00000 4. 3SB 139 .8183 .00 1006 1202.6551 125.24236 6595.495 
LIN CS-321 75 1 2 .051 300.868 30O .868 .000 .00000 4.358 139 .5725 .000IO3 1202.6551 125.23933 6596.999 
CRY CYP-2.3 76 1 2 .051 300.868 273 .161 27 .707 .09209 4. 583 138 .3004 .004556 1745.6239 B5.03G8I 7323.677 
LIN CR-300 77 1 2 .051 300.sea 271 .988 28 .880 .09599 4.571 138 . 1335 .0OO1S2 1727.6055 85.92373 7322.335 
Et-B FR-301 78 1 2 .051 300.aee 271 .988 28 .880 .09599 4.S71 138, . 133U .000496 1727,6055 85.92373 7322.33S 
L N CR-302 79 1 2 .051 300.868 271 . 98B 28 .880 .09599 4.573 138 .1255 .007514 1727.6055 8S.92373 7329.335 
Ti » TP-103 80 1 2 .051 300.668 271 .988 28 .880 .09599 4.573 138 .1255 .000000 1727.60S5 SS.92373' 7329.335 
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DEPT 
EXT. 
61.0. 

USER NAME 
CRYOGEN SYSTEMS ANALYSIS 

•• PAGE 19 
• DATE OS APR 7 9 
• TIME 1 2 : 1 9 : 0 4 
• CASE 1 

TEST CASE FOB THE MFTF CRYOPANEL SUPPLY SYSTEM ( C V I J 

» • • SUMMARY OF COMPUTED SYSTEM CONFIGURATION PARAMETERS - FOR CRYOPANEL C I R C U I T - ZONE 4 

r CODE 1 0 X G G S D1AM. WDOT-T UOOT-L WOOT-G QUAL­ TEMP. PRESS. DELTA-P Vcl-OCITY DENSITY REYNOLDS 
( M ) ( H G / H H ) (KG/MR) (KG/HR) I T Y ( K ) < KPA) (HPA) I M / H R ) (KG/CU-M) NUMBER 

G A S H E - L I O 111 1 2 . 0 0 0 1 8 0 . S 2 1 1 B 0 . 5 2 1 . 0 0 0 .OOOOO 4 . 3 5 8 1 3 9 . 8 1 8 3 . 0 0 0 0 0 0 . 0 0 0 0 . 0 0 0 0 0 . 0 0 0 
L I N C 5 - 4 Q 1 B 2 1 a . 0 5 1 1 B 0 . 5 2 I 1BC.521 . 0 0 0 .OOOOO 4 . 3 6 1 1 3 9 . 8 1 6 4 . 0 0 1 8 5 6 7 2 1 . 5 9 3 9 1 2 5 . 2 3 9 3 3 3 9 6 0 . B 9 S 
E L O FS-4Q2 B 3 1 2 . 0 5 1 1 8 0 . 5 2 1 1 8 0 . 5 2 1 . 0 0 0 . 0 0 0 0 0 4 . 3 6 2 1 3 9 . 8 1 6 3 . 0 0 0 1 2 3 721 . 5 9 3 9 1 2 5 . 1 4 4 3 7 3 9 5 7 . 9 B 4 
I I N C 5 - 4 0 3 8 4 1 a . 0 5 1 I S O . 5 2 1 1 8 0 . 5 2 1 . 0 0 0 .OOOOO 4 . 3 6 2 1 3 9 . 5 7 0 U . 0 0 0 0 3 7 721 . 5 9 3 9 1 2 5 . 1 4 2 0 0 3 9 5 B . 9 4 0 
C R V C Y P - 2 4 as 1 a . 0 5 1 1 8 0 . 5 2 1 1 6 7 . 8 2 1 1 3 . 0 0 0 . 0 7 2 0 2 4 . 5 8 3 1 3 a . 2 1 4 5 . 0 0 1 5 3 4 9 7 9 . 9 3 5 2 9 0 . B S 9 1 5 4 3 4 S . 2 9 2 
L I N C R - 4 0 1 8 6 1 2 . 0 5 1 1 8 0 . 5 2 1 1 6 6 . 7 5 2 1 3 . 7 6 9 . 0 7 6 2 8 4 . 5 7 0 1 3 8 . 0 3 6 2 .O0OOS1 9 7 8 . 3 9 7 6 9 1 . 0 3 1 9 9 4 3 4 4 . 8 4 0 
E L B F R - 4 0 2 8 7 1 a . 0 5 1 1 8 0 . 5 2 1 I 6 S . 7 5 2 1 3 . 7 8 9 . 0 7 6 2 9 4 . 5 7 0 1 3 8 . 0 3 6 0 . 0 0 0 1 6 9 9 7 8 . 3 9 7 6 9 1 . 0 3 1 9 9 4 3 4 4 . 8 4 0 
L I N G R - 4 0 3 S B 1 2 . 0 5 1 1 8 0 . 5 2 1 1 6 6 . 5 3 0 1 3 . 9 9 1 . 0 7 7 5 0 4 . 5 6 7 1 3 7 . 5 B 9 5 . 0 0 0 1 2 0 9 8 2 . 6 0 6 B 9 0 . 6 4 2 0 4 4 3 4 4 . 7 2 3 
T A P T P - 1 0 3 8 9 1 a . 0 5 1 1 8 0 . S 3 t I 6 S . S 3 0 1 3 . 9 9 1 . 0 7 7 5 0 4 . 5 6 7 1 3 7 . 9 8 9 5 .COOQOO 9 8 2 . 6 0 6 8 9 O . « 4 3 0 4 4 3 4 4 . 7 2 3 
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DEPT 
EXT. 
BLD. 

USER NAME 
CRYOGEN SYSTEMS ANALYSIS 

PACE 20 
DATE 0 5 APR 79 
TIME 1 2 : 1 9 : 3 3 
CASE 1 

TEST CASE FOR THE MFTF CRYOPANEL SUPPLY SYSTEM (CVt> 

SUMMARY OF COMPUTED SYSTEM CONFIGURATION PARAMETERS - FOR CRYOPANEL C IRCUIT RETURN L INE 

F CODE lox G G S OIAM. WDOT-T WDOT-L WDI3T-G QUAL­ TEMP. PRESS. QELTA-P VELOCITY DENSITY REYNOLDS 
( M ) IKG/MR 1 (KG/HR1 (KG/HR) I T Y ( K ) <KPA> 1KPAI (M /HR) (KG/CU-M) NUMBER 

C A S H E - - L I 3 9 0 % 2 . 0 0 0 2 4 0 6 . 9 4 7 2 3 3 0 . 9 9 6 1 7 5 . 9 5 1 . 0 7 3 1 0 4 . 5 2 1 131 . . 6 6 3 2 . 0 0 0 0 0 0 . 0 0 0 0 , 0 0 0 0 0 . 0 0 0 
T A P T P - -103 9 1 1 2 . 1 5 2 2 4 0 6 . 9 4 7 2 2 3 0 . 9 9 6 1 7 5 . 9 5 1 . O 7 3 1 0 4 . 5 2 1 131 . . 6 6 2 8 . 0 0 0 4 4 4 1 4 5 7 . 6 232 90 ! . 64204 . 0 0 0 
L I N C R 1 0 4 9 2 1 a . 152 2 4 0 6 . 9 4 7 2 I B 4 . 6 3 1 2 2 2 . 3 1 6 . 0 9 2 3 6 4 . 5 0 4 1 3 0 , . 3 2 9 2 . 0 0 02 8 2 1 5 4 4 . 4 7 3 9 8 5 , , 5 4 5 1 2 192 6 8 . 5 3 0 
E L B F R 1 0 S 9 3 1 2 - 1 5 2 2 4 0 6 . 9 4 7 2 1 8 4 . 0 3 1 2 2 2 . 3 1 6 . 0 9 2 3 6 4 . 5 0 4 130 . . 3 2 8 9 . 0 0 0 2 6 1 1 5 4 4 . f. 739 8 5 . . 5 4 5 1 2 1 9 2 6 8 . 5 3 0 
L I N C D 1 0 6 9 4 1 2 . 1 5 2 2 4 0 6 . 9 4 7 2 1 6 0 . 3 9 5 2 4 6 . 5 5 2 . 1 0 2 4 3 4 . 4 6 8 126 . .342B .0014 49 1 6 0 8 . 4 3 6 9 8 2 . . 14323 1 9 2 U 7 . 5 6 0 
E L B F R 1 0 7 9 5 1 2 . 1 5 2 2 4 0 6 . 9 4 7 2 1 6 0 . 3 9 5 2 4 G . 5 S 2 . 1 0 2 4 3 4 , 4 6 9 126 . . 3424 .00 0 2 7 2 1 ( , 0 8 . 4 3 6 9 8 2 . , 1 4 3 2 3 • 5 2 6 7 . 5 6 0 
L I N C D ioa 9 6 1 2 - 1S2 2 4 0 6 . 9 4 7 2 1 6 0 . 3 9 5 2 4 6 . 5 5 2 . 1 0 2 4 3 4 . 4 6 9 126 . . 3398 .00 25 55 1 6 0 8 . 4 3 6 9 8 2 . . 1 4 3 2 3 1 9 2 6 7 . 5 6 0 
E L B F R 1 0 9 9 7 1 2 . 1 5 2 2 4 0 6 . 9 4 7 2 I G 0 . 3 9 5 2 4 6 . 5 S 2 . 1 0 2 4 3 4 . 4 6 9 126 . . 3394 .00 04 1 1 1 6 0 8 . 4 3 6 9 8 2 . . 1 4 3 2 3 1 9 2 6 7 . 5 6 0 
L I N cn 1 1 0 9 8 1 2 . 1 5 2 2 4 0 6 . 9 4 7 2 1 4 7 . 9 9 9 2 5 8 . 9 4 9 . 1 0 7 5 a 4 . 4 4 9 124, . 252 i .00 05 37 1 6 4 3 . 7 0 3 4 8 0 . . 3 8 0 8 0 1 9 2 6 7 . 8 1 3 
E L S ' B 1 1 1 9 9 1 2 . 1 5 2 2 4 0 6 . 9 4 7 2 1 4 7 . 9 9 B 2 5 8 . 9 4 9 . 1 0 7 5 8 4 . 4 4 9 124. . 2 5 2 1 . 0 0 0 4 2 0 1 8 4 3 . 7 0 3 4 d D . . 3 8 0 8 0 1 9 2 6 7 . 8 1 3 
L I N C R 1 1 3 1 0 0 1 2 . 1 5 2 2 4 0 6 . 9 4 7 2 1 4 7 . 9 9 8 2 5 8 . 9 4 9 . 1 0 7 5 a 4 . 4 4 9 124. . 2 5 2 0 . 0 0 0 1 13 1 6 4 3 . 7 0 3 4 B O . . 3 8 0 8 0 1 9 2 6 7 . 8 1 3 
V A L cv--144 1 0 1 1 2 . 1 5 2 2 4 0 6 . 9 4 7 2 1 4 7 . 9 9 6 2 5 8 . 9 4 9 . 1 0 7 5 3 4 . 4 4 9 124, . 2 3 9 0 . 0 1 2 9 3 0 1 6 4 3 . 7 0 3 0 8 0 . .380B0 1 9 2 6 7 . 8 1 3 
L I N C R 1 1 3 1 0 2 1 2 . 1 5 2 2 4 0 6 . 9 4 7 2 1 4 7 . 9 9 8 2 5 B . 9 4 9 . 1 0 7 5 8 4 . 4 4 9 124. , 2 3 3 6 . 0 0 0 4 6 9 1 6 4 3 . 7 0 3 4 8 0 . . 38080 1 9 2 6 7 . 8 ) 3 
E L B FR 1 1 4 1 0 3 1 2 . 152 2 4 0 G . 9 4 7 2 1 4 7 . 9 9 B 2 5 8 . 9 4 9 . 1 0 7 S S 4 , 4 4 9 124, . 2 3 8 1 , 0 0 0 4 2 0 1 6 4 3 . 7 0 3 4 8 0 , . 3 8 0 8 0 1 9 2 6 7 . 8 1 3 
L I N C R I I S 1 0 4 1 2 . 1S2 2 4 0 6 . 9 4 7 2 1 4 1 . 0 8 1 2 6 5 . 8 6 6 . 1 1 0 4 6 4 . 4 3 B 123 . . 0 7 1 2 . 0 0 0 3 1 4 1 6 6 4 . 1 6 7 6 7 9 , . 3 9 1 4 1 1 9 2 6 8 . 1 8 3 
T A N H E - •SV1 1 0 5 1 2 - . 0 0 0 2 4 0 6 . 9 4 9 2 1 4 1 . 0 8 1 2 6 5 . 8 6 6 , 0 0 0 0 0 4 . 4 3 8 113 . . 7B79 . 0 0 0 0 0 0 . 0 0 0 0 1 2 3 . . 4 2 8 8 2 .OOO 

TOTAL PRESSURE DROP I N THE CRYOPANEL LODP . 
(CRYOPANELS INCLUDED) 

TOTAL FLUID VOLUME I N THE CRYOPANEL LOOP • 
(CRYOPANELS INCLUDED 

. 1 9 3 8 4 4 9 3 * 0 0 KPA 

. 6 0 7 1 2 4 1 4 + 0 1 CUBIC METERS ( 6 0 7 1 . 2 4 L ITERS] 



NAME USER NAME • » • * • • • • » » . . » . . . * • • • . PAGE 21 
OEPT • CRVOGEN SYSTEMS ANALYSIS * DATE OS APP. 79 
EXT. » <• TIME 12:20:04 
BLD. * MFTF • CASE 1 

TEST CASE FOB THE MFTF CRYOPANEl SUPPLY SYSTfM ICVt) 
•»»•» CRYOPANEL SUPPLY TANK DATA ••••« 1 

I NOMINAL VOLUME OF HELIUM IN TANK - (LITERS) - 4000.0000 ij 
TANK OuTFLCW OF HELIUM (KC/HH ) - 2406.9490 
LIQUID HELIUM IN RETURN FLOW (KG/HR > - 2141.0807 
LIOUIO HELIUM MAKE-UP REQUIRED (KG/HR ) • 365.8664 
RETURN FLUID QUALITY (DECIMAL FRACTION) • .1105 



NAME USER NAME * » * • . » • • • » • • . » » . • * . • « • PAr.E 22 
DEPT • CRYOGEN SYSTEMS ANALYSIS • DATE OS APR 7 9 
EXT. * • TIME 1 2 : 3 0 : 0 4 
BLD. • MFTF . CASE 1 

TEST CASE rOR THE HFTF REfR1GERAT3R-L1QUtFIER SUBSYSTEM ( C V I » 

• • » YOU HAVE CALLED FOR THE REFLIO SYSTEM 

s 



£ 

NAME USER NAME 
DEPT 
EXT. 
OLD, 

• CRYOGEN SYSTEMS ANALYSIS 
* MFTF 

TEST CASE FOR THE MFTF REFR1GERATOR-LIQUIFIEH 

• * » R E F R I G E R A T O R - L 1 Q U I 

PAGE 23 
DATE 05 APR 79 
T I M E t2-.20-.OA 
CASE 1 

REFRIGERATOR-LIQU1FIER MEAD-END CONDITIONS: 
TEMP. PRESS. FLOW 

( D E C K ) (KPA) (GM/SEC) 
UPPER HEX-LN2 BOILER ASSY.: 

WARM HELIUM INLET (T1.Pl.Wt) 3O0.0O 1215.9 -474.1 
WARM HELIUM OUTLET (T2.PI.W1) BO.00 1215.9 474.1 
COLD HELIUM INLET (T3.P2.W2) SO.00 113.9 TBO 
COLO HELIUM OUTLET ( T4. P2,t.,2 1 29O.00 113.8 TBD 
LN2-BOILER INLET <T5,P3,W3) 77.35 101.3 TBD 
GN2 TOP-HEX OUTLET <T6,P3,W3) 290.OO 101.3 T8D 

TURBINE EXPANDERS: 
fcARM TURBINE INLET 36.00 1215.9 72.6 
WARM TURBINE OUTLET 23.00 113.a 72.6 
COLD TURBINE INLET 13.00 1215.9 155.1 
COLO TURBINE OUTLET 7.00 113.8 t55.1 

REF-LIO BOTTOM-END CONDITIONS: 
J-T VALVE - INLET 4.BO 1215.9 .^46.4 
J-T VALVE - OUTLET 4.35 113.B 24S.4 
COLD HE-VAPOR INLET 5.00 113.B TBD 

COMPRESSOR-PURIFIER ASSY: 
LOM-PRES. HELIUM IN-ET 290.00 113.8 474.1 
HIGH-PRES. HELIUM OUTLET 300.00 1215.9 474.1 

ENTHALPY 
(J/MDLt 

63 1 0 . 4 
1731.6 
1727.B 
60S8.1 

-3504.3 
84 26.2 

845.8 
S34.8 
277.3 
191 .9 

66.4 
ai .5 

142.0 

6088.1 
6310.4 

SUBSYSTEM <CVIJ 
F I E R »•• 

COMPRESSOR N2-VENT MAKE-UP 
N 

CC U T6 
C C N P3 V E 

C C N •* V« 
HHHHC CHHHHHHHHHHHHHHHHHHHHHHHHHHHH L HUM 
H C C N H »A V« 

T 1 H C C N T 4 H V E 
PI H CC N P2 H 
WI HHHHH NNNNN W2 HHHHH 

H N H 
HHHHHHHHH NNNNNNNNN HHHHHHHHH 
H N H 
HHHHHHHHH NNNNNNNNN HHHHHHHHH 

H N H 
HHKHKHHHH NNNNNNNNN HHHHHHHHH 
H 
HHHHH 

H 
H 

T2 
PI 
WI 

N 
NNNNN 

N 
N 

H 
• l > fcl • • * • • v ii li i n n 

H 
H 
H 

* H N * H * HHHHH + H 
* H • H 
* HHHHHHHHH LN2 * H 
* H BOILER + H 
* HHHHHHHHH * H 
* H TS * H 
* HHHHH P3 * H 
• H W3 • H 

H 
H 
ri 
H 
H 
H 

T3 
P2 
W2 

•» TBD VALUE5 ARE COMPUTED IN PROGRAM 

http://t2-.20-.OA
http://T1.Pl.Wt
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DEPT • CHYOGEN SYSTEMS ANALYSIS » DATE D5 AfR 7 9 
EXT. * • TIME 1 2 : 2 O : 0 S 
BLD. • MFTF • CASE 1 

TEST CASE FOR THE MFTF REFR1GERAIOR-LIQU1FIER SUBSYSTEM I C V I ) 

. . . . . S Y S T E M C O N F I G U R A T I O N . . . . . 
CDWP COUP FUNC. NUMB. NHEAD MATRL. FLOW FRICTION LINE LENGTH LINE INSULATION INSULATION NO. LAYERS 
NAME CDDE TYPE OPER. <M> TYPE COEFIC1ENT OR L-OVER-D DIAMETER TYPE THICKNESS INSULATION 

GAS HE-GAS 1 -. DO 1 --00OOO000 -.00 -.00 0 -.00 -. 0 
TANK HE-SV1 O .00 6 .OOOOOOOO .00 .00 0 .00 .0 
LINE CGV301 10 .00 6 .60000000-02 .91 .08 10 .00 .0 
ELBOW FGV302 3t .00 G .70000000-02 13.00 .00 10 .00 .0 
LINE CGV303 IO .00 6 .GO0O000O-02 .46 .00 10 .00 .0 
ELBOW FGV304 31 .00 G .70000000-02 13.OO .00 10 .00 .0 
LINE CGV30S IO .00 6 .60000000-02 .05 .06 10 .00 .0 
VALVE AV-I2I 41 .00 6 . 10000000 -01 400.00 .00 10 .00 .0 
LINE CGV30G IO .00 6 .GOOOOOOO-02 .OS .00 10 .00 .0 
ELBOW FGV307 31 .00 6 .70000000-02 13.00 .00 10 .00 .0 
LINE CGV30B 10 .00 G .60000000-02 .61 .00 10 .00 .0 
FITING FGV309 41 .00 6 .00000000-02 a.00 .00 10 .00 . 0 
LINE CGV3IO 10 .00 6 .60000000-02 .61 .oc 10 .oa .0 
ELBOW FGV3It 31 ,O0 G .70000000-02 13.00 .00 10 .00 .0 
LINE CGV3I2 10 .00 6 .60000000-02 5.94 .08 10 .00 .0 
GAS HE-GAS 1 -.00 2 -.OOOOOOOO -.OO -.00 0 -.00 -.0 
TANK HE-SV2 0 -.00 G —.OOOOOOOO .00 .00 0 .00 .0 
LINE MGV40I 10 .00 6 .GOOOOOOO-02 .91 .OB 10 .00 .0 
ELBOW FGV402 31 .00 G .70000000-02 13. OO .00 10 .00 .0 
LINE MGV403 10 .00 G -GOOO00OO-O2 .46 .00 10 .00 .0 
ELBOW FGV404 31 .00 G .70000000-02 13.00 .00 10 .00 .0 
LINE M3V40S 10 .00 G .GOOOOOOO-02 .05 .OB 10 .00 .0 
VALVE AV-122 41 .00 6 .10000000-01 400.00 .00 10 .00 .0 
LINE M3V406 IO .00 6 .60000000-02 .OB .on 10 .00 .0 
ELBOW FGV407 31 .00 6 .70000000-02 13.00 .00 10 .00 .0 
LINE MJV-10O 10 .00 6 .60000000-02 .61 .00 10 .00 .0 
F I T1HG FGV409 41 .00 6 .70000000-02 B.OO .00 10 .00 .0 
LINE M3V4I0 IO .00 6 .60000000-02 .61 .OB 10 .00 .0 
TEE FGV3I3 31 .00 6 .70000000-02 •jO. 00 .00 10 -.00 .0 
LINE MGV411 IO .00 G .60000000-02 1 . U3 .Oil 10 .00 .0 
E LBOW FGU412 31 .00 6 .70000000-02 13.00 .00 10 .00 .0 
LINE M3V413 * » .00 6 .60000000-02 3.96 .OB 10 .00 .0 
GAS HE-GAS 1 -.00 3 -.oooocooo -.00' -.00 0 -.00 -.0 
TANK HE-SV3 0 -.00 6 -.OOOOOOOO .00 .00 0 .00 .0 
LINE SGV/SOl IO .00 6 .60000000-02 .91 .OB 10 .00 .0 
ELBOW FGV&02 31 .00 6 .70000000-02 13.00 • 00 10 .00 .0 LINE SGV603 10 .00 6 .60000000-02 .OS .00 10 .00 .0 
VALVE CV-123 41 .00 6 .10000000-01 400.00 .00 '0 .00 .0 
LINE SGV504 10 .00 6 .60000000-02 .OS .00 \Q .00 .0 ELBOW FGVSOS 31 .00 6 .70000000-02 13.00 .00 10 .00 .0 
LINE SGV506 10 .00 G .60000000-02 .61 . OB 10 .00 .0 
FITING FGVS07 41 .00 6 .70000000-02 8.00 .00 10 .00 .0 
LINE SGVS08 10 .00 G .60000000-02 .61 .OS 10 .00 .0 
ELBOW FGV509 31 .00 6 .70000000-02 13. Ob .00 10 .00 .0 
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DATE OS APR 79 
TIME 12:20:06 
CASE 1 

TEST CASE FOR THE MFTF REFRIGERATOR-LIQUIFIER SUBSYSTEM ICV1) 
S Y S T E M C O N F I G U R A T I O N 

covip 
NAME 

CD.MP FUNC. NUMB. NHEAD MATRI FLOW F R I C T I O N L I N E LENGTH L I N E I N S U L A T I O N I N S U L A T I O N covip 
NAME CODE TYPE OPER. ( M ) TYPE C 0 E F I C 1 E N T OR L - O V E R - D DIAMETER TYPE TH ICKNESS 

L I N E S 3 V 5 1 0 1 0 . 0 0 e . 6 0 0 0 0 0 0 0 - 0 2 G . 0 9 .OB 10 . 0 0 
ELBOW F G V 5 t 1 3 1 . 0 0 e . 7 0 0 0 0 0 0 0 - 0 2 1 3 . 0 0 . 0 0 1 0 . . 0 0 
L I N E S 3 V 5 1 2 1 0 . 0 0 a . G O O 0 9 0 0 O - 0 2 1 . 2 2 .OB 1 0 . 0 0 
TEE F G V 5 1 3 3 1 . 0 0 G . 7 0 0 0 0 0 0 0 - 0 2 1 5 . 5 0 . 0 0 1 0 . 0 0 
L I N E C D I 1 0 1 10 . 0 0 S . 6 0 0 0 0 0 0 0 - 0 2 1 . 2 2 .OB 1 0 . 0 0 
GA5 HE-GAS 1 . 0 0 4 - . 0 0 0 0 0 0 0 0 - . 0 0 - . 0 0 0 — . 0 0 
R E F L I U R F - L O I 0 . 0 0 S . 7 0 0 O 0 0 0 O - O 2 . 0 0 . 0 0 1 0 .00 
L I N E C0O1O1 10 . 0 0 6 . 9 0 0 0 0 0 0 0 - 0 2 . 6 1 . 10 1 0 . 0 0 
F I T I N G Frio 1 0 2 4 1 . 0 0 6 . 9 0 0 0 0 0 0 0 - 0 2 B . 0 0 . 0 0 1 0 . 0 0 
L I N E c o n 1 0 3 10 . 0 0 B . 9 0 0 0 0 0 0 0 - 0 2 . 6 1 . 10 1 0 . 0 0 
TEE F G 0 I 0 4 31 . 0 0 G . 1 0 0 0 0 0 0 0 - 0 1 6 0 . 0 0 .Ol> 1 0 . 0 0 
GAS HC-GAS 1 . 0 0 5 - . 0 0 0 0 0 0 0 0 - . 0 0 - . 0 1 0 — . 0 0 
R E F L I O R F - L Q 2 0 . 0 0 B . 7 0 0 0 0 0 0 0 - 0 2 1 0 0 . 0 0 . 0 3 1 0 . 0 0 
L I N E SUP601 10 . 0 0 6 . 9 0 0 0 0 0 0 0 - 0 2 1 . 2 2 . 10 1 0 . 0 0 
E LBQW FHPB02 3 1 . 0 0 6 . 9 0 0 0 0 0 0 0 - 0 2 1 3 . 0 0 . 0 0 :o . 0 0 
L I f l E SHPC03 10 .00 e . 9 0 0 0 0 0 0 0 - 0 2 5 . 7 9 . 10 t o . 0 0 
ELBOW FAPG04 3 1 . 0 0 6 . 9 0 0 0 0 0 0 0 - 0 2 1 3 . 0 0 . 0 0 1 0 . 0 0 
L I N E S H P 6 0 5 1 0 . 0 0 6 . 9 0 0 0 0 0 0 0 - 0 2 . 6 1 . 10 1 0 . 0 0 
F I T I N G FHPGOG 4 1 . 0 0 6 . 9 0 0 0 0 0 0 0 - 0 2 B . 0 0 . 0 0 1 0 . 0 0 
L IME S H P 6 0 7 1 0 . 0 0 6 . 9 0 0 0 0 0 0 0 - 0 2 . 6 1 . 10 1 0 . 0 0 
ELBOW FHP60B 31 . 0 0 6 . 9 0 0 0 0 0 0 0 - 0 2 1 3 . 0 0 . 0 0 1 0 iOO 
L I HE S H P 6 0 9 10 . 0 0 S . 9 0 0 0 0 0 0 0 - 0 2 • 3 0 . 10 10 . 0 0 
VALVE C V - 1 0 4 S1 . 0 0 6 . 8 0 0 0 0 0 0 0 - 0 2 4 2 2 . 0 0 . 0 0 1 0 . 0 0 
L l t l E S H P 6 I 0 10 . 0 0 6 . 7 0 0 0 0 0 0 0 - 0 2 . 15 . 10 10 . 0 0 
ELBOW FUPGt1 3 ) . 0 0 6 . 7 0 0 0 0 ^ 0 0 - 0 2 1 3 . 0 0 . 0 0 TO .00 
L I HE SHP612 1 0 . 0 0 e . 7 0 0 0 0 0 0 0 - 0 2 2 . 4 4 . 1 0 1 0 . 0 0 
TAtrn H E - S V 3 0 . 0 0 6 . 0 0 0 0 0 0 0 0 . 0 0 . 0 0 0 . 0 0 
GAS HC-GAS 1 . 0 0 G - . 0 0 0 0 0 0 0 0 - . 0 0 - . 0 0 0 — . 0 0 
L l r l E CHP701 1 0 . 0 0 G . 9 0 0 0 0 0 0 0 - 0 2 4 . 2 S . 1 0 1 0 . 0 0 
ELBOW F H P 7 0 2 31 . 0 0 S . 9 0 0 0 0 0 0 0 - 0 2 1 3 . 0 0 . 0 0 1 0 . 0 0 
L l t l E C H P 7 0 3 10 . 0 0 e . 9 0 0 0 0 0 0 0 - 0 2 1 . 2 2 . 10 1 0 . 0 0 
TEE F H P 7 0 4 31 . 0 0 6 . 9 0 0 0 0 0 0 0 - 0 2 6 0 . 0 0 . 0 0 10 . 0 0 
L IME C H P 7 0 5 10 . 0 0 6 . 9 0 0 0 0 0 0 0 - 0 2 . 6 1 . 10 1 0 . 0 0 

. 0 0 F I T ING FHP70G 4 1 . 0 0 6 . 9 0 0 0 0 0 0 0 - 0 2 6 . 0 0 . 0 0 10 

. 0 0 

. 0 0 
L I HE CHP707 1 0 . 0 0 6 . 9 0 0 0 0 0 0 0 - 0 2 . 6 1 . 10 1 0 . 0 0 

. 0 0 ELBOW FHP70B 31 . 0 0 6 . 9 0 0 0 0 0 0 0 - 0 2 1 3 . 0 0 . 0 0 1 0 

. 0 0 

. 0 0 
L I N E C H P 7 0 9 10 . 0 0 G . 9 0 0 0 0 0 0 0 - 0 2 . 0 5 . 10 1 0 . 0 0 
VALVE C V - 1 0 5 4 1 . 0 0 6 . 9 0 0 0 0 0 0 0 - 0 2 4 0 0 . 0 0 . 0 0 1 0 - . 0 0 
L I N E C H P 7 1 0 10 . 0 0 6 . 3 0 0 0 0 0 0 0 - 0 2 . 0 5 . 1 0 1 0 . 0 0 
ELBOW F H P 7 1 1 3 1 . 0 0 6 . 9 0 0 0 0 0 0 0 - 0 2 1 3 . 0 0 . 0 0 10 . 0 0 
L I N E C H P 7 1 2 10 . 0 0 6 . 9 0 0 0 0 0 0 0 - 0 2 . 6 0 . 1 0 , 1 0 . 0 0 
VALVE A V - 1 2 9 5 1 . 0 0 8 . 9 0 0 0 0 0 0 0 - 0 2 4 2 2 . 0 0 . 0 0 1 0 . 0 0 
L I N E C H E 7 1 3 10 . 0 0 G . 7 0 0 0 0 0 0 0 - 0 2 . 9 1 . 1 0 1 0 . 0 0 
TANK H E - S V 1 0 . 0 0 6 . 0 0 0 0 0 0 0 0 . 0 0 . 0 0 0 . 0 0 
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DATE 0 5 APH 7 9 
TIME 1 2 : 2 0 : 0 8 
CASE 1 

TEST CASE FOH THE MFTF REFH1GERRTOR-LIQUIFIER SUBSYSTEM ( C V I I 

CO'.IP COMP FUNC. NUMB. NHEAD MATRL 
NAYIE CODE TYPE OPER. (M) TYPE 

GAS HE-CAS , .00 7 
LINE MMPU01 10 .00 6 
ELBOW FHPS02 31 .00 6 
LINE M.tPU03 10 .00 e FITING FHPB04 41 .00 e LINE MHP805 10 .00 6 
ELBOW FHPUOG 31 .00 6 
LINE MHPU07 10 .00 6 
VALVE CV-106 41 .00 6 
LINE MHP80Q io .oo e ELBOW FHPB09 31 .00 6 
LINE MMP810 io .00 G 
VALVE AV-12B 51 .oo 6 
LINE M-1E81 1 10 .00 6 
TANK HE-SV2 0 .00 G 
GAS HE-GAS 1 .oo 8 
REFL10 RF-L03 0 .00 6 
LINE CLP10J 10 .00 G 
ELBOW FLP102 31 .00 6 
LINE CLP103 10 .00 6 
ELB3W FLP104 31 .00 6 
LINE CLP105 io .00 e ELBOW FLPI06 31 .00 6 
LINE CLPI07 10 .00 6 
ELBOW FLPIOS 31 .00 6 
LINE CLPI09 10 .00 6 
ELBOW FLPIIO 31 .oo 6 
LINE CLP111 10 .00 6 
ELBOW FLPI12 31 .00 6 
LINE CLPI13 10 ,oo 6 
ELBOW FLPI14 31 .oo 6 
LINE CLPIIS 10 .00 G 
ELBOW FLPI16 31 .00 5 
LINE CLPI17 10 .00 6 
COMPUR CPU-OI 0 .00 S 
LINE CHPI01 10 .oo 6 
ELBOW FHPI02 31 .00 6 
LINE CHP103 10 .00 6 
ELBOW FHPI04 31 .00 6 
LINE CrIPIOS 10 .00 6 
ELBOW FHP106 31 .oo 6 
LINE GHP107 10 .00 6 
ELBOW FHP10B 31 .00 S 
LINE CHPI09 10 .00 e 

S Y S T E M 

FLOW FRICTION 
CUEFICIENF 

-.OOOOOOOO 
.90000000-02 
.90000000-02 
.90000000-02 
.90000000-02 
.90000000-02 
.90000000-02 
.90000000-02 
.90000000-02 
.30000000-02 
.90000000-02 
.90000000-02 
.90000000-02 
.90000000-02 
.00000000 

-.00000000 
.70000000-02 
.60 000000-0,2 
.60000000-02 
.60000000-02 
.60000000-02 
.GO000O00-O2 
.60000000-02 
.G0000000-02 
.60000000-02 
.60000000-02 
.60000000-02 
.60000000-02 
.60000000-02 
.60000000-02 
.60000000-02 
.60000000-02 
.60000000-02 
.60000000-02 
.60000000-02 
.B0Cu0O00-O2 
.B0OO0OO0-O2 
.O00O0O00-O2 
.80000000-02 
.00000000-02 
.80000000-02 
.80000000-02 
.80000000-02 
.00000000-02 

C O N F I G U R A T I O N »••» 
LINE LENGTH 
OR L-CVER-D 

-.OO 
6.24 

13.00 
• 61 

B.00 
.61 

13.00 
.05 

400.00 
.05 

13.00 
.60 

422.00 
.91 
.00 

-.00 
.00 

•* .30 
13.00 
7.92 

13.00 
3.96 

13 .00 
9.74 

13.00 
8.22 

13.00 
B.00 

13.00 
7.00 

13.00 
6.O0 

13.00 
.50 

-.00 
.50 

13.00 
6.00 

13.00 
P .00 

13.00 
B.22 

13.00 
3.74 

LINE INSULATION INSULATION 
DIAMETER TYPE' THICKNESS 

-.00 0 -.00 
. to 10 .00 
.00 10 .00 
. 10 10 .00 
.00 10 .00 
. 10 10 .oo .00 10 .00 
. 10 10 .oo .00 10 .oo . 10 10 .00 
.00 10 .00 
.10 10 .oo .00 10 .00 
.10 10 .00 
.00 0 .00 

-.00 0 -.00 
.00 10 .00 
.IS 10 .00 
.00 10 .00 
. 15 10 .00 
.00 10 .DO 
.15 10 .00 
.00 10 .00 
.15 10 .DO 
.00 10 .DO 
.15 10 .00 
.00 10 .00 
. 15 10 .00 
.00 10 .00 
. 15 10 .00 
.00 10 .00 
,15 10 .00 
.00 10 .00 
. 15 10 .00 

-.00 10 .00 
.08 10 .00 
.00 10 .00 
.00 10 .00 
.00 10 .00 
.08 10 .00 
.00 10 .00 
.08 10 .00 
.00 10 .00 
.OB 10 .00 

NO. LAYERS 
INSULATION 

-.0 
.0 
. O 
.O 
.0 
-O 
.0 
.0 
.O 
.0 
.O 
.0 
.O 
.0 
.0 

-.0 
.0 
.0 
.0 
.0 
.0 
.o 
.0 
.0 
.o 
-O 
.0 
.0 .o .o 
.0 
.0 
.o 
.0 
.0 
. o 
.0 
.0 
.0 . o 
.0 
.0 
.0 
.0 
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DATE 05 APR ~t 
TIME 12:20:10 
CASE I 

TEST CASE FDR THE MFTF HEFRIGERATOR-LIQUIFIER SUBSYSTEM ( CWI) 
..... S Y S T E M ' O U F I G U R A T I O N •*•** 

COUP CQMP FUS'C. NUMB. NHEAO MATRL. FLOW FRICTION LINE LENGTH LIME INSULATION INSULATION NO. LAYERS 
IIAME CODE TYPE OPER. (HI TYPE COEFICJENT OR L-OtfER-O OIAMETER TYPE THICKNESS INSULATION 

ELBOW FHPIIO 31 .00 6 .90000000-02 13.00 .00 \ 10 .00 .O 
LINE CMP111 10 .00 6 .BOO00000-02 3.96 -OH 1 0 .00 .0 
ELBOtf FHP112 31 . OO 6 .80000000-02 13.00 .00 10 .00 .0 
LINE CHP113 io . OO 6 .8OO00000-D2 7.92 .OB io .00 .0 
VALUE AV-041 41 .00 6 .BOOOO000-02 122.00 .00 10 .DO .o LINE CHP114 10 .00 6 .80003000-02 .05 .OB 10 .00 .0 
ELBOW FHP1IS 31 .OO 6 .G0O0000O-02 13.OO .OO to .00 .0 
LINE CHP1I6 10 .00 6 .80000000-02 .30 .08 10 .00 .0 
REFLIQ RF-L04 0 .00 6 .70000000-02 .00 .00 10 .00 .0 
END O 0 -.OO 0 -.00000000 -.OO -.00 0 -.00 -.o 
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TEST CASE FOR THE MFTF REFRIGERATOR-LIQUIFIER SUBSYSTEM (CWII 

PAGE 28 
DATE OS APR 79 
TIME 12:20:14 
CASE 1 

»-» CHARACTERIZE REFRIGERATOR-|.IOUIFIER INPUT AND OUTPUT CONDITIONS 
*• REFRIGERATOR-LIQUIFIES PARAMETERS •• 

ZERO MAKE-UP FLOW CONOIT1QN5: 

INLET TEMPERATURE < DEG.K > 
INLET PRESSURE ( KPA ) 
INLET FLUID DENSITY (KG/CU.M) 
IMIST FLOW RATE I KG/HR » 
OUTLET TEMPERATURE 
OUTLET PRESSURE 
OUTLET GAS DENSITY 
OUTLET FLOW RATE -
ENERGY TRANSFER 
HEAT LOAD: 

LN2 BOILER 

{ DEC K I 
I KPA > 
(KG/CU.M) 
I KC/HR > 
« J/HR ) 

( KW 
CURRENT MAKE-UP FLOW CONDITIONS: 

INLE1 TEMPERATURE ( DEG.K t 
IHLEF PRESSURE 1 KPA I 
INLET FLUID OEKS1TY tKG/CU.MI 
INLET FlOW RATE I KG/HR > 
OUTLET TEMPERATURE 
OUTLEt PRESSURE 
OUTLET HAS DENSITY 
OUTLET FLOW RATE 
ENERGY TRANSFER 

( DEG.K > 
( KPA > 
(KG/CU.M1 
{ KG/HR ) 
( J/HR I 

WARM HE - UPPER 
HEX « LN2 BOILER 

,300000+03 
.121590+O4 
. 193991+04 
. 170676+04 
.800000+02 
.121590+04 
.717032+04 
.170676+04 
.542350+03 

WARM HE - UPPER 
HEX a LN2 BOILER 

.300000+03 

.121590+04 

.193991+04 

. 170676+04 

.800000+02 

. 121590+04 

.717032+04 

. 170G7G+04 

.542350+03 

COLO HELIUM THRU 
UPPER HEX 
.800000+02 
. 113708+03 
.717032+04 
.819720+03 
•290000+03 
.113788+03 
.200837+04 
.B19720+03 

+ .219653+03 

COLO HELIUM THRU 
UPPER HEX 
.800000+02 
.1137UH+03 
.717032+04 
.1IB787+04 
.290000+03 
.113788+03 
.200637+04 
.118787+04 

+ . 3 6 0 3 2 9 + 0 3 

LN2 BOILER AND 
UPPER HEX 

. 7 7 3 4 8 0 * 0 2 

. 1 0 1 3 2 5 + 0 3 

. B 0 4 1 0 2 + 0 6 

. 2 4 8 2 6 1 + 0 4 

. 2 9 0 0 0 3 + 0 3 
• 1 0 1 3 2 S + D 3 
. 1 1 7 7 6 0 + 0 4 
. 2 4 8 2 6 1 + 0 4 

+ .293697+03 

. 139669+03 

LN2 BOILER AND 
UPPER HEX 

. 7 7 3 4 B 0 4 0 2 

. 1 0 1 3 2 5 * 0 3 

. 6 0 4 1 0 2 + 0 6 

. 1 5 3 8 6 2 + 0 4 

. 2 9 0 0 0 0 + 0 3 

. 1 0 1 3 2 5 + 0 3 

. 1 1 7 7 6 0 + 0 4 

. 1 5 3 8 6 2 + 0 4 

+ . 1 8 2 0 2 1 + 0 3 

HEAT LOAD: 
LN2 BOILER ( KW ) . 8 6 5 6 1 0 + 0 2 
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DATE 0 5 APR 7 9 
TIME 12 1 2 0 : 1 4 
CASE 1 

TEST CASE FOB THE MFTF HEFHIGEHACOB-LI0U1FIER SUBSYSTEM ( CV I 1 

SUMMARY OF COMPUTED SYSTEM CONFIGURATION PARAMETERS FOR MAGNET DEWAR OFF-GAS LINE 
f I'OllL 1DX C GS OIAM. WDOT-T WOOT-L WDoT-G QUAL­ TEMP. PRESS. D E L I A - P VELOCITY DENSITY REYNOLDS 

( H I CKG/HR) (KG/MR) ( K G 'HR» I T Y I K ) ( KPA) (KPA) I M/HR) ( K S / C U - M ) NUMBER 
IJks HE-GAS 1 1 1 . 0 0 0 .OOO . 0 0 0 0 0 0 .OOOOO .ooo . 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 . 0 0 0 0 0 .OOO 
I A N H C - S V I 2 1 .ODD 1 0 2 . 2 B 7 .ODO 1 0 7 2 a 7 . 0 0 0 0 0 4 . 0 09 1 1 3 . 7 B 7 0 .OOOOOO . 0 0 0 0 18 .41BB3 .OOO 
U N CGV30I 3 » 1 . 0 7 6 1 0 2 . 2 B 7 .OOO 1 0 2 2 8 7 .OOOOO 4 . 4 1 0 H 3 . 7 B 7 9 . 0 0 0 0 4 2 1 2 2 1 . 3 2 0 3 1 8 . 4 1 3 3 3 3 6 2 2 . 2 9 8 
E L B TGV302 4 1 1 . 0 7 6 1 0 2 . 2 S 7 .OOO 1 0 2 2 8 7 .OOOOO 4 . 4 1 0 113 .7B7U . 0 0 0 0 5 3 1 2 2 1 . 4 2 1 0 1 8 . 4 1 1 8 t 3 G 2 2 . 2 4 7 
L t N CC.V303 5 1 . 0 7 6 1 0 2 . 2 8 7 . 0 0 0 1 0 2 2 B 7 .OOOOO 4 . 4 1 0 I 1 3 . 7 B 7 H .O00O2I 1 2 2 1 . G 0 3 6 1 8 . 4 0 9 0 6 3 6 2 2 . 1 S3 
E t B FGV3Q1 G 1 . 0 7 6 I 0 2 . 2 B 7 . 0 0 0 1 0 2 2 8 7 .OOOOO 4 . 4 I O 1 1 3 . 7 8 7 7 .000OS3 1 2 2 1 . 7 0 4 2 1 8 . 4 0 7 5 4 3 6 2 2 . 1 0 2 
l l t l CGV305 7 1 . 0 7 6 1 0 2 . 2 8 7 . 0 0 0 1 0 2 2 8 7 .OOOOO 4 . 4 1 0 1 1 3 . 7 B 7 7 .000OO2 1 2 2 1 . 7 2 4 S 1 8 . 4 0 7 2 3 3 6 2 2 . 0 9 1 
V * L » v - i a i B 1 . 0 7 6 1 0 2 . 2 8 7 . 0 0 0 1 0 2 2 8 7 . 0 0 0 0 0 4 . 4 1 1 113 .7BS4 . 0 0 2 3 3 7 1 2 2 2 . a g a g 1 8 . 3 9 8 5 8 3 6 2 1 . 8 3 7 
L I N CGV30G 9 > . 0 7 6 1 0 2 . 2 0 7 .ooo 1 0 2 2 8 7 .ooooo 4 . 4 1 1 1 1 3 . 7 8 5 4 . 0 0 0 0 0 4 1 2 2 2 . 3 2 9 3 I B . 3 9 8 1 3 3 6 2 1 . 8 2 1 
E l B FGV3Q7 1 0 1 . 0 7 6 1 0 2 . 2 6 7 . 0 0 0 1 0 2 2 8 7 .ObOOO 4 . 4 1 1 1 1 3 . 7 6 5 3 . 0 0 0 0 5 3 1 2 2 2 . 4 3 0 0 1 8 . 3 9 6 8 1 3 6 2 1 . 7 7 0 
L I N CGV30B' 11 1 . 0 7 6 1 0 2 . 2 8 7 . 0 0 0 1 0 2 2 8 7 . 0 0 0 0 0 4 . 4 1 1 1 1 3 . 7 8 9 3 .0OOO2S 1 2 2 2 . 6 7 3 S 1 8 . 3 9 2 9 5 3 6 2 1 . 6 4 5 
F I T FCV309 1 2 1 . 0 7 6 1 0 2 . 2 S 7 .ooo 1 0 2 2 6 7 . 0 0 0 0 0 4 . 4 1 1 1 1 3 . 7 S S 3 . 0 0 0 0 2 8 1 2 2 2 . 7 7 3 7 1 8 . 3 9 1 4 4 3 6 2 1 . 5 9 3 
L I N CGV3I0 1 3 1 . 0 7 6 1 0 2 . 2 8 7 . 0 0 0 1 0 2 2 B 7 .OOOOO 4 . 4 1 2 1 1 3 . 7 8 5 3 . 0 0 0 0 2 8 12 :13 .0172 1 8 . 3 8 7 7 8 3 6 2 1 . 4 6 8 
E L 8 FCV3J1 1 4 1 . 0 7 6 1 0 2 . 2 B 7 . 0 0 0 1 0 2 3 8 ? .ooooo 4 . 4 1 2 1 1 3 . 7 8 5 2 . 0 0 0 0 5 3 1 2 2 3 . 1 1 7 6 1 8 . 3 8 6 2 7 3 6 2 1 . 4 1 6 
L I N ccv3ia I S 1 . 0 7 6 1 0 2 , 2 8 7 . 0 0 0 1 0 2 2 8 7 . 0 0 0 0 0 4 . 4 1 5 1 1 3 . 7 8 4 9 . 0 0 0 2 7 4 122S .4BB7 1 8 . 3 5 0 6 9 3 6 2 0 . 1 8 9 



NAME USER NAME * » • • » • • * » » • • • • • • . • • • • PAGE 3 0 
DEPT • CRVOGEN SVSTEV1S ANALVS1S • DATE 05 APB 7 9 
ERT. • * TIME 1 2 : S i : 0 9 
OLD. * MFTF • CASE 1 

TES1 CASE FOR 1HE MFTF REFRIGERATOR-L1QUtF1 EH SUBSYSTEM I C V t ) 

- • • SUMMARY OF COMPUTED SYSTEM CONFIGURATION PARAMETERS - FOR CRYCPANEL QEWAH OFK-GAS LINE 

F CODE I O K G GS OlAM. WDOT-T UDOT-L WDQT-G QUAL­ TEMP. PRESS. OELTA-P VELOCITY DENSITY REYNOLDS 
( M l <KG/HR> (KG/HRl t KG/HR) I T Y ( H I (KPA) (KPA) (M /HR) <KG/CU-M) NUMBER 

C A S HE-GA5 1G 1 . 0 0 0 . 0 0 0 -OOO . 0 0 0 .OoDOD . 0 0 0 . OODO .OOOOOO .OOOO . 0 0 0 0 0 .OOP 
T A N HE-SV? 1 7 1 . 0 0 0 2 6 5 . 8 G 6 . 0 0 0 2 6 5 . 8 6 6 . 0 0 0 0 0 4 . 43Q 1 1 3 . 7 8 7 U .0OO0OO .OOOO 1 8 . 0 8 5 9 2 .000 
L I N MGV401 I B 1 1 . 0 / G 2 6 5 . B 6 G . 0 0 0 2 6 5 . 8 6 6 .OOOOO 4 . 4 3 8 1 1 3 . 7 8 7 6 . 0 0 0 2 B 9 3 2 3 2 . 3 2 0 8 I B . 0 B 3 8 1 9 3 8 4 . 4 8 2 
C L B FGV402 1 9 1 . 0 7 6 2 6 5 . 8 6 6 . 0 0 0 2 6 5 . 8 6 6 . 0 0 0 0 0 4 . 4 3 8 1 1 3 . 7 8 7 2 • 0 0 0 3 6 6 3 2 3 2 . 4 3 0 4 1 8 . 0 8 3 1 5 9 3 8 4 . 4 3 5 
U N UC.VAOJ 2 0 1 . 0 7 6 3 6 5 . D B G .OOO 2 6 5 . 8 6 6 , 0 0 0 0 0 4 . 4 3 B 1 1 3 . 7 8 7 1 . 0 3 0 1 4 5 3 2 3 2 . 6 2 7 7 1 8 . 0 6 2 0 9 9 3 8 4 . 3 3 9 
E L B FGV404 2 1 1 . 07G 265 .OBO . 0 0 0 2 6 5 . 8 6 6 . 0 0 0 0 0 4 . 4 3 B 1 1 3 . 7 8 6 7 . O0O366 3 2 3 2 . 7 4 5 4 I S . 0 8 1 4 3 9 3 8 4 . 2 9 2 
L t N MGV405 2 2 t . 0 7 6 2 G 5 - B 6 6 . 0 0 0 2 6 5 . 8 6 6 . 0 0 0 0 0 4 . 438 1 1 3 . 7 8 6 7 . 0 0 0 0 1 6 3 2 3 2 . 7 6 6 2 1 8 . 0 8 1 3 1 9 3 8 4 . 2 8 1 
V A L A u - 1 2 2 2 3 1 . 0 7 6 2 6 5 . 8 6 6 .OOO 2 6 5 . 8 6 6 . 0 0 0 0 0 4 . 4 3 9 1 1 3 . 7700 . 0 1 6 0 7 3 3 2 3 4 . 0 8 B 6 1 8 . 0 7 3 9 2 9 3 8 4 . 3 2 2 
L I N MGV406 2 4 1 . 0 7 6 2 6 5 . 6 6 G . 0 0 0 2 6 5 . 8 6 6 . 0 0 0 0 0 4 . 4 39 1 1 3 . 7 7 0 6 . 0 0 0 0 2 4 32 3 4 . 1 2 0 0 1 8 . 0 7 3 7 5 9 3 8 4 . 3 0 7 
E l B FGV407 2 S 1 . 0 7 6 2 6 5 . 8 6 6 . 0 0 0 2 6 5 . 8 6 6 . 0 0 0 0 0 4 . 4 3 9 1 1 3 . 7 7 0 3 . 0 0 0 3 6 6 3 2 3 4 . 2 3 7 7 1 8 . 0 7 3 0 9 9 3 8 4 . 2 6 0 
L I N MGV40S- 2 6 1 1 . 076 SBS.B6S .OOO 2 6 5 . 8 6 6 . 0 0 0 0 0 4 . 4 3 9 113 . 7701 . 0 0 0 ) 9 3 3 2 3 4 . 4 9 0 1 1 8 . 0 7 1 6 3 9 3 8 4 . 1 3 2 
H T FGV409 2 7 t 1 • . 0 7 5 2 6 5 . B 6 6 .OOO ? 6 5 . B 6 6 . 0 0 0 0 0 4 . 4 39 1 1 3 . 7 6 9 0 . 0 0 0 2 2 5 3 2 3 4 . 6 0 0 9 1 8 . 0 7 1 0 6 9 3 B 4 . 0 S 1 
L I N MGV41 0 2 8 1 1 . 0 7 6 2 6 5 . 8 6 6 . 0 0 0 2 b 5 . B 6 6 . 0 0 0 0 0 4 . 4 39 1 1 3 . 7 6 9 5 . 0 0 0 1 9 3 3 2 3 4 . 8 5 3 4 1 8 . 0 6 9 6 5 9 3 8 3 . 9 5 3 
T E E FGV31J 2 3 1 1 . 0 7 6 3 6 8 . 1 5 4 . 0 0 0 3 6 8 . 1 5 1 . 0 0 0 0 0 4 . 4 3 9 1 1 3 . 7 6 B 0 . 0 0 1 6 B 9 4 4 7 9 . 7 2 6 3 1B.06B34 1 3 9 9 4 . 1 8 9 
L I N MGV4I 1 3 0 1 1 . 0 7 6 3GB.1S4 .OOO 3 6 B . 1 5 4 . 0 0 0 0 0 4 . 4 39 1 1 3 . 7 6 6 9 . 0 0 1 1 1 1 4 4 B 0 . 5 3 0 6 1 8 . 0 6 5 1 0 1 2 9 9 3 . 8 2 3 
E L B FGV41Z 3 1 1 1 . 0 7 6 3 6 6 . 1 5 4 . 0 0 0 3 6 8 . 1 5 4 . 0 0 0 0 0 4 . 4 3 9 1 1 3 . 7 6 6 2 . 0 0 0 7 0 2 4 4 B 0 . 6 7 B 2 I B . 0 6 4 5 0 1 2 9 9 3 . 7 8 8 
L I N MGV413 3 2 1 1 . 0 7 6 3 6 6 . 1 S 4 . 0 0 0 3 6 8 . 1 S 4 , 0 0 0 0 0 4 . 4 4 0 1 1 3 . 7 6 3 7 . 0 0 2 4 0 8 4 4 8 3 . 4 2 1 6 1 8 . 0 5 7 4 8 1 2 8 0 2 . 9 9 4 

-fc-
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NAME USEF NAME • » • » » • • » * » • • » • • • • . . * • PAGE 32 
OEPT • CRVOGEN SYSTEMS ANALYSIS « DATE 0 6 APR 7 9 
EAT. • * TIME 1 2 : 2 1 : 3 4 
BLD. » MFTF • CASE t 

TEST CASE FOtt THE MFTF REFRIGERATOR-L10U1FtER SUBSYSTEM ( C V I » 

• • * SUMHAfcY OF COMPUTED SYSTEM CONFIGURATION PARAMETERS - FOR R E F - L I O HP-COLO HELIUM OUTLET » • • 

r CODE I D X G GS D I A M . WDOT-T WOOT-L WDOT-G QUAL­ TEMP. PRESS. DELTA-P VELOCITY DENSITY REYNOLDS 
| M > 4KG/Hft l (KG/HR) (KG/HRk I T Y I K ) (KPA) (KPAI (M /HR) 4 KG/CU-M) NUMBER 

G A S HE-GAS 5 0 1 1 . 0 0 0 .OOO . 0 0 0 . 0 0 0 •OOOOO . 0 0 0 . 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 . 0 0 0 0 0 .OOO 
B E F B F - L 0 1 5 1 I 1 . 0 0 0 O B 7 . 0 4 0 . 0 0 0 8 8 7 . 0 4 0 •COOOO 4 . 8 0 0 1 2 1 5 . 9 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 1 5 1 . 1 0 6 2 5 . 0 0 0 
L I N CBOI01 5 2 1 1 . 1 0 1 B B 7 . 0 4 0 .00(1 B B 7 . 0 4 0 . 0 0 0 0 0 4 . 8 0 0 1 2 1 5 . 8 9 9 9 . 0 0 0 0 9 1 7 3 S . 5 0 7 6 1 5 1 . 1 0 5 1 5 6 2 4 4 . 2 9 2 
F I T FBO10S 5 3 1 1 . 1 0 1 S B 7 . 0 4 O . 0 0 0 B B 7 . 0 4 0 .QOOOO 4.BOO 1 2 1 5 . 8 9 j 8 . 0 0 0 1 2 2 7 2 S . S 0 9 3 1 5 1 . 104 70 6 2 4 4 . 2 3 2 
L I N CBO10] 5 4 1 1 . 1 0 1 8 B 7 . 0 4 0 . 0 0 0 B 8 7 . 0 4 0 . 0 0 0 0 0 4 . BOO 1 2 1 5 . B 9 9 7 .00 0 0 9 1 7 2 S . S 1 5 1 1 S I . 1 0 3 6 0 6 2 4 4 . 4 2 7 
T E E FBO104 S S 1 1 . 1 0 1 B B 7 . 0 4 O . 0 0 0 6 3 7 . 0 4 0 . 0 0 0 0 0 4 . 8 0 1 1 2 1 5 . 8 9 8 7 .00 1015 7 2 5 . 5 1 9 7 1 5 1 . 1 0 2 6 4 6 2 4 4 . 5 1 0 

Ln 



NAME USED NAME • » • • • • * • • • • • • • • • • • « » • PAGE 33 
U t P I • CrtYDGEN SVSTE'JS ANALYSIS . DATE 05 APR 7 9 
I XT. • • TIKE I 2 1 2 I S 3 B 
f U D . » MFTF • CASE t 

TEST CASE ran THE MFTF R E F R I G E R A T O R - L I O U I F I E R SUBSYSTEM I C V I I 

• « « SUMMARY OF COMPUIEO SYSTEM CONFIGURATION PARAMETER - FOR STO-OEWAR HP-COLD HE SUPPLV 

F CODE I D K G G S D1AM. WDOT-T WOOT-L WDOT-G QUAL­ TEMP. PRESS. OELTA-P VELOCITY DENSITY REYNOLDS 
( M l I K G / I I R I IKG/HHl (KG. H H I I T Y ( K ) (KPA) (KPAI I M/HH) <KGVCU-»»> NUMBER 

G A S HE-CAS 5 6 1 . 0 0 0 . 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 . 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 . 0 0 0 0 0 .OOO 
R E F R F - L Q i 5 7 1 . 0 2 5 51B.QBG .OOo 5 1 8 8 8 6 .OOOOO 4.BOO 1 2 1 5 . 9 0 0 0 .OOOOOO . 0 0 0 0 . 0 0 0 0 0 .OOO 
L I N SHPBOI 5 8 t . 1 0 1 5 1 B . H 8 6 . 0 0 0 5 1 8 8 8 6 .OOOOO 4 . 8 0 1 1 2 I 5 . 8 9 9 > .000OG3 4 2 4 . 4 0 3 3 151 . 10249 3 6 5 2 . 8 2 0 
E L B niPGO? S 3 1 . 1 0 1 518 .BOG .OOO 5 1 8 B 8 G . 0 0 0 0 0 4 . 8 0 1 1 3 1 5 . 8 9 9 0 . 0 0 0 0 G 8 4 2 4 . 4 0 5 5 1 5 1 . 1 0 1 7 2 3 6 5 2 . 8 6 0 
L I N SHPGQJ GO 1 . 1 0 1 S I B . B U G .ooo 5 1 8 8 8 6 . 0 0 0 0 0 4 . 8 0 3 1 2 1 5 . 8 9 9 6 . 0 0 0 3 9 7 4 2 4 . 4 S 5 7 1 5 1 . 0 8 3 8 4 3 6 5 3 . 7 5 8 
E L B FAPOOJ 6 1 1 . 1 0 1 51B. I9U6 . 0 0 0 5 1 8 8 8 6 .ooooo 4 . 8 0 3 1 2 1 5 . 8 9 9 5 . 0 0 0 0 6 8 4 2 4 , 4 5 7 9 1 5 1 . 0 S 3 0 7 365 3 . 7 97 
L I N SHPG05 6 3 t . l O I S I B . U H l i .ooo 5 1 8 8 B G . 0 0 0 0 0 4 . B 0 3 1 2 1 5 . 8 9 9 5 . 0 0 0 0 3 1 4 2 4 . 4 G 3 1 1 5 1 . 0 8 1 18 3 6 5 3 . B 9 I 
F I T FHPGOG 6 3 1 . 1 0 1 5 1 8 . B U G . 0 0 0 5 1 8 8 B 6 .ooooo 4 . 8 0 4 1 2 1 5 . 8 9 9 5 . 0 0 0 0 4 2 4 2 4 . 4 6 5 3 1 5 1 . 0 0 0 4 1 3 6 5 3 . 9 3 1 
L I N SHP607 8 4 1 . 1 0 1 b l S . Q I l G . 0 0 0 b l U 8 B 6 . 0 0 0 0 0 4 . 8 0 4 1 2 1 S . B 9 9 4 .000O31 4 2 4 . 4 7 0 G 1 5 1 . 0 7 8 5 3 3 6 5 4 . 0 2 4 
E L B FHPGOB 6 5 1 . t o t 518 .BBG . 0 0 0 5 1 8 8 8 6 .ooooo 4 . 8 0 4 1 2 1 5 . B 9 9 4 .OD0OG8 4 2 4 . 4 7 2 8 151 . 0 7 7 7 6 3 6 5 4 . O G 3 
L I N SHP6D9 6 6 1 . l O I S1S.UUG . 0 0 0 5 1 8 8 8 6 . 0 0 0 0 0 4 . B C 4 1 2 1 5 . 8 9 9 4 . 0 0 0 0 1 6 4 2 4 . 4 7 5 4 1 5 1 . 0 7 6 8 1 3 6 5 4 . 1 1 1 
WAL C V - 1 0 4 6 7 t 2 • . 1 0 1 5 ) 8 . 8 8 6 51B.BB6 . 0 0 0 . 0 0 0 0 0 4 . 3 S 0 1 1 3 . 7 8 7 9 . 0 0 0 0 0 0 5 1 9 . 5 5 7 7 1 2 3 . 4 2 8 8 2 5 8 4 3 . B 9 5 
L I N SHF6IO 6 6 1 2 . 1 0 1 5 1 B . B B 6 51B.BB6 0 0 0 . 0 0 0 0 0 4 . 3 5 0 1 1 3 . 7 8 7 9 . 0 0 0 0 0 7 5 1 9 . 5 5 7 7 1 2 3 . 4 2 8 8 2 5 5 B 7 . 9 0 2 
E L B FHP61 1 6 9 1 2 . 1 0 1 5 1 B . B 8 6 5 1 8 . 8 8 5 OOO .ooooo 4 . 3 5 0 1 1 3 . 7 8 7 8 . 0 0 0 0 6 4 5 1 9 . 5 6 2 2 1 2 3 . 4 2 7 7 6 5 5 9 7 . 9 3 6 
L I N SHP612 70 1 2 . 1 0 1 S I B . 8 0 6 S1B.BB6 0 0 0 . 0 0 0 0 0 4 . 3 5 1 1 1 3 . 7 8 7 7 . 0 0 0 1 1 9 £ 1 9 . 5 6 9 5 1 3 3 . 4 2 6 0 3 5 S 9 8 . 0 2 4 
T A N HE-SV3 7 1 1 2 . 0 0 0 S I B . B B G 51B.BB6 0 0 0 . 0 0 0 0 0 4 . 3 5 1 1 1 3 . 7 8 7 7 . 0 0 0 0 0 0 .OOOO 1 2 3 . 4 2 6 0 3 . 0 0 0 



NAME USER NAME * • • • • • • * • » * » * . * * • • • • • PACE 34 
DEPT • CRYOGEN SYSTEMS ANALYSIS » DATE 0 5 APR 7 9 
EAT. • • TIME 1 2 : 2 1 : 5 1 
BLD- • MFTF • CASE I 

t e s t CASE FOR THE MFIF REFR1GERAfOR-LIQUtFIER SUBSYSTEM ( C V t l 

• ••• SUMMARY OF COMPUTEO SYSTEM CONF (GURATIQN PARAVETERS - FOR MAGNET OEWAH HP-COLD HE-SUPPLY * ' » 

F CODE 1 0 X G GS D l f M , MOD1-T WOOT-L WDOT-G QUAL­ TEMP. PRESS. DELTA-P VEL0C1TY DENSITY REYNOLDS 
<M> 1 KG/MR) (KG/HRI ( KG 'HR1 I T Y ( K ( (KPA» (KPA| (M /HR) CKG/CU-M) NUMBER 

C A S HE-GAS 7 2 1 1 . 0 0 0 .OOO . 0 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 . 0000 . 0 0 0 0 0 0 . 0 0 0 0 . 0 0 0 0 0 . 0 0 0 
L I N CHP70I 7 3 I 1 . 1 0 1 3 G B . 1 5 4 . 0 0 0 3 6 B 1 5 4 . 0 0 0 0 0 4 . B 0 3 1 2 1 5 . 0 0 0 0 . 0 0 0 0 0 0 301 . 1 4 9 8 1 5 1 . 0 8 6 1 0 2 5 9 2 . 3 0 2 
E L B FHP702 7 4 1 1 . 1 0 1 361). 154 . 0 0 0 3 G B 1 S 4 .OOOOO 4 . D 0 3 1 2 1 5 . 8 0 0 0 .OOO034 3 0 1 . 1 5 1 9 1 5 1 . 0 8 5 0 1 2 5 9 2 . 3 4 1 
L I N CHP703 7 5 1 1 . 1 0 1 3 0 B . 1 5 4 . 0 0 0 3 B B 1 5 4 . 0 0 0 0 0 4 . 0 0 1 1 2 1 5 . 7 9 9 9 . 0 0 0 0 3 1 301 . 1 2 3 3 1 5 1 . 0 9 9 3 6 2 5 9 1 . 8 3 0 
T E E r i l P 7 0 l 7 6 * 1 . 1 0 1 I 0 2 . 2 8 7 . 0 0 0 1 0 2 2 8 7 . 0 0 0 0 0 4 . 8 0 2 1 2 1 5 . 7 9 9 0 . 0 0 0 1 5 7 B3.GGQ1 1 5 1 . 0 9 1 17 7 2 0 . 1 9 1 
L I N CMP705 7 7 1 1 . t o t 1 0 2 . 2 U 7 . 0 0 0 1 0 2 2 8 7 . 0 0 0 0 0 4 . 8 0 1 1 2 1 5 . 799(1 . 0 0 0 0 0 1 8 3 . 0 6 5 9 1 5 1 . 0 9 5 1 2 7 2 0 . 1 5 1 
F t ! FHP70G 7 0 1 1 . 1 0 1 1 0 2 . 2 8 7 . 0 0 0 1 0 2 2 8 7 . 0 0 0 0 0 4 . 0 0 2 1 2 1 5 . 7 9 9 0 . 0 0 0 0 0 2 8 3 . 6 6 0 1 1 5 1 . 0 9 1 2 0 7 2 0 . 1 9 0 
L I N CHP707 7 9 1 1 . 1 0 1 1 0 2 . 2 8 7 . 0 0 0 I 0 2 2 8 7 . 0 0 0 0 0 4 . 8 0 1 1 2 1 5 . 7 9 9 0 . 0 0 0 0 0 1 B 3 . G 6 5 9 1 5 1 . 0 9 5 1 2 7 2 0 . 1 5 1 
E L B FHP7DU- BO 1 1 . 1 0 1 1 0 2 . 2 8 7 . 0 0 0 1 0 2 2 8 7 . 0 0 0 0 0 4 . 8 0 2 1 2 1 5 . 7 9 9 8 . 0 0 0 0 0 3 8 3 . 6 6 0 1 1 51 . 0 9 1 2 0 7 2 0 . 1 9 0 
L I N CHP709 D 1 t 1 . 101 1 0 2 . 2 8 7 . 0 0 0 1 0 2 2 8 7 . 0 0 0 0 0 4 . 8 0 0 1 2 1 5 . 7 9 9 8 . 0 0 0 0 0 0 8 7 . 6 6 1 1 1 5 1 . 1 0 3 8 6 7 2 0 . 0 G 5 
V A L C V - 1 0 5 8 2 t 1 . 101 1 0 2 . 2 8 7 . 0 0 0 1 0 2 2 8 7 . 0 0 0 0 0 4 . 8 04 1 2 1 5 . 7 9 9 7 . 0 0 0 0 8 1 B 3 . 6 7 6 5 1 5 1 . 0 7 6 0 9 7 2 0 . 3 4 0 
L I N CHP710 B 3 t I . 101 1 0 2 . 2 8 7 . 0 0 0 1 0 2 2 B 7 . 0 0 0 0 0 4 . 8 0 0 1 2 1 5 . 7 9 9 7 . 0 0 0 0 0 0 8 3 . 6 6 1 1 1 5 1 . 1 0 3 8 6 7 2 0 . 0 6 5 
E L B FHP711 8 4 1 1 . 1 0 1 1 0 2 . 2 3 7 . 0 0 0 1 0 2 2 8 7 . 0 0 0 0 0 4 . 8 0 1 1 2 1 5 . 7 9 9 7 . 0 0 0 0 0 3 8 3 . 6 6 3 3 1 5 1 . 0 9 9 9 5 7 2 0 . 1 0 3 
L I N CHP712 8 5 t 1 . 1 0 1 1 0 2 . 2 B 7 . 0 0 0 1 0 2 2 8 7 . 0 0 0 0 0 4 . 6 0 1 1 2 1 5 . 7 9 9 7 . 0 0 0 0 0 1 B3 .6G59 1 5 1 . 0 9 5 2 1 7 2 0 . 1 5 1 
V A L AW-129 B E t 2 . 1 0 1 1 0 2 . 2 8 7 1 0 2 . 2B7 0 0 0 . 0 0 0 0 0 4 . 3 5 0 1 1 3 . 7 8 7 9 . 0 0 0 0 0 0 1 0 2 . 4 1 9 5 1 2 3 . 4 2 8 B 2 1151 .BSS 
L I N CHE713 8 7 1 2 . ! M 1 0 2 . 3 8 7 1 0 2 . 3 6 7 0 0 0 . 0 0 0 0 0 4 . 3 5 1 1 I 3 . 7 B 7 9 . 0 0 0 0 0 2 1 0 2 . 4 1 9 5 1 2 3 . 4 2 8 8 2 1 1 0 5 . 7 7 1 
T A N H E - S V t ea 1 2 . 0 0 0 1 0 2 . 2 2 7 1 0 2 . 2 8 7 0 0 0 . 0 0 0 0 0 4 . 3 S 1 1 1 3 . 7 8 7 9 . 0 0 0 0 0 0 . 0 0 0 0 1 2 3 . 4 2 8 6 2 . 0 0 0 

8 



NAVE USER NAME . . - » . . . . . . . . • • • • . « » » . PACE 35 
DLPl * CRVOGEN SY5TE.15 ANALYSIS . DA 1F 05 APR 7 9 
E X T . * * TIME 1 2 : 2 2 : 0 6 
BLD. • MFTF » CASE 1 

TESI CASE FOR THE HrTF REFR1GERATOR-L[QUIFlER SUBSYSTEM ( C W t l 

• * • SUMMARY OF COMPUTED SYSTEM CONF IGURATIOM PARAMETERS - FOR CRYPAN DEW, R HP-COLD HE-SUPPLY * * * 

F CODE ID J G G S D I A M . HDOT-T WOOT-L WDOT-G QUAL­ TEMP. PRESS. OELTA-P VELOCITY DENSITY REYNOLDS 
<M> <KG/HR| (HG/HH1 ( K C H R ) I T Y ( K l (KPA> IKPA) < M/HR t ( K G / C U - M ) NUMBER 

C A S HE-GAS B 9 1 . 0 0 0 .OOO . 0 0 0 ooo . 0 0 0 0 0 . 0 0 0 . 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 . 0 0 0 0 0 . 0 0 0 
L I N HHPOD1 9 0 1 . 1 0 1 2 6 5 . B G G . 0 0 0 2 6 5 0 6 6 . 0 0 0 0 0 4 . Q 0 5 1215.BOOO . oooooo 2 1 7 . 5 0 G 3 1 5 1 . 0 6 7 0 1 1 8 7 2 . 5 5 3 
E L S FIIPB02 s» 1 . 1 0 1 2 6 5 . 8 G 6 . 0 0 0 2 6 5 8 6 6 . 0 0 0 0 0 4 . 0 0 5 1 2 1 5 . 8 0 0 0 . 0 0 0 0 1 8 2 1 7 . 5 0 0 b 1 5 t . 0 6 5 5 0 1 8 7 2 . S 9 2 
L I N M1IPB03 9 2 1 . l O I 265 .BGG . 0 0 0 2 6 5 B 6 G . 0 0 0 0 0 4 . B 0 1 1 2 1 5 . 8 0 0 0 .QOOOOB 2 1 7 . 4 5 7 4 I S t . 1 0 0 9 9 1 8 7 1 . 6 7 8 
F I T FI1PU04 9 3 1 . 1 0 1 265 .BGG . 0 0 0 2 B S 0 6 G .ooooo 4 . BO I 1 2 1 5 . 8 0 0 0 . 00O011 2 1 7 . 4 5 9 6 1 5 1 . 0 9 9 4 8 1 6 7 1 . 7 1 7 
L I N MHPU05 3 4 1 . 1 0 1 265 .BGO . 0 0 0 2 6 5 B 6 6 . 0 0 0 0 0 4 . U 0 I 1 2 1 5 . 8 0 0 0 . 0 0 0 0 0 8 2 1 7 . 4 5 7 4 1 S I . 1 0 0 9 9 1 8 7 1 . 6 7 8 
E L B FHPOOli as 1 . 1 I M 2 G 5 . 1 G 6 . 0 0 0 2 6 5 1166 . 0 0 0 0 3 4 . B O I 1 2 I S . B 0 0 0 . 0 0 0 0 I B 2 1 7 . 4 5 9 G 1 5 1 . 0 9 9 4 8 1B7t . 7 1 7 
L I N k*HPBD7 9 6 1 . 1 0 1 ?65.u<?6 . 0 0 0 2 G S B 6 6 . 0 0 0 0 0 4 . BOO 1 2 1 5 . 8 0 0 0 . 0 0 0 0 0 1 2 1 7 . 4 5 2 6 1 5 1 . 1 0 4 35 1 8 7 1 . 5 9 2 
V A L Ct f - IOB 9 7 t . 1 0 1 2G5 .B6G . 0 0 0 2 6 5 B 6 6 . 0 0 0 0 0 4 . B 0 2 1 2 1 5 . 7 9 9 4 . 0 0 0 5 4 7 2 1 7 . . 4 6 7 9 1 5 1 . 0 9 3 6 7 1 8 7 1 . 8 6 7 
U N MMpaoa 9 8 1 . 101 2 G 5 . 8 6 6 . 0 0 0 2 6 5 8 6 6 . 00 OOO 4 . 8 O 0 1 2 ) 5 . 7 9 9 4 .OOOO01 2 1 7 . 4 5 2 6 1 5 1 . I 0 4 3 5 1 8 7 1 . 5 9 2 
E L B FHPBD9 9 9 1 . 1 0 1 2 6 5 . B 6 S . 0 0 0 2 6 5 B 6 B .ooooo 4.BOO 1 2 1 5 . 7 9 9 4 . 0 0 0 0 1 8 2 1 7 . 4 5 4 7 1 5 1 . 1 0 2 8 4 1871 . 6 3 1 
L I N UHPSIO too 1 . 1 0 1 2 6 5 . 8 6 6 .ooo 3 G 5 8 6 G . 0 0 0 0 9 4 , 6 0 1 I t 1 5 . 7 9 9 4 . 0 0 0 0 0 6 2 1 7 . 4 5 7 4 1 5 1 . 1 0 1 0 2 1 8 7 1 , 6 7 7 
V A L A V - 1 2 8 ' l O I 1 2 . 1 0 1 265 .BGG 2 6 5 . 8 6 6 .ooo .ooooo 4 . 3 5 0 1 1 3 . 7 8 7 9 .Ok 0 0 0 0 2 6 6 . 2 1 0 4 1 2 3 . 4 2 8 8 2 2 9 9 4 . 2 B B 
U l l MHE811 1 0 2 1 2 . t o t 2 6 S . 8 6 G 2 6 S . 8 6 6 0 0 0 . 0 0 0 0 0 4 . 3 5 0 1 1 3 . 7 8 7 9 . 0 0 0 0 1 5 2 6 6 . 2 1 0 4 1 2 3 . 4 2 8 8 2 2 9 1 4 . 5 8 3 
T A N HE-SV2 1 0 3 1 2 .ooo 2 6 5 . 8 6 6 2 6 5 . 8 6 6 . 0 0 0 , 0 0 0 0 0 4 . 3 5 0 1 1 3 . 7 8 7 9 . 0 0 3 0 0 0 . 0 0 0 0 1 2 3 . 4 2 * 8 2 . 0 0 0 



CAS 
REF 
L I N 
CLB 
L I N 
CLB 
L I N 
E L I 
L I N 
ELS LIN tin 
LIN ELB LIN ELD LIN S E L O 

W LIN COM LIN ELB LIN ELB LIN ELD LIN ELB LIN ELB LIN ELB U N VAL LIN 
ELS LIN REF 

NAME 
CEPT CRVGGEN SYSTEMS ANALYSIS * PAGE 3 6 

DATE 0 5 APR 7 9 
EXT. * * TIME 1 2 : 2 2 : 4 2 
BLD. • MFTF • CASE 1 

TEST CASE FOR THE MFTF REFRIGERATOR-LIQU1FI6R SUBSYSTEM 1 C V I ) 

« • • SUWVARY OF COMPUTED SYSTEM CONFIGURATION PARAMETERS - FOB COMP-PUR1FIER C IRCUIT CLP-HP) . . . 
CODE I D X G GS D IAM. MOOT-T WDOT-I WODT-Q QUAL­ T E M P . PRESS. OELTA-P VELOCITY DENSITY REYNOLDS 

( M ) (KG/HR) (KG/HR I K G ' H R ) I T Y <K> CKPA) IKPA) (M/SEC) < KG/CU-M) NUMBER 

HE-G»5 1 0 4 1 1 .OOO -OOO . 0 0 0 . 0 0 0 . 0 0 0 0 0 .ooo~ 0 0 0 0 . OOOOOO . 0 0 0 0 . 0 0 0 0 0 .0 00 
H F - L 0 3 > 0 5 t 1 . 0 0 0 9 2 9 . 4 2 0 .ODD 9 2 9 . 4 2 0 . 0 0 0 0 0 2 9 0 . 0 0 0 l O I 32S0 . 0 0 0 0 0 0 . 0 0 0 0 . 1 6 8 1 2 .OOO 
C L P I O t toe 1 . 152 9 2 9 . 4 2 0 . 0 0 0 9 2 9 . 4 2 0 .roooo 2 9 0 . 0 0 0 101 . 3 2 I O . 0 0 3 9 5 1 8 4 . 2 9 8 7 . 1 6 8 1 1 1 1 0 9 . 3 54 
FLP 102 1 0 7 1 . 152 9 2 9 . 4 2 0 . 0 0 0 9 2 9 . 4 2 0 . 0 0 0 0 0 2 9 0 . 0 0 0 1 0 1 . 2954 .0256110 8 4 . 3 2 0 1 . 1 6 8 0 7 11 O B . 3 5 4 
CLP103 1 0 8 1 1 . 1 5 2 3 2 9 . 4 2 0 . 0 0 0 9 2 9 . 4 2 0 . 0 0 0 0 0 2 9 0 . 0 0 2 101 . 192G . 102750 8 4 . 4 0 6 1 . 1 6 7 9 0 1 1 0 8 . 3 5 0 
FLP 104 l o g 1 . 1 5 1 9 2 9 . 4 2 0 . 0 0 0 9 2 9 . 4 2 0 . 0 0 0 0 0 2 9 0 . 0 0 ' ! 101 . 166'J . 0 2 5 7 1 2 8 4 . 4 2 7 6 . 1 6 7 8 6 11 O B , 3 5 0 
CLP105 1 1 0 1 . 1 5 2 9 3 9 . 4 2 0 . 0 0 0 9 2 9 . 4 3 0 .ooooo 2 9 0 . 0 0 3 1 0 1 1 1S5 . 0 5 1 4 4 0 8 4 . 4 7 0 7 . 1 6 7 7 7 1 1 0 B . 3 4 B 
FLP10G 1 1 1 1 . 1 5 2 9 2 9 . 4 2 0 . 0 0 0 9 2 9 . 4 2 0 . 0 0 0 0 0 2 9 0 . 0 0 3 1 0 1 0897, . 0 2 5 7 3 2 8 4 . 4 9 2 2 . 1 6 7 7 3 1 I O B . 3 4 B 
CLP1D7 1 1 2 1 . 1 5 2 9 2 9 . 4 2 0 . 0 0 0 9 2 9 . 4 2 0 . 0 0 0 0 0 290 .OOS 1 0 0 9631 . I 2 6 G 1 9 8 4 . 5 9 8 7 . 1 6 7 5 2 1 1 0 8 . 3 4 3 
FLP108 1 13 1 . 1 5 2 9 2 9 . 4 2 0 . 0 0 0 9 2 9 . 4 2 0 . 0 0 0 0 3 2 9 0 . 0 0 5 I C O 9 3 7 3 . 0 2 5 7 7 1 8 4 . 0 2 0 3 . 1 6 7 4 7 1 1 0 6 . 3 4 3 
CLP109 1 1 4 t . 1 5 2 S 2 9 . 4 2 0 .OOO 9 2 9 . 4 2 0 . 0 0 0 0 0 290 .OOS 1 0 0 B303 . 107021 8 4 . 7 1 0 6 . 1 6 7 2 9 1 1 0 8 . 3 3 9 
F L P I I O 1 I S 1 - . 1 5 2 9 2 9 . 4 2 0 . 0 0 0 9 2 9 . 4 Z 0 . 0 0 0 0 0 2 9 0 . 0 0 5 1 0 0 8 0 4 5 . 0 2 5 8 0 5 B 4 . 7 3 2 3 . 1 6 7 2 5 1 1 0 8 . 3 3 9 
C L P H 1 n e 1 . 1 5 2 9 2 9 . 4 2 0 . 0 0 0 9 2 9 . 4 2 0 . 0 0 0 0 0 290 .OOa too 7002 . 104J9S 8 4 . 8 2 0 4 . I S 7 0 3 1 1 0 8 . 3 3 5 
F L P t 1 2 1 1 7 t . 1 5 2 9 2 9 . 4 2 0 . 0 0 0 9 2 9 . 4 2 0 .ooooo 290.OOB l O D 6744 . 0 2 5 3 3 9 8 4 . 8 4 2 2 . 1 5 7 0 4 I I O B . 3 3 5 
CLP113 1 IO 1 . 1 5 2 9 2 9 . 4 2 0 . 0 0 0 9 2 9 . 4 2 0 . 0 0 0 0 0 2 9 0 . 0 1 0 1 0 0 5B30 . 0 9 1 3 7 6 8 4 . 9 1 9 7 . 1 6 6 8 8 1 1 OB.331 
FLP114 1 19 1 1 . 1 5 2 9 2 9 . 4 2 0 . 0 0 0 9 2 9 . 4 2 0 . 0 0 0 0 0 2 9 0 . 0 1 0 1 0 0 5571 . 0 2 b B 6 9 8 4 . 9 4 1 5 . 1 6 6 8 4 1 1 0 8 . 3 3 1 
CLP1 I S 1 2 0 t 1 . 1 5 2 9 2 9 . 4 2 0 . 0 0 0 9 2 9 . 4 2 0 .ooooo 2 9 0 . O i l too 4 7 8 7 . 0 7 8 4 1 4 8 5 . 0 0 8 1 . 1 6 6 7 1 1 1 0 0 . 3 2 8 
FLP11G 1 2 1 1 . 152 9 2 9 . 4 2 0 , ooo 9 2 9 . 4 2 0 .ooooo 2 9 0 . 0 1 1 too 4 520 . r 2 5 8 9 6 6 5 . 0 3 0 1 .16G67 1 1 0 8 . 3 2 8 
CLP117 1 2 2 1 . 152 9 2 9 . 4 2 0 . 0 0 0 9 2 9 . 4 2 0 . 0 0 0 0 0 2 9 0 . 0 1 1 1 0 0 4 4 6 3 . 0 0 6 5 4 1 8 5 . 0 3 5 6 .16EE6 1 1 0 B . 3 2 B 
CPU-01 1 2 3 1 . 0 7 6 1 7 0 6 . 7 6 0 . 0 0 0 17OG.760 . 0 0 0 0 0 3 0 0 . 0 0 0 1215 9 0 0 0 . 0 0 0 0 0 0 6 3 . 7 3 1 4 1 . 9 3 9 9 1 3 9 7 2 . 4 1 3 
CHPI01 1 2 4 1 . 0 7 6 1 7 0 6 . 7 6 0 . 0 0 0 1 7 0 6 . 7 6 0 . 0 0 0 0 0 3 0 O . 0 0 0 1215 81B9 .OBI 127 5 3 . 7 3 5 0 t . 9 3 9 7 9 3 9 7 2 . 4 . 1 3 
F H P I 0 2 1 2 5 1 . 0 7 6 1 7 0 6 . 7 6 0 . 0 0 0 1 7 0 6 . 7 6 0 . 0 0 0 0 0 3 0 0 . 0 0 0 1215 6 5 8 4 . 1 6 0 5 2 9 6 3 . 7 4 2 0 1 . 9 3 9 5 3 3 9 7 2 . 4 1 4 
CHP103 1 2 6 1 1 . 0 7 6 1 7 0 6 . 7 6 0 . 0 0 0 1 7 O 6 . 7 6 0 . 0 0 0 0 0 3 0 0 . 0 0 0 1214 6G46 . 9 7 3 7 2 1 5 3 . 7 0 4 9 t . 9 3 7 9 8 3 9 7 2 . 4 IB 
F M P I D ) 1 2 7 1 1 . 0 7 S 1 7 0 6 . 7 6 0 . 0 0 0 1 7 O 6 . 7 6 0 .ooooo 300.OOO 1214 5 2 4 0 . 16067a 5 3 . 7 9 2 0 1 . 9 3 7 73 3 9 7 2 . 4 1 9 
CHP105 1 2 0 1 1 . 0 7 G 1 7 0 S . 7 6 0 . 0 0 0 1 7 0 6 . 7 0 0 . 0 0 0 0 0 3 0 0 . 0 0 1 1 2 1 3 2 2 4 5 1 . 2 9 9 5 0 1 5 3 . 8 4 < I 4 1 . 9 3 5 G 5 3 9 7 2 . 4 2 4 
FHP1D6 1 2 9 1 . 0 7 6 1 7 0 6 . 7 6 0 .OOO 1 7 0 6 . 7 6 0 . 0 0 0 0 0 3 0 0 . O O I 1213 063S . 160871 5 3 . 8 5 0 5 1 . 9 3 5 4 1 3 9 7 2 . 4 2 5 
C H P I 0 7 1 3 0 1 1 . 0 7 6 1 7 0 6 . 7 6 0 . 0 0 0 1 7 0 6 . 7 6 0 . 0 0 0 0 0 3 0 0 . 0 0 1 121 1 7 2 6 0 1 .3361)38 5 3 . 9 > 5 6 1 . 9 3 3 2 9 3 9 7 2 . 4 3 0 
F I I P I 0 3 ' 1 3 1 1 1 . 0 7 6 1 7 0 6 . 7 6 0 .OOO 1 7 0 6 . 7 6 0 . 0 0 0 0 0 3 0 0 . 0 0 1 121 1 5 6 5 7 . 1 6 1 0 6 9 5 3 . 9 2 2 B 1 . 9 3 3 0 3 3 9 7 2 . 4 3 1 
CHPIO'J 1 3 2 1 . 0 7 6 1 7 0 6 . 7 6 0 . 0 0 0 1 7 0 6 . 7 6 0 . 0 0 0 0 0 3 0 0 . 0 0 2 1209 9797 1 . 5 8 5 9 8 9 5 3 . 9 9 3 1 ' 1 . 9 3 0 5 1 3 9 7 2 . 4 3 7 
FHP110 1 3 3 1 . 0 7 6 1 7 0 6 . 7 6 0 .OOO 17 0 6 . 7 6 0 . 0 0 0 0 0 3 0 0 . 0 0 2 1209 BIOS . 161300 S 4 . 0 0 0 3 1 . 9 3 0 2 5 3 9 7 2 . 1 3 8 
CIIP11 1 1 3 4 1 . 0 7 6 1 7 0 6 . 7 6 0 .OOO 1 7 0 6 . 7 6 0 .ooooo 3 0 0 . 0 0 2 1209 1727 . 6 4 5 7 4 4 S 4 . 0 2 9 0 1 . 9 2 9 2 3 3 9 7 2 . 4 4 0 
F H P K 2 1 3 5 1 . 0 76 1 7 0 6 . 7 6 0 . 0 0 0 1 7 0 6 . 7 6 0 . 0 0 0 0 0 3 0 0 . 0 0 2 120 9 01 13 . 161408 5 4 . 0 3 6 2 1 . 9 2 8 9 7 3 9 7 2 . 4 4 1 
C H P I I 3 1 3 6 1 . 0 7 6 1 7 0 6 . 7 G 0 . 0 0 0 1 7 0 6 . 7 6 0 . 0 0 0 0 0 3 0 0 . 0 0 3 1207 7 1 9 0 1 . 2 9 2 3 4 6 B 4 . 0 9 3 7 1 . 9 2 6 9 2 3 9 7 2 . 4 4 6 
A V - 0 4 1 1 3 7 1 . 0 7 6 i 7 0 6 . 7 6 0 . 0 0 0 1 7 0 6 . 7 6 0 .ooooo 3 0 0 . 0 0 3 120 2 4 7 3 2 5 . 2 4 5 8 1 8 5 4 . 3 2 8 4 t . 9 1 8 6 0 3 9 7 2 . 4 8 1 
CHP114 I 3 B 1 . 0 7 6 1 7 0 6 . 7 6 O . 0 0 0 1 7 0 6 . 7 6 0 . 0 0 0 0 0 3 0 0 . 0 0 3 120 2 4 6 4 8 . 0 0 3 3 1 8 5 4 . 3 2 8 8 1 . 9 1 8 5 8 3 9 7 2 . 4 8 2 
F I I P I I 5 1 3 9 1 . 0 7 6 1 7 0 6 . 7 6 0 . 0 0 0 1 7 0 6 . 7 6 0 .ooooo 3 0 0 . 0 0 3 1202 3 0 2 6 . 162303 6 4 . 3 3 6 1 1 . S I 8 3 3 3 9 7 2 . 4 8 2 
CMPTIB 1 4 0 1 . 0 7 6 1 7 0 6 . 7 6 0 . 0 0 0 t 7 0 6 . 7 6 0 .ooooo 3 0 0 . 0 0 3 1202 2 5 2 6 .04 9 9 7 9 5 4 . 3 3 8 3 1 . 9 1 8 2 5 3 9 7 2 . 4 8 3 
RF-LQ4 1 4 1 1 . 0 0 0 1 7 0 6 . 7 6 0 . 0 0 0 1 7 0 6 . 7 6 0 .ooooo 3 0 0 . 0 0 3 1202 2 5 2 6 . 0 0 0 0 0 0 5 4 . 3 3 0 3 1 . 9 1 8 2 3 3 9 7 2 . 4 8 3 



NAME USER NAME 
OEPT 
ETT. 
OLD. 

CRYOGEN SYS". E.1S ANALYSIS 
• MFIF 

TEST CASE FOR IHE MFVF REFRIGERATOR-LIOUIFIER SUBSYSTEM icvl) 

• MAGE 37 
• DATE OS APR 79 • TIME 12:22:54 • CASE 1 

TOTAL PRESSURE DROP IN THE REFHIGERAIOR-L1QUIFIER LOOP (REF-LIO. INCLUDED) IJ-T VALVES EXCLUDED) 
TOTAL FLUID VOLUME IN THE REFRIGERAIOR-LIQUIFIER LOOP > (REF-LIO INCLUDED) 

.3)11421)3-01 KPA 

.452550BG+O1 CUBIC METERS ( 4525.51 LITERS) 

TOTAL PRESSURE DROP IN THE COMPRESSOR-PURIFIER LOOP (CMP-PUR. EXCLUDED) 
TOTAL FLUID VOLUME IN THE COMPRESSOR (CMP-PUR INCLUDED PURIFIER LOOP m 

.145S6250+QZ KPA 

.42315506+01 CUBIC METERS 4231.55 LITERS) 



NAME USER NAME « • • « . » « . » » * • . * , . , . , . » . PAGE aa 
OEPT 6 2 t 3 , • < CRYOGEN SYSTEMS ANALYSIS « DATE OS APR 7 » 
| * T . 3 0 2 3 5 • . T i W E 1 a : 2 a : S 4 
BLO. 104 • MFTF . CASE 1 

TEST CASE FOR THE MFTF L I Q U I D NITROGEN SUPPLY 5YSTEM I C V 1 ) 

» * • YOU HAVE CALLED FDR THE LN2SUPPLY SYSTEM 

fc> 



NAME USER NAME DEPT 6213 EXT. 30235 
BLD. 104 

CRVOQEN SYSTEMS ANALYSIS 
PAGE 39 OATE 05 APR 79 TIME 12:22:54 CASE 1 

TEST CASE FOR THE MFTF LIOUID NITROGEN SUPPLY SYSTEM (CWI1 
**** L I O U I D N I T R O G E N S Y S T E M •••• 

DISPLAY OF INPUT PARAMETERS 

VOLUME FLOW RATE 
INLET PRESSURE .0013890 METER**3/SEC 30B110.71 NT/METER*-2 

OUAL • .OOOOOO 
THOT - 233.150 K 

TCOLD » SH.196 K 

TER INPUT 
DIA(I) - .10160 M 
DIA<2) - .02540 M 
DIA(3) - .05080 M 
0IA(4> - .05OBO M 
DIAI51 ' .05080 M 
DIAI6) - .10160 M 
RNLAYR * 10.000 
CONULI • .40028435-06 

FLOW LOST AT END OF LINE 1 TO OPEN LOOP NITROGEN USERS - 1000000 KG/SEC 



NAME USER NAME 
DEPt 6313 
EXT. 30235 
BLD. 104 

PAGE 40 
DATE 05 APR 79 
TIME 12:23:57 
CASE 1 

* CRYOGEN SYSTEMS ANALYSIS 
* 
• MFTF 

TEST CASE FOR THE HFTF L IQUID NITROOEN SUPPLY SYSTEM CCVD 

LINE DESCRIPTION FOR LINE NUMBER 1 
LINE INLET E X I T EFFECTIVE HEAT 

SECTION LENGTH HEIGHT HEIGHT L /D RATE 
NUMBER (METER) (METER) (METER) (WATTS) 

- L I N E TYPE-
LINE ELBOW VALVE BAYONET - T -

1 3.06 a.06 -1 .OO .0 3.47 
2 .Oo -1 .OO -1 .OO 31 .0 .00 
3 18.00 -1 .OO -1 .00 .0 . 20.42 
4 .OO -1 .00 -1 .00 31 .0 .00 
S S4.50 -1 .00 -1 .00 -o 61 .83 
6 .OO -1 .00 -1 .00 31.0 .00 
7 7.90 -1 .00 6.90 .0 8.96 
8 .OO 6.90 6.90 31 .0 .00 
9 18.SO 6.90 6.90 .O 20.99 

io .00 6.90 6.90 31 .0. .00 
11 8.50 6.90 15.40 .0 9.64 
12 .00 15.40 15.40 31 .0 .00 
13 26.OO. 1S.40 15.40 .0 29.50 



\ 

NAME USER NAME 
OEPT 6 2 1 3 
EXT. 3 0 2 3 5 
BLD- 104 

CRYCGEN SYSTEVIS ANALYSIS 
PAGE -41 
DATE 05 APR 7 9 
TIME 1 2 : 2 2 i 5 ? 
CASE 1 

TEST CASE FDR THE MFTF LIOU1D NITROGEN SUPPLY SYSTEM ICWI> 

L INE DESCRIPTION FOR LINE NUMBER 2 

L I N E INLET E X I T EFFECTIVE HEAT 
SECTION LENGTH HEIGHT HEIGHT L/D RATE 
NUMBER (METER) ( M E I E R ) (METER] (WATTS) 

- L I N E TYPE-
LINE ELBDW VALVE BAYONET 

1 .00 15.40 15.40 340.0 .00 
2 a.oo 15.40 15.40 .0 .57 
3 .00 15.40 15.40 .0 2.72 
4 1 .00 15.40 15. 40 .O .28 
5 .00 15.40 15.40 31.0 .00 
e .68' 15.40 16.08 .0 .19 
7 .00 i6. oa 16.OS 31 .0 .00 
B .50 16.OB 16. OB .O . 14 
9 .00 i6.oa 16.08 .0 2.72 

10 .00 16.OS 16.08 31 .0 .00 
1 1 = .36 16.08 16.08 .0 10.05 
12 .00 16.08 16.08 31 .0 .00 
13 .50 16.08 16.08 .O . 14 
14 .DO 16.08 16.08 .0 2.72 
IS .00 16.OS I6.CS 31.0 .00 
16 B.72 16.OS 17.45 .0 288.00 
17 .00 17.4S 17.45 31 .0 .00 

£ 19 O 20 
1 .37 17.45 16. OB .O .39 £ 19 O 20 .00 16.OS 16. OB 31 .0 .00 £ 19 O 20 .00 16. 08 16.08 .0 2.72 

21 .50 16.08 16.08 .0 .14 
22 .00 16.08 16 .08 31 .0 .00 
23 IS.72 16.08 16.08 .0 20. 10 
24 .00 16.OS 16.0B 31 .0 .00 
25 .50 16.08 16.08 .0 .14 
26 .00 16.OB 16. 08 .0 2.72 
27 .Oo 16.08 16.08 31 .0 .00 
28 17.37 16. OS 18.81 .0 576.00 
29 .00 18.81 18.81 31 .O .00 
30 2.73 18.61 16.08 .0 .77 
31 .OO 16.08 16.08 31 .0 .00 
32 .CO 16.OB 16.08 .0 2 .73 
33 .50 16.08 16.08 . 0 . 1.1 
34 .OO 16.08 16. OS 31 .0 . Oo 
35 12.72 16.08 16.08 .0 20.10 
96 .00 16.08 • 16.08 31 .0 .00 
37 .50 16.08 16.08 .0 .14 
38 .00 16.08 16. OS .0 2.72 



NAME USER NAME * » . » . » • • . . » . • » * » . * • « » PACE 42 
DEPT 6 2 1 3 • CRYOGEN SYSTEMS ANALYSIS » DATE 0 5 APR 7 9 
EXT. 3 0 2 3 5 • • TIME 1 2 : 2 2 : 5 7 
BLO. 104 • MFTF • CASE 1 

TEST CASE FOR THE MFTF L IQUID NITROGEN SUPPLY SYSTEM ( C V I ) 

L INE DESCRIPTION FOR LINE NUMBER 2 

LINE INLET E X I T EFFECTIVE HEAT - L I N E TYPE-
SECTION LENGTH HEIGHT HEIGHT L/D HATE L INE ELBOW VALVE BAYONET - T -
NUMBER (METER) (METER) (METER) (WATTS) 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 
X 

X 
X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

39 .00 16.08 16.08 31 0 
40 17.37 16.OB 18.Bl 0 
41 -O0 IB.Bl 18.81 31 .0 
4 2 2.73 18-81 16.08 o 
43 .00 16.08 • 6.08 31 0 
44 .00 16.08 16.08 0 
45 -SO 16. 08 16.08 0 
46 .00 16 .08 16.08 31 .0 
47 12.72 16.08 14.08 .0 
48 -OO 14 .08 14.08 31 .0 
49 B9.07 14.08 14.08 .0 
50 .OO 14 .08 14.08 31 .0 
51 119.61 14.08 -4.7 2 .o 
52 .OO -4.7 2 -4.72 31 .0 
53 46.44 -4.72 -4.72 .0 

a 5 d .00 -4 .72 -4.72 31 .o 
er. 55 13.36 -4.72 -2.62 .0 
*-* 56 11 .94 -2 .62 9.32 .0 

57 30.28' 9.32 • 4.08 .0 
58 .OO 14-OS 14.08 31 .0 
59 46.44 14.08 • 4.08 .0 
60 14.OO 14.08 • 4.08 .0 
61 .OO 14.08 <4.oa 31 .0 
62 2.00 14.08 • 6.08 .0 
63 .00 16.08 1C.08 31 .0 
64 5.00 16.08 ic.oe .0 
65 .00 16.08 Iti.OB 31 .0 
66 .00 16.08 16.08 .0 
67 .50 16. OC 16.OB .0 
68 .00 16.08 16.08 31 .0 
69 .68' 16.08 15.40 .0 
70 .OO 15.40 15.10 31 .0 
71 1 .00 15.40 15.40 .0 
72 .00 15.40 15.40 .0 
73 2.00 IS.40 15.40 .0 

00 
576 00 

OD 
6 77 

00 
8 72 
6 14 

00 
20 10 

00 
140 59 

00 
188 92 

00 
73 36 

00 
21 10 
3 3B 

47 83 
00 

73 36 
3 97 
.00 
.57 
.00 

1 .42 
.00 

2 .72 
. 14 
.00 
. 19 
.00 
.28 

2 .72 
.57 



NAME USER NAME DEPT 6213 EXT. 30235 BLD. 104 
CRVOGEN SYSTEMS ANALYSIS 

PAGE 13 DATE 05 APR 79 TIME I2-'SZ:57 CASE 1 
TEST CASE FOR THE MFTF LIQUID NITROGEN SUPPLY SYSTEM (CVII 

LINE DESCRIPTION FOR LINE NUMBER 3 

LINE INLET EXIT EFFECTIVE HEAT SECTION LENGTH HEIGHT HEIGHT L/D RATE NUMBER (METER* (METER) (METER> (WATTS) 
-LINE TYPE-ELBOW VALVE BAYONET -T-

1 .00 IS.40 15.40 340.C .00 
a 2.0O IS.40 1S.40 .0 1 . 13 
3 .00 15.40 15.40 .0 6.39 
4 1 .00 15.40 15.40 .0 .57 
5 .00 15.40 15.40 31.0 .00 
B 1 .32 15.40 14.08 .0 .75 
7 .DO 14.OB 14.08 31.0 .00 
B 14.00 14.08 14.08 .0 7.94 
9 .00 14.OB i4.oa 31. O .00 
to 5.0S- 14 .08 9.00 -a 2.88 
It .00 9.00 9.00 31 .0 .00 
12 3,oa 9.00 9.00 .o 1 .75 
13 .00 9.00 9.00 31.0 .00 
14 1 -OO 9.00 8 .00 .0 .57 
IS .00 B. 00 S.OO .0 6.39 
16 .50 a. oo 7.50 .0 .28 
17 .50 7.50 7.00 .o .28 

R 19 .OO 7.00 7.O0 90. O .00 R 19 .so 7.00 6.50 .0 .28 
20 6.30 6.50 .20 .0 7500.00 
21 1 .50 .20 -1 . 30 .0 .85 
22 1 .00 -1 .30 -2.30 .0 .57 
23 .OO -2.30 -2.30 31 .0 .00 
24 3.OB' -2.30 -2.30 . 0 1 .75 
25 .00 -2.30 -2.30 31 .0 .00 
26 11 .30 -2.30 9.00 .0 6.41 
27 .00 9.00 9.00 31 .0 .00 
2B 5.08- 9.00 14.08 .0 2.88 
29 .00 14.08 14.08 31.0 .00 
30 14.00 14.08 14.08 .0 7.94 
31 .OO 14.08 14. OB 31 .0 .00 
32 1 .32 14.08 15.40 .0 . VS 
33 .00 15.40 15.40 31.0 .00 
34 1 .00 15.40 15.40 .0 .57 
35 .00 15.40 15 .40 .0 6.39 
36 2.00 15.40 15.40 .0 1 . 13 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



NAME USER NAME 
DEPT 6?13 
EXT. 30235 
BLD. 104 

PAGE 44 
DATE OS APR 79 
TIME 12:32:59 
CASE 1 

CRVOGEN SYSTEMS ANALYSIS 
* 
• MFTF 

TEST CASE FOR THE MFTF L IQUID NITROGEN SUPPLY SYSTEM ( C V I ) 

L INE DESCRIPTION FOR LINE NUMBER 4 
L INE INLET E X I T EFFECTIVE HEAT 

SECTION LENGTH HEIGHT HEIGHT L / 0 HATE 
NUMBER (METER) (METER) (METER) (WATTS) 

- L I N E TYPE-
LINE ELBOW VALVE BAYONET 

1 . 0 0 I S . 4 0 I S . K O 3 4 0 . 0 . 0 0 
2 3 . 0 0 1 5 . 4 0 1 5 . 4 0 . 0 1 . 1 3 
3 . 0 0 1 5 . 4 0 1 5 . 4 0 . O 6 . 3 9 
4 1 . 0 0 1 5 . 4 0 1 5 . 4 0 . 0 . 5 7 
5 .oo I S . 4 0 I S . 4 0 3 1 . 0 . 0 0 
6 1 . 3 2 1 5 . 4 0 1 4 . o a . 0 . 7 5 
7 . 0 0 14.OS 1 4 . O B 31 . 0 . 0 0 
B 1 4 . 0 0 1 4 . OS 1 4 . o a . 0 7 . 9 4 
9 . 0 0 1 4 . 08 1 4 . o a 31 . 0 . 0 0 

1 0 5 . 0 8 ' 14.OB 9 . 0 0 . 0 5 . 8 8 
1 1 . 0 0 9 . 0 0 9 . 0 0 31 . 0 . 0 0 
1 2 3 .OB 9 . 0 0 9 . 0 0 . 0 1 . 7 5 
1 3 . 0 0 9 . 0 0 9 . 0 0 31 . 0 . 0 0 
1 4 9 . 7 0 9 . 0 0 9 . O 0 . 0 5 . 5 0 
I S . 0 0 9 . 0 0 9 . 0 0 3 1 . 0 . 0 0 

-. 1 S 1 .OO 9 . 0 0 B.OO . 0 - 5 7 
g 1 ' .oo a . oo a . o o . 0 6 . 3 9 
La i s .oo a. oo a . o o 9 0 . 0 . 0 0 

1 9 1 . 0 0 B.OO 7 . 0 0 . 0 . 5 7 
2 0 .oo 7 . 0 0 7 . O 0 31 . 0 . 0 0 
2 1 .oo 7 . 0 0 7 . 0 0 . 0 3 2 0 . 0 0 
2 2 .oo 7 . 0 0 7 . O 0 3 1 . 0 . 0 0 
2 3 1 . 0 0 7 . 0 0 a . o o . 0 . S 7 
2 4 .oo a .oo a . o o . 0 6 . 3 9 
2 5 1 . 0 0 a.oo 9 . 0 0 . 0 . 5 7 
2 6 .oo 9 . 0 0 9 . O 0 3 t . 0 . 0 0 
2 7 9 . 7 0 9 . 0 0 a . o o , o 5 . 5 0 
IB .oo 9 . 0 0 9 . O 0 3 1 . 0 . 0 0 
2 9 3 . 0 8 9 . 0 0 a . o o . 0 1 . 7 5 
3 0 . 0 0 9 . 0 0 9 . 0 0 31 .0 . 0 0 
3 1 5 . OB 9 . 0 0 1 4 . OS .0 2 . e a 
3 2 . 0 0 i 4 . o a 1 4 . 0 8 31 . 0 . 0 0 
3 3 1 4 . 0 0 14.OB 14 . 0 8 . 0 7 . 9 4 
3 4 . 0 0 1 4 . oa 1 4 . 0 8 31 .0 . 0 0 
3 5 1 . 3 2 1 4 . o a 1 5 . 4 0 .0 . 7 5 
3 6 . 0 0 1 5 . " 0 1 5 . 4 0 31 . 0 . 0 0 
3 7 1 . 0 0 1 5 . 4 0 1 5 . 4 0 . 0 . 5 7 
3 B . 0 0 1 5 . 4 0 1 5 . 4 0 . 0 6 . 3 9 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 



NAME USER NAME * » • * • • • * • • • • • • • • • • • » • PAGE 45 
OEPT G2I3 • CRYOGEN SYSTEMS ANALYSIS • OATE OS APR 79 EXT. 3023S . . TIME 12:22:59 
BLO. 104 * MFTF • CASE I 

TEST CASE FOR THE MFTF LIQUID NITROGEN SUPPLY SYSTEM (CVI) 
LINE DESCRIPTION FOR LINE NUMBER 4 

LINE INLET EXIT EFFECTIVE HEAT -LINE TYPE- , 
SECTION LENGTH HEIGHT HEIGHT L/D RATE LINE ELBOW VALVE BAYONET -T- I NUMBER (METER) (METER) (METER) (WATTS) 

• 

39 3.00 15.40 15.40 .0 1.13 X 



NAME USER NAME OEPT 6213 EXT. 3023S BUD. 104 
CRYQGEN SYSTEMS ANALYSIS * * PAGE 4G • DATE 05 APR 7» 

' TIME 12:23:50 MFTF - CASE 1 
TEST CASE FOR THE MFTF LIQUID NITROGEN SUPPLY SYSTEM (CVI» 

LINE DESCRIPTION FOR LINE NUMBER 5 

LINE INLET EXIT EFFECTIVE HEAT SECTION LENGTH HEIGHT HEIGHT L/D RATE NUMBER (METER) (METER) (METER) (WATTS) 
-LINE TYPE-ELBOW VALVE BAYONET -T-

1 .00 15-40 15.40 340.0 .00 2 2.00 15.40 15.40 .0 1 . 13 3 .OO 1S.40 15. 40 .0 - 6.39 4 1 .00 15.40 15.40 .0 .57 S .00 15.40 15 .40 31 .0 . OO 6 1 .32 15.40 14. OS .0 .75 7 .OO 14.08 14.08 31.0 .00 a 14.OO 14.08 14.08 .0 7.94 
9 .00 14 .08 14.08 31.0 .00 to 5.00 14 .08 9.00 .0. 2.BB 1 < .OO 9-O0 9.00 31 .0 .00 12 2.00 9.00 9.00 .0 1.13 13 .00 9.00 9.00 31 .0 .00 14 9.70 g.oo 9.00 .0 5.50 IS .00 9.00 9.0O 31 .0 .00 c le 5.50 9.0O 3.50 . 0 3.12 

a- 17 
°» IB 

.00 3.50 3.50 . 0 6.39 a- 17 
°» IB .50 3.50 3.00 .0 .28 19 .00 3.00 3. OO 90.0 .00 20 .50 3.00 2. SO .0 .20 21 .OO 2.50 2.50 31.0 .OO 22 .OO 2.50 2.50 .0 .00 23 .00 2.50 2.50 31.0 .00 24 1 .00 2.50 3.50 .0 .57 25 .00 3.50 3.50 .0 6.39 26 5.50 3.50 9.O0 .0 3.12 27 .00 9.00 9.00 31 .0 .00 2a 9.70 9.00 9.00 .0 5.50 29 .OO 9.00 9.O0 31 .0 .00 30 2.00 9.00 9.00 .0 1.13 31 .OO 9. 00 9.00 31 .0 • 00 32 5.OB- 9.0O 14.03 .0 2.88 33 .00 14.08 14.03 31 . 0 .00 34 14.00 14.08 14. OB .0 7. 94 35 .00 14.08 14.08 31 .O . 00 3G 1 .32 14.08 15.40 .0 .75 37 .00 15. 40 15.40 31 .0 . 00 38 1 .00 15.40 15.40 .0 .57 

X 
x 
x 
x 
X 
X 
x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



NAME USER NAME DEPT 6213 EXT. 30235 
BLD. 104 

PAGE 47 DATE 05 APR 79 TIME 12:23:00 CASE 1 
CRYQGEN SYSTEMS ANALYSIS 

MFTF 
TEST CASE FOR THE MFIF LIQUID NITROGEN SUPPLY SYSTEM <CVl> 

LINE DESCRIPTION FOR LINE NUMBER 5 

LINE INLET EXIT EFFECTIVE HEAT 
SECTION LENGTH HEIGHT HEIGHT L/0 RATE NUMBER IMETER) (METER) (METER) (WATTS) 

-LINE TYPE-
LINE ELBOW VALUE BAYONET -T-

39 • OO 15.40 1S.40 
4 0 a.OD 15.40 15.40 

6.39 
1.13 



NAME USER NAME » • « • . » * * * » » . » . » . . » . « , PAGE 48 
OEPT 6 3 1 3 » CRYOGEN SYSTEMS ANALYSIS • DATE 0 5 APR 7 9 
E X T . 3 0 2 3 5 » . T I M E 1 2 : 2 3 : 0 0 
BLD. 104 • MFTF . CASE 1 

TEST CASE FOR THE MFTF L IQUID NITROGEN SUPPLV SYSTEM ( C V I ) 

L I N E DESCRIPTION FOR LINE NUMBER 6 

LINE INLET E X I T EFFECTIVE HEAT - L I N E TYPE-
SECTION LENSTH HEIGHT HEIGHT L/D RATE L INE ELBOW VALVE BAYONET - T -
NUMBER <METERI (METER) (METER) (WATTS) 

X 
X 

X 
X 

x 
X 

X 
X 

X 
X 

1 . 0 0 1 5 . 4 0 1 5 . 4 0 9 0 . O 3 4 0 . 6 5 
2 2 6 . 0 0 1 5 . 4 0 1 5 . 4 0 • O 2 9 . 5 0 
3 . 0 0 1 5 . 4 0 1 5 . 4 0 31 .O . 0 0 
A 0 . 5 0 1 5 . 4 0 6 . 9 0 . O 9 . 6 4 
S . 0 0 6 . 9 0 6 . 9 0 3 1 . 0 . 0 0 
6 I B . 50 6 . 9 0 6 . 9 Q . 0 2 0 . 9 9 
7 . 0 0 6 . 9 0 6 . 9 0 3 1 . 0 . 0 0 
B 7 . 9 0 6 . 9 0 - t . 0 0 . O B . 9 6 
9 . OO - 1 .OO - 4 .OO 3 1 . 0 . O O 

1 0 5 4 . 5 0 - 1 .OO - I .OO . 0 61 . 8 3 
1 1 . 0 0 - 1 . 0 0 - 1 . 0 0 3 1 . O . 0 0 
1 2 1 B . 0 0 - 1 . 0 0 - 1 . 0 0 . 0 2 0 . 4 2 
1 3 . 0 0 - 1 .OO - 1 . 0 0 3 1 . 0 . 0 0 



NAME USER NAME 
DEPT 6 2 1 3 
EXT. 3 0 2 3 5 
BLD. 104 

CHYOGEN SYSTEVtS ANALYSIS 
PAGE 4 9 
• ATE 0 5 APR 7 9 
TIME 1 2 : 2 3 : 0 0 
CASE 1 

TEST CASE FOR THE MFTF LIQUJD NITROGEN SUPPLY SYSTEM ( C V I ) 

ANALYSIS OF L INE NUMBER 

NDEK DIAM WDOT-L WDOT-V QUALITY TEMP PRESSURE PR GRAO FSICTIQN REYN VAPOR VEL VAPOR MACH DENSITY 
CM) (KG/SI (KG/SI (K IKPA> (KPA/M) FACTOR NUMBER IM/S) NUMBER <KG/M-3) 

.1016 ».0463 .0000 .OOOO 88 196 300.11071 .0)769 112751 2 .0000 .0000 753.256584 
1 . IOI6 1.0463 .0000 .0000 BB 209 308.47939 -.12043 .01769 112751 2 .0R04 .0004 7S2.778290 
2 . 1016 1.0462 .OOOO .0000 UB 209 308.47307 .00000 .01768 112796 2 .0803 .0004 752.240799 
3 .1016 1.0461 .0002 .OOOI BB 208 308.43544 .00209 .01768 112796 a -0SO3 .0004 749.572090 
4 . IOI6 1.0461 .0002 .ooot 88 20 8 308.428B4 .OOOOO .01768 112790 9 .0303 .0004 746.921005 
5 . >016 t.0457 .0005 .0005 88 203 303.30538 .00227 .01768 11Z790 9 . oao4 .0004 739.04B05B 
6 . ID16 1.0457 .0006 .0005 SB 203 308.29821 .00000 .01769 112775 6 .0804 .0004 731.333733 
7 .tots 1.0457 .0006 .0006 88 .67 307.30139 .12618 .01769 112775 6 .0805 .0004 730.222573 
a .1016 1.0457 .0006 .0006 88 167 307.29421 .COOOO .01769 112651 4 .080S .0094 729.1 14349 
9 .1016 1.0455 .0007 .0007 88 165 307.24 928 .0014j .01769 112651 4 .0806 .0004 726.465660 

10 .1016 <.0465 .0008 .0007 88 165 307.24195 .00000 .01769 112644 5 . 08O6 .0014 723.836319 
11 .1016 1.0455 .0000 .oooa aa 126 306.19458 .12322 .01769 112644 5 .OBOB • O0 04 722.641563 
12 . 1016 1.0455 .0008 .0008 . 88 126 30S.18731 .00000 .01769 112514 « 0809 -0004 721.448685 
13 .1016 1.0453 .0010 .0010 88 124 306.12217 .00251 .017(29 112514 1 . 1609 .0004 717.802873 



NAME USER NAME * * » » ? * * * * # * * * ( - * * * > » * * » PAGE 50 
DEPT 6 2 1 3 • criVOGEN SY5TE.1S ANALYSIS • DATE OS APB 7 9 
E X T . 3 0 2 3 S * » TIME 1 2 : 2 6 : 0 0 
BLD. t 0 4 » MFTF • CASE 1 

TEST CASE FDR THE MFTF L IQUID NITROGEN SUPPLY SYSTEM [ C V I I 

ANALYSIS GF LINE NUKBER 2 

INDEX LIT AM HOOT-L WDOT-V QUALITY TEMP PRESSURE PR GHAD FRICTION REYN VAPOR VEL VAPOR MACH DENSITY 
(Ml (KG/SI (KG/SI <K> (KPA) (KPA/M1 FACTOR NUMBER IM/S) NUMBER (KG/M-3) 

.0 254 .0005 .OOOO .0010 06. . 124 300. 12ZI7 .0947 1 219. 2 .0000 . oooo 654.264549 
1 .0254 . 0005 .0000 .0010 ee. . 124 306. 1 2 178 .00000 -0947' 219. 2 .0000 . oooo 714.25344a 
a .0284 .0005 .OOOO .0070 SB. . 124 306. . 12-177 .OOOOO .09471 219. 2 .0«"00 . oooo 613.32579B 
3 .0254 .00O5 .OOOO .0361 88. , 124 306. 12177 .•10000 .09471 :ji9. 2 .0000 .oooo 337.1996?9 
4 .0254 .0005 .0000 .0391 BB. 124 306. .12176 .00001 .09471 2.19. 2 .0000 .0000 238.916925 
5 .0254 .0005 .oooo .0391 OB. .124 306. 12175 .OOOOO .09471 219. 2 .oooo .00 00 232.520153 
6 .0254 ,O0<*5 .oooo .0412 BB. 135 306. 03B77 . 12203 .09471 219. 2 .0000 .00 00 328.350868 
7 .0254 .0005 .0000 .0412 BB. .121 306. . 03B76 .OOOOO .09471 219. 2 .oooo .00 00 224.320326 
B .0254 .0005 .oooo .0427 BB. 121 306. .03376 ,00001 .09471 219. 2 .oooo .oooo 221.452778 
9 .0254 . O0O5 .oooo . 0710 SB, , 121 305, ,03376 .ocooo .09471 219. .2 .oooo .no oo 176.11 1 158 
to .0254 .0005 .0000 .07 IB BB. . 121 306. 03B74 .00000 .09471 219. .2 .0000 .00 00 147.422716 
11 .0254 .0004 .0001 . 1792 BB. . 121 306. . 03B54 ,OOO03 .09471 219. .2 .0000 .00 00 32.034881 
13 .0254 .0004 .0O01 . 1792 OB, .121 305, , 03850 .00000 .09471 219. 2 .0000 .00 00 66.B9B6B2 
13 .0254 .O0O4 .0001 . 1B07 SB. 121 306. , 0384B .00004 .09471 219. .2 .oooo .oooo 66.641541 
14 .0254 .O0O4 .0001 . 2097 BB, . 121 30D. 03B4B ,00000 .09471 219. 2 .0000 .00 00 61.850571 
IB .0254 .0004 .000 1 .2097 SB. , 121 306, ,03944 .00000 .09471 219. 2 .0000 .00 00 57.894579 
16 .0254 -.0000 .0005 1 .0000 92 . 928 305. . B2S56 .02430 .04034 4159. .3 .0000 .00 00 12.Q4074E 
t7 .0254 -.OOOO .0005 1 .0000 92. 92 G 305. B2635 . .OOOOO .04DB7 3969. .0 .0"00 . oooo 12.033546 

tj ia 
S 19 

.0 254 -.OOOO .ooos 1 .0000 92 , ,970 305. 98760 -.t1770 .04087 3969. 0 .0000 . oooo 12.026637 tj ia 
S 19 .0 2S4 -,oooo .0005 1 .0000 92. .97 0 305. 98739 .00000 .04037 3PE7. 4 .0000 .0000 12.03 3569 

20 .0254 -.0000 .0005 1 .0000 98. . 1 0» 305. 93739 .OOOOO .04087 3967. 4 ,0000 . oooo 1 1 .257551 
21 .0254 -.0000 .0005 1 . 0000 9B, .150 305. .98724 .00029 .04141 37B3. 6 .0000 .0000 1 1 .25IG73 
22 .0254 -.0000 .0005 1 .0000 98. . 150 305. .98701 .00000 .04142 37a2. 2 .oooo . oooo 1 1.251664 
22 .0254 -.0000 .0005 1 .0000 9B. .41 5 SOS. .9333S .00029 .04142 37B2. 2 .0000 . oooo 11 .21467.1 
24 .0254 -.OOOO .0005 1 .oooo 98 ,41 5 305 . .9830S .00000 .04144 3773. 3 .0000 . 00 00 11-214BG2 
23 .0254 -.0000 .0005 1 .0000 98 , .456 30S. ,98^11 .0C029 .04144 3773. 3 .oooo , oooo 1 1 . 2092 15 
26 .0254 -.0000 .0005 1 .0000 103. 595 305. , 982!l1 .00000 .04145 3771 . .9 .0000 .00 00 tO.546261 
27 .0254 -.0000 -OO05 1 .0000 1 03. .595 305. .98766 .JOOOO .04197 350E. 5 .0000 .0000 10.546252 
28 .0254 -.0000 .0005 1 .0000 1 09 , .537 305, .70353 .01607 .04197 3606. 5 .oooo .oooo 9.BBI53B 
29 .0254 -.0000 .0005 1 .oooo 109 , ,537 SOS. .70326 .OOOOO .04254 3433. .4 .0000 .0000 9.872240 
30 .0254 -.0000 .0005 1 .oooo 109 , ,5B9 ?05. .96655 -.09644 .04254 3433. .4 .oooo .0000 9-B6674B 
31 .0254 -.0000 .0005 1 .0000 109 , . 5B9 305. .9662B .00000 -042SS 3432. .0 ,0000 .00 00 9.S75706 
32 .0254 -.0000 .0005 1 .0000 114, .729 305. .96628 .OOOOO .04255 3432. .0 .0001 .00 00 9.372205 
33 .0254 -.0000 .0005 1 .oooo 114, .776 305. .96610 .00036 .04303 3296. . 1 .0001 .00 00 9.367823 
34 .0254 -.0000 .0005 1 .0000 1 14 .776 395. .96591 .OOOOO .O4303 3294. .9 .oooi .oooo 9.367B14 
35 .0254 -.0000 .0005 1 .0000 115 .094 305 96115 .00037 .04303 3294, .9 0001 .00 00 9.33B406 
36 .0254 -.0000 .0005 1 .oooo 115, .094 305. .96096 .00000 .04308 32BS, .9 .0001 .00 00 9.338397 
37 .0254 -.OOOO .0005 1 .0000 1 15. .141 305, .960BB .00037 .04306 328S. , 3 .0001 .00 00 S>. 334037 
?B .0254 -.0000 .0005 1 .0000 120 . JBO 305, •9606B .OOOOO .04307 3265, .7 .0001 .00 00 B.8D7E9B 



NAME USER NAME * » • * . * . * . » , . . . . . . . , . . p A G e 5 1 

DEPT 6 2 1 3 « CRYOGEtt SYSTE'/IS ANALYSIS • DATE OS APR 7 9 
EXT. 3 0 2 3 5 t, . TIME 1 2 : 3 6 : 0 2 
BLD. 104 * MFTF • CASE 1 

TEST CASE FOB THE MFTF L I Q U I D NITROGEN SUPPLY SYSTEM I C V i > 

ANALYSIS OF LINE NUMBER 2 

INDEX OIAM WDOT-L WDDT-V QUALITY TEMP PRESSURE PR GRAD F R I C T I O N REYN VAPOR VEL VAPOR MACH DENSITY 
£ ) . - I M r . / C I I k c f c l i 1£ 1 f KtiAl l l f D i / m E i n n n u l u a c n «u Sc L uiHinrn tun su_^ \ 
" ' • ' 

(KG/S) (KG/S> <K1 <KPA> IKPA/M) FACTOR NUMBER <M/S> NUMBER CKG/M-3) 
30 .U254 -.OOOO • . O0O5 1 oooo 120. 2a o 305.96037 .00000 .04353 3161 . 6 .0001 .0000 8.887687 
40 .0254 -.0000 .0005 1 oooo 127. 324 305.72270 .01368 .04353 3181. 6 .0001 .0000 8.345835 
41 .02S4 -.0000 .0005 1 oooo 127. 324 305.72237 .OOOOO .04415 3006. 9 .0001 .0000 8.339335 
42 .0254 -.OOOO .0005 1 oooo IS-" 666 305.94355 -.08117 .04415 3006. 9 .0001 .oooo B.3D0625 
43 .0254 -.OOOO .0005 1 .0000 12: 866 305.94362 .00000 .044 19 2995 7 .0001 .0000 B.306851 
44 .0254 -.oooo .Q0O5 1 oooo 144 34 2 305.943S2 .00000 .04419 2995. 7 .0001 .0000 7.288052 
45 -0254 -.oooo .0005 1 oooo 146 652 305.94337 .OOO50 .04553 2692 1 .0001 .0000 7. 1SSS24 
46 .0254 -.0000 .0005 1 .oooo 146 852 305.94297 . ooooo .04573 2651 5 .0001 .oooo 7.155514 
47 .0254 -.0000 .0005 1 oooo 147 Z67 30S.O7662 -.01051 . 04573 2651 . 5 .0001 .0000 7.133936 
48 .0254 -.0000 .0005 1 oooo 147 267 306.07622 .0000} .04576 2C44 9 .0001 .0000 7.1372S7 
49 .0254 -.0000 .0005 1 oooo 147 837 305.03057 .0O051 .04576 2644 9 ,0001 .0000 7.114629 
50 .0254 -.oooo .0005 1 .0000 147 687 306.03027 .00000 .04579 2638 3 .0001 .0000 7.114619 
51 .0254 -.0000 .0005 1 oooo ma 108 307.27S41 -.01044 .04579 2638. 3 .0001 .oooo 7.091684 
52 .0 254 -.0000 .0005 1 oooo 148 tOB 307.27B01 ,00000 .04582 2631 7 .0001 .00 00 7.122606 
S3 .0254 -,00t>0 .0005 1 .oooo 148 528 307.25418 .00051 .04582 2631 7 .0001 .0000 7.100664 
54 .0254 -.oooo .0005 1 .0000 148 528 307.2537B .00000 .0458G 2625 1 .0001 .cooo 7.1O0654 
55 .0254 -.oooo .0005 1 oooo 148 947 307.10089 .01144 .04586 2625 i .0001 .00 00 7.079342 
56 .0254 -.0000 .0005 1 .oooo 149 022 306.26643 .06389 •04SS9 2618 6 .0001 .0000 7.071981 

fc, S7 .0254 -.oooo .0005 1 .0000 149 446 305.92200 .01137 .04589 2617 S .0001 .oooo 7.030994 
ij sa 
O 59 

-0254 -.oooo .0005 1 oooo 149 446 30S.9216O .OOOOO .04593 2610 9 .0001 .001,0 7.023300 ij sa 
O 59 .0254 -.0000 .0005 1 .0000 149 872 306.89737 .00052 .04593 2610 9 .0001 .0000 7.D015B4 

50 .0254 -.0000 .0005 1 .0000 149 .948 3OS.890O5 .OO052 .04595 2604 4 • OOOI .0000 6.997646 
61 .0254 -.0000 .0005 1 .0000 149 .948 305.8 8964 .OOOOO .04,597 2603 2 .0001 .0000 6.997636 
62 .0254 -.oooo .0005 1 .0000 ISO .020 305.75139 .0G913 .04597 2603 2 . ooor .oooo 6.994063 
63 .0254 -.0000 .0005 1 .0000 150 .020 305.75098 ,00000 .04597 2602 1 .0001 .0000 6.990859 
54 ,0254 -.0000 .0005 1 .0000 150 .095 305.74836 .00052 .04597 2602 1 .0001 .oooo 6.987103 
65 .0254 -.0000 .0005 1 .0000 150 .095 305.74795 .OOOOO .04598 2601 0 .oooi .0000 6.9B7093 
es .0254 -.oooo .0005 r .oooo 155 .234 305.74795 ,00000 .0459B 2601 0 .0001 .0000 6.743051 
67 .0254 -.0000 .0005 1 .oooo 155 .295 305.7476B .00055 -04B3B 2524 9 .0001 .0000 ' 6.740230 
68 .0254 -.0000 . ooos t .0000 155 .295 305.7472S .OOOOO .04637 2524 0 .0001 .0000 6.740220 
6S .0254 -.0000 .eoos- 1 .0000 15S .361 305.79181 -.06553 .04637 2524 0 .0001 .0000 6.737216 
70 .0254 -.0000 .0005 1 .oooo 155 .361 305.79138 .00000 .04837 2523 1 .0001 .0000 6.73B213 
71 .0254 -.0000 .0005 1 ,0000 155 .431 305.79OB4 .00055 .04637 2023 1 .0001 .0000 6.735023 
73 .0204 -.0000 .0005 1 .0000 160 .570 305.79084 .00000 .04638 252.2 1 .0001 .0000 6.606737 
73 .0254 -.0000 .00O5 1 .oooo ieo .647 305.78970 -O0057 .04675 2450 8 .OOOI .0000 6.505449 

WFL0W - 0005)0 DPEXIT = 332.4727 

•fl 



NAME USER NAME . * » * * » • » * » . . . . . « . . , * . PAGE 52 
DEPT 6213 • CRYOGEN SYSTEMS ANALYSIS » DATE 0 5 APB 73 
EXT. 30235 « . TIME 1 2 : 2 6 = 0 5 
8LD. 104 * MFTF » CASE 1 

TEST CASE KOB THE MFTF L I Q U I D NITROGEN SUPPLY SYSTEM ICVI) 

ANALYSIS OF LINE NUMBER 3 

INDEX DIAM WDQT-L WDOT-V QUALITY TEMP PRESSURE PR GRAD FRICTION REYN VAPOR VEL VAPOR MACH DENSITY 
(M> 1 KG/5 > (KG/Sl <K> <KPA> (KPA/M) FACTOR NUMBER <M/S» NUMBER (KG/M-31 

.0952 .6179 .0006 .0010 88. 124 306. . 12217 .01980 68106. S .0000 .0000 6.505449 1 .0992 .6179 .0006 .0010 88. 122 306. .08376 .00000 .01980 68106. 6 .0478 .0002 713-933502 
2 .0992 .6179 .0006 .0010 88. .122 306. OS 156 .00110 .01980 681 04. 1 • 047B .0002 713.400208 
3 .0992 .6179 .0006 .0010 SB. . 122 306. .08153 .OOOOO .01980 66104. 1 .0478 .0002 712.102409 
4 .0992 .6179 .O0O7 . 001 1 SB. , 122 306. . 08O32 .00121 .01980 68104. t .0478 .0002 710.911507 
5 .0992 .6179 .0007 .001 1 ee. . 122 30G. .07639 .00000 .01980 68104. 1 .047B .0002 710.770996 
6 .0992 .6179 .0007 .001 1 88. .128 306. .23886 -.12309 .P19B0 £8102. 9 .0476 .0002 710.9964 58 
7 .0992 .6179 .O007 .001 1 88. 128 306. .23573 .00000 .01960 , 68115. 4 .0476 . O0 02 710.428505 
' a .0992 .6179 .0007 .001 1 88. .127 30G. . 2 1 974 .00114 .01980 68115. 4 .0478 .00 02 706.930054 
9 .0992 .6178 .0007 .001 1 86. . 127 306. .21652 ,00000 .01980 68113. 7 .0478 .0002 707.439316 

10 .0992 .6178 .0007 .0012 86, , 149 306. .82096 -.11899 .01980 58113. 7 .047B ..0002 706-869911 
11 .0992 .6178 .000 7 .0012 66. , 149 306. ,8168B .00000 .01980 68159. 2 .0477 .00 02 706.292351 
12 .0992 .6178 .0007 .0012 . 88. . 149 -306 .81330 .00116 .01980 68159. .2 .0477 .0002 705.936905 
13 .0992 .6178 .0007 .0012 SB. . 149 306. .80927 .00000 .01980 68159. .2 .0477 .0002 705.SB3023 
14 .0992 .6178 .O007 .0013 98. . 153 306. .93112 -.12)85 .019B0 68158. .2 .0477 .0002 705.444008 
15 .0992 .6176 .oooa .0013 88. .153 306. ,93109 .00000 .01960 66167. 2 .0477 .00 02 704.2767 26 
16 .099 2 .6176 -O003 .0013 86. .155 306, ,99241 -. 12263 .01960 6B167. 3 .0477 .00 02 703.165B02 

tt 17 £i 18 .0992 .6178 .0009 .0013 88. . 158 307. .05470 -. 12457 .01980 6B172. 1 .0477 .00 02 703.062218 tt 17 £i 18 .0992 ,.1544 .0002 .0013 88. . 15B 307. .05381 .OOOOO .02 772 17044. 2 .0119 .0001 703.004143 
19 .0992 .1541 .0002 .0013 QB. . 160 3-37. . 11523 -.12262 .02772 17 044. 2 .0119 .oooi 702.608479 
20 .0992 .1136 .041 1 .2656 88. . IBS 307. .B7375 -.12040 .02772 17045. 3 .0119 .0001 87.622155 
21 .0992 .1 136 .041 1 .2656 B8. .194 3O0 .05449 -. 12043 .02772 17059. .7 .0119 .0001 46.731894 
22 .0992 . I 136 .041 1 .2656 BB. .19B 30(1 .17507 -.12059 .02772 170G2. 9 .0119 .0001 46.7461B0 
23 .0 992 . 1 136 .041 1 .2657 68. . 198 30H. .16894 .00000 .02772 1706S. 1 .01 19 .0001 46.751908 
24 .0992 . 1 135 .041 1 .2657 88. . 193 30li .16260 .00199 .02772 1706S. 1 • Ol 19 .0001 46.744975 
25 .0992 .1 135 .041 1 .2657 88. . 198 30B. .15665 .OOOOO .02772 1706S. 1 .01 19 .0001 46.737358 
26 .0992 .1 135 .041 1 .2658 BB. .146 306. .73061 .12620 .02772 17064, 9 .01 19 .OOOI 46.630512 
27 .0992 .1 135 .041 1 . 2658 66. . 146 305. .72446 .OOOOO .02773 17038. 1 .01 19 .00 01 46.5254 10 
2B .0992 . 1 135 .041 1 .2659 BB. . 123 306. .0975B .12340 .02773 1703B. . 1 .01 19 .0001 46.476139 
29 .0992 .1135 .041 1 .2659 B8. .123 306. .09140 .00000 .02773 17026. .3 .0120 .DO 01 46.42B023 
30 .0992 .1 135 .0412 .2662 BS. .121 306 .06332 .0020 1 .02773 17026. .3 . 0120 .OOOI 46.402472 
31 .0992 . 1 135 .0412 .2662 B8. . 121 30S. .OS714 .OOOOO .02773 17025. ,6 .0120 .0001 46.375764 
32 .0992 .' 135 .0412 .2662 88. ,115 305. .69165 . 12537 .02773 17025. , 6 .0120 .0001 46.363101 
33 .0992 .1 135 .0412 .2662 88. .115 305. ,88549 .OOOOO .02773 17022, ,4 .0120 .0001 46.3503B4 
34 . 0992 .1 135 .0412 .2662 88. .115 305. .68348 .00201 .02773 17022, ,4 .0120 .0001 40.346511 
35 .0992 . 1 134 .0412 .2665 BB. .115 305. .88348 .00000 .02773 17022. , 1 .0120 .OOOI 46.325051 
36 .3992 .1134 . 041 2. .2665 88. .115 305, ,87946 .00201 .027 73 17022. , 1 .O120 .0001 45.3037OS 

WFLDW * .5)6535 DPEXIT * 242.7070 



NAME USER NAME * » - • • • * • » • * . * « » * * * « » » PAGE 53 
DEPT 6213 • CRYOGEN SYSTEAS ANALYSIS • DATE 05 APR 7 9 
EXT. 3 0 2 3 5 * • TIME 1 2 : 2 6 : 0 7 
BLD. 100 • MFTF . CASE 1 

TEST CASE FOR THE MFTF L I Q U I D NITROGEN SUPPLY SYSTEM I C V I I 

ANALYSIS OF L INE NUMBER 4 

INDEX DIAM WDDT-L WDDT-V QUALITY TEMP PRESSURE PR GRAD FRICTION REYN VAP8R VEL VAPOR MACH DENSITY 
(M) IKG/S) <KG/S1 (Kl IKPA) (KPA/M) FACTDR NUMBER (M/S) NUMBER (KC/M-3) 

.OSOB .17S1 .0002 .0010 88. 124 306.12217 .02273 37914. 2 .0000 .0000 46.30 37O8 
1 .050B .1761 .0002 .0010 88. 122 306.07053 .00000 .02273 37914. 2 .0136 .0001 713.82 3845 
a .OSOB .1761 .0002 .0010 S 8 . 122 306.06462 .00298 .02273 37912. 1 .0136 .0001 712.GG3322 
3 .O50B .1761 .0002 .0O12 68. 122 306.064SO .00000 .02273 37912. 1 .0136 .0001 708.149292 
4 . 050B .1761 .0002 .0012 88. 122 306.OS143 .00307 .02273 -7912. 1 .0136 .0001 704.046394 
5 .OSOB .1761 .0002 .0012 BS. 121 30G.0S7O7 .00000 .02273 37912. 1. .0136 .0001 703.656281 
e .OSOB .1761 .0002 .0013 88. 127 306.21 357 -.11856 .02273 37911. 5 .0136 .0001 703.151871 
7 .O508 .1761 .0002 .0013 88. ,127 306.20B35 .00000 .02273 37917. e .0136 .0001 702.639297 
B .O50B .1760 .0003 .0015 88. 125 306.16451 .00313 .02273 37917. 8 ..0136 .0001 E97.E65024 
9 .0508 .1760 . 0003 .0015 88. . 125 306.IS914 .00000 .02273 37915. 8 .0136 .0001 692.760178 
to .0508 .1760 . O0O3 .0016 88. .147 30G.75954 -. 11819 .02273 37915. a .0136 .0001 690.972198 
11 .0509 .1760 . 0OO3 .0016 88. 147 306.7554S .00000 .02273 37 940. 9 .0136 .0001 689.2018B1 
12 .05OB .1760 .0003 .0017 8B. 146 306.74554 .00322 .02273 37940. 9 .0136 -OOOI 688.It 9713 
13 .0508 .1760 .0003 .0017 8B. 146 306.74033 .00000 .02273 37940. 3 .0136 .0001 687.033859 
14 .0508 .1 76 0 .0003 .0019 88. 145 306.70B67 .00326 .02273 37940. 3' .0136 .0001 E83.713326 
15 . O508 .1760 .0003 .0019 88. 145 306.70446 .OOOOO .02273 37938. 7 .0136 .0001 630.432632 
16 .0508 .1760 .0003 .0019 88. 149 306.82232 -.11786 .02273 37938. .7 .0136 .0001 680.070175 

0 " .0508 .1 759 ,0004 .0021 88. 149 306.82220 . .00000 .02273 37943. .4 .0136 .0001 676.294960 
-J IB 
••* 19 

.0508 .0 680 .0002 .0021 BS. . 149 306.B1743 .OOOOO .02698 18971 . .7 .0068 .0000 672.848007 -J IB 
••* 19 .0508 .0800 .0002 .0021 BS. . 153 306.93938' -.12196 .02698 18971 . .7 .0068 .0000 672.205514 

20 .050B .0830 .0002 .0021 88. .153 306.93806 .OOOOO .02698 1B974. . 1 .0068 .0000 671.591141 
21 .0508 ' .0862 .0019 .0219 88. .153 306.93522 ,00000 .02693 1B974. , 1 .0068 .0000 446.690927 
22 .0508 .0 662 .0019 .0219 88. .153 306.9-317O .00000 .02698 18974. , 1 .0068 .0000 334.614456 
23 .0508 .0662 • O019 .0219 OS. . 148 30G.80682 .124Ba .07698 18974. , 1 .0068 -oooo 334.421268 
24 .0508 .OB52 .0020 .0223 88. . 148 30G.80677 .00000 .C269B 18971, .3 .0068 .0000 332.569565 
25 .0508 .0862 .0020 .0224 83. . 144 30G.6B174 .12502 .02698 18971, .3 .0068 .0000 330,741779 
26 .OSOB .0662 .0020 .0224 88. . 144 306.67797 .00000 .0269B I896B. .8 .0068 .0000 330.558605 
27 .0508 .0861 .0020 .0227 88. . 143 306-6S597 .00227 .02698 18968. .B .0068 .oooo 329.1O1O06 
2a .0506 .0661 .0020 .0227 88. . 143 306.65221 .00000 -02R9B -18968. .3 .0068 .0000 327.655178 
29 .0508 .0861 .0020 .0228 88. . 143 30G.64518 .00223 .02698 18968. .3 .0068 .OOOO 327.196133 
3D . osoe .0661 .0D2O .0228 88. . 143 30G.64 145 .00000 .02B9B 10967. .9 .0068 .0000 326.735199 
31 .0508 .0661 .0020 .0230 BB. .110 30G.00544 .12520 .02698 109G7. .9 . 0O6B .0000 325.BZ8629 
32 .0503 .0B61 .0020 .0230 • BS. .119 306.00189 .OOOOO .02698 18954. .6 .0068 .0000 324.932800 
33 .0503 .0661 .0021 .0235 88. .118 305.9G955 .00231 .02698 18954. .6 .0068 .0000 322.908218 
34 .050B .0061 .0021 . 0235 88 . 1 IB 305.96589 .00000 .02698 1B953. .9 .0D6B .0000 320.908054 
35 .050B .0861 .0021 .0236 88 . 1 1 2 30S.S0369 .12288 .02693 18953. .9 .006B .0000 320.672876 
36 .050B .0861 .0021 .0236 88 . 1 1 2 305.80001 .00000 .02699 18950. .3 .0068 .0000 320.431332 
37 .0508 .0861 .0021 .0236 8 8 . 1 1 2 305.79770 .00231 .02699 18950. .3 .0068 .0000 320.285004 
3B .0508 .0860 .0021 .0240 66. .112 305.79764 .00000 .02699 18950. .3 .0068 .0000 31*.615562 



NAME USER NAME * • * » » • » • » • * • • • • • * • • • » PAGE 51 
DEPT 6213 * CRYOQEN SYSTEMS ANALYSIS » DATE OS APR 79 
EXT. 30235 » • TIME 12:28:10 
BLD. 10H- * MFTF » CASE 1 

TEST CASE FOR THE MFTF LIQUID NITROGEN SUPPLY SYSTEM (CVI1 
ANALYSIS OF LINE NUMBER A 

INDEX DIAM NDOT-L WDOT-V QUALITY TEMP PRESSURE PR GOAD FRICTION REYN VAPOR VEL VAPOR MACH DENSITY 
(Ml (KO/S) (KG/S) (HI (KPA) (KPA/M1 FACTOR NUMBER (M/S) NUMBER (KG/M-3) 

TEMP (HI PRESSURE IRPA) PR GOAD (KPA/M1 FRICTION FACTOR REYN NUMBER 
88.112 305.79293 .00235 .02699 18950. 3 

DPEXIT - 329.2 344 
39 .0509 .0860 .O021 .0241 88.112 305.79293 .00235 .02699 18950.3 .0068 .0000 31G.817SS1 

WFLDW • .176297 



NAME USER NAME 
DEPT 6 2 1 3 
EXT. 3 0 3 3 5 
BLD. 104 

CRYOGEN SYSTEMS ANALYSIS 
PAGE 55 
DATE 05 APR 7 9 
TIME 1 2 : 5 6 : 1 0 
CASE 1 

TEST CASE FOR THE MFTF L IQUID NITROGEN SUPPLY SYSTEM ( C V I 1 

ANALYSIS OF L INE NUMBER 5 
INDEX OIAM WDOT-L WDOT-V QUALITY TEMP PRESSURE PR GRAD FRICTION REYN VAPOR VEL VAPOR MACH DENSITY 

(M) CKG/SJ CKG/S) <K> IK PA) (KPA/M) FACTOR NUMBER (M/S) NUMBER (KG/M-3) 
.0503 .1501 .O0O1 .0O10 88. 124 306. 12217 .02363 32320. 2 .0000 .0000 316.817551 

1 .0508 .1501 .0001 . ooio 88. 122 30(3. 08303 .OOOOO .02363 32320. 2 .otie .0001 713.927582 
2 .0508 . 1501 .000 2 .OOIO 88. 122 306. 07854 .00224 .02363 32318. 8 .0116 .0001 712.766823 
a .osoa .1501 .0002 .0013 ea. 122 30S. 07845 .OOOOO .02363 32316. 8 .Ol 16 . 0001 707.499565 
A . 050B .1501 . 00O2 .0013 88. 122 3 0 li. 07608 .00237 .02363 32318. 8 .0116 .0001 702.712013 
5 .050B .1501 .0002 .0013 88. 122 306. 0718B .00000 .02363 32318- 8 .0116 .0001 702-271263 
e .0508 .1501 .0002 .0013 88. 127 306. 22822 -.11844 .02363 32318. 3 .01 16 .0001 701.699829 
7 . 05oa .1501 .0002 .0013 SB. 127 306. 22500 .00000 .02363 32324. 0 .01 16 .0001 701.138412 
e .0508 . 1500 .0002 .0016 88. 126 306 191T0 .0O23B .02363 32324. O ,.0116 .0001 695.511005 
9 .0508 .1500 .0002 .0016 SB. 126 306 18750 .00000 .02363 32322. 4 .0116 .0001 689.980255 
10 .0508 . 1500 .0003 .0017 88. 148 306. 797 77 -.12013 .02363 32322. 4 .OII6 .OOOl 687.970917 
11 .0508 .1500 .0003 .0017 88. 148 305. 79464 .OOOOO .02362 32 344. 1 .01 16 .0001 695-983345 
12 .0508 .1SOO .0003 .ooia , ea. 148 306. 78975 .00245 .02362 32 344. 1 .01 16 .0001 665.185394 
13 .0508 . 1500 .0003 .0018 88. I4B 306. 78527 .00000 .02362 32 344. 1 .Ol 16 .OOOl GB4.3BOB36 
14 .0508 . 1 500 .0003 .0020 88. 147 30G 761 19 .00248 .02362 32344. 1 .01 18 .0001 680.635651 
15 .0508 . 1500 .0003 .0020 88. 147 30G 75790 .00000 .02362 32342. 9 .01 16 .0001 676.938202 
IE .0508 . 1500 .0003 .0021 88 171 307 40973 -.11851 .02362 32342. 9 .01 16 .0001 674.866020 

5 IB .0508 . 1499 .0004 .0023 88 171 307 40964 .00000 .02362 32366. 1 .0116 .0001 668-879944 5 IB -050B .1499 .0004 .0023 88 173 307 47163 -.t2398 .02362 32366 1 .Ol 15 .0001 664.798279 
*• 19 .0506 .0500 . 0OO1 . 0023 as. 173 SO 7 47097 .OOOOO .03121 10789. 4 .0039 .00 00 664.614708 

20 .0508 .0500 .0001 .0024 88 175 307 53228 -. I22G1 .03121 10789 4 .0039 .oooo 664.094788 
at .0508 .0500 .0001 .0024 as 175 307 53183 .00000 .03121 10790 1 .0039 .0000 663.S79552 
22 .0508' .0600 .0001 .0024 ea 175 307 53183 .00000 .03121 10790 1 .0039 .oooo 663.576797 
23 .0508 .0500 .0001 .0024 88 175 <"̂ ~ 53139 .OOOOO .03121 10790 1 .0039 .oooo 663-5727B4 
24 -050B .0500 .OOOl .0024 88 170 307 40745 . 12394 .03121 10790 1 .0039 .oooo 662-533363 
25 .0508 .0499 .0002 .0031 88 170 307 40742 .00000 .03121 107BB 6 .0039 .0000 6=0.179932 
26 .0508 .0499 .0002 .0035 88 146 306 73240 .12273 .03121 10788 8 .0039 .0000 633.963478 
27 .0508 .0499 .0002 .0035 88 146 306 73197 .00000 .03122 10780 e .0039 .0000 628.77t416 
28 .0508 .0499 .0002 .004 1 88 146 30G 72784 .00043 .03122 107B0 6 .0039 .0000 619.896210 
29 .0508 .0499 .0002 .0041 88 146 306 72767 .00000 .03122 10780 e .0039 .0000 611.268837 
30 .0508 .0499 .0002 .0042 88 146 306 72680 .00044 .03122 10780 6 .0039 .0000 609.519348 
31 .0508 .0499 .0002 .0042 88 146 30C 7256S ,00000 .03122 107B0 6 .0039 .0000 607.775053 
32 . OSOQ .0499 .0002 .0045 88 123 306 10944 . 1 2 < 3 0 .03122 10780 6 .0039 .0000 603.3204 73 
33 .0508 .0499 .0002 .0045 ea 123 306 . 10810 .OOOOO .03122 10773 2 .0039 .0000 598.933495 
34 .0508 .049B .0003 .0054 "?8 123 305 .10168 .00046 .03122 10773 2 .0039 .oooo 587.349236 
35 . 0508 .0498 .0003 .0054 88 123 306 .10118 .00000 .03122 10773 .2 .0039 .0000 576.206215 
36 . 05OB .0498 .0003 .0055 BB 117 305 .94141 .12104 .03122 10773 .2 .0039 .0000 575.148476 
37 .0508 . 049S .0003 .0055 88 .1 17 305 . 9-SO 1 1 .00000 .03122 10771 2 .0039 .0000 574.088593 
38 .0508 .0498 • .0003 .0055 83 .117 305 .93964 .00047 .03122 10771 2 .0039 .0000 373.309715 



NAME USER NAME 
DEPT 6213 
EXT. 30235 
BLD. 104 

PAGE 56 
DATE 05 APR 79 
TIME 13:36:12 
CASE 1 

• CRYOGEN SYSTEMS ANALVSIS 
• MFTf 

TEST CASE FOR THE MFTF LIQUID NITROGEN SUPPLY SYSTEM (CVII 
ANALYSIS OF LINE NUMBER 5 

INDEX DIAM 
<M> 

MDDT-L WDDT-V 
(KD/S) (KG/5 I 

QUALITY TEMP PRESSURE 
fKPAI 

• ••• G R A D 
•".PA/M> 

FRICTION 
FACTOR 

REYN 
NUMBER 

VAPDR VEL 
IM/S) 

VAPOR MACH 
NUMBER 

DENSITY 
1KG/M-3) 

39 
40 

. D50B 

.0508 
. 049B .0D03 
.049B .0003 

.0062 

.0063 
BB.117 
BB.117 

305.93951 
305.O3BB3 

.00000 

.00049 
.03122 
.03122 

10771.2 
10771.2 

.0039 

.0039 
.OOOO 
.0000 

564.OO1686 
654.204549 

WFLOW « .150285 DPEXIT - 183.5430 

a 



NAME USEP NAME + * • » . • . » . * . . . . » » . . . . » p f l G E „ 
EXT T 3 0 3 « ! CHYOGEN SYSTEMS ANALYSIS * DATE 05 APR 79 
BLD* To! I * T I W E «a!26!ia 
BLD. 104 . M F T F , C A S E t 

TEST CASE FOR THE MFTF LIQUID NITROGEN SUPPLY SYSTEM I C V I I 

ANALYSIS OF LINE NUMBER 6 

NOEX : DIAM WOOT-L WDOT-V QUALITY TEK1P PRESSURE PR GRAD FRICTION REYN VAPOR VEL VAPOR MACH DENSITY 
(Ml IKG/S) <KG/5) (K) (KPA) (KPA/M) FACTOR NUMBER <M/S> NUMBER CKG/M-3) 

.1016 .775B . 1704 .1601 88.113 305.B5018 .01B09 101721. O .0132 " .0001 554.264549 
t .1016 .7739 .1724 . 1822 OS.104 305.50G7S .0O0QO .01809 101721 . 0 .0733 .0004 66.166949 
2 .1016 .7734 .1728 . 1026 88.077 304.83749 .02882 .018O9 101692. s .0734 .0004 65.656142 
3 .1016 .7734 .1729 . 1827 aa.o73 304.74648 .00000 .01810 10160s. 0 .0735 .0004 65.494113 
4 .1016 .7732 .1731 .1B29 SB.102 305.53384 -.09263 .0181O 101S97. .5 .0734 .0004 65.520137 
5 . 1016 • 7 732 .1731 . 1629 SB.099 305.44233 .00000 .01609 1016B6, 2 .0733 .0004 65.545472 
e .1016 .7729 .1734 . 1832 88.079 304.90750 .02894 .01809 101675. 3 .0 734 .0004 65.42 8081 
7 . 1016 .7728 .1734 . 1833 68.076 304.81611 .00000 .01810 101614. 9 .0735 .0004 65.310872 
a . 101E .7727 .1736 .1835 88.103 305.55808 -.09392 .01810 101604, .6 .0734 .0004 65.334365 
9 .1016 .7726 .1736 . 183S 88.099 305.46675 .00000 .01809 101688. ,7 .0733 .0004 65.358314 

10 .1016 .7717 .1746 .1845 88.042 303.88149 .02909 .01809 101677. .7 .0735 .0004 65.039374 
11 .1016 .7717 .1746 . 1845 88,038 303.78931 .00000 .01810 101500. 6 .0737 .0004 64.722990 
13 .1016 .7714 . 1749 .1848 88.019 303.26194 .02930 ,0I81O 101488. 9 .0738 .0004 64.609149 
13 .1016 .7714 .1749 . 184S 88.015 303.16949 .00000 .01810 101429. .3 .0738 .0004 64.496052 

DISPLAY OF FINAL FLOW PARAMETERS 

WFLOWC 1 » = 1.0462734 KG/SEC DIAI 1 )- . 1 0 1 60 M QEX1TC 1 »- .00096 
WFLDWI 2 » = .0005096 KG/SEC DIAC 2 1- .02540 M 0EK1TC 2 ) • 1.00000 
WFLOWI 3 > = .6185346 KG/SEC DIA( 3 >- .09922 M QEXIT< 3 I- .26649 
wrLOWl 4 >=> .1752970 KG/SEC OIA( 4 )- .osoao M QEXIfJ 4 >• .02408 
WFLOUi 5 > = .15028S4 KG/SEC DIAf 5 >- .osoao M QEX1T( 5 )> .00634 
MFLOWi 6 )» .9462734 HG/SEC 01A( 6 >• .10160 M OEXITI 6 » • .1B4B5 

AMBIENT TEMP - 293.150 EXIT TEMP « BB.015 



NAME USER NAME . » » . » . « » » « * » . « » » « » . , • . PAGE 77 
DEPT * CRVDGEN SYSTSVIS ANALYSIS • DATE OS APR 7 9 
E X T . » * TIME 1 2 : 2 7 : 2 5 
BLD. « MFTF » CASE 1 

TEST CASE FOR THE MFTF GASEOUS HELIUM SUPPLY SYSTEM ( C V I ) 

• • * YOU HAVE CALLED FOB THE GHE ftECDV SYSTEM 



NAME 
DEPT 
EXT. 
BLD. 

U5ER NAME 
CRYQGEN SYSTEMS ANALYSIS 

* PAGE 7B 
• DATE 05 APR 79 
* TIME 12:27:2& 
• CASE I TEST CASE FOR THE MFTF GASEOUS HELIUM SUPPLY SYSTEM ( C V U 

* * * * * C H E R E C O V E R Y D A T A » * • • * 

LOU PRESSURE SECTION* 

HIGH PRESSURE SECTIONS 

1 . 

L INE LENGTH 

4B.0OO 
. 0 0 0 

5 . 0 0 0 
. 0 0 0 
.OOO 
. 0 0 0 

1 .OOO 
. OOO 

I S . 0 0 0 
. 0 0 0 

1 .OOO 

1 .OOO 
.OOO 

1 .OOO 
. 0 0 0 

3 . 0 0 0 
7 . 0 0 0 

.OOO 
2 . OOO 

.OOO 
2 . 0 0 0 

. 0 0 0 
2.OOO 

. 0 0 0 
S . 0 0 0 

.OOO 
1 .OOO 

. 0 0 0 
1 . 0 0 0 

. 0 0 0 
1 . 0 0 0 

. 0 0 0 
2 . 0 0 0 

. 0 0 0 
9 9 . 0 0 0 

.OOO 

NUM.-ELHOKS 

1 . 0 
. 0 

2 . 0 
. 0 
. 0 
. 0 
. 0 
. 0 

. 0 

. 0 

. 0 

.G 

. 0 

. 0 
4 . 0 
3 . 0 

. 0 
1 . 0 

. 0 
I . 0 

. 0 

. 0 

. 0 
3 . 0 

. 0 
I . 0 

.O 
1 . 0 

. 0 
1 . 0 

. 0 
2 . 0 

. 0 
5 . 0 

. 0 

L/O OF COMP. 

.0 
3 4 0 . 0 

.O 
3 4 0 . 0 

. 0 
. 0 
. 0 

3 4 0 . 0 
. 0 

3 4 0 . O 
. 0 

.O 
3 4 0 . 0 

. 0 
77 . 0 

. 0 

. 0 
. 0 
. 0 
. 0 
. 0 
. 0 
. 0 

1 7 0 . 0 
. 0 

3 4 0 . 0 
.0 
. 0 
. 0 

3 4 0 . 0 
.0 

3 4 0 . 0 
. 0 

3 4 0 . 0 
. 0 

3AO. 0 

1 7 0 . 

MAJOR COMP. 

- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
I . O 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 

• - .o 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
2 . 0 
- . 0 
3 . 0 
- . 0 
- . 0 
- . 0 
- . O 
- . 0 
4 . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . 0 
- . O 



NAME USER NAME 
DEPT 
EXT. 
BLD. 

* CRYOGEN SYSTEMS ANALYSIS 

• MFTF 

TEST CASE FDR THE MFTF GASEOUS HELIUM SUPPLY SYSTEM (Ct f l> 

PAGE 82 
DATE OS APR 7 9 
TIME 1 2 t 3 7 : a 7 
CASE I 

OIA(MEIER) . 0 4 0 
TG« 2 7 3 . 1 5 

LINE END NODES 

MOOT(KG/SEC) . 0 5 0 REYNOLDS NUMBER 8 3 3 7 9 . 0 F-FACTOR . 0 0 4 6 7 6 
PBAGa l o t . 3 2 5 PCOMP= 1 6 5 4 2 . S B 

DP 
(KPA> 

OP/LIGEOM) 
{KPA/MJ 

PRESSURE 
(KPA) 

DENSITY 
(KG/M»«3) 

LOW PRESSURE LINE ANALYSIS 
AT HECOVERY SAG EXIT .22931 101.3250 

L I 0 - 1 0 FLOW IS CHOKED IN THIS LINE SECTION FOR THIS FLOW RATE AND DIAMETER 

HIGH PRESSURE LINE ANALYSIS 
AT COMPRESSOR EXIT .00155 

H 1 21 — 22 -.0000 -.0000 . 001 S3 
H 2 22 — 23 . 1909 .00155 
H 3 23 — 24 -.0000 -.0000 .00155 
H 4 24 — 25 .0432 .00155 
H 5 25 — 26 -.OOOO -.0000 .00155 
H 6 26 — 27 -.OOOO -.0000 .00155 
H 7 27 — 28 .0954 .00155 
H 6 20- — 29 -.0000 -.0000 .00155 
H 9 29 — 30 172.ODO0 -.0000 .00157 
H 10 30 — 31 -.0000 -.OOOO .00157 
H 11 31 — 32 I72.ODO0 -.OOOD .00153 
H 12 32 — 33 -.OOOO -.0000 .00158 
H 13 33 - 34 .0973 .00158 
H 14 34 — 35 -.0000 -.0000 .00158 
H IS 35 — 36 . 1945 . 00 1 58 
H 16 35 — 37 -.0000 -.0000 .00159 
H 17 37 — 38 t72.0000 -.0000 .00160 
H 18 38' — 39 -.OOOO -.0000 .00160 
H 19 39 — 40 . 1964 .00 160 
H 20 40 — 41 -.0000 -.0000 .00160 
H 21 41 — 42 . 1964 .00163 
H 23 42 — 43 -.OOOO -.0000 ,00160 
H 23 43 — 44 . 1964 .00160 
H 24 44 — 4S 1.6738 .0159 .00160 
H 25 45 - 46 . 1965 .00160 

16542. ,860 1 26. .374 
16542. . 86OI 28. .374 
16542. .6694 26. ,374 
16542. ,6694 26. 374 
16542, ,62l>2 26. 374 
16542. 6202 26. .37 4 
16542. .6262 26. .374 
16542, .5310 26. .374 
16542. .5310 26 .37 4 
16370, .5310 26 .135 
16370 .5310 26 .125 
16198. .5310 25 .87 5 
16198. ,5310 25. .87 5 
16198, .4338 25. .875 
16193. .4338 25. .875 
16198, .2394 25. .875 
16198. .2394 25. .875 
16026 .2394 25. .625 
16026. .2394 25, .625 
16026 .0430 25 .624 
16026 .0430 25 .624 
16025. .S4Gu 25. .624 
16025 .8466 25, .624 
16025 .6501 25. .624 
16023 .9763 25. .621 
16023, .7799 25 .62 1 



NAME ' USER NAME 
OEPT' 
E X T . - ? " " 
BLD. ' 

• PAGE S3 
• DATE 0 5 APR 7 0 
• T I M E 1 2 : 2 7 : 2 7 
• CASE 1 

D I A ( U E T E R ) . 0 5 0 
T O 2 7 3 . 1 5 

END NODES 

MDOT<KG/SEC) . 0 5 0 
PBAGa 1 0 1 . 3 2 5 

CRYGGEtt SYSTEMS ANALYSIS 

* MFTF , 

TEST CASE FOR THE MFTF CASEOUS HELIUM SUPPLY SYSTEM (CM I ) 

FACTOR . 0 0 4 9 0 5 

DP (KPA) 

REYNOLDS NUMBER 66703.2 
PC'OMP. 16542.8S 

DP/L(GEOM) (KPA/M) MACH NO. PRESSURE 
(KPA) , 

DENSITY (KG/M..3) 

LOW PRESSURE LINE ANALYSIS 
AT RECOVERY SAG EXIT .14676 101.3250 10 SO.4149 1.0175 ,29198 - 50.9101 

11 24.1250 .55480 26.785: 
12 FLOW IS CHOKED IN THIS LINE SECTION FOR THIS FLOW RATE AND DIAMETER 

L '. 
L 2 
L 3 

9 
lO 
1 I 

.178 

.090 

.047 

HIGH PRESSURE LINE ANALYSIS AT COMPRESSOR EXIT .00099 
H 1 21 — 22 -.0000 -.OOOO .00093 
H 2 22 — 23 .0620 . • • . ' ' • < . • • • i. .00099 
H 3 23 - 24 -.0000 ."' •' -.0000 .00099 
H 4 24 — 25 .01 86 .00099 
H 5 l 2 5 — 26 -.0000 -.0000 .00099 
H 6 '26 — 27 -.oooo -.0000 . .00099 
H 7 27 — 28 .0410 . .00O99 H 0 2B- - 29 -.oooo -.0000 .00099 
H 9 29 - 30 172.OOOO -.0000 .00100 
H 10 30 — 31 -.OOOO -.0000 .ootoo H 11 31 — 32 172.0000 -.0000 .0OI01 
SI 12 32 — 33 -.0000 -.0000 .00101 
H 13 33 — 34 .0418 .00101 
H 14 34 — 35 -.0000 -.0000 .00101 
H 15 35 — 36 .0836 .00101 
H 15 36 — 37 -.0000 -.0000 .00101 
H 17 37 — 30 172.0000 -.oooo .00102 
H IB 38 — 39 -.0000 -.0000 .00102 
H 19 39 ~ 40 .0844 .O0102 
H 20 40 — 41 -.0000 -.oooo .00102 
H 21 41 — 42 .0B44 .00102 
H 22 42 — 43 -.0000 -.0000 .00102 
H 23 43 — 44 .0B44 .00102 
H 24 44 — 45 -.0000 -.0000 .00102 
H 25 45 - 46 .0B44 .00102 

16542. .8601 26. 374 
16542. 0,601 26. 374 
16542 7.783 26. 374 
16542. 7783 26 374 
16542 7598 26 374 
1b542 7598 26 37 4 
16542 7598 26 374 
16542 ^190 26 374 
16542 7.190 26 374 
16370 W 9 0 26 125 
16370 7190 26 125 
1619B 7190 25 875 
16198 7190 25 875 
16198 6772 25 875 
16198 6772 25 B75 
I619B 593 7 25 875 
I619B 593 7 25 875 
160 26 593 7 25 .625 
160 26 5937 25 .625 
160 26 5094 25 .625 
16026 5094 25 .625 
160 26 4250 25 .625 
16026 4250 25 .625 
1602S .3407 25 .625 
16026 . 3407 25 .625 
16026 .2563 25 .625 



NAME USER NAME 
OEPT 
E X T . 
BLD. 

CUVOGEN SYSTEMS ANALYSIS 

• MFTF 

TEST CASE FOR THE MFTF CASEOUS HELIUM SUPPLY SYSTEM < C V I ) 

• PAGE H4 * DATE 05 APR 79 
* TIME 12:37:2a • CASE 1 

PIA(METER) . 0 6 0 
T G - 2 7 3 . 1 5 

MOOT(KG/SEC) . 0 5 0 REYNOLDS NUMBER S 5 5 B 6 . 0 F-FACTOR . 0 0 5 1 0 5 
PBAG- 1 0 1 . 3 2 5 PC0IWP= 1 6 5 4 2 . B 6 

LINE END 1 NODES O P DP/LIGEUM) MACH NO. PRESSURE DENSITY 
IKPA) (KPA/M> (KPA) <KG/M«*3 l 

LOW PRESSURE L I N E ANALYSIS 
AT RECOVERY BAG E X I T . 10 1 92 I O I . 3 2 5 0 . 1 7 8 

L 1 9 — 1 0 1 6 . 5 5 0 9 . 3 3 1 9 . 1 21 BO B 4 . 7 7 4 1 . 1 4 9 
L 2 1 0 — 11 7 . 2 7 3 8 . 1 3 3 2 2 7 7 . 5 0 0 2 . 1 3 6 
L 3 1 1 — 1 2 3 . 5 9 4 8 . 4 1 2 3 . 1 3 9 7 0 7 3 . 9 0 5 4 . 1 3 0 
L 4 1 2 — 1 3 8 . 3 4 2 9 . 1 5 7 4 7 6 5 . 5 6 2 5 . 1 1 5 
L 5 1 3 — 1 4 . 4 8 1 1 . 4 8 1 1 . -15863 6 5 . 0 8 1 5 . 1 1 5 
L 6 1 4 — " 5 - 1 3 . 7 8 6 0 . 1 3 0 9 2 7 8 . 8 6 7 5 . 1 3 9 
L 1 1 5 — 1 6 . 3 9 4 7 . 3 9 4 7 . 1 3 1 S 7 . . 78, . 4 7 2 8 . 1 3 8 
L B.. 1 6 — 1 7 7 . 8 5 7 6 . 14621 , . , ? o : G 1 5 2 

.,; 6 3 . 2 1 9 4 
. 1 2 4 

L 9 . . 17 — 1 8 7 . 3 9 5 8 . 4 7 0 i . 1 6 3 3 0 
, . , ? o : G 1 5 2 
.,; 6 3 . 2 1 9 4 . 1 1 1 

L 10 . 1 3 - — 1 9 9 . 7 5 2 2 ... . 1 9 3 0 7 - S 3 . 4 6 7 1 . 0 9 4 
L if. 1 3 — 2 0 . 6 0 2 8 . 6 0 2 8 • . 1 9 5 2 7 t „, . . , 5 2 - 8 6 4 3 

' " • -

. 0 9 3 

I ICH PRESSURE L INE ANALYSIS . ( , • : ;;•---
AT COMPRESSOR E X I T . 0 0 0 6 9 ,'. 1 6 5 4 2 , 8 6 0 1 2 6 . 3 7 4 

H * 2 1 - 2 2 - .OOOO • ^ . 6 0 0 0 1 . 0 0 0 6 9 1 6 5 4 2 . 8 6 0 1 2 6 . 3 7 4 
H 2 2 2 — 2 3 . 0 4 1 2 : 1 . .- . 0 0 0 6 9 1 6 5 4 2 . 8 1 9 1 2 6 . 3 7 4 
H 3 2 3 — 2 4 - - O 0 O 0 - . 0 0 0 0 .OD069 1 6 5 4 2 . 8 1 9 1 2 6 . 3 7 4 
H 4 2 4 — 2 5 . 0 0 9 3 . 0 0 0 6 9 1 6 5 4 2 . 8 0 9 8 2 6 . 3 7 4 
H 5 2 5 — 2 6 - . 0 0 0 0 - . 0 0 0 0 . 0 0 0 6 9 1 6 5 4 2 . 8 0 9 8 2 6 . 3 7 4 
H 6 2 6 — 2 7 - . 0 0 0 0 - . 0 0 0 0 . . . 0 0 0 6 9 ... 1 6 5 4 2 . 8 0 9 8 2 6 . 3 7 4 
H 7 2 7 — 2 8 . 0 2 0 6 _•; . . 0 0 0 6 9 - 1 6 5 4 2 . 7 6 9 3 2 6 . 3 7 4 
H B 2 B ' — 2 9 - .OOOO - . 0 0 0 0 • ' . . 0 0 0 6 9 , 1 6 5 4 2 . 7 8 9 3 ' 2 6 . 3 7 4 
H 9 2 9 — 3 0 1 7 2 . 0 0 0 0 " I , , . - • - . 0 0 0 0 • . O 0 0 7 0 . , 1 6 3 7 0 . 7 8 9 3 2 6 . 125 
H IO 3 0 — 3 1 - . 0 0 0 0 - . 0 0 0 0 . 0 0 0 7 0 1 6 3 7 0 . 7 8 9 3 2 6 . 125 
H 1 1 3 1 — 3 2 1 7 2 , 0 0 0 0 - . 0 0 0 0 . 0 0 0 7 0 1 6 1 9 8 . 7 8 9 3 2 5 . 8 7 5 
H 12 3 2 — 3 3 - .OOOO - . 0 0 0 0 . 0 0 0 7 0 1 6 1 9 8 . 7 6 9 3 2 5 . 8 7 5 
H 13 3 3 - 3 4 . 0 2 1 0 . 0 0 0 7 0 1 6 1 9 8 . 7 6 8 4 2 5 . 8 7 5 
H 14 3 4 — 3 5 - .OOOO - . 0 0 0 0 . 0 0 0 7 0 1 6 1 9 8 . 7 6 8 4 2 5 . 8 7 5 
H 15 3 5 — 3 6 . 0 4 2 0 . 0 0 0 7 0 1 6 1 9 8 . 7 2 0 6 2 5 . 8 7 5 
H 16 3 5 — 3 7 - .OOOO - .ooao . O 0 0 7 0 •? 1 6 1 9 8 . 7 2 G 6 2 5 . B 7 5 
H 17 3 7 — 3 8 1 7 2 . 0 0 0 0 - . 0 0 0 0 , 0 0 0 7 1 1 6 0 2 6 . 7 2 G 6 2 5 . 6 2 5 
H l a 3 0 ' — 3 9 - . 0 0 0 0 - . 0 0 0 0 . O 0 0 7 1 1 6 0 2 6 . 7 2 6 6 2 5 . 6 2 5 
H 19 3 9 — 4 0 . 0 4 2 4 . 0 0 0 7 1 . . 1 6 0 2 6 . 6 8 4 2 2 5 . 6 2 5 
H 20 4o — 4 1 - .OOOO - . 0 0 0 0 . 0 0 0 7 1 160 2 6 . 6 5 4 2 2 5 . 6 2 5 
H 21 4 1 — 4 2 . 0 4 24 . 0 0 0 7 1 1 6 0 2 6 . 6 4 1 8 ' 2 5 . 6 2 5 
H 22 4 2 — 4 3 - ' . OOOO • . - . o o o o . 0 0 0 7 1 1 6 0 2 6 . 6 4 1 8 2 5 . 6 2 5 
H 23 4 3 — 4 4 ' ". 0 4 2 4 1 . 0 0 0 7 1 . . . 1 6 0 2 6 . 5 9 9 5 ' 2 5 . 6 2 5 
H 24 4 4 — 4 5 -.'oodii. • - . 0000. - .- .. . . 0 0 0 7 1 . 1 6 0 2 S . 5 9 9 S 2 5 . 6 2 5 
H '25 4 5 •r 4 8 . 0 4 2 4 . 0 0 0 7 1 1 6 0 2 6 . 5 5 7 1 8 5 . 6 2 5 



D I M U E T E R t . 0 1 0 
T G « 2 9 3 . 1 5 

END, NODES 

NAME 
DEPT 
EXT. 
BLD. 

USER NAWE PAGE 4 B 
D A T E 0 5 APR 7 9 
T I M E 1 2 : 2 7 : 3 f t 
C A S E 1 

M D O T < K G / S E C > . 0 5 0 
> PBAG= 1 . 0 1 . 3 2 5 

C R Y O G E N S Y S T E M S A N A L Y S I S 

• S IFTF 

T E S T C A S E FOR T H E M F T F G A S E O U S H E L I U M S U P P L Y S Y S T E M ( C V I ) 

F-FACTOR" .004722 REYNOLDS .-NUMBER 79602. I 
• . . C f j P C O M P * 1 6 5 4 2 . 8 6 ' ' 

D P 
I K P A ) 

D P / L I G E O M 1 
. . ( K P A 7 M ) 

MA.CH N O . PRESSO'R'E 
< K P A ) • 

, DENSITY 
(KG/M»«3» 

tOW PRESSURE LIME ANALYSIS „ ,.. •'•"•'-•' •? AT RECOVlSY BUG EXIT ,(,(33755 '-'101.3250 L 1 9 - 1 0 .FLOW-IS CHOKED IN THIS LINE SECTION FOR.THIS FLOW RATE'AND' CIAMETER 

HIGH PRESSURE LINE ANALYSIS 

g 

H t 2 1 . - 2 2 -.- OOOD 
H 2 2 2 .- , 2 3 . 2 0 5 6 
M 3 . 2 3 - 2 4 — OOOO 
w . •* • 2 4 - 2 5 1 \ 0 4 6 6 
H, S . 2 5 . - , 2 6 — OOOO 
H : J* i 2 S -7, 2 7 - 0 0 0 0 
M 7 ' 27 -T\ 2a . 1 0 2 8 
•H B ; 2 B - - 1 . 2 9 — OOOO 
H 9 V . 2 9 - • 3 0 1 7 2 OOOO 
H I O . . 3 0 - 3 1 — 0 0 0 0 
•1 1.1 '.' 3 1 - 3 2 1 7 2 OOOO 
H 1 2 . . 3 2 - 3 3 — 0 0 0 0 
H 1 3 3 3 - 3 4 . 1 0 4 B 
H 1 4 . . 34 - as — . O O O O 
M '15 3 5 - 3 6 . 2 0 9 6 
H 1 S 3 6 - 3 7 - .OOOO 
M 1 7 : 3 7 - 3 8 1 7 2 . O O O O 
H ia 3 B - ' - . 3 9 — . 0 0 0 0 
M 1 9 3 9 ' - 4 0 . 2 1 1 7 
H 2 0 4 0 - 4 1 - . O O O O 
H 2 t 4 1 - 4 2 . 2 1 1 7 
H 2 2 4 2 - 4 3 - . O O O O 
H 2 3 4 3 - 4 4 . 2 1 1 7 
H 2 4 4 4 - 4 5 1 . 7 9 3 7 
H 2 5 4 5 - 4 6 . 2 1 1 7 

R E S S O R E X I T 
" ... i » v . 

,. . O 0 T 6 O " i 5 5 4 Z . ' 8 6 0 1 2 4 . 7 1 9 
- . O O O O • ..; . 0 0 1 6 0 • ' 1 6 5 4 2 . 8 6 6 1 . "' 2 . 4 - 7 1 9 

'" . , . 0 0 . 1 6 b • 1 6 5 4 2 . 6 5 4 S ' 2 , 4 ' . ' 7 1 9 
-OD'OOO , . , . , . , 0 0 ( 1 6 0 >< 1 6 5 4 2 . ^ 6 5 4 5 •' 2 4 . 7 1 9 

' 2 4 . 7 . 1 9 - • * . • • • > ,. - . ,00-1.60 i ' • 1 6 5 4 ' 2 . 6 0 0 2 
•' 2 4 . 7 1 9 

' 2 4 . 7 . 1 9 
' - . ! toV>oo , . . f l O ' 1 6 0 • •••• i 6 S * 2 1 . ' * o a 2 ' • ; 2 ^ : 7 1 9 
- . 0 0 0 0 •,. .Qoieo ! ' •Tf i5"4 '2 ." 1 S082 . • 2 . 4 . 7 1 9 

- i n t . ' . .ocj'6.0 i *MEiE>49 ' .50S i .4 ° " 2 4 . 7 ; 1 B 
^Vtiooo. - . , 0 0 1 6 0 • 1 6 5 ' < z V 5 0 5 4 "' 2 4 . 7 , 1 8 
- . 0 0 0 0 . . f , 0 0 1 6 1 ; c - ; i e 3 7 0 " . ' 5 0 5 4 • •" 2 4 . 4 8 4 
•^i'dooo . . ,0$l'6,t 1 ! - ' 1 : g 3 7 0 \ 5 0 5 4 ' • ' 2 4 ' . 4 8 4 
- . 0 0 0 0 •{,', 0 0 1 6 3 ! - : l ' 6 i & 8 ' . 5 b 5 . $ ' 2 4 . 2 4 8 
- . 0 0 0 0 . , . . 0 0 1 6 . 3 ' • • 1 6 l 9 B ' . ' 5 0 S 4 - ' " ' 2 4 . 2 4 8 

. 0 0 1 6 J 1 6 1 9 6 . 4 0 0 6 2 4 . 2 4 6 
- . 0 0 0 0 . 0 0 1 6 3 1 6 1 9 B . 4 C 0 6 2 4 . 2-18 

. 0 0 1 6 3 ' 1 6 1 9 8 . 1 . 9 1 0 2 . 4 . 2 4 8 
- . 0 0 0 0 ,„ .;ooi63 . • l > T 6 1 9 a ' . 1 9 1 0 2 4 , j > 4 B 
- . 0 0 0 0 . 0 0 1 6 4 1 6 0 2 6 . 1 9 1 0 2 4 . 0 ) 2 
- . 0 0 0 0 . 0 0 1 6 4 1 6 0 Z 6 . ' 1 9 » O 2 4 . 0 1 2 

. 0 0 1 6 4 1 6 0 2 5 . 9 7 9 4 2 4 . 0 1 2 
- . 0 0 0 0 . 0 0 1 6 4 -" 1 6 0 2 5 . 9 7 9 4 2 4 . 0 1 2 

. 0 0 ) 6 4 1 6 0 2 5 . 7 6 7 7 2 4 . 0 1 2 
- . 0 0 0 0 . 0 0 1 6 4 1 6 0 2 5 . 7 6 7 7 2 4 . 0 1 2 

. 0 0 1 6 4 1 6 0 2 5 . 5 S 6 0 2 4 . 0 1 2 
. 0 1 7 1 , 0 S l o 4 1 6 0 2 3 . 7 6 2 3 2 4 . 0 0 9 

. 0 0 1 6 4 1 6 0 2 3 . 5 S 0 7 2 4 . 0 0 9 



NAME USER NAME 
DEPT 
EXT. 
BLD. 

CRYOGEN SYSTEMS ANALYSIS 

MFTF 

• PAGE 99 
• DATE OS APR 7 9 
• TIME 1 2 : 2 7 : 3 5 
• CASE 1 

TEST CASE FOR THE MFTF GASEOUS HELIUM SUPPLY SYSTEM ( C V I > 

DIAtMETER) . 0 5 0 
TG« 2 9 3 . I B 

MDOT(KG/ScC) . 0 5 0 
PBAG = 101.325 

REYNOLOS NUMBER 63681.7 F-FACTOR .004955 PcOMp. 16S42.86 
LINE END . NOOES D P DP/L<GEOM) MACH NO. PRESSURE DENSITY 

(KPA1 ( K P A / M ) (KP») < K G / M * * 3 ) 

LCnf PRESSURE LIME ANALYSIS 
AT RECOVERY BAS EXIT . 1 5 2 0 3 1 01 . 3 2 5 0 ' " . 166 

L 1 9 - 10 5 B . 7 7 2 1 1 . 1 8 6 1 . 3 6 1 8 4 4 2 . 5 5 2 9 . 0 7 0 
L 2 1 0 - 1 1 1 FLOW I S CHOKED I N THIS L INE SF.C1IOM FOR T H I S FLOW RATE ANP DIAMETER : - ; • 

HIG|4 P RESSURE L INE ANALYSIS • 1 ' . • . . - - • 5.-HIG|4 P 
• AT COMPRESSOR E X I T . 0 0 1 0 2 ; 1 6 5 4 2 . £ 6 0 1 24 ,7*19 

H r 1 ' 2 1 ' - 22 - . 0 0 0 0 -.OOOO . 0 0 1 0 2 • • 16^4a.a60*^ , • ' • , 2 4 /7.1 9 
24 . Y l 9 ' H 7 2 2 . ; - 23 I..OBB4 .0010,2 ies4a.t7i7 , ; ' 
2 4 /7.1 9 
24 . Y l 9 

H 3 
?,£': 

•J- 24 - .OOOO -•-• -.orioo ' \ . OO 1-Oa t6S'4a ' .7YlV 2 4 , 7 1 9 
H A ?,£': <- 25 . , . 0 2 0 0 ' v . . • • . 0 0 1 0 2 f6S4a - .752 t f ' 2 4 . 7 1 9 
H' 5 2 5 - 2 6 • - .oooo .- -.ooocl - ' . 0 0 1 0 2 ; ^ ' 1 6 5 4 $ . 7S20" 24 . 7 1 9 ' 
H & . 26 - 27 •> - .oooo - . 0 0 , 0 0 , . 0 0 1 0 2 ' • I 6 5 M 2 - 7 5 2 0 - ' "• 24 .7} 9 

t j H 7 ' 2-7 - ' SB - . 0 4 4 2 :iO . r . , 1 .ooiiw, 1 6 5 4 2 . 7'07'a 2 4 . 7 1 9 
Pi " . * , 28 ' f 29 -.rooo c - .oodo ' " " .00-1,^2, T" 1 6 5 4 2 . * 0 7 i a ••" 2 4 . 7 1 9 ' 
° * H 9 2 9 - 30 1 7 2 . 0 0 0 0 • - .oo ;o . .001,6,5;. 1 163TO-. T b 7 a - 2 4 . 4 0 . 4 ' 

H l6 3 0 - . 3 1 .• - .OOOOH i' - . 0 0 0 6 ' ' .OO103 • . 1 6 3 7 0 . 7 6 7 B 24..'48'4 
H 1 1 ' 31 - 32 ;. 1 7 2 - 0 0 0 0 - . 0 0 0 0 . 0 0 1 0 4 . 161 98";707S '"• 2 4 . . 2 4 > 
H. 12 3 2 - . 33 ;,- - . 0 0 0 0 ./'. - . 0 0 0 6 .. , . , . OO 10.4; • 1 6 1 9 8 . 7 0 7 8 '-•' 2 4 . 2 4 9 
H, 13 3 3 . - 34 . 0 4 5 0 ' • • ' • ^ ' ' * • ' • . 0 0 1 0 4 1 6 I 9 U . 6 B 2 7 2 4 ; 24 9. 
H 14 3 4 - 35 . . - .OOOO - . 0 0 0 0 . 0 0 1 0 4 1 6 1 9 8 . 6 6 2 7 2 4 . 2 4 . 9 
H I S 3 5 - 36 . 0 9 0 1 . 0 0 1 0 4 1 6 1 9 8 . 5 7 2 6 . 2 4 - 2 4 9 
H 1G 3 6 - 37 - .OOOO ' - . 0 0 0 0 . - t , . , ... . p # i g ; 4 • L • V • 1 6 i g « v d 7 2 6 - - 2 4 . 2 4 3 
H 17 • 3 7 - .38 i. 172.OU0O - !« iv- l i. ..n'oOO " , " . 0 0 1 0 5 ^ . -• 

. O 0 1 0 5 
1 6 0 2 6 ; S ? 2 6 ' '" 24 . 01 3 ' 

H 18 3 8 ' - 3 9 - . 0 0 0 0 
- !« iv- l i. ..n'oOO " , " . 0 0 1 0 5 ^ . -• 

. O 0 1 0 5 1 6 0 2 S . 5 7 2 6 2 4 . 0 1 3 
H 19 3 9 - «V>| , ;;•: . 0 9 1 0 . ' * .O01O5 . 1 6 0 2 6 . 4 8 1 7 ' 2 4 . 0 1 3 
H 20 4 0 - 4.1 . - .OOOO - . 0 0 0 0 • ' • • , 0 0 1 0 5 ' • ' ' " 1 6 0 2 6 . 4 8 1 7 - 2 4 . 0 . 1 3 , 
H 21 4 1 - 42 . 0 9 1 0 • . : • • . . 0 0 1 0 5 1 6 0 2 6 . 3 9 0 7 • 24 "01 3 
H 22 4 2 >- 4 3 • - .OOOO i • ^:'6uoo', . 0 0 1 0 5 . --.it 1 6 0 2 6 . 3 9 0 7 2 4 . 0 1 3 
H 23 4 3 - 44 . . 0 9 1 0 t - . , , . 0 0 1 0 5 1 6 0 2 6 . 2 9 9 a 2 4 . 0 1 3 
H 24 4 4 - 45 - .OOOO - . 0 0 0 0 . . 0 0 1 0 5 ! • " 1 6 0 2 6 . 2 9 9 8 2 4 , 0 1 3 

• " 2 4 . 0 1 3 H 25 4 5 - 46 , . 0 9 1 0 1 r • -O -'•• * ' . . , , : . 0 0 1 0 5 • ••'•• : 1 6 0 2 6 . 2 0 0 9 f 
2 4 , 0 1 3 

• " 2 4 . 0 1 3 



StA(WETERl . 0 6 0 
T G . 2 9 3 . 1 5 

LIME END NODES 

NAME 
DEPT 
EXT. 
B I O . 

USER NAME • PARE i o n 
• OA IE OS API! 7 » 
' TIME 1 2 : 2 7 t 3 « 
• CASE 1 

HOOT(KG/SEC> . 0 5 0 
PBAG- 1 0 1 . 3 2 5 

CRVOQEN SYSTEMS ANALYSIS 

• SUFTF 

TEST CASE FOR THE MFTF CASEOUS HELIUM SUPPLY SYSTEM . (CV1) 

F-FACTOR . 0 0 5 1 5 8 

pP 
<KPA> 

REYNOLDS NUMBER 5 3 0 6 8 . 1 
PCOMP- 1 6 5 4 2 . 8 6 

DP/LIGEOM) 
(KPA/M) '• 

MACH NO. PRESSURE 
(KPA} 

DENSITY 
(«C/I»»»3) 

LOW PRESSURE LINE ANALYSIS 
IS.1336 
B.0367 
4.05*1 
9.4025 
.5593 

-13.7860 
.4530 

B. 9771 
8. B935 
II .B097 

.81 75 

L 1 9 - 10 
L 2 10 — II L 3 1 r — 13 L 4 12 - 13 
L 5 13 — 14 L e . 14 - 15 
L 7 15 - IE 
l a 16 — 17 L 9 17 — ta L 10 IB - 19 
L 11 19 - 20 

AT RECOVERY BAG EXIT 
.3637 
. 4649 
.5593 
.4530 
.5657 
.BI7S 

. t05Se 

. 12857 

. 14231 

. 15042 

. 17334 

. 17498 

. 14275 

. 14362 

. 16329 

. 18894 

.23873 
,243<6 

101,. 3260 
63.19(4 
75.1547 
71'. 1006 
61.6961 
61.1388 
74.924B 
74.4716 
65.4947 
56.6012 
44.7915 
43.9740 

.166 

.136: 
• 123 
.117 
.101 
. 10P 
.123 
• 122 
.107 
• 093 
.673 
. 072 

gHXBH PRESSURE LIME ANALYSIS 
H 1 21 - 22 -.OOOO 
H a 22 — 23 .0444 
H 3 23 - 34 -.OOOO 
H 4 24 — 25 .OIOO 
H 5 2S — 26 -.OOOO 
H B 26 — 27 -.0000 
H 7 27 - 28 .0222 
H B 28- - 29 - . ODOO 
H 9 29 - 30 172.OOOO 
H to 30 — 31 -.0000 
H tl 31 - 32 172.OOOO 
M \7. 32 — 33 -.OOOO 
M 13 33 — 34 .0226 
H 14 34 - 35 -.0000 
H 15 3S — 36 .0453 
H 16 36 — 37 -.OOOO 
H 17 37 — 38 172.OOOO 
H 18 38- - 39 -.0000 
H IB 39 - 40 .0457 
H 20 40 — 41 -.0000 
H 21 41 — 42 .0457 
H 22 42 - 43 -.0000 
H 23 43 — 44 .0457 
H 24 44 — 45 -.OOOO 
H 25 45 - 46 .0457 

AT COMPRESSOR EXIT 
-.OOOO 

-.OOOO 
-.OOOO 
-.OOOO 
-.OOOO 
-.0000 
-.0000 
--O000 
-.0000 
-.0000 
-.0000 
-.0000 
-.0000 
-.0000 
-.0000 

.00071 

.OOO 71 

.00071 
• 00O7I 
•OO071 
.00071 
.O0071 
. 00071 
.00071 
•O0O72 
-O0O72 
.00072 
.00072 
.00072 
.00072 
.O0072 
.O0O72 
. OOQ 73 
.00073 
.00073 
.00073 
.00073 
.00073 
.00073 
.000 73 
.000 73 

• 6542 
16542 
16542 
16542 
16542 
16542 
16542 
16542 
IG542 
16370 
16370 
16198 
18)98 
16198 
16198 
161 98 
16198 
16026 
16026 
16026 
16026 
16026 
16026 
16026 
16026 
16026 

.8601 

.8601 

.8159 

.6159 

.6059 

.805.9 

.8059 

.7839 

.7639 

.7839 

.7839 

.7639 

.7839 

.7614 

.7614 

.71G2 
-71G2 
.7162 
.7162 
.6705 
.6705 
.6249 
.6249 
.5792 
.5792 
5336 

2 4 . 7 1 9 
2 - 4 - ? i 9 
2 4 . 7 1 9 
2 4 . 7 1 9 
2 4 . 7 1 9 
2 4 . 7 1 9 
2 4 . 7 1 9 
2 4 . 7 1 9 
2 4 . 7 1 9 
2 4 . 4 B 4 
2 4 . 4 3 4 
2 4 . 2 4 9 
2 4 . 24 9 
2 4 . 2 4 9 
2 4 . 2 4 9 
2 4 . 2 4 9 
2 4 . 2 4 9 
2 4 . 0 1 3 
2 4 . 0 1 3 
2 4 . 0 1 3 
2 4 . 0 1 3 
2 4 . 0 1 3 
2 4 . 0 1 3 
2 4 . 0 1 3 
3 4 . 0 1 3 
2 4 . 0 1 3 


