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The Mirror Fusion Test Facility being designed and constructed at the Lawrence
Livermore Laboratory requires 2 liquid helium liguefaction, storage,
distribution, and recovery system and a liquid nitrogen storage and
distribution system. To provide a powerful analytical tool to gid in the
design evolution of this system through hardware, a thermodynamic £luid flow -
model was 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

2

this program as desired, In addition, the program is constructed in a modular -

fashion go changes or modifications can be made easily to keep up with the

evolving design.
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FOREWORD

This Program Users Manual, LMSC-D673325, and the Final Report, LMSC-DA73326
(under separate cover) 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
Thermophysics 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 helium
distribution system aud prepared the Program Users Manual.

o L. G, Naes - Developed the program for the iiquid nitrogen and helium
gas recovery systems ﬁnd 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.

it
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Section 1
INTRODUCTION

A Mirror Fusion Test Facility (MFTF) is being construeted at the Lawrence
Livermore Laboratory of the University of California. This facility is one of
a number of projects being funded by the Department of Emergy 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 superconducring range, ~ 4,35 K,

In addition, cryopanels at both liquid helium and liduid 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, warmup,
and emergency magnet quench vonditions)

(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. A4 complete description of the cryogen systems being

analyzed is found in the Final Report,
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1.1 PROGRAM DESCRIPTION

The MFIF Cryogenic Systems Analysis Program is a flexible, broadly applicable
systems parametric analysis tool. The program will effectively accommodate
systems of comsiderable 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 amalysis,

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

/

with the fluid return connection. Ther, 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 cyele
definiticns 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
comporent 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 anmalysis proceeds through the

system configuration.

The program permits system analysis to either sinmgle or multiple sets of
operating demands and constraints, and, produces as output, the required

component and system sizing information and computed performance values

- gt e,

necegsary for tradeoff studies. Data output in report-type format is easily

accommodated into the program structure.

The intended purpose of the program is to provide am analytical tool which

permits rapid parametric evaluation cf cryogenics applications programs and

[2%]
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sys:eﬁs 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 accommodating 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 machice.

In sumary, the putpose of the program may be said to be that of providing an

improved general analysis tool for ¢ryogen technology applications.
1.2 PROGRAM STRUCTURE

The MFIF 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 bloek 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 datd 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 toc compute
performance, strenmgth properties, and other characteristies, as a function of

up to four variables per data table,
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FROGRAM INPUT

SYSTEM(S) CONFIGURATION

INPUT PARAMETERS

TABLE DATA BANK (FUNCTIONAL PROPERTIES DATA)
PROGRAM OPTIONS (INPUT/OUTPUT CONTROL)
PROGRAM INSTRUCTIONS (COMPUTATION OPTIONS)

L

PROGRAM COMPUTATION

MASS TRANSFER ~ ENERGY REQUIREMENTS — FLUID

STATE DETERMINATION — THERMODYNAMIC PROCESSES —
RESIDUALS = FLUID FLOW COMPUTATIONS — HEAT TRANSFER — -
SIZING, CALCULATIONS = CUMULATIVE PARAMETER STORAGE

-FOR-

CRYOGEN FLUIDS = LINES ~ FITTINGS = VALVES ~ MAGNETS -
CRYOPANELS = REGULATORS — REFRIGERATOR=LIQUEFIERS —
TANKS -~ COMPRESSOR-PURIFIERS — HEAT EXCHANGERS -
RECUPERATORS = PRESSURIZATION PROCESSES - CONTROLS

g

N
PROGRAM QUTRUT
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 componeut perfcrmance
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 datc are carefully ordered such that curve-fitting
rovtines can extravolate data points with good accuracy and speed. The
prepared data array is punched into data card decks and verified For
cervectness, All data tables are logged as to reference, source, date of data

acquisition, and pertineat data limitations such as range of application, etc.

Siace a large volume of table data can be required by the program, 2 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 totai 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
grinted out just prior to the system computed data oucput-as a means of imput

verification,
1.2.2 Program Computation Logic
For the MFTF*CSA program to accommodate the possible range of cryogenic

systems likely to be considered and perform as a general svstems analysis

tcol, the following three premises are established:
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(1) Any logical combination of supply tanks, lines, Fittings, valves,
regulators, heat exchangers, superconducting magnets, cryopanels,
and "cryogen-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 subsyatems to be fed from a common cryogen

supply source.

Although these premises appear to force the generation of a very large
program, dn examization of a number of individual cryogen system concepts

reveais a marked similarity and commonality of components by kind.

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

to be manipulated.

1.3 PROGRAM DATA STORACE

The pregram makes use of a number of defined CPMMEN storage bloeks in order

to provide for the relatively large amount of daya input, storage and transfer
which occurs in the various subprograms. These UPMMPN blocks are defined
only once in FPRTRAN PRECEDURE DEFINITI@N PROCESSPRS (PDP's) and thereafrer

are transferved to any using subprogram by the use of the FORTRAN INCLUDE
statement. The form of the FYRTRAN procedurez employad is described in the

following paragraph.

The @PDP statement calls the Procedure Definition Processor, which ie 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, ard any
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number of procedures can be defined in an element. FURTRAN 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 Precedure 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 F@RTRAN PDPs employed in the

program is presented in Table 1.

Table 1

TYPIGAL FORTRAN PROCEDURE DEFINITION PROCESSOR

#PL2LFL CONTRL
PDR-9B LMSC42 12/11/78 18:16:15

PE0OO! CCNTRL. PROC

0002 ¢

0003 PARAMEYER NBRSY=4, NBRSR=4

€004 ¢ .
0005 INYEGER SCRIT,SYSNUM
0006 ¢
0007 COMMON /CCNTRL/ NAWMSYS{NBRSY).SLRIT,SYSNUM
0008 1, INTGSY MDTRC(11},KSUBCINBRSY,NBRSK) , LREPT
0009
0010
oon
o112
0013
0012
0015
0016
0037
008 .
0019 END :

1 FOR SuB-CRITICAL
2 FOR SUPER-CRITICAL
1, MAGNEY LHE SUFPLY SYSTEM

SCRIT =
1
= 2, CRYQPANEZL LhE SUPOLY SYSTEM
k]

SYSNUM

"3, GHE RECQVERY 5YsTzY
#; LNZ SyPPLY SYSEM

DOOOONOOO00

END POP ERRORS : NONE

The FERTRAN PDPs employed in the program will contain, usually, PARAMETER
statements, declaration statements for REAL cr INTEGER variable names,
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CPMMPN definitions and labels, LOGICAL statements, DIMENSIGN and EGUIVALENCE
statements, and, usually a set of CEMMENT cards which define the variable
set listed in the labeled CPMMEN.

1.4 PROGRAM OPERATIONAL SEQUENCE

The program capability for accommodating a aumber of different kinds of

systems analysis derives from the use of built-in sequencing indices. The
indices are stored as data statements in subroutine STPDTA, and are readily

available to & programmer or knowledgeable program-user for restructuring, if
,necessary, The indices are used by the various system amalysis subprograms to
direct the analysis from one set of procedural steps to the next in a
preprogrammed mamer. 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‘initiacion is accomplished through the driver subroutine C@NTRL.

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, 2 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, Nate
that the "echo" also permits verification of the number of words in any given

table, thus aiding the user in troubleshooting incomplete table entries.
CYNTRL then reads in the name and type of system to be evaluated, This is
followed by a call to subroutine CYMPIL which reads into core the cryogen

system input data deck containing the system data input, configuration

sequence, and pertinent system and cemponent parametric informationm.

Subroutine CONTRL mext calls subroutime MAGNET to process the calculations

required for the system being considered. Completion of the required
calculations causes progcam control to return from MAGNET to C@NTRL.

/
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Table 2

DATA TABLE "ECHO"

TEST CASE FOR THE NFTF MAGNET SUPPLY SYSTEM (CvI)

TABLE INPUT SUMMARY

TABLE TITLE OF TABLE NUMBER OF NUMBER OF NUMBER OF
NUMBER DIMENSIONS SUBTABLES ~ _  WORDS
1 FTu OF 321/347 ST.STEEL 2 1 34
2 FTU DF 2219-T87 ALUM. 2 1 34
3 FTU DF B0B1-T§ ALUMINUM 2 | 34
4 FTU OF INCONEL-718 2 1 34
5 FTU OF TI-gAL-av 2 1 34
6 FTU OF 304 ST, STEEL 2 1 36

TCTAL TABLE STORAGE = 206

Subroutine CONTRL then tests to see if additional system data decks are tﬁ
be read inj if so, it does and repeats the cycle; if not, CENTRL calls EXIT

and terminates the rum.

Abbreviated flow-charts for CNTRL and C@MPIL, are presented in Figs. 2 and

3. Detailed flow-charts for major subroutines are provided in Appendix C.
1.4.2 Program Sequencing Subrovtine

The mecharism for controlling the Analysis sequencing is set up in Subroutine
CPNTRL. This subroutine performs the major branching Ffunctions of calling

in the various subprograms needed for each specific system type analysis,
Key variables used by CONTRL to effect this control over the analvsis

sequencing are SYSNUM and SCRIT. For each cryogen system (and system kind),
there exists a preprogramed set of indices stored on a data statement KSURC

(SYSNIM, 1) which defines the order in which the major analytical subroutines

will be called. This set of indices are uged in CPNTRL for sequencing

purposes.

The initiation of specific system calculations occurs in Subrcatine CONTRL,
For any of the cryogen systems, CONTRL will obtain from labeled common
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C PROGRAM CONTRL)
;

INITIALIZE DATA
STHRAGE ROUTINES
AND SET DATE

CALL STPDTA
CALL ATUNIY
CALL DATE _

NCASE = 1
INTGSY = 1

y

READ (5000) NAME, DEPT, BLD, EXT, TITLE :

COLLECT DATA TABLES
AND STORE DATA ARRAYS
~ CHECK ARRAY AND
ECH® TABLE; SUMMARY

v

READ (5001) '
e NSYS, NI, NCRIT.

(TABLE DATA
{ DECK ¥FIT.R
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CCNIRL, the values for SYSNUM and SCRIT. This permits access to the indices
stored in the preprogrammed set of data statements KSUBC (3YSNUM, 1), The

branching index JKM then can assume the value of each stored sequencing index

in a given KSUBC data statement as CPNTRL cycles through its "1" loop. The
KSUBC data statements are physically located in Subroutine ST@DTA and are

available through labeled common CCNTRL via an INCLUDE statement.,
1.5 TINPUT DATA

The input data deck structure provides wide flexibility in modeling the MFIF
cryogen systems, permitting the evaluation of gsystem modification tradeoff
analysis. The segments of input data to be read are gemerally 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 Gontrol Card

(4) Add-File Card - To cause loading of "Table Data" file - or - Actual

"Table Jata" cards may be placed here, replacing the Add-File card

(5) System Definition Card ‘ I

(6) MAGNET Input Data Cards

(7) Magnet Configuration Definition Data Cards

(8) CRYPAN Input Data Cards

(9) Cryopanel Configuration Definition Data Cards
(10) REFLIQ Iaput Data Cards
(11) Refrigeracor-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 (1}, (2), and (5} are read directly by subroutine CUNTROL. Cards (3)
and (4) are re.. by subroutine INTAB, called by CPNTRL. Cards (6) through
(13) are read by subroutive CPMPIL, called by CONTRL. Cards (12) are read

by subroutine ¥2MAIN ard Cards (13) are read by subroutine DATAIN, each called
by subroutire CONTRL.

1.5.1 Input Data - Card Definitiua 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 eard

is required in every run deck. The card contains the fallowing information:

Name, Dept., Bldg., Extension
Gp(b) =~ Card-l

4 case 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 the title. Short titles are to be centered ip the 72

spaces.
1.5.1.2 Table Data Input Cards

Gple) - Curd-i

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

IFT, $FT, NPRT, NERT?

13
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NPRT2 =
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Table Data Input Drum Unic
Tabla Data Qutput Drum Unit

Table Data Echo Print Control

0, Print All Tables, One Table per Page

1, Print No Table Output

2, Print All Tabtes With no Page Eject - Table Dump
Control for Table Summary

1 Print Brief Table Summary

1 Print Brief Table Summary

Gp(d) - card-1 (Normzl Setup)

If the Table Data has been entered and stored as a DATA File, then the Dara ;

File may be assigned and Card-1 here will be a simple:

@ 4DD,P FILNAM

where

FILNAM is the Data File mmemonic.

If the Table Data are on cards to be read 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 -
ND -
NC -
IP -
NT -

Table Title (Deseription) :
Number of Dimensions in Table (MAX = 7, MIN = 2)
Number of Comments Cards in Table

Plot Option

(0 = No Plot, 1 = Plat Table)

Table Number

16
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Gp(d) - Card-2

Table comment Card - Gives further description of table data and data

raference 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.

LABY -  Varigble Label
NP - Number of Values to be used (is also number of dara subsets)
TAB - Value, Valuez’ e valuenp

There must be (ND-2) of these cards present in Table Set. (¥D = Number of

dimensions in Table.)
Gp(d) Card-4

Table Plor 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 fard - card contains:

L - Number of Data Point Sets (X,Y) or Number of coefficients
T(?E - Type of Data in Table

= (), Coefficients of polynomial

= 1, Discrete data points from curve

= 2, Equacion

NIP - Number of points to be used for data interpolation
» W
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 $ét.
Gp(d) - Card~6

Table Data Card:

For discrete daca 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: Clx2 * sz + c3 = 0y Input as Crr Cy»

03 and 8V = 3)

There are N¥V/3 discrete data cards required, or NV/6 coefficient data

cards required,

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

1.5.1.3 System Definition Card

Gple) - Card-1

The system definition card provides che system identification; specifies
whether the system has a suberiticzl or supercritical fluid supply subsystem;
and, specifies whetler or not additional systems are to be read in for

additional case corsideration. The variables which are read are:

NsYs - First three letters of syztem name
Nl = Additional six alpha spaces for rest of system name

HCRIT =~ First three letters of suberitical or supercritical
There must be one system definition card in each :ystem input deck.
1.5.1.46 Primary Component Characierization Data Cards
for each of the MFTF cryogen system and subsystem fluid circuits considered,

there are primary components such as magnets, cryopanels, refrigerator-

liquefiers, ete., which must be characterized in terms of energy transfer into
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or aut of the system, The input data cards for each of these primary

componeats provide the boundary conditions and parameters necesgary to compute

the steady-state operating conditions resulting for a givem set of input

zonditions.

1.5.1,4.1 Magnet Component Data Cards, The magnet characterization data are

presently input on two data cards, The variables employed are definad as

follows:

Gp(f) - Card-l

PHAGDH
TMAGDW -
HEMAT -
QMAGE -
VHEMAG -
VERMDW -
VHESDW -

Gp(£) - Card-2

HDMAGT -
HDMAGY -

HDMAGC -
NMMAG -
WDTLHI -
OLRSDW -
QLEAKL -
QLEAK? -

Magnet Dewar Preasure (kPa)

Magnet Dewar Liquid Helium Temperature (K)

Molecular Weight of Helium (4.0026 Gm/Mol)

Magnet Heat Load Into Helium System (J/s)

Volume of Liquid Helium in Magnet (liters)

Nominal Volume of Liquid Helium in Magnet Dewar (liters)

Nominal Volume of Liquid Helium in Storage Dewar (liters)

Liquid Helium Head Height at Magnet Inlet (m)
Liquid Helium Head Height at Magnmet Outlet {(m)

Liquid Helium Head Height at Magnet Center (m)

Number of Magnets in Assembly

Mass Flow Rate of Liquid Helium Leaving Magnet Dewar (kg/hr)
Bzat Load Into Magnet Storage Dewar (J/s)

Heat Load Into Fluid Lines (J/s~n?)

Heat Load iInto & Valve Assembly (1/s-u?)

1.5.2.4.2 Cryopanel Component Data Carde, The Cryopanel characterization data

are input on three data card types. Variables are defined as follows.
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Gp(g) - Card-1
NUMCRP ~  The Number of Gryopanels To Be Considared
PCRYDW = {ryopar- | Liquid Helium Dewar Pregs-:zz (kPa)
TCRYDW +=  Cryopanel Liquid Helium Temperature in Dewar (K)
VHECDW -~ Nominal Volume of Liquid Helium in Cryopanel Dewar (liters)
WDTL.CH - Mags Flow Rate of Liquid Helium Leaving Cryopanel Dewar
{kg/hr)

HEMWT = Helium Molecular Weight (4.0026 Gm/Mol)

Gplg) - Card-2

QCR(1) Heat Load Into ith Cryopanel (J/s)
VHECR(I) - Fluid Volume of ith Cryopanel (liters)

HOCRI(I}) =~ Liquid Helium Yead Height at Inlet of ith Cryopansl (m)
WCRE(I) - Liquid Helium Head Height.at Jutlet of ith Cryopanel (m)

WDTCR(I) - Liquid Helium Mass Flow Rate Into ith Cryopanel {kg/hr)

There will be NIMCRP sets of Card-2,

Gplg) ~ Card-3

QLEAR! - Head Load per Square Meter Into Cryopanel Lines (J/s-m?)
QLEAK2 - Heat Load per Square Meter Into Cryopamel Valves (J/s- 2)

1,5.1.4.3 Refrigerator-Liquefier Data Cards. The Refrigerator-Liquefier

characterization data are input on six dara cards with the variables defined

as follows:

Gp(h) ~ Card-1

Eleven Cold-Box temperatures are input for points of inmterest in Che

Refrigera.or-Liquefier subsystem:

Tce(1) ~  High Pressure Helium Gas Temperature Into Cold Box ~ From

Compressor (K)
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TCB(2)

TCB(3)

TCB{4)

TCB(5)

TCB{6)

TCB(7)

TCB(8)

TCB(9)

TCB(10)
TCB(11,

Gp{h) - Card-2

t

LMSC-D673325

Loy Precsure Holium Gas Temperature Qut of Cold Box ~ To
Compressor (K)

High Pressure Helium Gas Temperature Qut of Liquid
Nitrogen Precooler (K)

Saturated Liquid Nitrogen Temperature at 1 Atm. (K)

High Pregsure Helium Gas Temperature Out of Second
Intermediate Heat Exchanger, and Inlet Temperature Imto
Warm Gas Turbine Expander (K)

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

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

Average lLow Pregsure Helium Gas Temperature Into Cold
Box (K)

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

Joule-Thompson Valve Exhaust Fluid Temperature (X)

Cold Gas Turbine Expander Exhaust Temperature Into Fifth

Intermediate Heat Exchanger (K)

Eleven Cold-Box Helium Enthalpy values are input for the cerresponding

temperatures and pressures at positions of interest in the Refrigerator-

Liquefier subsystem (Entﬁalpy vazlues are in J/Mol):

HENTH(1)
HENTH(1}
HENTH(3)
HENTH(4)
HEWTH(S)
HF NTH(6)

b

‘Enthalpy at TCB(1), PCB(1)

Enthalpy at TCB(3), PBC(1)
Enthalpy at TCB(5), PCB(1)
Enthalpy at TCB{7), PCB(l)
Enthalpy at TCB!9), PCB(1)
Enchalpy at TC5 "), BCB(2)
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HENTH(?) =~ Enthalpy at TCB(3), PEB(2)
HENTH(8) - FEnthalpy at TCB(6), PCB(2)
HENTH(S) - Enchalpy at TC3(11), PCB(2)
HFNTH(10) - Enchalpy at TCB(8), PCB(2)
HENTH(11) - Enthalpy at TCB{10), PCB(2)

Gp(h) - Card-3

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

conditions (pressures are given in kPa):

PCB(1} - High Pressure Helium Side of Cold Box
PCB(2) - Low Pressure Helium Side of Cold Box

PCB(3) =~ Vitrogen Precooler Pr2ssure

Gplh) - Card-4

Five Cold-Box mass flow-rate values which characterize Refrigerator-Liquefier

steady-state conditions are input as follows:

WDTCB(1)

I

Mass Flow Rate Into High Pressure Helium Side of

Refrigerator-Liquefier Assembly

WDTCB(2} ~ Mass Flow Rate of Bleed Helium Into Warm Gas Expansion
Turbine

WDTCB(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 tojReplenish

Storage Dewars
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Gp{h) ~ Card-5 and Card-6

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

as follows:

TN2L -~ Lliquid Nitrogeat Saturation Temperature at Prescribed

Pressure (K)

PN2L, - LN, Pressure (kPa)

DN2L = LN, Density at Stated T&P (ng/ms)

HN2L = LN, Enthalpy (J/Mol)

DN2LL - Saturated N, Vapor Density (kg/m3)

HN2Y - Saturated N, Vapor Enthalpy (J/m)

N2 - Temperature of N, Gas Leaving Head-End Exchanger (K;
DNI¢ - Enthalpy of N, Gas Leaving Head-End Exchanger (kg/m )
N2 ~  Enthalpy of N, Gas at PCB(3), (J/m)

GMWTN2 - Molecular Weight of Nitrogen

HEMWT - Molecular Weight of Helium

Gp(h) - Card-7

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

RefrigeratotiLiquefier are input as follows:

¢LE@&1‘ " - Heat Load Into Refrigerator-Liquefier Lines (J/s—mzl
_PLEAR2 .~ - Heat Load Into Refrigerator-Liquefier Valves (3/s-n")
s

: N
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 which
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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

varigble 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 varizbles which are allocated to the card are as follows:

CFUNCT

CETYPE

CN@PER

CHEAD

CMTYP

FRCAEF

LgD

$ix alpha characters which specify either the fluid,
consumer assembly, or syétem component 1item, currenély

being considered. The allowable names are defined in DATA
(FNAME) located in subroutine ST@DTA, and further

described in PDP-CONFIG
A single, or, two digit number which characterizes the
type or kind of fluid, consumer assembly, or system

component item
Single digit number ~ for number of consumer assemblies,

or component items operating in parallelj 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 compoment
relative to previously entered head-height change. (Real
Numbar - meters)

Single digit number which specifies the material type for

the system component item, CMIYPE values are defined in
PDP-CONFIG. For fluid parameter card, CMTYPE is used
for-variable GLOPP to i icate a subbramch of a major

fluid circuit loop
Variable containing the friction coeificient applicable to

the system component item being considered
Leagth over diameter ratio, or length applicable to the

system component item under consideration (Real Number)
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DIAM - Diameter (1.D. or Port) applicable to system component
item being considered

CITYPE - Integer defining insulation type emplovea for system
component item being considered

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

NBAR - Number (Real) of insulation layers pqr*inchfof thickness
for component item being conaide;ed'

CODE -~ Six alpha character code name for component item under

consideration (i.e., PS02, ete.)

~There must be one card for; (a) each £luid and fluid state change, (b) each
fluid system component items, and (c) each fluid sy;tem line segment item, A
typical configuration table is illustrated in the Input Data Deck Example
g;ven in section 1.5.5, The very last card in the configuration data set must

‘have END entered in the CFUNCT field, since this is required in subroutine
CAMPIL to terminate the READ loop, (It is aiso advisable to use card

columns 73-80 to number the configuration data cards,)

.

1.5.1,6 Liquid Nitrogen System Data Cards

Gp(j) - Card~l

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 mumber,
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Description of each line section is conrained on one card, Data input for

each line section is completed when a negative value for XLEN is encountered,

The variables contained on the card are:

XLEN

ZIN
T
EFF

Q0,Q1,0Q2

TYPE

i

Geometrical line length (m). A value of zero is used for

any component other than a line,

The elevation of ,the component at the flow inlet (m).
The elevation of the component at the flow exit {m).

Effective length to diameter ratio to be used in pressure
drop anaiysis (consistent units),

These variables areﬁused to compute total heat flux into
each line section (QNET). QO is an additive constanc in
the expregsion for QNET and represents the actual heat
leak for line components determiped from either tests or
specification. QO is currently set to zerp for all
componenté, except Dewar shields, magnet section
cryopanelé, and magnet heat shields, where specific values
have beenlprovided by L.L.L. For shielded lines only, Q1
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 expressisn for QNET., When Q0 is zero, QI is
unity, and when Q0 is set to a real value, QI is set to

zero.
A real number between 1 and 6 which specifies component

type:

= 1, Cryogen Line
= 2, Elbow

= 3, Valve

= 4, Tayomet Fitting
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5, "T" Branch
6, Shield Line

TNDY = 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.

6p(j) - Card-3

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

)
PSTYR ~ Nitrogen storage tank pressure (kPa)
QUAL - Initial fluid quality as input to Line 1

Gplj) ~ Card=

Card & provides the cryogen line insulation characterization and the upper
temperature boundary ronditions against which computations are to be made.

The parameters are defimed as follows:

RNLAYR ~ The number of layers of multilayer inmsulation to be used

on cryogen lines and shields {Integer)
THOT - Hot boundary temperature existing on outside of insulation

materials (R)

6p(j) - Card-5

Card 5 inputs the flow requirements of the open loop nitrogen system, Each
flow requirement is summed with the resultant being subtracted from the

initial mass flow rate at the exit of line 1. The variables are defined as

follows:
WiN 14 ~ Flow requirement to the externzl vacuum system (kg/s)
WLN16 ~ TFlow requirement to the magnet “aat exchanger {kg/s)
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WLNL17 - TFlow 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:

Initial mass flow rate from liquid nitrogeﬁ ;torage tank
(xg/s)
DIA(1) = Line -] diameter (m)

TLOW

DIA(2) - Line -2 diameter (m)
DIA(3) -~  Line -3 diameter (m)
DIA(4) - Line -4 diameter (m)

DIA(S) - Line -5 diameter (m)
DIA(6) - Line -6 diameter (m)
NOTE: 4 negative value in FLOW is used to terminate the run if only

a few of the total number of cases available are to be runm.

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 gystem is contained on one card. Configuration description is
completed when a negative value for CPMP is encountersd. The variables

contained on the card are:
RL1 - Geometrical line length (m), A value of zero is used for

any component other than a line.

RNl =  The number of elbows included in the line of length RL1.
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camp(l, 1)

Gp(k) - Card-2
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The effective L/D ratio for line sections other than line

(i.e., valves)
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 pr;ssure line)

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

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 CPMP is encountered, The variables

contained on the card are:

RL

RN
RLD

comp(2,1)

1)

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

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

(i,e,, valves),
A Real Number which jdentifies 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 = filver (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 DA loup are described on a single data

card:
MINLT - 100 times the minimum flw rate (kz/s) *
MFINAL - 100 times the maximum flow rate (kg)s)
MSTEP - 100 imes che mass flow ratz increment (kg/s)

Values input are 100 times the required value in order to
allow integer input for the D@ Loop.

Gp(k) - Card-4

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

IDIAM] - 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 D@ Loop.

Gpl{k) - Card-5

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

data card:

¢ - Gas temperature (K)
PBAG - Recovery gas bay pressure (kPa)
PCPMP - Recovery compressor exit pressure (kPa)

Up to 10 cases may be investigated per run by adding additional data cards.

Fewer cases may be considered by inputting a negative gas temperature.

0
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1.5.2 1Input Data Card and Card Format Description

The input data cards which make up the program inmput data deck are Aefined by
the Read statements located in Subroutines CPNTRL, INTAB, and C@MPIL. 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 comstruction and insulation material types
employed by the various subprograms, Included also as aids in program data
setup are geveral tables which define and explain important variables that
occur repeatedly, Table 3 presents the variable names employed for econtrol,
branching and switching purpeses. 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 CHNTRL)
Variable Alpha Variable Integer
Read Input Equivalent Value System Defined
NSYS MAG NAMSYS 1 MAGNET Cooling
Cireunit
NSYS CRY NAMSYS 2 CRYOPANEL Cooling
Circuit

NSYS REF NAMSYS 3 Refrigerator- \

Liquefier Circuit

NSYS N2 NAMSYS 4 LIQUED NITROGEN
System
NSYS GHE NAMSYS 5 GHE RECOVERY SYSTEM

il



2. Control Variables:
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Table 3 (Cont.)

(Subroutine CONTRL)

Control Integer
Variable Value Description
SYSNIM = 1 Controls Selection of Subprograms
MAGNET
= 2 Controls Selection of Subprograms
CKYQPANELS
= 3 Controls Selection of Subprograms
REF-LIQ
= 4 Controls Selection of Subprograms
LN2 System
= 5 Controls Selection of Subprograms

GHe Recovery System

3. Branching and Switching Variables:

KSUBC -

Preprogrammed Branching Variable for specified

system analysis program selection - Used in
subroutine CONTRL, Defined in ST@DTA.

System Specification

[ -

14
KSUBC (SYSNIM, I)

DATA STATEMENT DEVIMITION:

Subprogram Index

DATA (KSUBC(1, 1),
DATA (KsUBc(2, 1),
DATA (KSUBC(3, I),
DATA (Ksusc(4, 1),
DATA (KSUBC(S, I},

=

-

= 1, NBRSR)/1, 0, 0, O/
= 1, NBRSR)/2, 0, 0, 0/
= 1, NBRSR)/3, 0, 0, 0/
= 1, NBRSR)/4, 0, 0, 0/
» NBRSR)/S, 0, 0, O/

—

2
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CONFIGURATION VARIABLE NAMES AND DEFINITIONS

(Used by Subroutine C@MPIL, and CMPCAL)

1. Defined Configuration Names:

Defined Input Varigble  Integer Component
Variable  Alpha Equivalent  Value Item
CFUNCT GAS FNAME 1 FLUID

CFUNCT MAGNET FNAME 2 MAGNET

CPUNCT LINE FNAME 3 LINE

CFUNCT CANTRL 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

CFUNCY REFLIQ FNAME 12 REFRIGERATOR-LIQUEFIER
CFUNCT TANK FNAME 13 TANK

CFONCT CAMPUR FRAME 14 COMPRESSOR-PURIFIER
CFUNCT HEX FNAME 15 HEAT EXCHANGER
CFUNCT END FNAME 16 END OF TABLE
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Table 4 (Cont.)

2. Configuration Variable Definitionsi

CONFLGURATION FUNCTION CODE AND TYPE.

CFINCT = 1, GAS

CFUNCT = 2, MAGNET

CFUNCT = 3, LINE
CFUNCT = 4, CONTRCL
CFUNCT = 5, FITTING

CRINCT = 6, TAP

l .

CFTYPE

No options

CFTYPE
Uses two
IDVY
CFTYPE
v

CFTYPE

Uses two
LDV
CFTYPE
LDV

CFTYPE
Uses two
LDV
CTTYPE
LDV

CFIYPE

1, Yelium

2, Nitrogen

10 a fixed number

digit index as follows,

Tens digit (10, 20, etc.)
Units digit (1, 2, etc.)

10 for light weight control
20 for medium weight control
30 for heavy weight control
40 for extra heavy control

1 for orifice

2 for flow meter

digit index as follows,

Tens digit (10, 20, etc.)
Units digit (1, 2, ete.)
10 for use in line only
20 for 50% reducer

30 for 20% reducer

40 for bayonet fitting

1 for miscellaneous fitting

digit index as follows,

TS

Tens digit (10, 20, etc.)
Unies digit (1, 2, etc.)
10 for use in line only
20 for 6 x 4 x 6 R-0-TEE
30 for 6 x 2 x 6 R~O-TEE
40 for 2 x 2 x 2 Y-TEE

1 for TAP



R

CFUKCT

CFUNCT

CFUNCT

CFUNCT

CFUNCT
CFUNCT
CFUNCT

7, TEE

8, ELBOW

9, VALVE

10,

11,
12,

13,

LMSC-D67322]

Table &4 {Cont.)

LDV
CFIYPE
LDV

CFTYPE

LDV

CFIYPE
LDV

CFTYPE

v
CFTYPE
v

CFTYPE
REGULATOR CFTYPE
1DV

CFTYPE

CRYOPANEL - No options

Uses two

Uses two

Uses two

digit index as follows,

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

30 for 3-WAY TEE

I for TEE

digit index as follows,

Tens digit (10, 20, etc.)
UnitS'digit~(1,‘gl_gpc.)
10 for use in line oni&
20 for 45 deg elbow

30 for 90 deg elbow

40 for 180 deg elbow

1 for elbow

digit index as follows,

Tens digit (10, 20, etc.)
Units digit (1, 2, ete.)
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, ete.)”
10 for line use only

20 for single stage regulator

1 for regulator

REFRIGERATOR-LIQUEFIER = No options

TANK - No options
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CFUNCT
CMTYPE

CITYPE

CN@PER
CNSTBY
CONFIG

1
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Table 4 (Cont.)

14, COMPRESSOR-PURIFIER - No options
15, HEX

" 16, END

CFTYPE = 1 for high pressure
= 2 for low pressure -

No options

CONFIGURATION MATERIAL TYPE

CMTYPE

~
-

8

-

CONFIGURATION
CITYPE = I,

COLUMN 1

COLIMN 2
COLUMY 3

2
3

~-

321/347 Stainless steel
2219-T87 Aluminum alloy
6061~-T6 Aluminum alloy
Inconal-718 Alloy

Titanium TI=-6AL=4V Alloy
Type 304 Stainless steel
CRES Vacuun jacketed line
2219 Vacuum jacketed line
INSULATION TYPE

Dbl alum Mylar/silk net

Dbl gold Mylar/silk net

Dbl alum Mylar/Tissuglas
Crink dbl alum Mylar

MRC-2 crinkled aluminized Mylar
Superfloc

Microspheres (104-135 micron)
Polyurethane foam

Fibergla.'ss batting (JM)

10, Vacuum jacket insulation
NUMBER OF OPERATIONAL UNITS (CFUNCT)
NUMBER OF STANDBY UNITS (CFUNCT)
CONFLGURATION TABLE

Contains the above 6 variables packed one per byte

in the order they are listed from left to right in

the word.

Contains the flow friction coefficient.

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,

COLUMMN 5 Containg the insulation thickness for a line.

COLUMN 6  Contains the nimber of insulation layers

COLMN 7  Contains the ID of the component”

COLUMN 8 Contains the delta head at the component position in
. . '

the system.

o s
. e

3. Computed Variables Definitions: (LHe Systém) -

PRES

TEMP

WDETN
WDGTL
WTG

QuAL
DELP
VELY
RDENS

REYNG
CMPVAL

MACH

~

Pressure at each point in the configuration (kPa)

Temperature at each point in the configuration (K)

Total mass flow-rate at each configuration poinc (kg/hr)

Liquid mass flow-rate at each configuration point (kg/hr)
Gaseous fluid mass flow-rate at each configuration point

(kg/hr)

Fluid quality at applicable configuration points
Pressure drop at each configuration point (kPa)
Fluid velecity at each configuration point (m/hr)

Flvid density at each configuration point (kg/m3)
Reynolds Number at each configuration point
Component volume at each configuration point (m”)

Mach number at applicable configuration points

&, Computed Variables Definitions: (LN2 Distribution System)

PKEA
Wit

WHTL
WV

FRICT
REYN
VAPVEL

Pressure at each line configuration point (kPa)

Total mass flow rate within the line (kg/s)
Liquid mass flow rate (kp/s)

Liquid mass flow rate (kg/s)
Friction factor for use in kinetic pressure loss
Reynolds Number

Vapor phase liaear velocity (m/s)
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vAPYCH
GUALL
QUAL?
PGRAD

DENS
T2

QNET
COMLI

WLY 14
WLN16
WLN17
WLN19

LMSC-D673325

Table 4 (Cont.,)

Mach number of vapor

Mass quality at inler of line section

Mass quality at exit of line section

Linear pressure gradient in line sections where applicable
(kPa/m)

Liquid/vapor mixture density (kg/m?)

Temperature of mixture at exit of line séction (K)

Heat rate to line section (W)
Thermal conductivity of double~aluminized mylar over

insulated lines (conversion to SI units accomplished in
expression for QNET) (W/em=X)

" Flow rate required for external vacuum system (kg/s)

Flow rate required for magnet heat exchanger (kg/s)
Flow rate required for refrigerator cold box (kg/s)

Flow rate required for helium purifier (kg/s)

Computed Variables Definition (Gaseous Helium Recovery System):

DIA
MDAT
REYN
F

P
PGRAD

RMACH
DEN
D

tine diamecer (m)

Max flow rate {(kg/s)

Revnolds Number

Friction factor for use in kinetic pressure loss

Pressure drop incurred across the line section (kPa)
Linear prey;ure gradient computed for plumbing lines only
(kPa/m) ,

Mach number of the gas at the section exit plame
Density of gas at exit of the line section (kg/mB)
EEfective L/D ratio far the line section which combines L/D
ratios for components with geomerrical L/D
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—— Inm LOCKHEED MISSILES & SPACE coMmaNy, e, | % ™ ™™
Checked by: Date Titla Wedal

I TABLE DATA CARDS
Approved by: Deate (FOR STORED TABLE FILE) Repert No.

FOMM LMSC 4z n-3

CARD TYPE Gp(c) CARD~1

CARD FUNCTION

TABLE DATA ECHO CONTROL CARD
READ BY - SUBROUTINE INTAB

CARD FORMAT - (515)

IFT
OFT
NPRT
NPRT2
(BLANK)

joatopooooeacopioaedoooopotoocoanor R0 OagC00C0B000C000GCO0C00E0R 00 (111

R RN L (T I B R e R e R I PR SR R B NG R TR 3 F e &

CARD TYPE Gp(d) CARD-1
CARD FUNCTION - TABLE DATA FILE - ADD CARD

READ BY SUBROUTINE INTAB

CARD FORMAT - @app - FILE ADD COMMAND

REF. - UNIVAC-1100 MANUAL

@ADD,P FILNAM

poo0000000000000000R8UQNC00000C0I00NO0R000C0OCRO0ONO00O0D0RO0R00ORODCORO0NNORATRD

RS  rS AURUNBITUBANRBIUNTAHSOQUULGOROENUBRELFYBUERUNSBIORAN RN GE AN

40




; P Temp, Pam,
Prapared by: ID"' LOCKHEED MISSILES & SPACE COMPANY. INC. |
Chacked by: Date Title Model
ALTERNATE TABLE DATA INPUT

Approved by: le «~TABLE DATA DECKS- Report Na,

CARD TYPE - 6 (e caRD-1

CARD FUNCTION =~ TABLE DATA DECK ECHO CONTROL CARD

READ BY - SUBROUTINE INTAB

CARD FORMAT - (515)

1IFT
OFT

NPRT
(BLANK)

(RN RRNN RRRLIANNR]I NARE)

IREERT RN HRREER IR W] (k- ¥

RotaeaeonsnotanononaearvIoareaoanosganatancdn L

FUNNADANIBAPNARERNHGRN AP PN BUTAIRGNEBBSITHINI YR AN

CARD TYPE - Gp(d) CARD-1

CARD FUNCTION - TABLE I1.D. AND CONTROL CARD
READ BY - SUBROUTINE INTAB

CARD FORMAT - (446, 416)

TITLE

grogeaoegoo0d00dcaroorane

ND | NC ir NT

sdcogsNdaopaoonepd00n0NO000NCOGORO0000O0DRIB0NOTNYIY

CITAS RSN ug o dn dn NS RN up T NN L KW R NS G e SN ML NG NuE AN TR

CARD TYPE - Gp(d) CARD=2
CARD FUNCTION - TABLE COMMENT CARD
CARD FORMAT - (1346, A2)

COMMENT

BREO N0 0oTONABIRONeOOONOaBBaeON RO arONo0O0R00R00QOR0ON0000GOO00B0O000I000TS

R R R R R L LR TR R Y S SRR D DO TR ERUTE HEE SRR A T L E AL MR R RN Y

CARD TYPE = Gp(d) CARD-3
CARD FUNCTION - = TABLE SUBSET VARIABLE CARD
CARD FORMAT - (346, 17, 5E10.0)
LABY NP TAB TAB TAB TAB TAB
R L L R N L L T LR N R L R
R R R R E R IR FER R R ERHIGEY TR TR BIE TTEF O T R RT EE Y]

FOMM LMSC 382 5-3
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BO0000000CUBORaDRO[RBIDRRNTDOiORItiRIIRCRRIuItuCIRotnnnonIogy
IR KR R R YRR e Y R L LT

UH MU EDHNN

Prepared by; ID"' LOCKHEED MISSILES & SPace comeany. e, |00 "™ ™
Checked by: Date Title Mode!
| ALTERNATE TABLE DATA INPUT
Approved by: |Dn'0 = TABLE DATA DECKS - Report No,
CARD TYPE - Gp(d) CARD~4
CARD FUNCTION ~ TABLE PLOT CONTROL CARD
READ BY - SUBROUTINE INTAB
CARD FORMAT - (346, 346, 2E12,0)
LABX LABY XMIN XMAX

JEONQORODEOTIROTINNG

ICUETY B HE HE RS TG

CARD TYPE - Gp(d) CARD-5
CARD FUNCTION - TABLE SUBSET DATA CARD
CARD FURMAT - (216)

W | TYPE | NIP

goouoopaaacasenoatpaoesnayooonnaRIQaqaanaIoBdoIO0RICO0 0000004 GaRRN 10884

TIIANERE RO AN AR AN AR AP U NOQARB G ELRTTANGETIHARRTUOETEHRI AN L)
CARD TYPE - Gy(d) CARD-6
CARD FUNCTION - TABLE DATA CARD (POLY NOMIAL COEFFICIENTS
CARD FORMAT - (6E12.0)

XTAB XTAB KTAB XTAB XTAB XTAB
IMMMMHIIIMIMHIMIMIMIMIMIH’.GIUUMLIMMMBMMHHMMHIIMIMI
TITES STy sugdas RSBy BuyEpInCaugdonoups e ausaadapesitcieennnthninann

CARD TYPE - Gp(d) CARD-6
CARD FUNCTION - TABLE DATA CARD (DISCRETE DATA)
CARD FORMAT - (6E12.0) '

XTAB KTAB ATAB XTAB XT¢3 XTAB
M]HINNll‘l”0M”lﬂlﬂllll“l”ﬂlllIHHMMJIIﬂllHlﬂlﬂllﬂllﬂllllll'll“ll|ll
P et rangund pHRNRARADRRZAN S MUURAOQGASd¢ e @I Tuus g aiRp AR gauanIpIn sy an

FORM LMSC a2 B-2
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Prepared ‘by: [D"" LOCKHEED MISSILES & SPACE COMPANY. INC. Page Trmey Fem
Checked hy: Date Title Medal
l SYSTEM DEFINITION

Appravad by: Dare INPUT CARD Report No,

CARD TYPE - Gp(e) CARD -1

CARD FUNCTION - SYSTEM DEFINITION CARD

READ BY - SUBROUTINE CONTRL

CARD FORMAT = (43, A6, 3K, A3, 14X, A3)

N

NSYS
NI

1Ipetans

INTGR

NEoanaooeoo o ocOaRgIaotooNcIOaIONRIQsConQaa0BONGLIRI UL

RE] REAREEI LI ¢

TELEREEHER RS L F1 b e B IR DT EY DB TR R DDLU AR R -

~ THIS IS A BLANK SPACE -

GO TO NEXT PAGE

gogdnoonuaocoeneaono0naNCOaO00a0ROOROROCR0OROY0 000000

R R R S L L N L D LR R R

FORMA LMESC 384283
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FORM LMSC 362 8-

Prapored by: ]D"' LOCKHEED MISSILES & SWACE COMPANY. INg, | °% "™ ™™
Chacked by; Date Tirle Wodel
‘ MAGNET DATA TWPUT
Approved by: |Dnu DATA CARDS Report No.
CARD TYPE - Gp(f) CARD=1
CARD FUNCTION - MAGNET DATA CARD
READ BY - SUBROUTINE COMPIL
CARD FORMAT = (7710,2)
= = © = ;
a i
: | B | g | § | B | B |
g ) 5 $ g = 2 |
[ g = =7 5 5 s :
lﬂItHDllﬂﬂIlillﬂllll“MlﬂllﬂlrﬂlIIIHIILHNIIIDBM NEDCONDNERIORBEICIIRItaionl
IBENEEREREH RHUFT T IR F] (B REFHHE B (EE RS $1B §: TH HGEAC R RIE FES AR T AL i ] U RN E R I E R Rk |

CARD TYPE - Gp(f) CARD-2

CARD FUNCTION MAGNET DATA CARD

|
!
|
SUBROUTINE COMPIL ‘L
[

READ BY -
CARD FORMAT - (3F10,2, 15, 2F10,2, 2F10,4)
5 g ¢ lg| z 2 -* o
z 4 | ] 4 g
Z z : || & g B 3 '
- = po-] = e [od o o
lN!‘MlUﬂjPHMHHOINIUIO“MIBMNIIIHIHIUHHIBMMMIMMNIMIHNJHUI
[EEEENREE] :‘l'!';uu"ll!u?hlH”HIH:HHI"::Tl“”l:“ll’l“““'“illlHHI’I\!I!I!HHH! (padepdugakioenanategeinns
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. Temp,  Pavm.
Praparad by: ID‘" LOCKHEED MISSILES & SPACE COMPANY. INC, | °7°
Chackad by: Date Title Medel
l CKYOPANEL, INPUT DATA
Approvad by; |D‘“' DATA CARDS Report Mo,
CARD TYPE - Gp(g) CARD=1

CARD FUNCTION CRYOPANEL DATA CARD

READ BY = SUBROUTINE COMPIL
CARD FORMAT - (15, 5%, 5F10,2)
& Z z =
g > 5 é 9 g
z el Bl B | B | & N
Z & & s = z
paodIpotlo HHM“Ilrl””Il”"l”"l“llllllﬂ”|NIHHIIIMMMIHI”HNI ]
BRI RERE: RN SIEFR SN S F] IHIIHHI.‘\Ile“HU“ﬂ'”"‘I O IR TR R EUHEE (AR A TR R R S FA )

CARD TYPE -G (g) CARD=2
CARD FUNCTION - CRYOPANEL DATA CARD
CARD FORMAT - (5F10,2)
~~ ~ ~ L)
- (] - ]
a 3 S = 3
hed %] <4 4
S 5 g g g
o - = = =2
NNININl””llllllllllllllll wa0on0onspRRReRROIeQOBIODROORODDDRO000RCA0DD (1}
SN R L R g - F e L L RS LR LR LT DR R R R R ) ¥

CARD TYEE = Gp(g) CARD-3
CARD FUNCTION = CRYOPANEL DATA CARD
CARD FORMAT - (2F10.4)

{2

QLEAK1
QLE

SUROROOONINRIIRINCII0RO00ONODNODRNNNODROOOO0OOEOOROOCOIOOOGROODD ULLLL
V2L 0f o b0 8 S I TINS5 0050200000000 00A7 0T S0 E0 8T8 0N BTG 00 Y T

FORM Lwsc 382 B-3
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Propared by: |°"' LOCKHEED MISSILES & SPACE COMPANY. Inc, [T " ™
Checked by: Date Title Mede!
| REFRIGERATOR-LIQUIFIER
Approved by: ID-!. INFUT DATA CARDS Repert No.
CARD TYPE

CARD FUNCTION

- Gp(h) CARD-1

= REFRIGERATOR=-LIQUIFIER DATA CARD

READ BY = SUBROUTINE COMPIL
CARD FORMAT - (11F7.3)
/ ]
~ ~
~ ~ ~ -~ ~ ~~ ~ -~ ~ Q -
~ ™~ m & wn o ~ 0 [ i ~
' b g N ~ ' ~ -’ (3 ~ N
S|E|E |5 |B |5 |58 28|¢8|¢8)| ¢
3l = H 3] 12 28 = B = g 13
ppognee MMIII%HII!I llllIlllIlll”lllﬂlll!flll“ﬁtlllnlll“MIIMIIHIINI 12300000
vrars b ranasupannnapRNBAEp A raARHN I RNR0 AR sae B 28R Sk BRD NI BSTRBT IO U TEIAR
CARD TYPE - Gp(h) CARD-2
CARD FORMAT - (1177.3)

/ -
”~ ~ ~ ~ ~ ~ ~ ~ ~ Q -
~ N [¢] -t 2] 0 ~ =] [=)] -t ~
S ~ ~ ~ ~ ~ v r ~— ~ ~
= - = = = = = =1 = = =
= = ) (=} = [ £
z | = = z zZ g g P g > £
=] 1% 2 135 5] o] = = = 5] =
= = - - - = = = = = H

gaoato UINHlﬂl!ll" CRRNNR] RERANR| REENNRINNRARE: NRNARY/ RRNNRY

RN R R IR LI H R R P i L i S L R EEE SR

CARD TYPE - Gp(h) CARD-3
CARD FORMAT - (3F10,4)
-~ ~ ~
=l N ™
Ao T Sar
] ] =
] Q &)
~ R ~
FWWHHNﬂ”IlIl”bl“””“l“ﬂ“l“"””INUININHMHM“MINNI L
RN L Ly R L L T L TN T TR L ks

Eomu Lasc k2 Aa-3
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a
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4
] 2
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FORM LMSC 382 A-3

CARD FUNCTION

1

CONFIGURATION DATA CARD

SUBROUTINE COME .

Propared by: lo'" LOCKHERD MISSILES & SPACE COMPANY. e, | °®* 7| ™™
Checked by: Date Title Model
| CONFIGURATION DEFINITION
Approved by: ’Dnﬂo DATA CARDS Report Ne.
CARD TYPE - Gp(i) CARD-1

READ BY -
CARD FORMAT - (46, 14, I5, F5.”, 15, 3F5,0, IS, 2F5.0,
5%, A6)
.¢
§ &8 |2 |E | & a | ¥
SR IR EA AR TN
o |d|g |68 (8 | &iA |88 |H|EZ 8
poenoogoaenacaIponne NNMIMrMN feqopaonaioaccapeancioaoynacoetioeanaqaaanongs
RRERNUNRRA U (N R0 R b TR IHIIHIHIIZ«‘.:LIUIHH]|).'!HH!HHHHililllui'xl‘i?lli!'lllnllu-’HHHHI
CARD TYPE - Gp(i.) CARD-2
CARD FUNCTION - CONFIGURATION DATA END CARD
READ BY - SUBROUTINE COMPIL
FORMAT - (46)
END
genpaoMoenRo000000000RO00NOIO0OCOROENOOR00000Q0T0QNOOCO000000DGOK000 ULLRLL
R R N R s R L L L R L L L LR IR R ¥ 1]
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EFORM LMSC 3828-3

N Temp.  Poem,
Prapored by: | Date LOCKHEED M:3SILES & SPACE COMPANY. ING. Page Tomv
Checked by: Date Title Model
| LIQUID NITROGEN SYSTEM INPUT
Approved by: IDA" DATA‘ CARDS Report No,
CARD TYPE Gp(j) CARD-1
READ BY NZMAIN
CARD FORMAT FORMAT (I5)
LINE
00000k0000RO0O00NL 0000000006000 I00T000D0GT0000N00RONDODA0GEDE0DT 100040
IRSEEI (BEEEENNECVDEEFRERE R R HEF R R I O R R B IR R S S ey -] |

CARD TYPE Gp(j) CARD-2
READ BY N2ZMALN

CARD FORMAT  FORMAT (7F10.3, 2F5.1)

XLEN ZIN 20UT EFF ao QL Q2 TYFE

HMIHMMIMMMMMIMHIIHIIMMI“I!HMIHDIJ paegaooccfoooonadaopendn

G Y ey s e N E R R Wb dd e kel gy S AT SR R e R N 7y

INUM

LR EL
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Pu;'mld by: ID"' LOCKHEED MISSILES & SPACE COMPANY. INc. | " "1 ™™
Checked by: Dote Title Medel
l LIQUID NITROGEN SYSTEM INPUT DATA

Approved by: IDﬂu CARDS Report No,

CARD TYPE Gp() CARD-3

READ BY N2MAIN

CARD FORMAT ~ FORMAT (F10.2, F10.6)

PSTOR QUAL

pogtodoanejiaonoanaRoERoNooeu IO TROUQIERRNOID0OD0000QREROOROUOCREA0NCITINY 16l
L S O N B I (TR PR SR VR RN I I H IR P R R (RIS PR I R IR TRLE . B N R A R T R TR MV RYR IR BRI N TRV TR N TR R N R B R e

CARD TYFE - Gp(J) CARD-4
READ BY NZMAIN

CARD FORMAT FORMAT (2F10.3)

RNLATR

aoatdondt

pooooodereppaoaoeo0nanonooondqoBoDooooEcoot0dao00gocaqoneong UL

RN e e e e L e R L I T T L YRR TR

FORM LMSC 362 -3
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FOMM LMST N2 8-3

INRERERER N

LR

NN nALITNN

Fresored by:. Dote LOCKHEED MISSILES & spacE commany. e, |00
Checled by: Dote Titls Model
i LIQUID NLTROGEN SYSTEM INPUT DATA
Approved by: Date CARDS Report No.
CARD TYPE ¢p(j) CARD-5
READ BY NZMATN
CARD FURMAT PORMAT (4710.7)
WLN14 WLN16 WLNL7 WLN19
10000000000 C0000DO0ROCOCO00 R ORNDIRO0RRECURRO00ACAREEONOLONOIOOOCORORACT (11

RELEEESEE] IthulHH'III|!H|l'!!li).‘“31““""I“lill“iﬂllﬂllllnllﬂh‘lllﬂ"!

» CARD TYPE

READ BY

Gp(}) CARD-6

NIMATN

CARD FQRMAT FgRMAT (F10.7, 6F10.5)

FLOW

pooonleong

trlespring

DIA(L)

IR LR LY

DIA(2)

DIA(3) DIA(4) DIACS)| DIA(B)

MH”HHL“IUHHM

NN R

Blogoechatppcocacorspeenoeocenjstocoococaanasieeey
B NDNABI NI RNRAUNAAND NN UMY MNP PR ENOURAINEA NN
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NIVING p{Wivgct
7-quv) (M)ds TEAL @YD

(1] poporpaoo00d0oEo0ODOBOCOROODRO0D0D

QAR AN PR RN UK RN LNTR R R

BACHE SIS T o

podoonooe

[RIATH AR TR DY Y R R R A
pogoeDooOOOONB0000D

Lidrgtetis
ppopooogct

gl gt ™ o

{c*0TdY) Lywaga Iviaga qaw
NIVIVA AS Qv
T-@avo ()4 431 TV
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FOmMm LMSC JA2B-3

[Prepored by: - —
wpurad by ID"" LOCKHEED MISSILES & sPacE coweany, e, |70 ™ ™
Checked by: Dots Tithe Model
J GASEQUS HELIUM RECOVERY SYSTEM
Agprovad by: Date INPUT DATA CARDS Repert Ne.
CARD TYPE Gp(k) CARD-3
READ BY DATAIN

CARD F@RMAT FRMAT (315)

H

&
&

MFIHAL

MSTEP

(EEERLERREI DI

Boosopeote MMPHHMHHMHMHHHHIDHMMMHHHMHMMHHIU L0006
i

NENANANALAT ARG LANLEENBRADNGENLGBO NN E N NN RV BAD N HpDER RO ER 2NN nn‘mus!

CARD TYPE Gp(k) CARD 4
READ BY DATAIN

CARD FORMAT FORMAT (315)

- [} o
x| 3 &
&l &l &
= (al i
T TR T

[ENER IR T

MR AN RNEEREBRRN PN RAPADAINDEAR PR NN NN NHN DR RE RGN PR IDLY

ROUCetacaeonooamenatorronsananttonnnaRusNgECRRRERbINLY el
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FORM LMSC JR2 DD

-51-0145; N b -,
eporec by lD"" LOCKHEED MISSILES & SPACE COMPANY. inc. | %" 1"’]"'
Checked by: le Title GASEOUS HELIMM Model
Approved by: Dote RECOVER? SYSTEM Raport No.
J INPUT DATA CARDS
CARD TYPE Gp(k}=CARD=5
READ BY DATAIN

3D FYRMAT  FRMAT (3710.3)

6 [PBAG PCOMP

aooaoa0Cop[asa000000aO00a0000 0N OB 0EOEONDRO0QI0AO0GANG000G000O0DEGE0NDY 106t

RN REERRE IR ll\l[!.'!l!H!.‘"]:JI'.‘IHI ILBUN BN RN G a N QNN UNRSTHYH B CpeDRPRBGORUNET

/.

L R A T N R L R AR R IR AN R R
1lll|lflIWﬂuuuhu"WWﬂrﬂnunlﬂlnlnqunlrlll"ﬂuuuluuulnuu!auuuuunuuunnnunlnnnhnlnlnl
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1.5.3 Example ~ Use of Table Datq Cards

The use of a semipermanent table data and the general means of acquiring such
data has been previously discussed in sectior 2.2,2, and graphically outiined
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 rables for

the uder's own gpecific applications.

The cxample chosen is the Ultimate Tensile Strength of Type 304 Stainless
Steel for low-temperature appl;catzan, utilized in Data Table § of the curreat
program table set. The data is presented in graphic form in F\§ 4 and
represents a typical data source obtained from study reports and texts., The
Ultimate Tensilae Strength {Ftu) is given as a function of temperature in
degrees Kelvin for 3 veriety of Type-300 stainless steels. Type 304, however,

is the subject of interest.

In ctranslating curve data to table data, the limitations of computer data
array manipulation must be kept in mind. Normally, 1f a computed independent
variable is slightly off the end of a curve; the analyst simply takes a ships
cu.ve, 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 chat tbe value curreatly
considered is out of range for the table. This problem is avoided by
extending (extrapalation) each curve in the set (both ends) to ensure that the
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 §

ULTIMATE TENSILE STRENGTH - TYPE 304 STAINLESS STEEL

‘Temparature
(x) (R)
4, 7.2
10. 18,
15. 27,
20. 36,
25. 45,
50, 90.
75. 135.
100. 180.
125, 225,
150. 270,
175, 315,
200. 360.
225. 405.
250, 450,
275. 495,
300. 540,

Stress
(ps1)
276,000
274,000
270,000
266,000
263,000
250,000
235,000
220,000
206,000
188,000
172,000
155,000
139,000
124,000
109,000
96,000

1MSC=D673325

Taking the variables as they appear for each of the table cards shown in Fig.

5, the following assignments are made:

Card-l, Title Card

Title

ND
NC
1P
NT

= FTU OF 304 STAINLESS STEEL

= 2 (Number of variables in table)

= 3 (Number of command cards)

(Blank) (Table will not be plotted)
6 (Table I.D. number)
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Card~2, Command Card

Four Command Cards are used (NC=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 mumber 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 subtzble of ¥ and Y values for each value cthat LABV 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 = ] (discrete data points from curve)

NIP = 3 (use 3 points for interpolation since curve is somewhat
parabolic)

Card-6, Table Data Card

Use § data cards per table-subset, entering three sets of X, Y data per card
with the last card having one set of X, Y data (NV = 16),

The completed Table is illustrated in Appendix B, lines 58 through 70.
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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 File

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

in a run,

For the UNIVAC-1100 08, the procedure in setting up a mass-storage file and

using it are generally as follows.

Creating 4 Program File. Assume that the mremonic MFTF#CSA is used as the

program file name, then the file creation cards are as follows: (4 Master

Tape and Program File will be created.)

BRUN varies with facility operating procedures

@LID

@DELETE,C METF*CSATAPE. Purges tape name

@DELETE,C MFTF*CSA. Purges file record

@ASG, 0P MFTF*CSATAPE,, 16N,T Assigns tape requirement

fAAsG,UP METF*CSA., F40 Assigns file on DISC

@rdP, IFL CONFIG A Source Deck Cards For

@FgR, I8 COMPIL, CAMPIL ~ Entire Program

@reR, 18 CONTRL, CANTRL .

acpey TPFS. ,MFTF*CSA. Copies program Lo cata-
loged file
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@cgprY, G HFTF*CSA . ,MFTF# Copies program to file tape

CSATAPE,
GFREE MFTF*CSATAPE. . ) Frees tape
QFREE MFTF*CSA. Frees file
@FIN 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 cthe Program File, The stored Program File (MFTF*CSA.)} may be called in

for use in the following Ffashion:’

@RUN
@LID
@ASG,A MFTF*CSA. Assigns file
@cory,P MFTF*CSA.,TPF$ Copies file to user
' portion of core
@FREE MFTF*CSA. Releases stored copy
of file

1.5.4.2 Combined Run Stream and Table File

Since the DATA TABLES of use to the program consist onm 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 files is
provided in the FILE processor, The large data file can then be conveniently

EPITED from a terminal when changes are necessary,

A copy of the magter orisinal data file should be stored an tape, as well as
copies of any updated files that may be of future interast. The large dara
file will contain, in order; the Table Data, the Magnet Characterization Data,

the Magnet Circuit Configuration Data, the Cryopanel Characterization Data,
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and the Refrigerator-Liquefier Characterization Data

4 complete RUN STREAM data file will be found in Appendix B. The following

data file skeleton will serve to illustrate the file structure:

@FILE,UP MFTF~A*RUNMF TF*4 Assign FILENAYE

@ASG,T CSATAB. Assign Table Data File

@DATA, IL CSATAB. Declare as DATA File
{Table Data Deck Followed by One Blank Card)

@END End of DATA File

@ASG,T CVIDATAMAG, Assign Magnet File

@DATA, IL CVIDATAMAG, Declare as DATA File
{Magnet Characterization and Configuration Cards )

@END End of DATA File

ASG,T CVIDATAMCR. Agsign Ref. Lig. File

@DATA, 1L CVIDATAMGR. Declare as DATA Filé
(Cryopanel Characterization and Configuration Cards}

@END End of DATA File

ASG,T CVIDATAMGR, Assign Ref. Liq. File

@DATA,IL CVIDATAMGR. Declare as DATA File

(Refricarator=Liquefier Characterization and Configuration Cards)

REND End of DATA FILE
@ENDF End of Large DATA File

Using the RUNSTREAM Data File. The stored RUNSTREAM data Eile

(MFTF-A*RUNMFTF~4.) may be called in for use by placing the following ASG card

and ADD file card in the job deck as follows:

@RUN

@LID

BASG,A MFTF*C3A. Assign Program File
@cory,P MFTF*CS5A. , TYPFS, Copy Program File
@FREE MFTF*CSA. Free Program File
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@ASG,A MFTF=A*RUNMFTF-A., Assign RUNSTREAM File
@xqT TPFS.ABS _ Execute Absolute
Element of Program
@ADD MFTF-A*RUNMETF-A. Add the RUNSTREAM
RFIN End of File for Run

Should the user desire to rum the program on a computer other than the
UNIVAC-100 0S, then very probably, all control cards will have to be changed

to conform to the requirements of the different system.
1.5.4.3 Alcering 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 whén it is

called in. Or, if the facility has a DEMAND system with termi als, it is
passible to us the system EDITPR processor and alter the data file prior to

calling it in for a run.

The use of change cards to alter tha 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 naw
file will be tempocrary for one run only and for this purpose use MFTFCHG-1. as

the temporary file name.

The procedire and deck setup to be used follows:

{a) Before the run ¥QT card, insert these cards:

GASG,A MFTF=A*RUNMFTF-A.

@ASG,T MFTFCHG-1,

@DATA,L MFTF~A*RUNMFTF-A. ,MFTFCHG-1,
=76,76
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LU
10 I 0
(b) After the XQT card, and in place of a data input deck,
insert this card:

240D, P WFTRCHG- 1,
The program wili now run using the temporary MFTFCHG-1. file, and, will list
MFTFCHG~1. a3 a record of the temporary inmput data uged 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 ch;racterize each
individual comporient in the system. The system configuration for each major
section of the averall system is best arrived at by the zonstruction 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 laop, will origimate at the cryogen supply source and
terminate at the overall circuit end point, Secondary cireuits, or loops,
will originate at the point'where they branch off from tne primary loop and
extend only to the peint at which they rejoin the primary loop. The same
logic i3 used for other subloops if they exist in the system, Branching will
only occur at a TEF (equal flow splitting) or at a TAP (unequal flow

spliteing).
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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
funetion, redundancy, material type, flow friction coefficient, line length
(or length over diameter ratio if componment is a fitting), and line diameter.
Additionally, if the component positien vector is such that its extremes
represent 4 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 gsecondary loops is presented in Tables 6 and 7. The
characterizing data provided for each compoment is given in the appropriate
column, The function type (CFUNCT) for each item is defined in Table &4, 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 CPNTRL,
COMPIL, 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 mdjor routine and subroutines will be briefly deseribed 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
(M4GNET CIRCUIT LOOP-1)

COMP  CImP FUNC, NUMB, NHEAD MATRL., FLOw FRICTION LINE LENGTH LINE
NAME  CDDE TYPE OPER. (M)  TYPE COEFICIENT OR L~OVER-D  DIAMETER

GAS HE-LIO 1 2 -.00 1 ~,00000000 =.00 =.00
TANK HE=5V2 0 1 -.00 6 =,00000000 -.00 -.00
LINE M3=100 10 1 1.48 6 +70000000-02 .23 .15
TEE Fs-101 Y 1 =00 [ +70000000-02 60.00 =.00
LINE M3-102 10 1 ~.00 6 ,70009000-02 1.07 W15
VALVE Cv-135 31 1 =00 6 . 70000000-02 400.00 =-.00
LINE Ms-103 10 1 -.00 6 .70000000-02 1.00 .15
ELBIW  Fs-104 31 ! =.00 3 /70000000-02 13.00 -.00
LINE MS-105 10 1 2.5% 6 «70000000-02 2,59 .15
ELBIW  FS=106 31 { ~.00 6 . 70000000-02 13.00 =00
LINE M3-107 10 1 ~.00 B .7000¢000-02 12.40 <15
ELBI4  F5-108 3 1 .00 6 .70000000~02 13.00 =-.00
LINE M3-109 10 1 17.25 [ .70000000-02 17.25 #15
ELBW  F5-110 3 1 =0 [ .70000000-02 13.00 “.00
LINE M5=11t 10 1 ~.00 8 .70000¢00~02 .80 15
ELBIW  F5-112 21 1 =.00 § .70005000-02 8.60 =.00
LINE N3-113 10 1 =.00 § «7000C000-02 5.00 W15
ELBOW  F5-114 1 -.00 § -70000000=02 13.00 =.00
LINE M5-115 10 1 =3.00 6 .70002000-02 3.00 .15
ELBOY  FS~116 31 1 =00 [ »70000050-02 $3.00 =00
LINE MS=117 10 i =.00 6 . 7000000002 4.00 .15
ELBIY  F3-118 21 1 =-.00 6 +7000C000-02 B.60 =.00
LINE M5-119 10 1 -.64 6 . 70000000-02 .80 .15
MAGNET  MAG=-01 4 1 -4.24 B «70000000~02 10.86 .15
LINE MR-101 10 1 =.64 B +70000000-02 .80 .15
€184 FR-102 A 1 -.00 [ L 70000000-02 8.60 ~.00
LINE Wi-103 10 1 =.00 ] + 7000000002 4.00 «15
ELOOW  FR-104 31 1 -.00 [ +70000000~02 13.00 =.00
LINE ¥R-105 10 1 =4.00 8 .70000000=-02 4.00 .15
ELBIY  FR-106 21 1 -.00 6 .7000£000-02 8.60 =.00
LINE MR-107 10 1 =4.75 6 +70006000-02 7.27 15
ELBIY FR=-108 2! 1 -.00 [} .70007000~02 8.60 =.00
LINE MR-109 10 1 =00 & .70000000~02 12.40 13
ELBJ%  FR-130 3 1 =00 6 +70000000-02 13.00 =.00
LINE MR=131 10 1 =2,59 6 +70003000-02 2.59 W15
ELBOW  FR-112 3 1 =.00 [ . 70002000-02 13.00 -.00
LINE MR-113 10 1 =00 6 . 70000000-02 61 19
VALVE-  Cy=14§ 31 1 .00 6 +70000000-02 400.00 -.00
LINE MR-114 10 i =.00 8 +70000000~02 1.98 15
TEE FR=116 31 1 =.00 -] +70000000-02 60.00 =-.00
LINE MR-318 10 1 =1.48 6 +70000000-02 1.52 o 15
TANK HE=5¥2 ] 1 =00 [ =,00000000 -.00 =00

NOTE:- RELATIVE HEAD CHANGE, LENGTH, AXD DIAMETER ARE IN METEPRS,
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TABLE 7

YAGNET EELIUM SUPPLY SYSTEM
(MAGNET CIRCUIT LOOP-2)

cowe  Camp FUNC. NUMB. NHEAD MATRL, FLOW FRICTION  LINE LENGTH LINE
NAJE  CIOE TYPE OPER. (M)  TYPE COEFICLENT OR L-OVER=D OIAMETER i

GAS HE=L1Q 1 2 =.00 2 =.Q0006000 -.20 =00
LINE  M5=202 10 1 =00 & «70000000~02 1.07 .15
VALVE  Cv-136 3t 1 -.00 B .70000000~02 400,00 =.00
LINE  M5-203 10 1 -, 00 B +70000000~02 1.00 15
ELBIW  F5-204 3i 1 =00 6 .7000¢000~02 13.00 =00
LINE M5-205 10 1 2,59 & .70000000-02 2.59 A5
ELBIN  F5-206 31 1 -, 0t [ .70000000-02 13.00 .00
LINE  M5=207 10 1 =00 6 .70000000-~02 12.40 15
ELBIW  F5-208 39 1 -.00 [ .70020000-02 13.00 .00
LINE Ms-209 10 4 11,25 [ .70000000-02 17.25 a5
ELBJ4  F3-210 31 1 -.00 6 .7000C000-02 13.00 -.00
LINE M3-211 10 1 -00 6 +70020000~02 .80 95
ELBIw  F3-212 21 1 -00 6 .70000000-02 8.60 S =.00
LINE  M5-213 10 1 =00 6 . 70000000-02 5.00 15
ELBIW  F5-214 31 1 -,00 6 . 7000¢000-02 13.00 -.00
LINE  M3-215 10 1 -3.00 6 . 70000000~02 3.00 .15
ELBIW  F5-216 M 1 -.00 6 .70000000=02 13.00 =00
LINE  M$-217 10 1 -.00 § .70000000-02 8.30 .15
ELBJA  FS5-218 2 1 =00 [ .70090000=02 8.60 -.00
LINE  Mm5-219 10 1 -64 6 +70000000-02 .90 .15
MAGNET  MaG~02 0 1 =4,24 [ .70000000~02 10.96 W18
LINE MR-200 10 1 -.64 6 .70000000-02 .90 .15
ELBIw  FR-201 21 1 -.00 @ . 70000000-02 8.50 -.q0
LINE  M3-202 10 1 -00 6 .70000000-02 8.30 .15
ELBIW  Fa-203 3 1 -00 § .70000000-02 13.00 -~.00
LINE  MR-204 10 1 -4.00 § .70000000-02 4.00 .15
ELBDY  FR=205 21 ’ -.00 6 . 70000000-02 B.60 -.00
LINE M3-206 10 L] -4,75 B ,70006000-02 7.27 .15
€LBIW  FR-207 21 1 -.00 6 £ 70000000-02 8,60 -.00
LINE  MR-208 10 1 -.00 6 +~0000000-02 12,40 .15
ELBOW  fR-209 31 1 =00 & +70000000-02 13,00 -.00
LINE  MR=210 10 1 =2.59 & L 70000000=02 2,59 .15
ELBIW  FR=211 31 1 -.00 &6 .70000000-02 13.00 =00
LINE  MR-212 10 i -.00 & .70000000=02 61 15
VALVE Cv-146 31 1 -00 6 +70000000-02 400.00 -.00
LINE  MR=203 10 1 =00 6 . 70000000~-02 1.98 15
END 0 0 =00 0  =.00000000 «.00 -.00

NOTE: RELATIVE HEAD CHANGE, LENGTH, AND DIAMETER ARE IN METERS.
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1.7,1 Program CONTRL

Program CONTRL 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 C¢MPIL.
In sc doing, CPNTRL 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 CPNTRL 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 CHNTRL are:

CAMMON/CPNTRL/
CAMMEN/CIBUNT/
COMM@N/CREYS/
COMMEN/CPAGE/

Calling Sequence, CYNTRL is the driver routine and 4s a main program it is
not called by any other subroutine.

SICNIFICANT VARIABLES

NAME TYPE 1/ DIMENSION DESCRIPTION
NAYE A 1 l User Name

DEPT 1 I l User Department

BLD I I 1 Building Number
EXT I I 1 Phone Number
CTITLE A I 1 Cage Title

* NSYS A I 1 System Type Index
NI A 1 1- Rest of System Mame
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NAME TYPE w DIMENS ION DESCRIPTION
NCRIT I I 1 System Kind

INTGR A I 1 Case Index

NAMSYS I I 5 System Name Index
SCRIT I I 1 System Kind Index

A listing of subroutine CPNTRL will be found in Appendix A.
The flow chart for subroutine CPNTRL is presented in Appendix C.
1.7.2 Subroutine CPMPIL

The principle function of subroutine C@MPIL is to read the inmput 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. Thé user i warned if errors are

detected,
The labeled common areas used by COMPIL are:

COMMEN/CONFIG/
CAMMEN/CCNTRL/
COMMBN/CMAG/
COMMEN/CIAONT/
COMMN/CNAMES/
COMMPN/CPAGE/

Calling Sequence

CAMPIL is called by driver routine CPNTRL.
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Significant Variables

SYSNUM - Controls G T¢ branching in CAMPIL
A listing of CEMPIL will be found in Aonendix A.

The flow chart for gubroutine CUMPIL is presented in Appendix C.

1.7.3 Subroutine MAGNET

Subroutine MAGNET provides the program capability necessary to characterize
the fluid and the.medynamic conditions existiag in the superconducting magnet
as a function of any given set of input operating conditions. For amy
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 couditions 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 Che computation of the fluid
atate changes and thermodynamic processes occurring in the entitre magnet
helium supply system configuration.

The labeled common areas used by aubroudtine MAGNET are:

" COMMPN/CMAG/
COMMIN/CFLUID/

Calling Sequence, MAGNET is called by the driver rcutine C@NTRL.
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Significant Variables. Input variables are defined in section ..5.1.4.1.

Computed variables are:

NAME TYPE m DESCRIPTION

QUALY R 0 Fluid Mass Quality

SVLIN R 0 Sp., Vol, Inlet Helium Fluid

SVIMIX R 0 Sp. Vol. Qutlet Helium Fluid

RHOMIX R 0 Density Outlet Helium Fluid

WogTL (I) R 0 Mass Flow Inlet Fluid Per Magnet

WOTGHE R 0 Mass Flow Qutlet Gaseous Helium Per
Magnet

WATLHE R 0 Mass Flow Qutlet Liquid Helium Per
Magnet .

WDGST@ 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 that this subroutine will require some modification when the
final eryopanel configuration is fixed by CVI. The sybroutine characterizes
the specified cryopanels and then calls subroutine CMPCAL for a complete

characterization of the Cryopanel Supply System.

%o,
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The labeled common area used by CRYPAN is: CPMM@N/CMAG/.

Calling Sequence, CRYPAN is called by the driver routine CONTRL.

Significant Variables. Input variables are described in section 1.5.2.4.2.

Computed variables are:

NAME TYPE 1/0 DESCRIPTION

SLVIN(I) R 0 Inlet Helium Fluid Specific Volume
to each Cryopanel

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

SYLMX(I) R 0 Specific Volume Outlet Helium
Fluid - each Cryopanel

RHGMX(I) R 0 Density of Fluid Mixture out of each
Cryopanel

wiTe (1) R 0 Mass Flow of Gaseous Helium out of
each Cryopanel

WTL(I) R 0 Mass Flow of Liquid Helium out of

each Cryopanel
A listing for subroutine CRYPAN will be found in Appendix A.
A Flow Chart for subroutine CRYPAN is presented in Appendix C.
1.7.5 Subroutine HEMKUP
St;brautine HEMRUP characterizes the Refrigerator-Liquefier operating

conditions and additionally computes the LN2 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 removad
from the high-pressure Jot helium entering the cold bax, apd 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 Ly,
fluid needed to make up the heat removal difference, and permits the
production of the necessary makeup liquid heliux 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 thrcughout the entire helium makeup and resupply

system. The labeled common areas used by subroutine HEMRUP are:

COMMAN/CMAG/
COMM@N/CFLUID/

-

Calling Sequence. HEMKUP is called by the driver routine C@NTRL.

Significant Variables. Input variables used by subroutine HEMKUP are

described in section 1.5.1.4.3. Computed variables gene-ared 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 to 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 thal each system or subsvstem 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 logi~ 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 fashiom.

Subroutine CMPCAL is normally employed for the evaluation of a multibranch
system and normally proceases the primary branch of the system, followed by
the other branches in order, It cam, however, process any branch, or, just
one branch, depending upon the setting of the input fluid flag variables. 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
companent contribution to fluid state change, pressure drop, and energy change
and presents the calculated values in tabular formatted output as a "Sumary

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 summation variables. It starts the configuration loop by
calling for the decoding of the first 'ranching variable as entered
in the first configuration data card. The primary branching

control variables employed are CFUNCT and CFTYPE as defined in
subroutine CPMPIL and PDP-GENFIG, The branching variahle CFUNCT

contains the coding for (in successive data ent..es), the fluid
identification, primary component identification, and, in turm,
each comporent unit sequeatially 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 GP T§ statement, controlled by the variable CFUNCT.

The subroutine identifies the fluid to be considered and identifies
its state condition and then initislizes the sequential indices.
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. ’

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

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 conttol unit is made via
the "units" digit of CFTYPE, as defined in PDP-C@NFIG.

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.

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.

Processes a heat exchanger, sets up the fluid conditions, inlet and
outlet cold fluid temperatures and pressures, and heat source

mixtuss ratios; then calls subroutine HEATEX to essentiallv design
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the heat exchanger and calculate pressure drop, hot fluid flow
rates, and heat exchanger weight, -

(i) Processes a eryopanel 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 ig taken into account in the A
recomputed mass flow calculations. ‘

(1) The subroutine then processes a fluid supply tank, first setéing up
the tank temperature and pressure. The program checks to ¢ -e which
cryogen supply sOurcextanklit is addressing and whether it is the
irst, 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,

(m) CMPCAL then outputs the computed configuration component data in &
tabular formatted output with all components identified and in the

same sequence as given in the original system schematic,

Input dara for use in subroutine CMPCAL is read in at program initiation time
via subroutine CPMPIL from the configuration data cards, Data from each
card are stored in a packed array by subroutine STOCOHN using equivalenced

array variables defired in the Procedure Definition Processor CCNFIG,
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Retrieval of the data is accomplished in CMPCAL via repeated c¢alls to
subroutine CETCAN which unpacks the data as aeeded,

The input data and computed parameter values are stored in various regions of
tne labeled COMM@N storage defined by PDP elements. The labelad common

storage employed by subroutine CMPCAL are as follows:

CPMMON/CONFIG/ COMMEN /CONTRL/ COMMPN /CFLULD/
COMMAN/CIBUNT/ COMMON/CMAG COMMPN/CNAMES/
CAMMEN/CONST/ COMM@N /CPAGE/ COMMON /TABLEK/

Calling Sequence, Subroutine CMPCAL is initialized and brought into execution
via a‘simpfe call gtatement from either subroutine MAGNET, subroutine CRYPAN,
or; subroutine HEMKUP,

Dara transfer to and from gubroutine CMPCAL is effected through the use of

INCLUDE statements which bring in the appropriate PDP element defining the
required labeled COMMON 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:
4

NAME mweE LJO DIMENSION DESCRIPTION

ICNF I I 1 Number of configuration data
cards input

IDX I 0 1 Configuration iLem index

1816V 1 o 1 Analysis directional index

CFUNCT I 1 1 Integer corresponding to

configuration item function
CFTYPE I 1 1 Integer corresponding to

function type
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CITYPE

CN@PER
CNSTBY
FRCOEF

LgD
DIAM

ITHIX
NDAR

CfDE

1648

GSTATE

PRES

TEMP

WDPTN

WDGTL

FLD

1/0

DIMENSION

100

100

100
100
100

100

100

100

100
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DESCRIPTION

Integer corresponding to
material ctype
Integer corresponding to

insulation type
Number of units operating

Number of units on standby
Characteristic frietion

factor for flow region
Length over diameter, or,

length

Dizmeter

Insulation thickness
Number of layers of

ingsulation per inch
Identification code for

configuration unit

Integer corresponding to
fluid kind

Integer corresponding to
fluid state

Fluid pressure at each point
in gystem

Fluid temperature at each

point in system

Fluid flowrate at each point
in gystem

Input fluid max flow rate at

primary component
£1/D for configuration unit

conside-~d



LMSC~-D6T73325

1oV [ ‘1 1 Integer potnter for control
volume characteristic

LoY 1 1 1 Integer pointer for fitting
and tap configuration

RHg R 0 1 Fluid density

DELP R 0 1 Fluid pressure drop across
component

A R 0 1 Cross sectional area of flow
region

GLAPP 1 1 11 Integer defining branch-loop
number

The subrontine CMPCAL listing will be found in Appendix A. A flow chart for

subrountine CMPAL is presented in Appendix C.
1.7.7 Program Element Monitoring and Statusing

The MFTF*C5A. program currently contains 76 symbolic elements, 60 relocatable
elements, and | absolute element., The status of any element in the file im
terms of when it was Iast updated, the position of the element within the fils
and the element text size in sectors (a sector is 28 words), cam ba determinac
with a call to the Program Reference Table processor, using the "T" option
get a table of contents (viz: @PRT,T MFTF*CS5A.J. The current table of

contents for MFIF*CSA. is presented in Fig. 7 given on the next several pages,

A second useful tool in the monitoring of 2 program file is the Cross
Reference processor (viz: @XREF MFIF*CSA,), This processor produces a cross-
referenced table which alphabetically List: the relocatable elements by name,
and beside each element name lists ihe element entry point and entry point
name, Next to the emtry point name are Llisted all the relocatable element
names which reference this entry peint, thus giving a crosa-reference for ¢
whole file, The current XREF table for MFIF*CSA. is presented inm Fig. 8.
Wote, for example, that the element CMPCAL has the entry point name “MPCAL,
and is referenced (or called) by CRYPAN, HEMRUP, and MAGNET, Note also Che
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MFTFOCSALYTY ELEMENT TABLE

[v]

NAWE
ABS
ANALYSIS
ANALYSIS
CCNE LG
LCENIRL
CFLID
CFra
CFta
c1ountr
CHEYS
CMA G
CHA L
CHMPCAL
CMPLAL
CHAMES
COMILD
CLC3i LD
cuMrD P
compr
[N+ “B3
COMP L
COHST
CONIRL
COnany
(o

cp
CPALE
CRYPaAN
CRYPAN
CLUBK
csuikr
CS1ay
CSUisv
CSYLWT
CTANR

VERSION

(811
CATAIY
DATA L
LBDI
DBD1
oL r
DDHE
LELD
DELT
DENCAL
NENCAL
HENSL

FILE:

Flg.

1YPE

ADSOLUTE
FOR S¥nmB
RELOCATABLE
FOR PRODC
FOR PRDC
FOR PROC
FOR SYNY
RELOCATABLE
FOR PROC
FOR PROC
FOR PROC .
FOoR PROC
FOR SyYnB
RELOCATABLE
FOR PROC
FOR SYNMB
RELOCATABLE
FOR SYNB
RELOCATABLE
FOR L MG
RELOCAIABLE
FOR PROC
FOR Svynp
RELACATABLE
FOR SvmDB
RELOCATADLE
FOR PROC
¥0oRa sSYmB
RELOCATABLE
fOR s5¥YnB
RELOCATABLE
FOR SYnB
RELOCATABLE
FLUR PROC
FOR PROC
FOR PBROC
fOR sSvyad
RELOCATABLE
FOR SYt0
RELGCAT W3LE
FUOR Svyub
HELOCATABLE
FOR Syni
RELOCATAGLE
FOR SYmB
RELOCATABLE
FOR SYAMD
RELOCATABLE
FOR SYmy
RELOCATABLE
FDR Srud
RELOCATAGLE
FOR SYMB

635717 *SQUELCHS

TIME:

10317:17

DATE 040579

7 Program Reference Takle - File Element Listing

SER
ocy
SLP
SEP
SEP
sfp
oCr
SEP
ocT
FEB
FEG
MAR
MAR
sTP
oCT
SEP
acTt
SEP
ocr
MAR
MAR
APR

TIve
09:29:57
21:17:08
21:17:53
i2:50:04
CB:51:15
17:35:29
143171138
0931213157
14:16:55
14:15:585
15:15:223

18:00:44
22:00:52

SEQ
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MAOWRN=OCONOVDILL=X%

16

SIZE~-PRE.TEXT {(CYCLE WDRD)

2

1022

33
38
57
6
k]
13
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-
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W e N N Nemew (I=e
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© 0 o O O O O O OOOD O O 00 O 00 DO O 0O 0O0OO0D DLOGO

PSRAMODE
1

[ T

-
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-

PAGE

LOCATION
1792
2814
2B47
2687
2944
2950
2953
2963
291
2976
2977
2989
3006
3416
3599
3601
3624
3637
36a0
3644
3769
3ou3s
3042
36686
3882
3886
3851
3899
3944
3981
3988
3994
4001
9007
a3
4 3
4025
4028
4032
a04aq
9065
4093
aiia
Q124
a137
4a144
a1s50
a1s3
a175
a177
Q180
4191
Q104
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DENSL
TEnsv
INSY
DHLDP
JHLDP
DPCAYL
oOPCaAL
OFCLDD
aPCLDD
arcruT
arcLuT
oPDrve
BPDI Y
BPLINE
BPLINE
brvaLv
oPvaLv
DSAIL
DSATL
OSATY
OSATY
Dilaag ¢
DYHI F
DUADY
t20ur2
D2oprz
EHTiAL
ENTHIAL
EHTrOP
ENTHOP
F1tau0
FINLD
Finnn
FINLR
FINIAB
FINTAB
FLonegQ
FLOOLD
GETLON
GETLON
GHENCY
GHELCW
GH2LEN
GN2OEN
HEF 11
HEF11%
HENHCO
HTHL O
HERIWUP
HE W LIP
HEPLDP
HEPROP
HINT
HINT
HVAP
HVAP
1NTAS
INTAB

RELODCATAOLE
YOR SYMB
HCULOCATABLE
Ok SY¥™B
RLCLOCATABLE
FOR Srnpd
RELOCATABLE
FOR Sy
HELOCATAOLE
FOR SwuMB
RLLUCATABLE
FOR Svuo
RELQCATABLE
FOR SYmb
RELOCATABLE
FOR STYNG
RELOCATABLE
tor svwo
HELOCA1ABLE
FOR Svup
HRELOCATABLE
FOR Sy
RELOCATABLE
FOk PROC
roR svmn
HRELOUCATABLE
roRr syng
RELOCATABLE
FOR SymB
RELOCATABLE
FDR SYMB
RELOCATABLE
FOR s¥yng
RELOCATAUBLE
FOR SY2D
RELDCATABLE
FOR SYRD
HELOCATABLE
FOR SYmIo
RELOCATASLE
SYMUDLIC
RELOCATAULE
FOR SyMu
RLLDCATABLE
FDR syni
RELOCAT *QLE
FORR SYNB
RELOCAIADLE
ELT SYNG
RELOCATABLE
FOR SVl
RELOCATABLE
FOR Symo
QELOCATABLE
FOR SYmU
RELOCATASBLE
FOR SYMB
RELOCATABLE

AVR
APR
aPR
ALR
MAR
aAPR
AR
SiF
ocrT
sep
acrt
SLP
act
MAR
MAR
man
MaR

MAR

MAR
MAR
FEB
Fro
MAR
MAR
MAR
MAR
APR
MAR
sLP
[a 100 §
acr
acr
FED
FEO
acr
ac¥
SLP
acr
APR
MAR
MAR
acrT

Fig-.
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09:24:24
17:46:28
18:02:14
17:47:37
18:03:46
07:57:20
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09:24: 91
01:52:04
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LIQuIY
TRy
LNSYSY
LSy
LOCAVE
LOCATE
WAGHE T
MAGHE T
MFTY
mIPE
MIPE
N2ZHALN
W2MA TN
N2PRDP
NzPROP
ouTirut
aguTeut
PAGEL
PAGE
PCAL
PCAL
RHOGAS
RIODGAS
RHOLIQ
RHOEIQ
S.ur
SINT
SLEIH
SLENTH
Sou';
S0ua
SpPCEnt
SPCFHIT
STOCON
STOCON
STODTA
STOOTA
SVEHTH
SVENIH
TABLOK
TCONL
TCOYD
TEL
TEL
vp
Tvp
VELI
VELTN
VGV S
VGVS
VIR
vIiRB
Y1scC
visc
VISCDT
viscor
VISCHE
VISCHE

svMROLIC
RELOCATABLE
FOR SYMB
RELDCAIABLE
far svwag
HE LOCATABLE
FOR sSvymp
RELOCATABLE
MAP SYLIB
FOR Svad
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR Sy
RELOCATABLE
(IR SYmB
RELOCATABLE
FOR SYMB
RELOCATABLE
FOR SYMB
RELDCATABLE
FOR 5YMB
RELOCATABLE
FOR SYMH
RELOCATABLE
FOR SYmg
RELDCA1AQLE
FOR SYNG
RELOCATABLE
FOR Syt
RELOCATABLE
FOR SYMD
RELDCATABLE
FOR SYNB
RELOCATASLE
FOR Sy
RELOCATAHLE
FOR PRQC
FOI SYMU
RELQCA1ABLE
FOR SYmD
RELOCATABLE
FOR SYMD
RELOCATABLE
FDR Svymn
RELQACATABLE
FOR SvYmB
RELOCATABLE
FOR SYMO
RELOCATABLE
FOR SYMB
RCLOCATABLE
FOR SymB
RELOCATABLE
FOR SvrB
RELOCATABLE

MAR
MAT
AR
APR
MAR
MAR
FEB
FCD
Sktn
MAR
MAR
APH
AR
MAR
MAR

MAR
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viScx
¥isCn
¥PN
VPN
VPTEMP
VPTEM-
YLGINT
YLGINT
ZCALC
2CALC

NERT AVAILABLE

LOCAT ION~

FOR sSYymp
RELOCATABLE
FOR 5¥YMmB
RELOCATABLE
FOR Symi
HELOCATAULE
FOR sv¥wo
RELOCATABLE
FOR SYmB
RELUCATABLE

ASSEMBLER VPROCEDURE TABLE EMPTY

COB0OL PROCEDURE TABLE EMPTY

D NAME
CCNFIG
CI1DuUNT
CMATRL
CPAGL
CTABA

a

o D NAWL
CFiw
ce
Cvinry
OELTY
OPCLLD
DSalrL
ENTHSL
Fintan
GHNZ2DEN
HINT
LN% Y57
N2PROP
QUTE L
RHOL 1Q
SPCFHT
tvp
viscor
YLGINT

09 pCcv
09 oCct
28 SEP
06 oCrT
28 sEP
06 OCr
30 S5EPp
06 Ocy

06 OCT

FORTRAN PRUOCEDURE TABLE

LOCATION
B80u39
81190
83093
194950
112646

LINK
a

9
1”2
a7
3as

ENTRY POINT TABLE

L1INK D KA
8 CMbCcaL
26 CRYPAN
Qa0 CvoL
S0 DENCAL
62 DPOLDT
72 OsSATY
140 ENTUSY
89 FLODEG
97 HEFIT
107 HPRAT
115 LOCATY
126 oTuNIT
128 aurePw
136 RVMIPE
t44 STACON
157 YELF
167 VISCHE
177 ZCALC

D NAME
CCHTRL
CKREYS
CHAMCS
CSYSNT
COummy

LINK

7?7 (Cont.)

78 170
78 171
78 172
78 173
78 174
78 175
78 176
78 177
78 178
78 09:25:03 179
LOCATION

a2434

83330

100774

112198

124322

D NAME LINK D

COMFLO 17
CsuBP 31
DATALN aa
DENSL 54
oPODIVP 66
OTHEF 76
ENTROP u3
GASRCV 3
HEHED 109
HIVAP 109
MAGNET 15
QUTPA 128
PAGE 130
SINT 138
STODTA 148
VGVS 161
ViSCR 174

2 5 [}
3
? 5 Q
3
5 5 0
6
42 S [
15
2 S -]
2
D NAME
CFLULD
CMAG
CONST
Cran
TABLOK
LINK
19
a3
46
56
68
79
85
93
103
11
122
128
132
142
153
163
173

D

LOCATION
. 82602
83359
107466
112366
160162

NAME
complIL
cv
DDHEF
DPCAL
DPVALY
ENTHAL
FINDR
GHERCY
HEPROP
LIONIT
NZMAIN
QUTPF1
RHOGAS
SPACE
TEL
v1sc
YRTEMP

5891
5893
5897
5904
5913
5918
5925
5967
5983
5985
5988

LINK
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EXREF

KFTF=CSA-XP.

AREF O1A LMSC43 04,05/79 08:20:49

RKREF OF FILE NFIF+LSA-XP

CFTu
CMPCAL
COMFLO
COvMPDP
ConplL
(=3
CRYPAN
csuap
CSuBY
(4]
EVINT
CvoL
BATALN
B8aDY
POHEF
DELT
DEHCAL
BENSL
DENSV
SPCAL
ePCLDD
oPCLDT
QPDIVP
BFLINHE
DPVALY
DSAYL
CSATY
DTHEF
pz2pBT2
ENTHAL
ENTHSL
ENTHSY
ENTROP
FINGD
FINDR
FINTAB
FLODEQ
GASRCY
GETCON
GHERCY
GN2DEN
HEFLT
HEMED
HEMKUP
HEPROP
HINT
HPRAT
HTVAP
iNTAB
LiguiTy
LNSYST
LOCAT
MAGNET

oo
001
oo
oo
Qo1
oo
om
001
001
001
oo
[+1: 3]
oo
oo
001
001
001
001
001
oa1
001
001
oD
001
001
oot
001
o001
GOo1
o0
001
oo
Qo1
001
00y
(o1} |
Qo1
oat
00
[+1< 3]
(1]} ]
001
o0
(o1 ¥]
001
001
oo
oot
ooi
act
001
]3]
001

to0D103)
1005401)
10002009
(000D30)
1a011413)
10000433}
1300507}
{80004G)
(000047}
{000031)
10054a43)
1000351)
100020491
1000046)
§000331)
{000011)
{000237)
(00011%5)
€000121)
{001432)
€000023)
{000033)
{0001 3-1)
{000130)
L000031)
(000046 )
(0Q00a3)
{0003a7)
(000052}
1000053
1000056)
(001152)
{000061)
(000074)
1000012)
(000113}
(000042)
Lo0o0721})
1000031 )
{00000+ )
1000233
{00030}
({0C001L1}
1000330
{0G054q%)
(oco0361)
(000132}
{000357)
(001467)
(000006G)
(002257)
{00012G)
{000260)

(CFTW)
CCPCAL)
{CUMFLO)
{COWPOR)
tcouriL)
(Cy)
{CRYPAN)
{Csuupr)
(CsuBv}
{cv)y
{CVINT)
(cvaw)
{DATAIN)
topbi)
(DDHEF)
(DELT)
(DENCAL)
(DENSL)
(DENSV)
(DPCAL)
LOpCLDD)
{OPCLDTY)
(BPOTVPR)
{DPLINE)
(DBVALV)
(DSATL)
{bsatv)
({DTHEF)
(D2DBT2)
(ERTHAL)
(SLENTH])
(SVENTH)
(ENTROP )
(FINDD)
(FINDR)
(FINT1AB)
(FLODEN)
(ANALYS ]
CGETCONY
({GHERCV)
{GN2DEN)
(HEF11)
(HEHED)
({HEMKUP)
{HEFROP)
{HINT)
{DHLGP)
{Hvap)
{INTAD)
{LIQNIT)
{LNSYST)
(LOCATE)
(MAGNET }

Fig. B Program Crogs Reference Table

.CRYPAN ,HEMHUP , MAGNET
L CRPCAL

LANALYSIS

. CONTRL

< 50U

L CONTRL

, COMF LT

. COMF LO .
.CP,HEPROP , SOUN s
.cv

L CPCAL

. GHERCV

+CVINT,DPCLDT HINT,SINT
.CP,FINDD,HEPROP, SOUN
,DPDTVP , VPN

LARALYSIS

+N2PROP

. NZPROP

+ LNSYST

.DCHEF

. DTHEE

.VPTEMP

LANALYSIS

ANALYSIS

. HEPRDP

LHEPROP

.CP,HEPROP

LCVINT

.HEPRQP

, DHLDP

. SLENTH

+ HEPROP
.HEPROP , RHOGAS . RHOL IQ
, COMFLO,VGVS

, COMFLD
S) ,DATAIN

L CIRCAL

. CONTRL

+DPCAL,LNSYST

 FIKDD

. CMPCAL ,CRYPAN ,MAGNET

, CONTRL

. CRPCAL ,CRYPAN, CSUBP,CSUBV , HEMIKUP , MAGNE T, VGVS

EMTHAL

. N2PROP

«N2PROP, SLENTH

+ CONTRL

y CONTRL

JN2MALN

+MIPE

+CONTRL
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WIPE
N2MALN
N2PROR
OTUNLT
DUTPA
OUSPF
OUTPF1
ourPI
oUtPw
PAGE
PCAL
RHOGAS
RHDOLI1Q
RVMIPE
SinT
SouH
SPACE
SPCFHT
STOCON
STODTA
fConD

Tve
VELF
VGVS
ViRD
visC
VvISCDY
VISCHE
VISCX
vPN
VPTEMP
YLGINT
ZCALC
s+ e DONE

$FREE

x0T

Q01
001
001
001
©D%

1000377)
1000577)
{Q00064a}
1000434321}
t0Qe373)
1000332
(000247)
{000360)
(0004121
10901161
V0000ZS)
{0000662)
{o00052)
10004106G1)
1000377)
(Qo00a1)
(1000437)
{Q00113)
1000036)
{00000}
{0Q036BY)
(00D153)
1{000303)
{0000219)
(000075)
(0000Q0)
t0005627)
{000121)
{000142)
1000030)
(Q001146)
(D00113)
(000370)
(000015)

MFTF+CSA—XP.

TPFS.ABS

(LIPE}
{N2VATN)
(N2PROP)
{outTruT)
(ouUTPUT)
LouUTPUT)
(outTPUT)
{outputy
{ouTPUT)
(PAGE }
(PCAL)
(RHUGAS }
{RHOLIQ)
{MIPE)
(SINT)
(S0UN)
(DUTPUT)
{SPCFHT)
(STOCON)
{STODF¥A)
(TCOND)
(TEL)
{TvP}
{VELF)
{vGvs)
(VIRB)
(VISC)
(VISCOT)
(VISCHE)
(VISCX)
(VPN)
{(VPTEMP)
(YLGINT)
(ZcaLc)

Fig. 8 (Cont.)

«LIONIT
«DPCAL, LNSYST ,N2MALIN
» CONTRL

<ANALYSIS . CMPCAL.COMPLIL ,CONTRL, CRYPAN,HEMKUP , INTAB, LNSYST ,MAGNET ,N2ZMALIN
HEFLT

TCMPCAL

. CMPCAL

+« ENTROP

4DPCAL,LNSYST
LCOMPIL
LCONTRL

JMIPE
LDHLOP, N2PROP
LCMPCAL

.DPCLDD,DPCLDT, PCAL,SINT
.N2eROP

WV ISCHE

.HEPROP

+V1SCHE

.DPDTVP,VPTEMP
+HEPROP, RHOGAS , RHOLIQ
LJIEL -

,HEPROP
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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 LN2-14, IN,-16, LN2-17, and LN,~19 support an external

vacuum system, the magnet heat exchanger, the refrigerator cold box, and
heliom purifier. They are all open-loop systems which will effect a reduction

ir Fluid availability to the closed-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
N2PRPP. Calling LIQNIT from the main system program subroutine CHNTRL will

transfer program control to the subroutine N2MAIN. Subroutine N2MAIN in turn

calls the remaining three subroutines as required to perform the amalysis.
1,8.2.1 N2MAIN -

Thig subroutine reads in all data pertinent to the liquid nitrogen systems
analysis from a data deck (or data file). HN2MAIN will first set up the lime
geometry for each of the six flow il.s amaiyzed, The line number is first
tead 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 ntmber of branches should the line section be az "T"
branch. Up to 100 data cards are input for each line nuwber, with termination

being made after a negative line lemgth is encountered.

Externa] parameters are next read into the system. The first card initializes
the thermodynamic state of the nitrogen by specifying the storage tank
pressure and inlet quality, The next card inputs the number of layeré of
multilayer insulation to be wrapped about the insulated linea and shields as
vell as the ambient boundary temperature. Flow rate ta the four open-loop
systems is input followed by the flow rate and line diameters of all six lines

to complete the data necessary for a run. This last input is read in as part
of a D loop which allowa for up to 10 different cases to be analyzed for
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any given run. Fewer cases may be run by inserting a negative flow rate on a i

daca card following the last case 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 INSYST controls the step-by~step evaluation of the pressure drop

and ¢hange in thermodynamic state of the nifrogen in consecutive line
gections, 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 lipe
configuration variables are changed to reflect the next line section under
analysis te éonplete the set of data required for the pressure drop
calculation, Subroutine DPCAL is 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 (LNO-]_l, LNy~12, IN,-13, and LN,=15 in
Pig. 1) until an equal pressure is realized at the LNI return valve box

where the lines racombine.
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 nmitrogen, 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 &s in subroutine

LYSYST) is a subroutine which evaluates the nitrogen thermodynamic properties
from the equation of state, N2ERPP.

1.8.2.4 N2PROP

Subroutine N2PRPP determines thermodynamic properties of mitrogen required

in the pressure drop cal:ulation. Input is the line pressure and the nitrogen
temperature from the previous calculation, N2PREP 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 N2PREP using COMMEN

statements.
1.9 GASEQUS HELIUM RECOVERY SYSTEM ANALYSIS SUBPROGRAM

The GHe Recovery System Analysis Suborogram is an integrated analysis package
which may be called in b ““» MPTF*CSA program ro performm single or multiple
case analyses for the pu - of evaluating GHe recovery performance against

specified operating constraincs.
1.9.1 Problem Definition

The configuration analyzed is as described in the CVI Helium Recovery System
P&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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CONTRL, being a "main" or "driver" routine, is only mentioned where it calls
another element (subroutine or function). Other elements listed beside them
are currently not in use by the program; however, they are present in the file
for planned future use when the program is exparded and upgraded to the Einal

MFTF configuration.
1.8 LIQUID NITROGEN DISTRIBUTION SYSTEM ANALYSIS SUBPROGRAM

The LN, Distribution System Analysis Subprogrem is an integrated anmalysis
package which may be called in by the MPTF#CSA program to perform single or
multiple case analyses for the purpose of evaluating LN2 distribution system

performance against specified operating constraints.
1.8.1 Problem Definition

definition of the liquid nitrogen distribution system geometry used in this
analysis is based primarily upon the CVI plumbing schematic shown in Fig. 9.

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

A single service line will provide 5000 liters/hr of saturated liquid nitrogen
at 308 kPz (44 psia) from an external storage tank. The liquid is pumped to
the liquid nitrogen inlet valve box located on the third floor of the MFTF
building. The current analysis allows for flow to four parallel flow loops
which are designated as lines LNz-ll, LN,-12, 1N,-13, and LN,-15 on

Fig. 9 (external upper cryopanels, external lower cryopanels, internal
eryopanels, and Dewar shield, respectively), Each loop returns to the liquid
nitrogen exit valve box where the cryogen,lines recombine to a single vent
lire, The vent line is then routed to a location near the liquid nitrogen

storage tank where the excess vapor is vented to the atmosphere,
Given the lire size used in each of the flow loops, including supply and vent

line, the pressure gradient and thermodynamic state of the nitrogen is deter-

mined ac each successive line location along the distribution line,

89



! i

B :
I n ! ‘
i CLAEE g3 Rrevanr u:-ll:l" w' ‘" ) ;
! Repibe (n) t‘) {. | -
J

€ thafa
Sat sienasc

A 1

‘( L@j Lt Mt o . ??—?"
v ". -. h l‘“"‘ .
% l A I = -

f‘?J .@ oy
)—{

Siture,
r._,h» IS viny "




1 1 AR, o OO | CTF VM- k3. X - 0 T bt

H

NE ) 7ig. 10 Gaseous Helium Recovery Systen ‘Sche.mltic

LT X ]
-t e T8 0, i
l:— N s
2
__5‘;:1—‘:-:—(“.‘ ‘?. P 4 amtsty g (4 Feoth (S i
e s e e y 97
e I (vl LA 10 te
IR

UL



IMSC-D673325

in the low-pressure section, helium is displaced from 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 pressyre in the helium gas bag is assumed constant during the recovery

process at the local ambient pressure.

The recovery compressor causes a step-function change in the gas exit pressure
to 16543.0 kPa which initiates flow in the high-pressure line section. The
helium comtinues through a single dryer dessicant tower, filter and purifier
system leading ultimately to the clean gas storage farm. Access to the
parallel dryer, filter, and purifier components is not allowed by analytically
valving "OFF" that section of the line. ‘

1.9.2 Program Desc.intion

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

separate subroutine programs — DATAIN, GASRCYV, DPLINE, DEVALV, DENCAL, and
CAMPDP. Calling GHe from the main system program subroutind CYNTRL will

transfer program control to the subroutine DATAIN. Subroutine DATAIN will
read in the system configuration input data and call GASRCV to perform the
analysis, The remaining subroutines perform calculations which are required

at several locations within GASRCYV.
1.9.2.1 DATAIN

Subroutine DATAIN reads in the line geometry information that is required to
perform the analysis. ZFach data card contains data for ome 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 mumber that refers to those components
where further flow information is needed, i.e., the recavery blower, dessicant

dryer, gas filter, and gas purifier system.
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The low-pressurs system configuration is first input with a maximum capability
for 100 line sections to be defined, Input may be terminated earlier if de~

gired by inputting a negative component identifier. The total number of lines
sections in the low-pressure system is given by the variable NUMBLY which is

computed ag each card is being read. In a similar manner, the high-pressure
system configuration is next imput 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 D@ loop (diameter being varied with the mass flow

loop). The limits and increments on these parameters are specified im the
data cards as MINIT, MFINAL, MSTEP, and IDIAM1, IDIAM2, ISTEP, respec-

tively, Integer values are converted to real property parameters by multiply-
ing by 0.0]1 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 tramsferred to
subroutine GASRCY where the analysis ig performed. Up to 10 different cases
can be performed for each run by listing the required temperature and pressure
on successive data cards., Should lowsr 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 GASRCY

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.
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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.

Lt each line section, the program makes a check of the line type (line, valve,

or component) and transfers control to either gubroutine DPLINE, DPVALY, or
CPMPDP 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, CZMPDP, DENCAL

Subroutines DPLINE and DPVALV, respectively, compute the line section prassure
drop across a liase (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 CPMPDP 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 kP2 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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Section 2
SAMPLE PROGRAM RUN ~ MFTF*CS4

A sample run of the MFTF¥CSA. program is presented in Appendix D of this
manual., The run was executed using the runstream MFTF-A*RUNMFIF-A listed in

sppendix B and discussed in sections 1,5.4 and 1.5.4.2,

The sample run was initiated with an assigoment of the rumstream file followed

with aa adding of the asgigned file:

@ASG, 4 MFTF-A*RUNMFTF-A .
@ADD MFTF-A*RUNHFTF-A.

These comuands 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, inm this instance, was called upon to evaluate all major
subsystems of the MFIF configuration and therefore executed all major program

elements, No tradeoff or parametric comparisons were included in this run.

4s an aid in finding information in the printed run output, a paging header
has beer made =z 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 2ssigned such

numbers,
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For the ssmple run, the fnllowing page numbers help locate the specifics of

the information presented in the printed output:

PAGE

2
21
D22
D23
D25
T26
027
D18
D29
D30
D3l
D34
D35
D36
D37
D38
D39
D40
b4l
D42
D43
D47
D48
D&9
D50
D51
D52
D53

- D24

- D33

- D46

INFORMATION

Table Input Summary

First System (MAGNET) Called

MAGNET Input Data

MAGNET System Configuration

Estimated MAGNET Parameters

Computed Configuration Parameters Loop-1

Computed Configuration Parzmeters Loop-2

MAGNET Supply Tank Data

Second System (CRYOPANELS) Called

CRYOPANEL Input Data

CRYOPANEL System Comfiguration

Estimated CRYOPANEL Parameters

Configuration Parameters -~ Zone-2

Configuration Parameters - Zone-l

Configuration Parameters - Zone=-3

Configuration Parameters - Zone-4

Configuration Parameters - Return Line

CRYOPANEL Supply Tank Data

Third System (REFLI()) Called

Refrigerator-Liquefier Input Data

REFLIQ System Configuration

Computed REFLIQ Parameters

Configuration Parameter - MAGNET Dewar Off-gas Line
Configuration Paramater ~ CRYOPANEY, Dewar Off-gas Line
Configuration Parameter ~ Storage Dewar Off-gas Line
Configuration Parameter - HP Cold Gas Helium Qutlet
Configuration Parameter - Sto. Dewar HP-Cold He Supply
Configuration Pﬁramete:ry - MAGNET Dewar HE=Cold He Supply
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D54
D55
D57
D77
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INFORMATION

Configuration Parameter - CRYPAN Dewar HP-Cold He Supply
Configuration Parameter - Comp. Purif. Circuit (LP-HP)

LN2 Supply System
GHe Recovery System
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FILE: MFTFsCSA TIME: 7

20:35

SUBROUT INE GASRCVITG,PBAG, RCOMP)
LDG1CAL PAGE, JP
INCLUDE CPAGE

COMMON/HEGAS/RL{100) .RN{ 100} .RLB{100),.COMP{2.1001}
COMMON/HEGAS/RL1(10C) ,RNY(100),RLD1{100)
COMMON/HEGAS/NUMBLD . NUMBHI
CONMON/HEGAS/MINLIT ,MFINAL ,MSTEP
COMMON/HEGAS/ 1 DIAMY . IDIAM2, ISTER

SPECIFY MDOT{KG/SEC) AND DIA{M} ~—— EVALUATE REYN AND F-FACTOR

REAL MDDT
U0 390 LI=MINET . MFINAL.MSTEP
RI=ITI
MDOT «Q.01 ¢RI
DO 390 JJU=IDIAMI.IDIAM2 1STEP
Rd=duJ
DIA=0.01+RY
REYN=2.0G0EG ' MDUT/(DIA+(TG>+0.656))
£=0.00%
BAUND=G .01

100 FUNC|33.0¢ (ALOGID(REYN¢*(F+*30.5}))}-D.4=(1.0/(F%20.5))
DFUNCT=(1.73718/(F+REYN)}+0Q.5/(F*%1.5)
1F (FUNCT.EQ.0.0) GO TOL 120
1F{DFUNCT.EQ.0.0) DFUNCT=0,001
FF=F~{ FUNCT/DFUNTT)
1F (FF.GY.0.G) GO TD 110
F=BOUND/1D.0
GD TO 100

110 IF {(F-FF)»22_LT.1.0E-13} GO TO 120
F=€tF
GD 1O 100

120 CONT INUE

JP = PAGE(Q)

WRITE (6,130)0D1A.MUUT,REYN . F

130 FORMAT(1HO,T3, 'CIA{METER)' .F6.3,7T25. 'MDOT(KS/SEC)',F6.3.750,.*REYND
1LDS HUVBER' . F10.1.T84, 'F-FACTOR' ,F9.6)
WRITE (6,140)71G, PBAG,PCOMP

140 FORMAT(T10,'TG="'.F7.2.T35, 'PBAG="'.FB8.3,TE5, 'PCOMP=",.F9.%2)
WRITE (6,150}

€2 FORMAT(/,.TS,'LINE',T12,'END NODES'.T25,'DP*.T4D0.'DP/L{GEOM}",T60,"
1f4ACH NO. ', T7G, ‘PRESSURE' . 92, 'DENSI(Y")
WRITE 16.160)

160 FORMAT{125.' (KPA)',T41, " \KPA/M)' . T77, ' {KPA}' . T91, ' (KG/Mes3)' /7, /)

LOW PRESSURE HELIUM RECOVERY SYSTEM LINE ANALYSIS
PP=PBAG

CALL DENCAL{DEN.PP,TG)
RMACH=2. 163E~2~MDONT/(DEN+DIA+BIA=SQRT{TG))

DATE 040579 PAGE 2
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FILE: MFTFsCSA TIME: 10:20:35%

WRIVE (6,170)RMACH, PP.DEN .
|7o FORMATIT5,°LOW PRESSURE LINE ANALYSIS'./. Tss.'Ar RECOVERY BAG EXIT
wTGBU.F?7.5.T75,F12.4,792,F7.3) .
no 240 KA=1.NUMBLO
KizKA4B
K2=KA+9
KLD={RL1{KA}/DIAY+{31.0sAN1 (KA} )+RLD1{KA)
IF (XLD.LE.D.0) GO 1O 230
1F (RLD1{KA).GT.0.0) GO TD 1B0O
CALL DPLINE{OP,F,XLD.PP,AMACH.PGRAD.DIA)
GO TO 190
180 CALL DPVALV(DP.F . XLD.PP.MDOT.DEN.DLA,PGRAD)
190 1F {(DP.L7.0.0} GD TO 250
PP=ppP-DP
CALL DENCAL{DEN,.PP,.TG)
AMACH=2.163E- 2-MDoT/(oEuoD[A-nxaosonT(tsll
1F (RMACH.GT.0.7745) GO TO 250
1F (PGRAD.LT.0.0) GO TD 210
WRITE (G.200)KA,K},K2,DP,PGRAD, RMACH, PP ,DEN

- 200" FORMAT(TS.'L'.13. Tll.l3. -!.[3.T22.F9.4,T38.F12.4,T60.F7.5. T?S F1i

-

2.4,7T92,F7.3)

GO Tu 240

210 WRITE (5.2201HA . K1,H2,DP,RMACH, PP .DEN

220 FORMAT(TS,.'L',13.T11,13.,' -",13.722.F9.4,760.F7.5.T75.F12.4.792,F7
.3

GO TO 240

230 TYPE=CDMPL1.XA)
CALL CONMPDP{YYPE.DP)
PP=PP-DP
CALL DENCAL{DEN.PP,TG)
RMACH=2.163E-2+MDOT/{DEN*DIA*DIA+SQRT(TG})
1¥ (RMACH.GT.0,7745) GO TO 250
GO TO 210

240 CONTINUE

-

GO TO 270

250 WRITE (6.260)1KA . K1 ,.K2

260 FORMAT(TS,'L'.13,.T11.13.* -*,13,T22.'FLOW 1S CHOKED IN THIS LINE &
1ECTION FOR THIS FLOW RATE AND DIAMETER')

HIGH PRESSURE HELIUM RECDVERY SYSTEM LINE ANALYSIS

270 PP=PCOWP
CALL DENCAL(DEN,.FP,TG])
RMACH=2.163E~2+MDDO7T / (DEN+DIA*D1A~SORT(TG)]
WRITE (6.280)RMACH,PP,DEN

280 FORMAT(/./.T4,'HIGH PRESSURE LINE ANALYSIS'./,T37.'AT COMPRESSOR E
AXIT!' .¥GO.F7.5,T75,F12.4,T92,F7.3)
DO 3B0 KP=1,.NUMBH1
K1=KB+20
K2=KB+21
XLD={RLI{KB)/DIA)+(31.0+RN(KB)}+RLD(KB)
IF (XLD.GT.0.0) GO TO 250
VTYPE=COMP(2,.KB)
CALL COMPODP(TYPE,DP}
GO TD 320

290 IFf (RLD(KB}.GT.0.0) GO TO 3C0

DATE

040579

PAGE
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116
117
118
119
120
121
122
T 123
124
125
126
127
128
129
130
13%
132
133
134
135
136
137
138
139
140
141
142

FILE: MFTF»CSA TIME: 10:20:3% DATE 049379 PAGE

CALL DPLINE{(DP.F.XLD.PP.RNMACH,.PGRAD.DIA)

G0 YO 310
300 CALL DFVALV(DP,F.XLD.PP.MDOT.DEN.DIA,PGRAD)
310 IF (DP.LT.0.0) GO TO 360 .
320 PP=PP-DP -

CALL DENCAL{DEN,PP,TG)

AMACH=2.163E-2-MOOT /(DEN=GIA*DLA*SQR™{ TG}

1f {RMACH.GT.0.7745} GD TD 360

1F [PGRAD.LT.0.0) GO TO 340

WRITE 16.330)1KB,K1,.K2,0P.PGRAD, RMACH, PP, DEN
330 FORMATITS,'H',13.T+1,13.*" —-*,13,722,F9.4.738,F12.4,T6C.F7.5.T75,.F1

12.4,7T92.F7.3)

GO TO 380
340 WRITE (6.3501KB.K1,K2,DP, RMACH,. PP ,DEN
350 Fg?MATITS.'H'.I3.TII.13.‘ ='.13,7T22.F9.4,7T60,.F7.5,775.F12.4,192,F7

1.

CJ TO 389
360 WRITE (6,.370}KB,K1t K2
370 FORMAT(TS.'H',I13.,T11,13,' ~',13,T22."'FLOW IS CHOKED IN THIS LINE §

1ECTIDN FOR THIS FLOW RATE AND DIAMETER')

GO TO 399
380 CONTINUE b
390 CONTINUE

RETURN ”

END

[PUN—




s CCNFI1G »=~

w

-
oUDNOUNMWA =

- FILE: MFYF+CSA

CCNFIG+ PROC

PARAMETER ICNF=180

(1]

INTEGER CFUNCT , CFTYPE.CMTYPE.CITYPE.CNOPER

a

REAL 10D, ITHICK., MACH. NBAR

(3]

COMMON /CCRFI1G/ ICNFIG(6)., CONFIG({ICNF,.E).

DELP({ ICNF),
MACHL ICNF),
I1STRT(2) .

VELO(ICNF),
MFLG( ICNF),
HENDCI{2),

F-YAL N

wWDDTN{ 1CNF), WDOILIICNF), WDDTG(ICNF),
RDENS([ICHF).

LCNF1{4.8).

TIME: 10:2C:36 DATE 040579

«CNSTARY

PRES(ICNF). TEMP{ICNF),
QUAL{I1CNF),
REYNDZ1CNF} .,
CMPVOLILICNF),
WTDFSY(8)

DIMENSICON FRCOEF(ICNF)., LOD(ICNF). DIAMIICNF)}, ITHICK(I1GNF),.
]

BAR (ICNF)., CODRE(ICNF),

EQUIVALENCE (FRCDEF(1) .CONFIG{1. 2))
{(DIAM  {1),CONFIG{1,4a))
{NBAR (1).CONFIG{!1,6)).
{CHEAD {(1).CONFIG{t,8))

LOD
2 CODE
3

EQUIVALENCE

CHEAD{ICIF )

(1) ,.CONF1GH

N 1.3)).
+{ITHICK(1).CONFIG(1,5)).
{ 1.7)).

(1) .CONFIGI

{CFUNCT ,,ICNFIG( 1)) . ({CFTYPE.I{LNFIG{2)),

1{CMTYPE, ICNFIG(3)1)},{CETYPE.ICNFIG(4)}, (CNOPER.ICNFIG({S)).

2({CNSTaY ., ICNFIG(8))

EQUIVALENCE (I1STRT,IOSTT),(ISTRT{2}.IHSTY)
2 (RENDC{2) ,HHEND)

EQUIVALENCE {WTOFSY

. (KENDC .KOEND ) . -

«O02SWT) . {WTAFSY(2)}.D2IWT),

1 (WTOFSY(3),H25WT ), {WTOFSY{4Q) .HZIWT1, (WTOFSY(S5).TTLSWT])

CNSTRY = 0

***r** CCNFIG VARIABLE DEFINITIONS.

CFUNCT: = 1, CFTYPE =

CFTYPE =
IDV = 10
= 20

= 30

= 40
CFTYPE =
»

onoonooonoanonNnoohbonnho o

1 E 8 2 F R F B A E AT ERI PR

= 5, FITTING USES TWO

"= 2, MAGNET NO OPTIONS
= 3, LINE CFTIYPE =
= 4, CONTROL USES TwD

CONFIGURATION FUNCTION CODE ANO TYPE.
AS 1.HELIUM
= 2,NITIUGEN

10 A FIXED NUMBER ! ¢

D177 INDEX AS FOLLOWS.

Jov = TENS DIGIT [10.20,.E7C.)

UNL1TS DIGIT (1,2,E7C.)
FOR LIGHT WGT.CONTROL
FOR MLED. WGT.CONTROL.
FOR HEAVY WGT.CONTROL
FOR EXT.HEAVY CONTROWL
1 FOR ORIHICE

2 FOR FLOW METVER

DIGIT INDEX AS FOLLOWS,

LDV = TENS DIGIT {(10,20,.ETC.)

PAGE




»8 CCNFIG ++ FILE: MFTF+CSA TIME: 1G:20:36 + DATE D40579 PAGE

58 c - CFIYPE = UNITS DIGIT (t,2,ETC.)
59 c » LDV = 10 FOR USE IN LINE ONLY
&0 [ - = 20 FOR 59% REDUCER
61 c - = 30 FOR 20% REDUCER
62 c - = 4D FOR BAYONET FITTING
63 c - CFTYPE = 1 FOR MISC. FITTINGS
64 [o] -

65 c - = G, TAP USES TWD DIGIF INDEX AS FOLLOWS,
66 c - LDV = TENS DIGIY (10,20.ETC.)
67 c - CFTYPE = UNITS DIGIT (1,2,ETC.)
€8 c - A LDV = 10 FDR USE 1IN LINE DNLY
69 c - = 20 FDR 6X4X6 R-O-TEE

70 [ - = 30 FOR BY%2X6 R-O-TEE

ks c ¥ = = 40 FDR 242x2 Y~TEE

72 c - . CFTYPE = 1 FOR TAP

73 [+ & -

74 [ - = 7, TEE USES TWO DIGIT INDEX AS FOLLOWS,
75 < - LDV = TENS DIG!? (10.20,ETC.)
76 [ * CFTYPE = UNITS DIGIT {1,2,ETC.)
77 c - LDV = 10 FOR USE IN LINE DNLY
78 c - = 20 FDR 3-WAY TEE

79 c - = 30 FDR 3-WAY TEE

80 c - CFTYPE = 1 FOR TEE

81 ¢ »

a2 [ - = B8, ELBOW USES TWO DIGIT [NDEX AS FOLLOWS,
83 c - LDV = TENS PIGITY {10,20,ETC.)
B84 c - CFTYPE = UNITS DIGIT (1,2,ETC.)
85 [ - LDV = 10 FOR USE IN CLINE ONLY

. €s c . = 29 FOR 45 DEG.ELBOW
a7 c. - = 30 FOR 90 DEG.ELBOW
a8 c . = 40 FOR 180 DEG.ELBOW
89 c . CFTYPE = 1 FOR ELBOW
ao c -

91 c ~ = 9, VALVE USES TWO DIGIT [NODEX AS FOLLONWS,
92 c . IOV = TENS DIGITV (10,20,ETC.)
93 c . CFTYPE = UNITS OIGIT {(1,2,ETC.)
94 [ . 1DV = 10 FOR USE IN LINE ONLYL
95 c L] = 20 FOR BALL VALVE
96 c . = 30 FOR BUTTERFLY VALVE
97 c . = 40 FOR GLOBE VALVE . *
98 [ - = S0 FOR JI VALVE
ag c - CFTYPE = 1 FOR VALVE N
100 [ -
101 c - 19, REGULATOR CFTYPE = UNITS DIGIT (1.2.€7C.)
102 c - IDV = 10 FDR LINE USE ONLY
103 [ * = 20 FOR SINGLE STAGE REG.
104 c - CFTYPE = {1 FOR REGULATOR . .
105 [+ hd
106 [ + 11, CRYOPANEL - NO DPTIONS
107 C *
108 c = 12, REFRIGERATNA-LIQUIFIER - WO OPTIONS
109 [ .
110 [ > 13, TANK NO OPTIONS
111 c -
112 [ * 14, COMPRESSUR~PURIFIER = NO OPTIONS
113 c = .
::4 < * 15, HEX CFTYPE = { FOR HIGH PRESSURE
S c *

= 2 FOR LOW PRESSURE
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CCINFIG +*

116
117
1na
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
16¢
162
163
164

aoOa0a0aONOO00N000NONONNONRNODANDNaNNONANNNNNNNNN

FILE: MFTIF»CSA TIME: 10:20:386 DATE 04¢579 PAGE

t6., END

CMTYPE

£anxru0wn

CILTYPE =

COLUMN 1
COLLUMN 2
COLUMN 3
COLUMN 4
COLUMN 5
COLUMN &

7

8

COLUMN
COLUMN

PRES = PRE “:2RE

'EEEEEEER R E N E N O I O AN IR A BN A N 2 N BN R K BN AE BU BN 2K O B BE L L AL N 4

EL LR

END

NO OPT1O0NS

CMTYPE — CONFIGURATION MATERIAL TYPE. i .

« 321/3a47 STAINLESS STEEL

» 2219-TB7 ALUMINUM ALLOY
3. 6061-T6 ALUMINUM ALLOY
4, INCONEL-718 ALLOY

« TITAHIUM TI-EAL—4Y ALLODY
. TYPE 304 STAINLESS STEEL
» CRES VACUUM JACHKETED LINE
8, 2219 VACUUM JACKETED LINE

N -

~SoUm

CITYPE — CONFIGURATION INSULATION VYPE.

1, DBL.ALUM.MYLAR/STLK HNET

2, DAL.GOLD.MYLAR/SILK NET

3. DBL.ALUM.MYLAR/TISSUE GLASS

q, CRINK.DBL.ALUM. MYLAR

5, NRC-2 CRINKLED ALUMINIZED MYLAR
6, SUPERFLOC

7. MICROSPHERES (104-t35 MICRON)
8, POLYURETHANE FOAM

9, FIBERGLASS BATTING {(JM)

10, VACUUM JACKET INSULATION
CNOPER - KNUMBENR DF OPERATIGNHAL UNITS {(CFUNCT)
CHNSTBY - NUMBER OF STANDBY UNITS {(CFUNCT)

CONFIG - CONFIGURATION TABLE

CONTAINS THE ABGVE 6 VARIABLES PACKED
ONE PER BYTE IN THE ORDER THEY ARE
LISTED FRDOM LEFT TO RIGHT 1IN THE WORD.
CONTAINS THE FLOW FRICTION COEFICIENT.
CONTALMS THE LENGTH DF A LINE OR THE
EFFECTIVE L/D FOR OFHER COMPONENTS.
CONTALINS THE DIAMETER OF A LINE.
CONTAINS THE INSULATION THICKNESS FOR
A LINE.

CONTAINS THE NO. OF INSULATION LAYERS
CONTAINS THE ID DF THE COMPONENT
CONTAINS THE DELTA HEAD AT THE
COMPONENT POSITION IN THE SYSTEM

AT EACH POINT IN THE CONFIGURATION.




** CCNTRL e FILE: MFTF*CSA TIME: 10:20:36 DATE 040%79

1 CCNTRL* PROC

2 <

a PARAMETER NBRSY=5. NBRSR=4

- c

S INTEGER SCRIT.SYSHUM

&6

7 NOMMON /CCNTRL/ NAMSYS{NBRSY ) ,SCRIT,SYSNUM
a 1 +INTGS5Y (MODTRC(11},KSUBG({NBRSY,NBRSR}, LREPT ,NDXGAS

9 C

10 c SCRIT = 1 FOR SUB-CRITICAL

13 C = 2 FOR SUPER-CRITICAL

12 [ SYSNUM = 1, MAGNET LHE SUPPLY SYSTEM

13 [ = 2, CRYOPANEL LHE SUPPLY SYSTEM
14 c ' = 3, REFRIGERATOR~LIQUIFIER SYSTEM
15 c = 4, LN2 SUPPLY SYSTEM

16 [ = %, GHE RECOVERY SYSTEM

17 c

18 G NDXGAS 1S THE GAS CARD INDEX {COUNTER}
19 C
20 G
21 END

A}

PAGE



+s CFLUID =+» FILE: MFTF+*CSA TIME: 10:20:37 + DATE 040579 PAGE 9

1 CFLUID+ PROC

2

3 COMMON /CFLULID/ TSYSVD, VOLMAG, VOLCRY, wWOGTDY, WOLTOT,

4 1 WDGMAG, WDLMAG, WDGCRY, WDLCRY, WDGSTO,

S TMPMRT, TMPCRT, TMPSRT

1) G rreew .
7 C -

8 c -

9 [+ -

10 [ sesew

11 END

8y




** CFT »=» FILE: MFTF*CSA TIME: 10:20:37 DATE 040579 PAGE 10

1 FUNCTION CFTW (D,P,lDV)
2 [ N
a c P R T I N i
4 o] * ROUTIHE NAME * .
5 [+ = ROUTINE LANG - FORTRAN V UNLIVAC 1110 EXEC 8= .
(-] c * DATE CODED ~ AUGUST 23, 1978 -
- 7 c « PROGRAMMER -~ R.F.HAUSMAN 104-8213-30235 -
-] c 4 4 ¥ e & B Ak S e EEE ®E P R E ST s R
9 c
10 REAL X1 HZ K3,kq
11 c
Ig DIMENSION KI1(4),K2(4),K3(4),.K4(4).C1(4),C2(4),C3(4),.Ca(4a)
1 c i
14 DATA ®1/0.040,0.057,0.073,0.090/
15 DATA ¥X2/06.057,0.073,0.090,0.107/
18 DATA K3/1.000,2.500,3.300,5.500/
17 DATA K4/2.500,3.300,5.500,7.700/
18 CATA C1/1.750,3.950.5.730,8.910/
19 CATA C2/3.95%0,5.730,8.910,12,35/
20 DATA C3/0.800,1.500,2.500,3.500/
21 DATA CA/1.5900,2.500,3.500,4.500/
22 [
23 c SET 1Dv TO EXYRA HEAVY IF NOT INPUT
24 LF (1Dv .EQ. 0) DV = 4
25 1F{D.LE.1.) GO TD 10
P~ 26 . 1F{(P.GT,300.0.AND.D.GT.3.5) GO TO S
o 27 IF(P.GU.1000.0.AND.D.LE.3.5) GO TD 5
28 CFTWw = KRI{1IDV)+D=D+*D + C}{1DV)
29 RETURN
30 5 CFIW = K2(IDV)+PD+*D+D + C2{1IDV)
33 RETURN
32 10 IF(P.GE.1000.) GD TO 1S
33 CFTW = K3(IpVv)«+«D + C3(IpV)
34 RETURN
3s 15 CFTW = KA(IDV)+D + Ca4(IDV)}
3§ RETURN

37 END



es CIOUNT #*=» FILE: MFTF*CSA TIME: 10:20:37 - OATE 040579 PAGE 11

1 C1QUNT s PROC

a c

a COMMON /CIOUNT/ 1OUNIT(14),11IN,107

4 [

5 EQUIVALENCE (MURDY ,1QUNLY( 1)), (MURD2 ,!DUNIT{ 2)), i
6 L{MURD3 , IOUNIT( 3)).(MURD4 ,IQUNIT( 4)), (MURDS .iDUNI¥{ 5)}),

ki 2{MURDS , l1OUNET{ 6}),(NTAPE,IQUNLT( 7)), (NTAPE2,IDUNIT{ B)),

8 S{NTAPE3, IOUNIT( 9)).(NTAPEA,IQUNIT(10)),(NTAPES.IDUNIT(11)),

9 4{NTAPES, IOUNIT(12}), (NTAPE?,IOQUNIT{13)), (NTAPEB.IDUNIT{14))

10 [

11 [

2 [ IDUNIT — AND ARRAY OF VALUES WITH ARE THE LOGICAL UNIT NUMBERS
13 c AS DETAILED IN SEC. 4.4.1 OF THE LMSC DIGITAL

14 [ COMPUTER SYSTEMS MANUAL {(LlMSC=68%5147).

15 [

16 END

U v ey e e e e




e+ CKEYS »eo

v

[LF J2E A

FILE: MFTF«CSA

CKEYSs PROC
c
COMMON /CKEYS/ KEY1 ,KEY2

END

TIME:

10:20:37

DATE 040579

PAGE

12



wd CMAG ew

IV

cvoNBRALN-

FILE: MFTF=CSA TIME: 10:20:38

CMAG* PROC
[

CUMMDN/HEOATA/HELD HELH ,HELS HELCV ,HELZ ,HELE ,HELCP ,HELW ,HELSV
HE sc

COMMON/HESATD/HEDG ,HEDL ,HESG ,HESL ,HEHG ,HEHL ,HEEG,.HEEL ,HECVG . HECVL,
1 HEUPG,HECPL ,HEWG,HEWL ,HEZG, HEZL.ﬂEbVG HESVL  HET
2 « HELVSC, HEGVSC

CDMDH /CMAG/ PMAGDW, TMAGDW, HEMWT, QMAGI, VHEMAG, VHFMDW,
VHESDW, HDMAGL, HDMAGD, HDMAGC, NUIMAG, WDTLHI

:z . QLKSDW

COMMDN /CMAGO/ WDOTI{(6), SVLINT, SVLMIX, RHOMIX, QUALD,

1 WDTGHE, WDTGH2, PMAGD, TMAGE

COMMDN /CRYIN/ NUMCRP, PCRYDW, TCRYDW, VHECDw, WETLCH,
1 QCR(S), VHECR(S), HOCRI(S5), HDCRO({5)} , WDTCR(5)}

COMMDN /CRYP/ PCRYI(S

) PCRYO(5), SLVIN(S), TCRI(S), TCRO(S
1 DENS{5), QGENHR{S)

)

)

. 1B
. TIMNS) ., TIM2{5), WDTMAG(S), WDTGI(S5),
«  SVLMX(5), RHOMX(S5), RHOL(S5) . RHUG(S5),
« PRSTAP(G)

2 WDTL(S). QWAL{S
3 wDhDTBR(E), TENMTAP(G6

COMMON/PSET/ NPSYS
COMMON/MCTANK/ PTANK, TTANK -

COLD BOX TEMPERATURES, PRESSURES, AND FLOWRATES

O ¢ 0N

COMMON /RLDATA/ TCB{i1), PCB(3), WOTCB(S), HENTH(11)
éDMMGN /RUINPT/ TN2L,DN20, TNZ20, PN2] ,HN2L . HN2V ,HN2O,GMWTNZ ,
1 DN2L.DN2LV, QLEAKI ,QLEAK2

HEDATA CONTAINS THE CURRENT PROPERTY VALUES FOR THE LAST
CALL TO HEPROP FOR LIQUID OR GAS STATES.

THE LAST CALL TO HEPROFP FOR THE SATURATED LIQULO-VAPOR
STATE

Oaaononannn

*
-
-
* hESATD CONTAINS THE CURRENT SATURATED PROPERTY VALUES FOR
*
»
-

ENO

DATE 040579

PAGE

13




4« CNMATRL »» FILE: MFTF=CSA TIME: 10:20:38 + DATE 040579 PAGE 14

CMATRL* DPROC

REAL MINTHK

1
2
3
4 c
5 COMMON/CMATRL/RHOM(10) (RHOL( 10) . RHOIS(10) .MINTHK(15)
6 [+
? c
a [ +evs RACM{ L) IS THE DENSITY OF THE SELECTED LINE MATL. (LB/CU.FT)
] c
10 c « I =t ,FOR 321/347 STAJINLESS STEEL
11 [ * I = 2 ,FOR 2219-T87 ALUM. ALLOY
12 c « I = 3 ,FOR 6061=TL ALUM. ALLDY
13 c * I = 4 .FOR INCONEL-718
14 [ = I =5 ,FOR TITANIUM TI-6AL—-4YV ALLOY
15 c .
16 [ o4 "soe
12 [
18 [+
19 c -
20 c *+se RHOI(1)-THE DENSIYY OF IHE CHOSEN INSULATION MATRL.[LB/CU.FT)
21 [ * OPVIMIZED LAYER DENSITY VALUES.
22 o] - R
23 c « 1 = %, FOR DOUBLE ALUMINIZED MYLAR/SILK NET (50 LAYER/LINCH)
24 c « 1 = 2, FOR DOUBLE GOLDIZED MYLAR/SILK NET { 50 LAYER/INCH)
25 c « I = 3, FOR DOUBLE ALUMINIZED MYLAR/TISSUE GLASS ( 1CO-LAY/IN}
= 26 c * I =4, FOR CRINKLED DBLE.ALUM.MYLAR/TISS.GLASS { 20-LAY/IN}
Ly 27 C *« 1 = 5, FOR NRC-2 CRINKLED ALUM. MYLAR { 40 LAYER/INCH)
28 c « 1 = 6, FOR SUPERFLOC ( 30 LAYER/INCH)
29 c * I = 7, FOR MICROSPHERES (104 MICRON DIA.) (PER CuBIC FOOT)
3o [+ « 1 = 8, FOR POLYURETHANE FOAM (PER cuBIC FOOT)
g; C * I = 9, FOR FIBERGLASS (J.M)(800-1200 DEG.R) {(PER CUuBIC FOOT)
C L]
33 c * REF.'HDBK FOR THERMAL DESIGN'-LMSC—AB47062,v0L.2,25 JUNE 1967
34 [+ - *MI1CROSPHERES'-DATA OF PARMLEY AND CLNNINGHAM, LMSC.
35 C -
36 C L L X -
a7 c
3B c
ag c stex RHDIS(T)~-DENSLTY OF THE CHOSEN INSULATION MATRL.(LR/CU.FT) *
:? [+ « ON PER LAYER BASIS FOR SPECIFYING LAYER FENSITY.
C [ ]
42 [ + [ = 1, FOR DOUBLE ALUMINIZED MYLAR/SILK NEV (PER LAYER/LNCH)
43 [ * 1 = 2, FOR DOUBLE GOLDIZED WMYLAR/SILK NET (PER LAYER/INCH)
44 [of = 1 = 3, FOR DOUBLE ALUMINIZED MYLAR/TISSUE GLASS (PER-LAY/IN)
a5 o « [ = 4, FOR CRINKLED DBLE.ALUM MYLAR/TISS.GLASS (PER-LAY/IN)}
46 c = I = S, FOR NHC-2 CRINKLED ALUNM. MYLAR {PER LAYER/INCH}
47 [ * [ = 6, FOR SUPERFLOC { PER LAYER/INCH)
48 C +« | = 7, FOR MICROSPHERES (3104 MICRON DJA.) {PER CuBIC FOOT)
49 [of + 1 = 8., FOR POLYUREVYHANE FOAM (PER CuBIC FOOT)
50 [ = 1 = 9, FOR FIBERGLASS (J.M}{(BCD-1200 DEG.R) (PER CUBIC FOOT)
51 [ - REF.'HDBK FOR THERMAL DESIGN'-LM5C-AB47B82,VDL.2,25 JUNE 1967
gg [ » 'MICROSPHERES'~-DATA OF PARMLEY AND CUNNINGHAM. LMSC.
c -
54 'l rean
5% [+
22 c MINIMUM THICKNESS DATA ([ INCHES)
c
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#e CMPCAL =+

YENOUIRWN =

10

o oonaoannnen

(2]

ooonnoaooaaonconNnoaonn

LY

* INPUT DAT

FILE: MFTF+*CSA TIME:
R O L L T T S T IR W S S »
ROUTINE NAME - PRESSURE DROP COMPUTATION

FOR ENTIRE CONFIGURATION

RUUTENE LANG — FORTRAN V UNIVAC 1110 EXEC 8

DATE CODED - AUGUST 23,

A Y R A

15: PRESSURE IN HPA,

SUBROUT INE CMPCAL

INTEGER GSTATE, GLODOP
REAL MUHE

LOGICAL PAGE, JP

INCLUDE CCNFIG
INCLUDE CCNTRL
INCLUDE CFLUID
INCLUDE CI1OUNT
INCLUDE CMAG
INCLUDE CNAMES
INCLUDE CONST
INCLUDE CPAGE
INCLUDE TABLOK
-
« IF CFUNCT = 1, A GAS
- 2, A MAGNET
- 3, A LINE
N 4, A CONTROL
* 5, A FITTING
hd 6, A TaP
* 7. A TEE "
- B, A ELBC A
ke a, A VALVE
*+ 10, A REGULATOR
- 11, A CRYOPANEL
- 12, A REF-LIQ.
. 14, A TANK
+ 14, A COMFUR
* 15, A HT .XCHNGR
+ 16, A END
+
++s++ IJNITIALIZE THE ROUTINE
1ox = 0 .
ISIGN = 1
ITEE = 0
LTAP = [+]
1IRLQ = ©
MAGIX = o
I TANK = o

-

-
-
"
*
*+ PROGRANMER - R, F.HAUSMAN
+
-
A

104-6213-30235

o

“«PRINOLLILULALLO=

“~00O0OUVODAUMONODOO
QOCOODWOOOCOCOOCOO0

1978

v e -
AND TEMP I DEG.

O e e e e e Tt e e

- = .

K

10:20:38

cMproo100
CHMPOO200
cMirEool00
CMPQO4a0C
CMPOOS00Q
CMPOOGOO
CMPOOQ700
CMPoLa00
«CMPO0OY00
CMPO1000
CMPO1100
CMP0i1200
CMi*0 1300
CMPP01400
CMPO1500
CMPO1600
Ch®L01700
CtpPo1800
CMPO1900
CMPo2000
CMPG2100
CMP0O2200
CMPO2300
CMPO2400
CMP 02500
CMP0O2G0O0O
CMPO2700
CmMP02400
CMPO2920
CMPOJO0D0
CMPO3100
CMPD3200
CMP03300
CMP0O3300
CMBE034%00
CMPQ3G0Q
CMPO3700
CMPQ3B00
CMPOJ3900
£MP04000
CMPO5100
CMPODA200
CAR04300

CMPOALO0
CMRO4G00
CMEGA700
CMPOIB00
CMPCA900
CMPOS5CG0C
CiP0OS100
CMPG5200
CMPOS5300
EMPO5400

CMPOSS500
CMPOSG00

DATE 040579

PAGE

18
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9Ty

111
112
113
114
115

onn 0

onoo

noo

100

110

111

FILE: MFTF»CSA TIME: 10:20:28
JKM = 0
DLPTOT = 0.0
SYSvOL = ©.0
Cct = 1.5134€E-09/(GRAVTIY = PI < PI)

NDXGAS = NDXGAS + 1

IF(PAGELO)) WRITE {107,B050) {[LE{I,NDXGAS),I1=1,5)
WRI1TE {107.6020)

JP = PAGE (3}

*x24s START OF CONFIGURATION PRQCESSING LOOP

00 1000 11=1,1CHNF
IDX = IDX + ISIGN
MACH(IOX) = 0.0
MFLG(IDX) = GH
CALL GETCON{1DX)

*s4%¢ BRANCH TO THE REQUIRED CONFIGURATION YTYPE. SEE CCNF1IG
*=+v> FOR BRANGH DEFINITIONS.
Go TO (100,200,300,400,450,500, 460 450 400,405,600,250,700.
ao00,900.,1100), CFUNCT

swede SETUP THE GAS TYPE s+sus

IGAS = CFTYPE

GSTATE = ICNFLG(S)

GLOOP = ICNFIG(3)

MAGLA = 1

1FINPSYS.EQ.1) QUALX = QUALD
1F{NPSYS.EQ.2) QUALX = QWAL{GLDOP)
DIAM{IDX) = 0.0

WODTN(1DX) =
wDOTL(IDX) =
WDOTG({10X) =
QUALLIDX)} =
TEMP(IDX}
PRES{IDX})
DELP({EDX}
VELD{IDX}
RRENS(1DX)
REYKO(IDX)
IF {IGAS .EQ. U
JKM = 1GAS
ISIGN = 1
ISTRT(IGAS) = IDX + 1
dx = 0

CONTINUE

[=]
XO000000000

ERUINTEN BT

GO To 110

[FC{(NPSYS.EQ.1],AND.{(GLOOP.GE.2)) GO TO t11
IFL{NPS5YS.EQ.2).AND.{GLODP.GE.2)} GO TD 111 .
1F({{NPSY5.EQ.3)_.AND.{GLODP.GE.2).AND. {GLOOP.LE. 7))} GO TO 111

1FULNPSY5.EQ.3).AND. (GLOCP.EQ.8)) GO TO 1111
GO TD 112

NDXGAS = HNDXGAS + 1
IF(PAGE(O}) WRITE (I0T.6050) (L5(I.NDXGAS),1=1,5) *

CMPOS5700
CMPOSB0N0
CMP05900
CMPO6000

CMPO6100
CMPOG200
CMPOGI00
CMPOL DD
CMPOB500
CMPOEEDO
CMPOBT00
CHPOBBOO
CMPOLI00
Cwir07000
CMPO7100
CMPO7200
CMPO7300
CMPQ7400
CMPO7500
CMP07600
CMP07700
CMPO7A00
CMFP07900
CcMP08400
Ccmr08100
CmiP08200
cmP08300
CMPGB4A00
CMPOR300
CMPOBGOO
CMPOBT00
CMPOBS00

CMPOBBOO

CMP09000
CMPO0O9100
CMPO9200
CMPOS300
CMP0O9400
CMPQ9500
CMPO9600

CMP09800

DATE

040579

PAGE

17
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CMPCAL *»

116

117
e
119
t20
121
122
123
124
128
126
127
128
129
130
131
132
133
134
135
136
137 .
138
139
140
141
raz
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
181
162
163
164
165
166
167
168
169
170
171
172
173

non

111

112

117

114

200

FILE: MFTF+CSA TIME:

WRITE (JOT.6020)

JP = PAGE(3)

GO TO 12

NDXGAS = HNDXGAS + 1

IF(PAGE(G)) WRITE {10T7.6050) (LS(I,.NDXGAS),1=1.5}
WRITE (107,6021)

JP = PAGE(3)

CONTINUE
IF(It.EQ.1) GO TO 999

IF{(NPSYS_.EQ.2).AND. (GLOOP.EQ.4)) GO TO 117
IF{{NP5YS.EQ.2).AND.({GLOOP.EQ,5)) MAGIX =2 ; GO TO 113
IFINPSYS.EQ.3) GO TO 999

TEMP{1IDX)}) = TEMPBR

PRES{IDX)}) = PRESBR

WOOTN(IDX) = WDDTBR{GLOOR)

IF((NPSYS_EQ.1).AND. (GLOOP.EQ.2)) WDOTH{IDNK)=WDOT1(GLOOP)
WDOTL{(IDX) = WDDTN{1DxX)

WDOTGLIDX) = 0.0

GO TO 1314

CONTINUE .

DD 116 I = 1 ,NUMCRP
SUMTMP = SUMTMP + TEMTAP(I)

SUMPRS = SUMPRS + PRSTAP(I)
CONTINUE

XP =  NUMCRP

TEMAVG = SUMTMP/Xxp

PRSAVG = SUMPRS/XP

TEMP{IDX) = TEMAVG
PRES{1DX)} = PRSAVG

WOOTN(IDX) = WDOTNQ

WDOTL(IDX) = WDOVTLQ

WDOTG(IDX) = WDDTGO

QUAL({IDX) = WDOTG(IDX)/WOOTN{IDX)
GO 10O 114 .

CONT INUE

PRES(IDX) TAPPRS

TEMP(IDX) TAPTEM

WDDTN(IDX)
WDOTL{IDX)

wWDOTBR{GLDOP)
WDOTN( 1DX)}

e nu

WDOTG{ 1DX) 0.0
QUAL(IDX) D.Ol
CONT INUE

IF({IGAS.EQ.1) .ANO. (GLODRP.GE.Z)) GO 7O 99%
GO 7O 999

Samvd PRDOCESS A MAGNET

CONTINUE
NPSYS = 1

10:20:39

CcMP 10000
CMP10100

cMP 10200
CMP 10300
CMP 1 0400
CMP 10500

CMP10800
CMP10300
CMP1 1000

CMP11100

CMP1 1200
CMP112300
CMP11400
CMP 11500
CMP11800
CMP 11700
CMP 11800
CMP1 1300
CMP 12000
CMP12100
CMPe 12200
CMP 12300
CMP12400
CMP 12500
CMP 12600
CMP 12700
CMP 12800
CMP12300

CMP13000

CMP13100
CMP 13200
CMP13300
CMP 13400
CMP13L00
CHMP 13600
CMP13700
CMP13800

DATE 040679

PAGE
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CMPCAL *»

174
175
176
172
178
179
180
181

182
183
184
1es
186
187
188
189
190
191

192
193
194
195
198
197
198
199
200
201

202
203
204
205
206
207
208
209
210
211

212
213
214
215
216
217
218
219
220
221

222
223
224
225
226
227
228
229
230
231

O 00 oan o

250

FLLE: MFTF*CSA TIME: 10:20:38

MAGIX = MAGIX + 1

FLD = FRCOEF{1DX) * LODIIDX) / DIam{1Dx)
CMPVOLI{IDR) = P104 * DIAM{IDK)+*2 » LOD(IDX)

WDDTN{1O0X) = WDDOTN{1DX-151GN)

1x = 1DX - ISIGN

CALL HEPROP(PMAGDW, TMAGDW, 1)

RHOD = HELD * HEMWT

PRMAGL PMAGD: + HEHED{RHO, HOMAGI)

PMAGO = PMAGOW + HEHED(RHOD, HDMAGO)}
TMAGI = TEMP({IX]

CALL HEPROP(PMAGL ,TMAGL 1)

CALL HEPRJOP(PMAGO, TMAGE ,3)

DELH1 = HEHL ~ HELH

DELH2 = HEHG - HELH

QHR = OMAGI = 3600.0/2.0

QSAT = ((woOTL{IX)+1000.0)/HEMWT) *DELH1

QVAP = QHR - QSAT

WOOTG(IDX) = (QVAP/DELH2)*HEMAT/1000.0

QUALL{IDX) = WDOTG(IDXA)/WDOTLILX)

WDOTL(IDX) = WDOTL(1X) — WDOTG{1DX)

SVLMIX = (+.—-QUAL(IDX))+HESVL + QUAL{IDX)*HESVG
RDENS(IDX) = (1.0/SVLMIX} * HEMWT 8 KG/CU-M
RHO = RDENS(IDX)

DELP{IDX) = C1+FLD+* (WDODTN{1X}/CNQPER}*+2/{RHO*DIAM{ 1DX)**4}
PRES(IDX) = PRES(IX) - DELP({1DX)

VELO(IDX) = VELF{WDOTN{IDX},SVLMIX,HEMNT, DIAM(IDX))

CALL HEPROP{PRES{IDX),TEMP{IX),3)

TEMP(IDX} =« HET -

QUALX = QUAL(LIDX)

ARHOLGM = {1.0/SVLMIX)} + HEMWT @ KG/CU-M

MUHE = ({{1.0-QUALX)} » HELVSC} + QUALX » HEGYSC) = 0.0000t
REYNO(IDX) = (DIAM(IDX)»(VELO(IDX)/3600.)=*RHOLGM) /MUHE

HDLP = HEHED( RHOLGM,CHEAD(IDX1)

PRES{IDX) = PRES{IDX) + HDLP .

GO TO 999

LR AR} PROCESS A REFRIGERATOR = LIQUIFIER UNIT bbbl

CONT INUE
IRLG = iRLQ + 1
QUAL(IDX) = 0.0 @ SET QUALITY = ZEROD

IF((IRLO.EQ.2).AND. (GLDOP.EQ.5)) GO TO 252
IF{{GLDOOP.EQ.B).AND.(1RLQ.EQ.4)) GO TO 254
IF(GLOOP.EQ.B) GO TDO 253

FLD = FRCOEF(1DX) » LOD({IDX)/DLAM(IDX)
CMPVOL(IDX} = P304 + DIAM{IDK)s+2 % LDD(IDX)
WDOTN([IDX) wDTCB{5)¢3.8

WBOTL{IDX} WOOTL{IDX-1SIGN}

WOOTG( [DX) WDOTN( [DX)

PRES(10X%) PCB(1)}

TEMP(IDX) 1CB(9)

CMP 13400
CMP14000
CMP14100
CMP14200
CMP1L4300

CMP14H0O
CMP 14900
CMP13100

CMP 15300
CMP 15400
CMP15500

CMPISGO0D
CMP 15800
CMP159Q0
CMP 16000

CMP1G100
CMP 16200
CMP1G300
CMP 16400
CMP16500
CHMP16600
CMP16700

DATE 040579

PAGE

9
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6TV

232
233
234
23s
236
237
233
239
2430
241

242
243
244
245
248
247
248
249
250
251

252
253
254
255
256
257
258
259
260
261

262
263
264
265
266
267
268
269
270
271

272
273
274
275
276
277
278
279
28¢
241

282
283
284
285
286
287
288
289

0o nno

252

253

2654

800

RDEN':{ 10X}
DELP . iDX}
PRES{IDX)
VELO{IDX)
CALL HEPROP (PR
MUHE
REYNO( 1DX)
GO TO 999

"u

WDOTN(I1DX)
WDOTG( 1DX)
WOOTL(1DX)
PRES(IDX}
TEMP(IDX)
RDENS(IDX)
DELP{1DX}
VELO(IDX)
REYNO(IDX)
GO 10 999

[T T T [ T

WDOTN(IDX)
WDDTG(1DX}
WDDTL( DX}
PRES{IDbx)
TEMP{1DX)
RDENS{ IDX)
DELP{1Dx)
VELO{1DX)
REYND(IDX}
GO 1O 999

nmw e

WDOTN{ 10X)
wDOIG( 10X}
WDOTL(1DX)
PRES{1DX}
TEMP{ IDX)
RDENS{ 1DX)
DELP(1Dx)
VELO{1DxX)
REYNO( IDX)
GO TO 999

[T T I T TV T 1 1}

LAL KR PROCE
CONT INUE

NPSYS = 2
MAGIX = MAGIX
FLD = FRCOEF(
CMPVOL{IDX} =
Ix
WODTR(iDX}
PLICRY
PDCRY
-TCRYI =
CALL HEPROP{PIC
CALL HEPROP{PDC

FILE: MFTF=CSA

RHOGAS(PRES(IOX), TEMP(TDX1)
CY+FLD*WOOTN{IDX)*+2/ (RDENS{IDX}*DI1AM(IDX)*+4)

PRES{IDX) - DELP(IDX)}

TIME:

10:20: 38

4.0+WDDTN|IDX}/(PL*DIAM(IDX)++2 + RDENS{1DX})

ES{1DX) .TEMP{IDX),.2)
HEVSC +* 0.00001

{DI1AM{IDX)*(VELO{LIDX)/3600.)*RDENS L1DX )} ) /MUHE

WDTCB{5)*3.6-{WDGMAG +

WDOTN( IDX)

0.0

pce(1)

TCB(9)

ADENS( IDX-1SIGN)
0.0

0.0

0.0

WOGCRY)

WDTCB(4)v3.6 + WDGMAG + WDGCRY r WDGSTO

WDOTN( 1DX)
0.0

PCB(3)
TCBL2)

RHOGAS{PRES({IDX),TEMP(IDX))}

0.0
0.6
0.0

WOOTN(1D0X-1SIGN)
wWDOTG( IDXx-1S1GN)
WOOTL{ IDX-1SIEGN)
PRES(IDX-ISIGHN)

TEMP( LOX-ISIGN)

RDENS( 1DX-1SI1GN)
0.0

YELD{ IDX-151GN)

REYNO( LDX—-ISIGN)

SS A CRYDPANEL

+ 1

IDX} =+ LOD(IDX) / DIAM{1DX)

P1OA + DLAM{LIDX)>*2 =»
10X - ISIGN

WDOTN( [OX—1SIGN}
PCRY L (GLQOP)

PCRYO{ GLODP)

TEMP(1X)

RY.JCRY1l.1)
RY,TCRY1,3)

LoD (I0X)

CMP 16800
CMP16900
CMP 7000
CMP17100
CMP17200
CMP 17300
CMP17400
CmpP17500
CMP17600
CMP17700
CMP17800

CMP17900

OATE 040579

PAGE
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CMPCAL =

290
293

292
293
294
295
296
297
298
299
300
3o

302
303
304
305
306
307
308
309
310
311

312
313
314
215
316
317
318
319
320
k3
a22
323
324
32s
326
az27
328
329
330
a3

33z
333
334
335
33s
337
338
33g
340
341

342
343
344
345
346
347

onon o

300

315

FILE: MFTF*CSA TIME: 10:20:38
[sBY} = HEHL - HELH
DH2 =  HEHG = HEHL
QHR = QCRIGLOOP) +« 3600,0
QSAT = ((WDOTN(IDX)+1000,.0)/HEMWT) = DH1
Qvap = QHR - QSAT
wDOTIG({IDX}) = ((QVAP/DH2} * HONWT)/10€0.0Q
WODTL(IDX) = WOOTL{IX) - wDOTGLIDX}
QuaLx = WDOTG({1DX)/WOGTH(1DX)
SVLGMX = (1.0-QUALX) * HESVL + QUALX * HESVG
RDEMS(LOX) = (1.0/SVLGMX) * HEMWT 8 KG/cu-m
RHO = RDENS({IDX}
DELP(IDX) = Ci+FLD+ (WDOTN{IX)/CHOPER)*+¢2/(RHO*DIAM( IDX)=+4)
PRES(IDX} = PRES(IX ) - 1S1GN » DELP(1DX)
VELOUIDX) = VELF{WDOTN{IDX),SVLGMX VHEMWT ,DIAM{IDX) }
CALL nEpRop(pRES(xax).reMP(lx }.3)
TEMP{ IDX) =
QUALLIDX} = OUALK
RHOLGM = (1.0/SVLGMX) * HEMWY @ KG/Cu-M
MUHE =

(((1.0-QUALX) « HELVSC) + QUALX = HEGVSC]} = 0.00001
REYNO(1DX) = (DIAM(IDX}+(VELO(IDX}/3600.)*RHOLGA)/MUHE

HDLP . = HEHED({ RHOLGM ., CHEAD( IDX})

PRESCIOX} = PRES(1IDX) + HOLP

GD TO 999
4%«3y PROCESS A LINE téssn

FLD = FRUQEF{IDX)+LOD{1lDX)/DIAM{ DX}
LDV = CFTYPE/10Q

CFTYPE = CFTYPE — LDV + 10

SFAREA = Pl * DIAM{IDX) = LOD{IDA)

QUSE = QLEAK]

CMPVOLCIDX) = PEO4 « DIAM(IDX)++2 » LOO(IDX)

IF(NPFSYS.NE.3)} GD TO 310

lF((NPSYS EQ.3).AND.(GSTATE.EQ.2)) GO TO 310
IF{{NPSYS.EQ.3)-AND.({GLODP.LE.S)) GO TO 311
IF((NPSYS.EQ.3).AND.{GLODP.EQ.B8)}) GO TO 313

IF({NPSYS.EQ.3).AND.(GLODP.EQ.B)) GO TO 315
IFI(NPSYS.EQ.3).AND.(GLOOP.EQ.7)) GO TO 320

WDDTN(1DX)
WDDTL( IDX)
WDDTG(1DX)

VWDOTN{ IDX~IS1GN)
WDOTL{ IDX-ISIGN)
WDOTG{ IDX—-1S1GN}

huwn

TEMPIUX]) TEMP{ [DX—-151GN}
QuAL{ (DX} Q.0
GO TO S10

WOTXS = wDTCB(5)*3.6-(WDGSTO + WOGMAG + WOGCRY)

WOOTHN(IDX) = WDTCB{S)+3.6—(WOGSTO + WDTXS)
IF{(GLOOP.EQ.G).AND.(1ITEE.EQ.4)) WOOTN({IDX) = WOOTN(IDX) - WOGCRY
WDOTGY{IDX) = WDOTN{IDX)
WOOTL{IDX) = 0.0

TEMP{1DX) = 7TCB{(9)

PRES{IDX) = PCB{1)
GO TO0 S10

CMP18700
CMP18800
CMP 18900
CMP19000
CMP19100

CMP19300

CMP 19500
CMP 19600

CMP1S700
CMP 19800
CMP 19900
CMP20000
CMP20G100
CMP20200
CMP20300
CMP20400

CMP209500

PATE 040579
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Ty

34a
349
350
asi
352
aAs53
354
ass
56
as?
ase
359
a60
361
362
363
364
365
366
as7
368
369
a7zo
37
az2
373
374
375
376
377
aza
379
itied
<1: 1]
382
383
B4
385
aae
387
348
389
390
391
392
393
394
395
396
397
398
399
a00
401
402
403
a04
405

0O oo 0O 0 oon

000 o

320

310

4090

4390

405

WOTXS
WOOTH{LDX)
WDOYG{LIDX) =
wDOTL(IDX) =

TEMP(1DX])
PRES{1DX)
GD 1O 510

wn

WDDTN(1IDX) =
TEMP({IDX) =T
GG TO 510

FILE: MFTF+CSA TIME: 10:20:38

WOTCB(5)*3.6-(WDGSTO + WDGCAY + WDGAAG)
WDICB({S)*3.5~(WDGSTO + WDTXS + WDGWAG)
WDOTN( IDX)
0.0
1C8{(9)
PCBl1)

WODTN{ IDX—1S1GN)
EMP(IDX-I1S1IGN)

*s+r«= PROCESS A CONTROL we1 v

FLD = FRCOEF(
1DV = CFTYPE
CFTYPE = CFTY

10X)+L0D( 10X}
/10
PE ~- IDV = 10

DIAM(IDX) = AMINI(DIAM{I1DX+1),.DIAM(IDX~1))

SFAREA = PI
QUSE = QL
CMPVDL(10X)

IF({NPSYS.EQ.

* DIAM(IDX)*+2 * 2.0

EAK2

= CVOL(CFUNCT,CFTYPE.IDV,DIAM(IDX))
J).AND.(IDV.EQ.5)) Gn 1O 430

IF{NPSYS.EQ.3} GO TO 311

GD TO 310

CONT INUE
+exve  PRO

GSTATE = 2

WDOTNL IDK)
WDOTG(1Dx)
WOOFL(IDX)
PRES{1DX)
TEMP( JDX )
CALL HEPROP (
RDENS({IDX)
MUHE
VELO(IDX) =
REYNO({IDX)
DELP(IDX)
QUAL(IDX)

nwron

GO TO 299
sesew PR

FLD = FRCOEF{
iDV = CFFVYPE
CFTYPE = CFTY
DIam(1Dx) = A
CMPVAL( | DX}
WOOTN(IDX) =
WDOTL{IDX) =
WDOTG(IDX) =
RODENS{IDX) =

CESS A JOULE-THOMPSON VALVE _ s*ewxw

@ RESET TO THE LIQUID STATE
WDDTN{ IDX~ISIGN) ’
6.0

WDDIN( IDX)

PCB(2)

TCR(10)
PRES{IDX) ., TEMP(IDX), 1)
HELD *» HEMWT

HELVSC * 0.00001
4.0+WDOTN(IDX)/{P1 « DIAM{1DX)**2 ~ ROENS(IDX))
(OIAM{1DX )= (VELO{ IDX) /3600.0)}+*RDENS( [DX) ) /MUHE
0.0

0.0 .

3 KG/QCU. M.

OCESS A REGULATOR #++++

IDX)+LOD( IDX)
/10
PE - 1DV » 10
MIN1 (DIAM{ IDX+1) ,DIAM{IDX~1)}
= CVYAL{CFUNCT,CFIYPE,1DV,DIAM(IDX}))
WOATN({ 1DX=~IS1GN)
WDOTL( IDX~1SIGN)
WOGTG( [DX-1SIGN)
ROENS( IDX~1SIGN)

CMF206020
CMP20700
CMP20B800
CMP20300
CMP21000
CMP21100
CMP21200
CMP21300
CMP21400
CMP21500

CMP21600

CMP 21700

CMP21800
CMP21900
CMIE22000
CMP22100
CMP22200
CMP22300
CMP22400
CMP22500
CMFP22600
CMP22700
CMP22800
CMP22500

DATE 040579
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uy

406
407
408
403
ala
411

412
a1y
a1a
415
316
317
318
419
420
421

a22
423
424
425
426
a27
a2a
429
a3o
aa

432
433
434
433
436
437
438
439
aa0
4a4ay
Q442
443
G644
445
446
aaz
a4
499
aso
asi

as52
453
454
as55
as56
as7
asa
as9
460
a61

q62
463

nnn

oonn

866

867

450

460

B62
863

FILE: MFTF*CSA TIMEz 10:20:38
TENMP(IDX) = TEMPL{IDX-1SIGN} CMP23000
1F{{MAGIX.EG.1).0R, (MAGIX.EQ.3))GN TD B66 CMP23100
VELOLIDX) = VELT(WDOTN(I1DX)},SVLNEW,HEMWT,DIAM(IDX)}) CMP23200
REYNQ(IDX)} = REYNu' IDX-1SIGN) CMP23300
QUALILEDX) = QUAL{1DX ' -IGN) CMP23100
GO TQ 867 CMP23500
CONT INUE CMP236G00
VELO(IDX) = VELF{WDOTN{IDX}.SLVIN(GLOOP) ,HEMWT . DLAM(IDX]} CMP23700
REYNO(1DX) = REYNO[IDX-~1SIGN} CMP23800
QUAL(IDX) = QUAL{I1DX—ISIGN) CMI*234900
CONTINUE CMP24000
CMP243100
IX = IDX - ISIGN CMP2-4200
DLPREG = 0.0 @ DEFINE THIS TERM WHEN NEEDED CMP24300
PRES({IDX) = PRES(IX) - ISIGN * DLPREG CMP24100
GO 70 561 CMP24400
CMP24G00
#weis PROCESS A FITTING OR ELUOW 2aaas CMP24700
CMP 24800
FLO = FHCOEF(1DX} s+ LOD(IDX) CMI*24900
LDV = SFYYPE/1Q CMH25000
CFTYPE = CFTYPE - LDV * 10 CMP25100
CEAM{EDX) = AMINVI(D(AM(IDX+1) . DEAM(IDX—1)) CMP25200
IF{DIAVM({IDX+ISIGN).EQ.0.0) OIAMUIDX) = DIAM{IDX-ISIGN) CMP251100
IF(DIAV{ IDX=ISIGN).EQ.0.D) DIAM(IDX) = DIAM(IDX+ISIGN} CMP25400
SFAREA = PI + DIAM{IOX) » 0.25
QUSE = QLEAK1
CMPVOL({IDX) = CVOL(CFUNCT,CFTYPE,LDV,DIAM(IDX)) CMP25500
IF{NPSYS.EQ.3) GO TO 311
GO r0 310 CMP25600
CHIR257%00
sesve PRADCESS A TEE DR FLOW SPLITTER »wens CMP25800
CMP25400
FLO = FRCOEF(1IDX) + LOD{IDX) CMP26000
LDV = CFIYPE/10 * CMP2G100
CFIYPE = CFTYPE — LDV + 10 CMP26200
IF(DIAYIDX).EQ.0.0) DIAM(IDX) = DIAM{1DX-1) CMP26200
SFAREA = PI » DIAM{IDX) » 0.5225
QUSE = QLEAK1
CMPVOL({IDX) = CVOL(CFUNCT,CFTYPE.LDV,DIAM(IDX)} CMP25400
TEMP{IDX) = TEMP(IOX—-1SIGN) * CMP26500

1F{NPSYS_EQ.3)} GD YO 470

WODTHN{IDX) = WDDTI(GLOQP) CMP266G00
WDOTL(1DX) = WDOTL(IDX~ISIGN) CMP26700
WDOTG(1DX) = WDOVG(IDX-1S1GN) CMP251H00
RDENS(1DX) a  RDENS(IDX-1SIGN} CMP26300
IF{(MAGIX.EQ.1).0R.(MAGIX.EQ.3})GN TD BG2 CMP27000
VELO(IDX) = VELF{WDOTN{IDX).SVLNEW,HEMWT ,DIAM{IDX)}) CMP27100
GO TO BG3 CMP27200
CONT INUE CMP27300
VELO(IDX) = VELF(WCOTN{IDX)},SLVIN{GLOOP) ,HEMWT,DLAM{1OX)) CmMP27400
CONT INUE “CMP27500

CMP27G600
ITEE = 1TEE + 1 CMP27700
IF(ITEE.EQ.1) GD TD 461 CMP27800

IF({ITEE.EQ.2).AND.{NPSYS.EQ,1)) WDOTN(IDX) = WDTLHI CMP27300

OATE 040579
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464 IF{(ITEE.EQ.2).AND.{NPSYS.EQ.2)) WDOTN{IDX) = wWOTLCH CMP 28000
465 WDOTL(IDX) = wDOTL(IDK—-ISIGN) » 2.0 CMP2810Q '
466 WDOTG(1IDX) = WDDVG(IDX-ISIGN) « 2.0 CMP2H20Q ;
467 RDENS({IDX) = RDENS({IDX~-151GN) CMP 21300 |
aEB GO TO 462 CHP 20400 - !
469 461 CONTINUE CMP 208500 B
470 TEMPBR = TEMP(IDX) CMP 20600
coan IF(NPSYS.EQ.1) GO TO S10 .
a72 [ CMP 28700
473 DO 464 1Z = 2,NUMCRP CMP 28800 .
474 WDOTHR(1Z) = WDOTI{LZ) CMP 28900
ATS IFY1Z.EQ.3) WDOTBR(IZ) = WDOTI{12Z) + wWDOTI(1Z+1) CMP29000
476 464 CONTINUE CMP29100
477 [ CMP29200
478 462 CONTINUE . T CMP29300
479 [ CMP29400 .
460 GO TO 510 . CMP29500 -
as1 c
a2 470 CONTINUE
463 [
4B4 1TEE = IFEE + 13
485 c
486 1F(ITEE.EQ.1) WDOTNLIDX) = WDGVAG + WDGCRY & KG/HR
487 1F{ITEE.EQ.2) WDOTN(IDX) = WOGWAG + WDGCRY + WDGSTO ® KG/HR
488 1FCITEE.EQ.3) WDOTN{IDX) = WDTCB{5) = 3.6 ® KG/HR
489 1F(ITEE.EQ.4) WDOTN(IDX) = WDTCB(5) « 3.8 ~
450 1 (WDGSTO + WDGCRY + WDTXS) & KG/HR
491 c
492 WDOTL(IDX) = MWDOTL{IDX-ISIGN)
493 WDOTG{IDX) = WDOTN(IDX}
494 RDENS({IDX) = RDENS{10X-1SIGN
a95 VELO{ 1Dx) = 4. O‘NDOI'N(IDK)/(Pl-D]AM(le)tva = RDENS(IDX))
496 c
497 GO TO 510
Q98 [
a99 c CMP29G00
500 [+ **+++ PROCESS A TAP OR FLOW DIRECTION SHIFTER  sedew CMP25700
501 c CMP29H00
502 500 CONTINUE . CMP29300
503 c CMP30000 . .
504 1TAP - ITAP + 1 LMP30110
505 c CMP30200Q
506 WDOTNI{1DX) = WDOTN(iDX—ISIGN]} cmPr3Qace
507 1F(ITAP.EQ.3) VOOTN(IDX) = WOOTBR{3]1 ~ WOOT1{(4) cMP30400
508 WOOVL(1DX) = WDOTL(IDX-ISIGN) CMP30S00
509 WDOIG(LOX) = WDATG{IDX-ISIGN) CMP30GOO
540 IF(ITAP.EQ.3) GO TO 502 CMP 30700
S5 WOOTNQ = WDOTNQ + WOOTN{IDX) CMN30100 ) .
512 WwDOVLG = WOOTLQ + WOOTL{IDX) CNP3090Q
513 WwDUTGY = WDOIGQ + WOOVG{IDX) CMIP310060
514 502 CONTINUE CMP31100Q !
515 RDENS({IDX) = RDENS|IDX-1SIGN) CMP 31200 B
516 LDV = CFTYPE/ID CMPI1300 > :
517 CFTYPE = CFTYPE - LDV » 10 CMP3 1400 :
518 FLD = FRCODEF({IDX)+LOD{ IDX) CMP31500
S19 TEMP{IDX)} = TEMP(IDA—LSIGN) CMP31G00
520 DIAM{IDX) = AMINI{DJAM{IDX+1),DIAM{IDX~1)} CMP31700

s21 IF(DIAM(IDX),.EQ.0.0) DIAM({IDX) = DIAM(1DX+1) CMP31800

H
i
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v

S22
523
524
525
526
527
520
529
530
531

532
533
534
535
536
537
538
539
530
By
542
%43
544
545
546
547
548
549
550
551

552
553
554
555
556
557
558
559
560
561

562
563
5654
565
566
567
568
569
570
871

572
573
574
8575
576
577
578
579

ano

nanan

an oonn

O anann

(4]

aca

865

S190

520

530

5490

543
sa4

FILE: MFTF=CSA TIME:
SFAREA = Pl = D[AM(]DX) + 0.5228%
QUSE = QLEA
CMPVOLI IDX) = CVDLlCFUNCT CFTYPE,LDV.DIAM{1DX)}

IFI(MAGLX.EQ.1).0R.
VELO(IDX) = VELF
GO TO 865

GONT LNUE

{MAGIX.EQ.3))GN 1O B64
{WODTN{ IDX ) . SVLNEW , HEMWT ., DIAM[ 1DX )} )

10:20:38

VELO(IOX) = VELF(WDOTN(IDX).SLVIN(GLOGP)},HEMWI.DIAM({1I0X)}

CONTLINUE
wvete COMPUTE

IXx = DX — ]1S51GHN
GO TQ(520.550} .GST

#eive DELTA PR
chALC.

CONT INUE

IFIPRESI1X).EQ.C.D
IFITEMPIIX).EQ.Q.0
RHDO = RWHOGASIPRE
RDENS({ 1DX) = RHO

LINE. CONTROL, FITTING OR VAP DELVTA PRESSURE.

ATE

ESSURE WHEN GASEQUS

RHO OF GAS

} PRES{IX) = PRESIIDX)-

} TEMP(IX) = TEMP{IDX)-0.02
S(1X )Y, TEMP(IDX))

DELP(IDX) = CY¢FLD!(WDOTN{1X)}/CNOPER)}**+2/(RHD*D1AM{ IDX)*+4)
VELQ{19X) = 4, O‘wDDTN([DX)I(Pl'DIAMIlDK)-.z » RDENS{1DX))

QUAL(IDX) = 0.0

awase JF PCT.
seaces DELTA-P,

IF{DELPLLIDX)/{PRES

CALC.
RHD = RHOGAS{PRE
RDENST IDX) = RHO

OF PRESSURE CHANGE EXCEEDS ONE PCT.
1¥ NOT, CDMPUTE THE NEW PRESSURE

RECOMPUTE

(I1X ) + DELPA(IDX)) - 0.01 } 550,560.530

RHO OF GAS
S(EX ) + DELP(IDX)/2.0.TEMP(IDX))

DELP(IDX) = CI+FLD+{WDOTN{1X)/CNOPER)}*+2/{RHO*DIAM{ [DX}*+4)
VELO(IDX) = 4.0/WOOTN(IDX)/{P1+D1AM(IDX)*+2 « RDENS{ IDX))

sesss AGAIN CH

= 2.8 PCT.,

*eise FLOW EQuU
IF{DELPLTIDX)/(PRES

A = PI'DIAM{IDX}+*»

ECK PCT. QOF PRESSURE CHANGE. IF PCT,

EXCEEDS

COMPUTE THE DELTA=P BY USE OF THE COMPRESSI1BLE
AT10NS. (REF.-RPL-TDR-64-25,vQL.1,REV.D)

{IX ) + DELP{EDX)) - 0.028) 530,560,540

2/4.0

CALL COMFLO(IDX,PRES(LK},TEMP(I1K),FLD,A,WDDTN(IX)/CNOPER.1GAS,

OELP(IDX) )

1F{CHEAD(1DX) .EQ.O.

HDLP = HEHED(RHO,

PRES(10X) = PRES
GO TO 544

CONTINUE

PRES(1DX) = PRES
CONT INUE

GO TO SG1

0) GO TO 543

CHEAD(IDX) )
(IX )} + HDLP - ISIGN = DELP(IDX)

{IX ) -~ ISIGH * DELP{IDX)

CMP3 1900
CMpP32¢000
CMP32100
CMP32200
CMP32300
CMBE32400
CMP32900
CMP32590
CME32700
CMP32a00
CMP32900
CMP 33000
CMP33100
CMP323200
CMP 33300
CMP334100
CMP 33504

CMPI3600
CMP 33700
CMP 33800

CMP 33900
CMP 34000
CMi"34100
CMP 33200
CMP 3:3300
cMP 34400
CMP 34500
CMmP 33600
CMP 34700
CMP 34800

CMP 34900
CKMP3I5000
CMP35100
CMP35200
CMP 35300
CMF 35100
CMPJ3S5500
CMi*35600
CMIF35700
CMPIS000
CMPJ35900
CMP3G000
CMP31G100
CMPi6200
CMP36300
cCMP36700
CMPI6800
CMP36900
CAMP37300
CMP374090
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14

580
S81

582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601

602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621

622
623
624
625
626
627
628
629
630
631

632
633
634
635
636
€37

Qoo

[+ I B s B v |

551

552

563

564

FILE: MFTF#CSA TIME: 10:20:38

*s+re+ DELTA PRESSURE WHEN LIQUID

CONT INUE

IF{({NPSYS.EQ.3).AND. (GSTATE.EQ.2)) GO TQO 554
1F(MAGIX.EQ.2) GO TO 5S1

RHO RHOLUIQ(PRES{IX),TEMP{iDX))

RDENS{IDX) = RHu

DELPUIDX) = C1=FLD+{WDOTN{1X)/CNOPER)*+2/({RHD*DIAM({IDX) **+4q}
GO TO 552

RHO = RHOLGM

RDENS{IDXY = RHO

DELP(IDX} = C1+FLD+(WDOTN{IX)/CNOPER)*+2/{RHO*DIAM( IDX)**4)
CONTINUE

1F{CHEAD{IDX).EQ.0.0) GO TOD 563

HDLP = HEHED{RHO,CHEAD(IDX)) :

PRES(IDX)} = PRES(IX ) + HDLP — ES[GN * DELP{IDX)
IF{(CFUNCT . EQ.7)} .AND. {MAGIX.EQ.1}) PRESBR = PRES(IDX)}
IF((CFUNCT.EQ.6).AND.(MAGIX.EQ.2)) PRSTAP{GLOOP) = PRES{IDX)
1IF{({CFUNCT.EQ.6) . AND. (MAGIX.EQ.2)) TEMTAP(GLOOP) = TEMP{IDX)
GO TO 564

CONTINUE

PRES{IDX} = PRES(IX ) — 1SIGN + DELP( 10X}

IF((CFURCT.EQ.7) .AND. (MAGIX.EQ.1)} PRESBR = PRES(IDX)
IF{(CFUNCT.EQ.6).AND.(MAGIX.€Q.2)) PRSTAP(GLODP} = PRES(IDX)
ISL%?FU:CT.EQ.G).AND.(MAGIX.EQ.?)) TEMTAP(GLOOP) = TEMP{IDX)
C NU

IF{{MAGIX.EQ.1).0R.{MAGIX.EQ.3))GD TO 860
LF{D1AM{1DX)1.EQ.0.0) DIAM(IDK) = DIaM(1IDX-1)
lF(CHEAD(IDx)-EQ-O.D) Go TO 872

NGSTAT =
IF(GSTATE. EQ 2) NGSTAT =

CALL HEPROP(PRES(1Dx), TEMP{ 1DX) . NGSTAT)
CPFLU = HELCP

QLN = QUSE * 3600.0

QXFER = GQIN + SFAREA J/HR
CPNU = {(CPFLU/HENMWT) * 1000.0 J/KG=HK
TEMPNU = TEMP{1DX) + (QXFER/(CPNU + wDOTN(IDx))]

J/MOL-K
J/HR-SQMETER

LE-1 %]

CALL HEPRDP(PRES(]K) TEMPNU  ,1)

H1 =  HCHL

CALL HEPROP(PRES(IDX),FEMP{1DX),3)

H2 = HEHL

DLHY = H1 - H2

DLH2 = HEHG = HEHL

TEMP(IDX) = HET .
DELEG = ({WDOTL{§{X) » DLH1)}/ HEMWT) = 1000.0
= (DELQ » HEMWT)/(DLH2 » 1000.0)

DX) = WDOTG(IX} + WDTG1

DX) = wWDOTL(IX) — WDTGH

=  UDDTG{IDX}/WOGTN(IDX)

CMP 37500
CMP3TG00
CmP37700
CMP37800

CMP37900
CMP38000
CMP3B100
CMP38200
CMP28300
CMP383300
CMP3BS500
CMP3IUG00
CMP38700
CMP39200
CMP39300
CMP39400
CMP39500
CMP39G00
tMP397040
CMP 39800
€MP39900
CMP40000
CMP40100
CMPAaQ200
CMP40300
CMP40400
CMP4A0500
CMP40G00
CMP40700
CMP40800
CMP403900
CMP41000
CMP4A1100
CMP41200
CMP41300

CMP41400
CMP4 1500
CMP416C0
CMP41700
CMP41800
CMP4 1900
CMP42000
CMP42100Q
CMP42200
CMPA2300
CMP42400
CMP42500
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9zv

638
639
640
6491
5642
643
6aa
645
648
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
&74
675
6768
677
678
679
680
681
682
683
6b4
[ 1)
606
687
[J11:)
689
680

a72

874

860

554

FULLE: MFTF+CSA TIME: t0:20:38

QUALLIDX) = QUALX
SVLNEW. = {1,.,0-QUALX)*HESVL + QUALX*HESVG L/80L
VELDILIDX) e VELFIWDDTN(IDX),SVLNEW, HEMRNT, DIA“‘IDX)J
RHOLGM = {1.0/SVLNEW) » HEMWT
RLDENS({I0X) = RHOLGM
MUHE = C{(3.0~-QuUALR) = HELVSC) + QUALX = HEGVSC) = 0.00001
REYNO(IDX) = (DIAR({IDX)»(VELDI{IDX)/3600.)*RHOLGM} /NUHE
GO TG 561

.
CONTINUE

VELO(IDX) = VELF(WDDTIN(LOX).SVLNEW.HEMWT,DIAM{IDX})

1F((CFUNCT.EQ-7) .AND. (ITEE.EQ.2)) GO TO 874
WDOTL({IDX) WDATL(IX)

WDOTG(IDX) WOATG( [ X)

REYMNO({IDX) REVNO(lOX-IS1GN)

QUAL{IDX} = QUAL(LICA-ISIGN)

GO 1D u61

L]

CONTINUE

wODTL(IDX)
WOOTG(1DX)
REYNG(IDX)

WDDTL{IDX)
WDOTGE TDX)
REYNO({ IDX-1S1GN)

L}

QUAL{IDX) = QUAL{IDK-ISIGN)
GO TQ 861
.+
CONT INUE :
IF(DIAVUIDX).EQ.0.0) DIAM(IOX) = DIAM{IDX=1)
VELO(IOX) = VELF{wWDOTN(IDX}.,SLVIN(GLOOP),HEMWT , DIAM(IDX))
WDOTL(1DX) = WDDTN{ LDX)
WDOFG{IDX]) = WDOTG(IOX~ISIGN)
NGSTAT =

1F{GSTATE. EQ 2) HNGSTAT = 1

CALL HEPROP(PRES(IDX), TEMP{ 10X} .NGSTAT)

CPFLU = HELCP ® JU/MOL-K

QIN = QUSE + 3600.0 @ J/HR-SQMETER
QXFER = QIN + SFAREA ® J/HR

CPNU = {CPFLU/HEMWT) + 1000.0 @ J/KG-K
TEMP({IOX) = TEMP(IDX) + (QXFER/(CPNY = WDODTN{IDX))}}

CALL HEPROP(PRES{IOX),TEMP(IDX},1)

MUNE = HEVSL * 0.00001 @ KG/M-SEC
REYND(IDX) = (DIAMLIDX}«(VELO(1DX)/3600. )+~RDENS{IDX) )} /MUHE

QUAL{IDX} = QUAL(IDX-I1SIGN)
LF((NPSYS5.EQ.2).AND.{CFUNCT.EQ.6).AND. (ITAP.EQ.3))
TAPTEW = TEMP(1OX) ; TAPPRS = PRES(IDX)

GO TG SF1

CONT INUE

LE(OIAM(IDR).EQG.0.0) DIAMLIDX)} 2 DIAM{ IDX=1)

RHD = RHOLIQ(PRES{1X},TEMPILDX)}

RDENS(10X) = RHO

DELP(]1Dx) = C1+FLD* (WDOTN(1X)/CNOPER)**2/(RHO*DIAM({IDX)*»+4}
VELO(IDX) = 4.0 & WDOTK(IDX)}/(P1 « DIAM(IDX)~+»2 * RDENS{10X))

CMPA260Q
CMpPa27090
CMPA42800
CMP 12900
CMFP43000
CMP43100
CMPA3200
CMP43300
CMP 43300
CMP43500
CMPA3600
CMP43700
CMPA3800
CMP43900
CMP44000
CMP44100
CMP445200
CMP44300
CMP 34400
CMPA13200
CMP44G00
CMP44700
CMP44800
CMPr44s00
CMP45000
CMPA5100
CMP45200
CMP45300
CMP45-100
CMP45500
CMPA5600
CMP45700
CMP45800
CMPASSGO

CMP46000
CMP46100
CMPA46200
CMP4B6300

CMP46400

CMP 45500
CMP 3B000
CMP3B100
CMP3B200
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v

696
697
698
699
700
701

702
703
704
Tas
706
T07
T08
709
710
711

712
713
7t4
715
716
717
718
719
720
721

722
723
724
725
726
727
728
729
730
731

732
733
734
735
736
737
738

739

740
741

742

743
744

745
746
7487
748

749

750

751

752

743

o n Noo

na nan

&

0o Do o0 onoh o

560
861

561

700

WDOTL(1DX)
wWDDTG(1DX)

FILE: MFTF*CSA

WOBTN{ IDX)
WDOTG{ IDX-ISIGN}

CALL HEPROP{PRES{1DXx). TEMP(IDK).‘)

MUHE =
REYNO{1DX)
QUAL{IDX}

HEVSC *» 0.000

TIME: t0:20:38

HG/M=SEC

@
(DIAM(lDKl'(VELO(IDX,/GSOO-)‘RDENS(IDX))/MUHE
QUAL(TOX—ISIGN)

se+ss CDMPUTE A NEW PRESSURE

PRES(IDK) = PRES{1X) = ISIGN ¢« DELP(IDX)

CONTINUE

NGSTAT =

IF(GSTATE.EQ.2) NGSTAT = 1

CALL HEPRDP(PRES(IDK).TEMP{IDX) NGSTAT)

CPFLU = HEL © J/MOL-K

QIN = QUSE ? 36¢0.0 & J/HR-SQMETER
QXFER = QIN = SFAREA @ J/HR

CPNU = {CPFLU/HEMWT) *» 1000.0 © J/KG-K
TEMP({IDX) = TEMP{IDX) + (QXFER/{CPNU » WDODTN{I10X)))

IF{GSTATE.EQ.2) GO TO 561

*2 + RHO)

CALC. RHO OF GAS .
RHO = RHDGAS(PRES[]DX) TEMP(IDX))
RDENS{1DX) = HO
VELO(IDX)} = 0 * WODTN(IDX)/(PL » DIAM{1IDX)»
CALL HEPRGP [PRESllbx).1EmP(le).2)
MUHE = HEVSC = 0.00001
REYND(1DX) = (DIAM(IDX)*{(VELO{IDX)/3600,) +*REENS{ DX} ) /MUHE
CONTINUE
GO TD 999

+»*33+ PROCESS A TANK OR SUPPLY wivesx

CONT INUE

L TANK = ITANK + 1

IF{NPSYS.EQ.3) GD TD 720

IFINPSYS.EQ.

1) WPDTN{EDX) = WDTLHI

IF({NPSYS.EQ.1}-AND-{ITANK.EQ.1)) CMPVOL(IDX)
IF{NPSYS.EQ.2) WDDIN{IDX) = WDTLCH
IF({NPSYS.EQ.2}.AND.{ITANK.EQ.1)) CMPVDL[IDX)
WDOTL{IDX) = WDODTL{IDX-151GN}

IF(ITANK.EQ. V) WDDTL[IDX) = WDDTN(IDX)

WDOTG{ IDX)
PRES{ 10X}
TEMP(IDX }
RDENS{IDX)

WODTG{ IDX—~ISIGN)
PTANK

TTAN

RHDLIQ(P;ANK TTANK)

= VHEMDW/1000.0

= VHECDwW/1000.0

CMP 45700
CMP 45800
CMP45900
CMP46000
CMP46100
CMP46200
€CMP46300
CMP4E500

CMPAG700
CMP46300Q
CMP46900
CMPA7000
CMP47100
CMP47200
CMPA47300
CMPA7400

CMP 47500
CMPa7800
CMPa7::00
CMPAA000
cMP481Q0
CMP 185200
CMP 48300
CMP4ABI00
CMP4U500
CMPABGOQ
CMPA4AB7T00

-
CMPAanooo
CMPA4AB900
CMP49000
CMPAa9t00
CMP49200
CMP 49300
CMP49400
CMF 49500
CMP4SG00
CMP49700
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754
755
756
757
768
759
760
761

162
763
764
785
766
767
768
769
770
71

T72
773
174
775
776
777
778
779
780
78%
782
783
784
7485
786
787
788
789
790
791

792
793
7949
795
796
797
798
799
[1e1e]
aos

802
803
aoaq
805
806
807
ao8
809
810
811

a nan o

720

721

722

7111

Goo

FILE: MFTF*CSA TIME: 10:20:38

VELO{IOX) = 0.
OELP{IOX} = O.
REYNO{ 1DX) = 0
QUAL{LtOX) = 0.0
IF{ITANK.EQ.2) GO TO 71y

o
0
.0

GO TD 999

CONTINUL .

LFIITANK.EQ. 1) WDOTN{ IDX) = WOGMAG ; TEMP{IDX) = TMPMRT
IF(ITANKR.EQ.2) WDDIN{IDX) = WDGCRY : TEMP{IDX)} = TMPCRT
IF(IT/ANK.EQ.3) WDOTN{LIDX) = WDGSTD ; TEMP(IDX)} : TMPSRT
IF{1TANK.GT.3) GO To 721

WDOTG( IDX) a WDDTN{ IDX)

wpoTL{1ax)} = 0.0

PRES(1DX) = PTANK

RDENS{IO%X) = RHOGAS{PRES({IDX},TEMP{10X))

Go TO 722

WDOTN({IDX) = WDOTN{IDX-ISIGNI}

WODOTG(IDX) = WDOTGE iCX~[S 1IGN)

WOOTL{IDX) = WDOTL{IDX~LSIGN)

TEMP(LIDX) = TEMP( IDX~ISIGN})

PRES(IOR) = PRES(IDX-ISLGN)

RDENS(IDX)} = RDENS(1DX-151GN)

VELO{ IDX) = 0.0

DELP{IDX) x 0.0

REYNO{IDX} = 0.0

QUAL{IDX) = O.C

GO TD 999 . . N
CONTINUE

WOTRTN = WDATL(IDX)
WDTMKU = WDOTG(IDX)

QUALTY = QUALX
TEMP(1IDX) = TEMP(IDX-LSIGN)
TEMFIN = TEMP(LDX)

GO TO 9399

sesrs PROCESS A COMPRESSOR-PURIFIER ‘UNIT sswes

CONTINUE

WDOTHN{ TDX) WDTCB(1) + 3.6 3 KG/HR
wDDIG{loxX) WOQTH( IDX)

WDOTL{1DbX) 0.0

PRES(1DX) PCO( 1)

TEMP{IDX) TCa(1)

CALL HEPRDP

PRES( 10X} .TEMP(IDX),2)
RDENS{IDX}

HELD + HEMWT & KG/CU.M.

LI I T T ]

MUHE HEVSC « 0.,00001

DIAM( 10X ) AMINI (DIAM{IDX+1),D1AM(IDX=1))

CMPYOL( 1DX) .0 B ASSUMED VALUE
VELO(IDX) 4.0%«WDOTN(IDX)/(PI +« DIAM{IDX)se2 - RDENS{IDX})

REYNO{1DX) = (DLAM(IDXA)+(VELO(1DA)/3600.0)mRDENS( IDX))/MUHE

CMP 49800
CMP493900
CMPS0000
CMPS0190
CMPS50200
CMP50300

CMP50400
CMPSDSD0
CMPS50600
CMP50700

CMPSG800
CMPS0900
CMPS1000

CMPS1200
CMP51300
CMP51400

DATE 040579
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812 DELP(IDX) = 0.0
813 [+
814 GO TO 999 CMP5150'0
B1S [ CMP516G00
816 < «st+2 PROCESS A HEAT EXCHANGER e++av CMP51700 -
817 < CMPS51800
B1a 900 CONTINUE CMPS1900
- 819 c CMP52000
820 GO TO 999 CMP52100
821 [ CMP52200
822 [ #++r++ END DF CONFIGURATION PROCESSING LOOP *=»es CMP52300
823 c . cMPS52400
824 999 COUNTINUE CMP52500
825 IF {.NDT. PAGE(1)) GO TQ 1998 . : CMP52600
826 [ - CNMP52700
827 c ++» PAGE HEADER HAS BEEN MOVED TO STATEMENT GROUP 100 CMP52800
aze [~ - CMPS2900
829 1958 CONTINUE CMP530C0 .
830 KFUNCT = FRAME(CFUNCT) CMPS53100
831 VELSEC = VELDLIDX)
832 IF({NP5Y5.EQ.3).AND. [GLODP.EQ.B8)) VELSEC a VELO{IDX)/3600.0
813 WRITE(G.6030) HFUNCT. CQOE(L1OX)1. [DX, IGAS.GSTATE. DlaM(IDX]1, CHPS53200
8234 1 WOOTN(IDOX), WDOTL(!OX), WOOTG(IOX), QUAL{IOX). CMPS3300
83s 2 TEMP.(1DX), PRES(IDxXx), DELP(IDX), VELSEC . CMP53400
a16 3 - RDENS(IDX), REYNOU1DX) CMPS3500
y 837 [ CMPS3600
F3 838 IF {(PRES(IDX) .GE, 0. .AND. TEMP(IDX) .GE. ©0.) GO TD D98 cMpS3700
O 83g WRITE (107,6040) CMPS3800
840 CALL EXIT . CMP53900
841 998 CONTINUE CMPS4000
842 DLPTOT = OLPTOT + DELP{IDX) . CMPS4100
842 SYSVOL = SYSVOL + CMPVOL(10X) CMPS4200 -
8aa IF({(NPSYS.EQ.3}.AND. (GLODP.EQ.7)) OLPRLG = DLPTODT
a4as IF({NPSYS.EQ.3).AND.(GLOOP.EQ.7)) RLQSVL = SYSVOL
846 JELINPSYS.EQ.3).AND.(GLODP.EQ.B}) DLPCPU a DLPTOT - DLPRLO
847 JF({NPSYS.EQ.3).AND.{GLODP.EQ.B)}) CPUSYL = SYSVOL - RLQSVL
848 [ CMPSA42300
849 1000 CONTINUE CMP54400
aso 3300 CONTINUE CMP54500
as1 c CMP543600
852 VOLLIT = SYSVOL + 1000.0 @ LITER EQUIV OF SYSVOL CMP54700
853 RLQLIT = RLOSVL v+ 1000.0 @ LITER EQUIVALENT
854 CPULIT = CPUSVL 1 1000.0 @ LITER EQUIVALENT
055 TSYSVO = TSYSVD + SYSvOL CMP5480D0
856 WDGTOT = WDGTOT + WDTMKU CMP54000
857 WDLTOT = WOLIOT + WDIRTHN CMPS5000
858 IF(NPSYS,.EQ.1) VOLMAG = SYSVOL ; WDGMAG = WDTMHKU ; WDLMAG = WOTRTNCMPSS100
a59 [F(NPSYS.CQ. 1} THPAURT = TEMFIN ;
eGco - “LF{(NPSY$.FO.2}) VOLCRY = SYSVOL ; WDGCRY = WOTMKU ;i WOLCRY = WDTRTNCMPS5200
861 IF(NPSYS,EQ.2) TMPCRT = TEMFIN
462 c . CMP55300
a&a IF{NPSYS.EQ. 1} WRITE (6.6052) DLPTOT CMPS5400
864 IF(NPSYS.EQ.%} WRITE (6,6056) SYSVOL, VOLLIT CMPS5500
865 [F(NPSYS.EQ.2} WRITE (6.6053) DLFTAT CMP55600
266 IF(NPSYS.EQ. 2} WRITE (6.6057) SYSVOL. VOLLIT * CMP55700
867 c
868 [IF(NPSYS.EQ.3) JP = PAGE(0)
869 c

———— b



(1)

ocy

CMPCAL *»

870
871
872
873
874 .
B75 %
878
877
878
a7
aao
ag1
882
883
884
aa5
886
887
888
8a%
890
891
aa2
B93
a94
895
896
BS7
B85 -
B899
s00
e01
402
903
904
945
506
507
908
909
910
911
812
913
914
915
916
917
318
519
920
a21
822
523
924
925
9235
927

FiLE: MFTFsCSA TIME: 10:20:38

IF(NPSYS .EQ.3) WRITE (B,B0B5) DLPRLD N
IFINPSYS.EQ.3) WRITE (6,6066} RLOSVL, RLQLIT
JF{NPSY5.E£0Q.3) WR11E (6.6067) DLPCPU
1F{NPSYS.EQ.3} WRITIE (B.68068B) CPUSVL, CPULIT

c CMPSSRO0
6052 FORMATU// T120,'TOTAL PRESSURE DROP IN THE MAGNET LOCP =', CMPS5500
1 170.E13.8,7T85,'KPA' /T20,"* {MAGNET INCLUDED)'/) CMPS60DO
6053 FORMAT(// 120,'TOTAL PRESSURE DROP IN THE CRYDPANEL LODP =', CMP56100
t YT75.EV3.8,790,'wpa' /720, ({CRYOPANELS INCLUDED) '/} CMES5200
6056 FORMAT( T20,°'TQTAL FLUID VOLUME I[N THE MAGNET LODOP =', CMNS 5300
1 T70,€13.8,155,'CUBLC METERS' ., T10S,'(*,F10.2,' LITERS)'. CMPS56400
2 /v20,° +MAGNET INCLUDED)'/)} CMPS6500
6057 FORMATH{ T20,'TOTAL FLUID VOLUME IN THE CRYOPANEL LCOP =', CMPSE600
1 T70,£13.8.7T85,°CUBIC METERS?! ., T10S.'('.F10.2,"' LITERS)®, CMPS6700
2 fY20," (CRYOPANELS INCLUGED'/} CHMPSGROD
CMPSE90Q

1F(NPSYS.EQ.3) RETURMN @ ALTERNATE RETURN
JP =  PAGE(O) . CMPS57000
CMP57100
IF{NPSYS.EQ.1) WRITE (6.6055) (LG(!.6}).1=1.9) CMP57200
IF{NPSYS.EQ.2) WRITE (6.6055) {LO{(I,7),I=1,9}) CMPS7300
6055 FORMAT('0® ,38X9A6///} CMP57400
c CMP57500

IF{NPSYS.EQ.1) WRITE {B65.6060) VHEMDW,WDTLHI ,WDTRTN.WOTMKU,QUALTY CMPS57BC0
1F(NPSYS.EQ.2) WRITE (8.6060) VHECDW,WDTLCH,WDTRTN,WDTMKU,QUALTY CMPS% 700

6060 FORMAT(T20,'NOMINAL VOLUME OF HELIUM IN TANK — (LITERS) ="', CMp57800
1 T75,.F10.4//720, *TANK DUTFLOW DF HELIJUM® ,T55,'{KG/HR 1 =* 7175, CMP57300
2 F10.4//720,'LIQUID HELIUM 1N RETURN FLOW',T55.*(KG/HR ) =* ,T75, CMP58R000
3 F10.4//720,'LIQUID HELIUM MAKE-UP REQUIRED’ 755, '{KG/HR } a2, CMP58100
a4 T75.F10.4//T20, "REYURN FLUID QUALITY'.T45, '(DECIMAL FRACTION) =!_ CMPS58200
S T75.F10.4) CMPS8300

606S FORMAT{// T10,'TOTAL PRESSURE DROP 1N THE REFRIGERATOR~LIQUIFIER L
1000 =, T75,€13.8,1T90, 'KPA' /120' (REF-LIQ. INCLUDED) {4—=T VALVES
2 EXCLUDED)'/)

6066 FORMAT{ T10.'TOTAL FLUID VOLUME IN THE REFR[GERATOR—LIOU[F[ER Lo
10P ='.T770,E13.8,785, 'CUBIC METERS',T105,"{*,F10.2,' LITERS
/120, (REF-LIQ INCLUDED) "'/}
6067 FORMAT(// T10,'TDTAL PRESSURE DROP IN THE COMPRESSOR-PURIFIER LOQP
='. T75,E13.,8,T90, 'KPA* /T20."' (CMP-PUR. EXCLUDED}'/)
GUGB FORMAT( T10, *TOTAL FLUID VOLUME IN THE COMPRE3SOR — PURLFIER LOD
1P ='. T?0,E13.0,785, 'CUBIC METERS',T105,'(*,F10.2,* LITERS)',
2 /T120,° . {CMP~PUR INCLUDED*/)
c CMPSBA0Q
RETURN CMPSA500
[ CMPSABEGDO
[ #++4s OUTPUT FORMATS CMPSR700
c CMPSHBOO

6000 FORMAT( 'O +DEAGNOSTICe TANK INPUT PRESSURE IS LESS THAN THE REQUIRCMPS8900
1ED PRESSURE. 1ANK PRESSURE SET = REQUIRED PRESSURE.'/15X.'TANK INPCMP5900C

2UT PRESSURE = *,F7.2,'. REQUIRED PRESSURE = ' ,F7.2) CMP591300

c CMP59200
6005 FORMAT{'C ++ERRDRw» ISIGN =',13,'THERE 1S A CONFIGURATION ERRDR*/)ICMPSOI00
< . CHMP594100
6010 FORMAT{ 'O +ERROR+ A PUMP WAS ENCOUNTEREG BUT NO TANK CAN BE FOUNG.CMPS59500
1 PUMP CONFIGURATION INDEX NUMBER = *,I13) CMPSA600
CMPS9700

6020 FURMAT('0Q0 F CODE IDK G GS DIAM. wpoT-T WOOT~L wWooT=G CMP59800

DATE

040579
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928
929
930
931

932
933
934
935
936
937
938
939
940
941

842
943
944
945
946
947
948

eV

FILE: MFTF+CSA TIME: 10:20:38

1 QUAL- TEMP. PRESS. BELTA-pP VELOCITY DENSITY REVNCMI*59300
20LD5' /727, "' (M) {KG/HR) LHG/HR {KG/HR) 174" F71,"(K)',T79, CNPGOCQQO

3 ‘(KPA) (HPA) {M/HR) (KG/CU-M) NUMBER' /) CMPGO100

C CMI'60200
6021 FORMAT('D F CODE IDX G GS Dlam. WDDT—T wWDDT-L WDDT=G CMP59000
1 QUAL- TEMP. PRESS. DELTA~P VELOCITY DENSITY REYNCMPS9U00
20DLDS"' /T27,° (M) (KG/HR) {KG/HR) { KG/HR) IFY'.T71,'(K)',T79, CMI60000

3 '"(KPA) {HPA) {M/SEC) {KG/CU-M) NUMBER' /) CMP&0I100

< CMPG60200
6030 FORMATEIZXA3,2XA6,14,213,F7.3,3F9.3,F9.5,F9.3,F10.4,.F10.6,Ft1.4, CMP50300
1 F11.5,F12.3) CMPBE0400

C CMPGOSD0
6040 FORMAT (T44, ‘'w==+ TERMINATE - NEGATIVE TEMP. OR PRES. k') CMPBE0G00
¢ CMPE0700

G050 FORMAT(/T18,'++» SUMMARY OF COMPUTED SYSTEM CONFIGURATION PARAMETECMPGOBOO

1RS = FOR ',5A6," es+»!') CMP&0300
[+ CMP6 1000
C6051 FDRMAT(/T32,'s++ SUMMARY OF COMPUTED SYSTEM CONFIGURATION PARAMETECMP&1100

c 1RS =~ CONTD, =2e+') - CMP61200
C CMP61300
END CMPE1400

. - DATE 040579 PAGE a2
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e CNAMES »» FILE: MFTF+CSA TIME: 10:21:00 DATE 040579 PAGE 33

1 CNAMES+ PROC
2 c
<] INTEGER FNAME
4 c -
S COMMON /CNAMES/FNAME(16), LO(9.9). L1{21,2), L214.12), L3(4,10),
] 1 La{4,11), L5{5.15), JFLUID{2.2}, KFLUID(Z2,2)
- 7 c A
8 c NAMES ARE GIVEN IN S.R. STODTA
9 c
10 END

ey
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a0 000

FILE: METF*CSA TIME: 10:21:01

L . L I T T S S S SR S T
« ROUTINE NAME -~ COWPRESSIBLE FLOW EQUATIDNS #
- EVALUATION RODUTINE

* ROUTINE LANG - FORTRAMN V UNIVAC 1110 EXEC B‘
= DATE CODEOD - FEBRUARY 16, 1979

+ PRODGRAMMER - R.F.HAUSMAN 104-6213-30235 -
L R e L A R L O I L B I S N L R

SUBROUTINE COMFLO{IDX,P,T,fLD.,A,.WDOT,N,DLP)
*ever EXPLANATION OF THE CALLING SEQUENCE

P -~ PRESSURE

T = TEMPRATURE

FLD ~ RESISTANCE COEFICIENT

A =~ AREA

WOOT = FLOW RATE

$+A 40 Fe P an

N = GAS TYPE NUMBER

N = 1 FOR HELIUM

N = 2 FOR NITROGEN
+

. -
x+ss3 DLP - COMPUTED PRESSURE OROP esees
REAL M1, M2. M2MIN, M2MAX
INCLUDE CCNFLG . RN
INCLUDE CIOUNT
INCLUDE CONST ‘
DATA JBLNK,JAST1,JASTE/"* LI CLtaraenst/
MFLG(IDX) = JBLNK
sar+e COMPUTE GAMMA = SPECIFIC HEAT AT CONSTANT PRESSURE/
- SPECIFIC HEAT AT CONSTANT VQLUME
seten FOR A SPECIFIC GAS
CALL CSUBP{T,P.N.CP)
CcP1 = CP
CV1 = CSUBV(1.P,N)
GMA = CP1/Cva
s+¢++ COMPUTE MACH NUMBER AT PRIOR CONDITIONS
M1 = WDOT * SQRT(FENDR{N)*T/{GMA+*GRAVTY)})/(P+A+CKPKGM)
*ses+s COMPUTE RESISTANCE COEFICLIENT AT PRIOR CONDITIONS

FLDMAX = FLODEO(MI GMA )
DF = FLDMAX ~ FL

DATE 040579

PAGE

a4




sa COMFLO +» FILE: MFTFeCSA TIME: 10:21:01 - DATE 040579 PAGE

58 c
59 c ssse2 ITTERATE TO FIND MACH NUMBER AT CURENT CONDITI1ONS
60 S
61 M2MIN = 1.E-10
62 M2MAX = 1.0
&3 c
64 DD 40 It = 1,20
&5 M2 = (M2MAX + M2MIN)/2.0
66 FAC = FLODEQ(M2,GMA} - DF
67 IF(ABS(FAC) — 0.00005} 50,50.10
€8 10 IFI{FAC) 20,50,30
59 20 M2max = M2
70 GD TO ao
71 30 M2MIN = M2
72 40 CONTINUE
73 C
74 WRITE (6.6000) M2
75 C
76 c +%+ ¢+ COMPUTE THE PRESSURE DROP
7 c
78 S50 A1 = M1+442
79 A2 = M2+=2
80 P20P1 =- (M1/M2) + (2.0 + (GMA - 1.06) = A1)/(2.0 + {GMA - 1.0)* A2)
81 DLP = P * (1.0/P20Pi — 1.0) @ DELTA-PRESSURE
a2 c
83 c wextr+ SET FINAL MACH NUMBER FROM ITERATION
B4 c

& 85 MACH(1DX) = M2

£ BB c
ez c *es+r* CHECK MACH NUMBER, FLAG MACH NUMBER GREATER THAMN 0.3
88 c « WITH ONE ASTERISHK, FLAG MACH NUMBER GRLATER THAN
89 [+ sk+1¢ 1.0 WITH SIX ASTERISKS.
90 [+
91 LF{MACH(1DX) -~ 0.3) 80,80,81
92 81 IFIMACH{I1DX) - 1.0) 82.83.83
23 82 MFLGI1IDX) = JAST1
94 GO TO 80
95 83 MFLG(IDX) = JASTE
96 80 COMTINUE
97 RETURN :
98 c
ag c *hsex DIAGNOSTIC MESSAGE .
100 c
104 6000 FORMAT('0O *DIAGNOSTIC* MACH NUMBER COMPUTATION FAILED TO CONVERGE
102 1WHILE COMPUTING COWPRESSABLE FLOW EQUATIONS. MACH SET = ' ,E12.7)
103 c .

104 END




e COMPDP ==+

Sev

-
PRN=OUENTL AL

100
110

120
130

FILE: MFTF*CSA

SUBROUTINE COMPDP{TYPE,DP)
If (TYPE.EQ.1.0) GO ¥0 t20
If (TYPE.EQ.2.0) GO TO 110
If (TYPE.EQ.3.0) GO TQO 100
oP=172.0

GO TO 130

TIME:

10:21:01

DATE 040579

PAGE
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=+ COMPIL »» FILE: MFT{ .SA TIME: 10:21:01 DATE 040579 PAGE a?

t c DI O T I e I T CPLOO100O
2 C + ROUTINE NAME ~ ODATA [NPUT, VERIFY AND ECHD » CPLOO200
3 [ + ROUTINE LANG — FORTRAN V UNIVAC 111C EXEC B« CPL0OO300 .
4 [od * PROGRAMMER = R.f.HAUSMAN 104-6213-30235 » CPLODA0O
S c = DATE CODED - NOVENBER 30. 1978 - CPLOOS00
6 [ LR I L I L I I S B I R CPLOOGOO
k4 < CPLOD700
a SUBROUT INE COMPIL <PLOOBOO
8 4 CPLOOYCO

10 LOGICAL JP,PAGE CPLOIO0O
1" c ceLotieo
12 INCLUDE CCNFIG CPLO1200O
13 INCLUDE CCNTRL : CPLO1300D
14 INCLUDE CMAG CPLO1400O
15 INCLUDE CIOUNT CPLOIS0O0
18 INCLUDE CNAMES CPLO16GDO
17 INCLUDE CPAGE CPrLO1700
18 c CPLOIBDO
1 5] [ FRAPE AN EPR T EAR I T H T AR AN BRI EF VSR Pt S SNSRI N R USRI PR Gk s s evsCPLOLQOD
20 c CPLO2000
21 C sreue CHECK ‘'NBLK' BEFOR DATA SEFUP — INCLUDE ALL DATA BLOCKS »=CPL0O2100
22 c e*eex REQUIRED FOR THE SYSTEM BEING STUDIED. =eCPLO220Q
23 Lo} CPLO2300
24 L A N L R R L T T ey L I P Y 1 1°)
25 c CPLO2500

ﬁ 26 GO TO (110,120,1%3C,140,150), SYSNUM

o 27 c CPLO2700
28 [ o] FTERTAL AL AR A SRR AR A SR AR AN R VRS TR AN AR ra R s b e rr s vk 0ekCPLOZB00
29 [+ CPLO2900C
30 110 CONTINUE CPLO3000C
a [ CPLO3100Q
32 C +«+*+ READ IN THE MAGNET DATA CPLD3200
33 C CPLO3300
34 IF{PAGELO)) WRITE(6.G030) (L0{1.2),1=1,9) CPLO3400
35 6030 FORMAT('0Q" ,38X3A6/' ') CPLO3500Q
36 c CPLO3GOoC
37 READ (IIN,5020) PMAGDW, TMAGODW,HEMWI, QMAGI ,VHEMAG,VHEMDW, . CPLO3700
38 1 VHESDW, HDMAGI, HDNMAGO,HDMAGC. NUMMAG. WDTLHI CPLO3800
39 2 » QLKSDW, QLEAKY, QLEAKZ !
40 5020 FORAMAT{(7F10.2/3F10.2,15,2F10.2,2F%0.4})
a1 C CPLO4000
42 WRITE (G6,6040) (L2¢1, vy, al, NUVMMAG, CPLOZ 10O
43 1 (L2¢r, 2y, 4), PRIAGDW, CPLO4200
44 2 (2er, 33, 4), TMAGDW, CPL04300
a5 3 (L2¢r1, ai. 4). HEMWT, . CPLO400
46 4 tL2ct, sy, 41, QMAGIH, CPLO4S00
47 S {L211, ®), q). VHEMAG, CPLOAGCO
48 8 tL2iy, 7)), 4) . VHEMDW. CPLO4700
49 7 (L2131, 8), a4), VHESDM. CPhLOABOO
50 8 {L211, 9), 1), HDMAGI]. CPLOA4300
St 9 (L2(1,10), 4), HDMAGOD, CPLOS000
52 A (L2, 11)., 4}, HDMAGC, CPLO5100
53 B {L2(1,12), 4), WDTLHI] CPLOS200
54 c CPLOSJ00
55 6040 FORMAT(745,436,.TB0,13/T145,.4A6.777.F9.2/T45,4A6,T77.F6,2/, CPLO5400
gg ; 145,4A6,T77,F9.2/745,4A6,177,F9.2/T45,4A3,T77,F9.2/, CPLOSE00

145,406,777 ,F9.2/T4A5,4A6,177.F9.2/145,44A8,T77.F9.2/, CPLOSE00




-k

L&Y

COMPLIL »o

120

onn nNoho o

6050
C

5021

70
§022

FILE: MFTFeCSA TIME: 10:21:01

3 t45.4!6.T77.F9.21745.4AG.T77.F9.2/Td5.4l6.f77.F9-2/)
Go TO 113

CPLOS700
CPLG5800
CPLOS900
CPLOGODO

VPO A I IS0 TSI REII Rt LA RR RN S RN RIS ORI C RN P B ARSI N RN Ok bk et esdessslPLOGIDO

CONTINUE
+++esr READ IN THE CRYDPANEL DATA

IF(PAGEIO)) WRITE (6,6050) (LO0(1.3).1=1,9)
FORMAT( "0" .38X9A6/' ')

READ {(IIN,S021) NUMCRP, PCRYDW, TCRYDW, VHECDW, WOTLCH, HEMMWT
FORMAT(15,5X,5F10.2)

DD 70 I = 1.NUMCRP

READ (1IN,S022) QCR(L).VHECR(I1),HDCRI(I).,HDCRO(1) ,WDTCR(1)
FORMAT(5F10.2)

READ {l1IN,5023}) QLEAK1. QLEAK2

5023 FDORMAT(2F10.4)
c

6055
c

6056 FORMAT(/ /TS50, 'CRYOPANEL~2

130

HOnD Hon o

6060
c

5042
5043
5044

WRITE (5 6055) (L3¢ NUMCRP,
1 (L3 FPCRYDW,
2 (L3( TCRYDW,
3 (L3¢ VHECDW,
4 (L3¢ WDTLCH.
S (L2¢ HEMWT

FORMAT(145,4A6,TBD,13/7145, QAS TTT F9.2/T745,4A8.T77.F9.2/.,
T45,9A6,777,F9.2/745,4A6,177.F9.2/T45,4A6.T77,F9.2/)

WRI1TE (6,6056)

8, 'CRYOPANEL-1"' ,TBG, "CRYOPANEL-3"',
1 T104,'CRYOPANEL-3'/)

WRITE (6,6057) (L3(1.6 (QCR(1),1=1,4),
1 (L3(l.7 (YHECR(1),1=1.4).
2 (L3(1.8 (HDCRI(I)}.I1=1.4),
k] (L3(1.9 {HOCRO(IL}.1=1.,4),
(L3(1 .1 +(WOTCR{I}.1l=1,.4)
FORMAT(119,406,9X,4(FY, 19,4A6,9X,4{F9.2,10XK)/T19.4A6,9X,
1 a(F9.2,10X)/T19,4A6.9% 10X)/T19,4A6,9X,4(F9.2,10X))

GO 1O 113

CPLCB20O
CpPLOLICO
CPLOGADO
CPLOB500
CPLOBECO
CPLOG700
CPLCGRBCO
CPLOGSQO
CPLO7OQO
CPLO7100
CPLO72CO
CpPLOT300
CPLOT400

CPLO7500
CPLO?7600
CPLO?700
CPLO7800
CPLO7900
CPLOBODY
CPLD2100
CPLOB200O
CPLOBJ0O
CPLORADD
CPLDBS50OD
CPLOBGOD
CPLOB700
CPLOAHoOD
CPLOBOS0D
CPLOSO0O0O
CPLOSN0D
CpPLCO9200
CPLO9300
crLOvA00
CPLCAS00
CPLOAQGOO
CPLOI7C0O

LARE R TN A Ny e R Ty P Y L P R P Y P Yay-TWaLiflu].]

CONT INUE
stes+ss READ IN THE REFAIGERATOR-LIQULFIER DATA

IF(PAGE(O) ) WRITE (6,6060) (LO(1.8).I=1,9)
FORMAT{ 'O’ , 38X ,9A8/"' ')

READ(1IN,5042) (7CBI{I),1=1,11)
FORMATI11F7.3)

READ{11N.5043) (HENTH(1),1=1,11)
FORMAT{V1F7.2)

READ(11N.5044) (PCB(I).I=1,3)
FORMAT(3F10.4)

CPLOBS0O
CPL100ODO
CPL10LI0O
CPL10200
CPL10300O
CPAL10400
CPL10S00
cPLYOBOO

DOATE

040579

PAGE
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e

aLy

COMPIL &a

e
117
i18
t19
120
=2
122
123
124
125
1286
127
128
129
130
1
132
123
134
135
136
137
138
139
140
141
142
143,
144
145
146
197
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173

FILE: NMFTF3CSA TIME: 10:21:01

READ(1IN,5045) {(WDICBI(I},1=1,5)
50495 FORMAT(SF19.2)

4PPER HLX-LN2 PBOLLER ASSY.!',T92,'C C*' . T102,'N'.1123,'+a V»'/TA7,

READ (IIN.5040) TN2L. PN21. DN2L. HNZL, DN2LV. HN2V. TN2G. ON20, CPL10700

HN20, CGMWTN2, HEMWT cPLIO0GOO

5040 FORMAT(2F10.4,F10.6,F10.4,F10.6.2F10.4/F10.6,3F10.4) CPL10900

c CPL1100QO
READ (11NH,5041) QLEAKY. QLEAKZ CPL11100

5041 FORMAT{2F10.4) CPL11200

c CPL1 1300
WRITE {6.6061) TCB{1}., PCB(1}. WOTCBIV). HENTH(V), CPL1 1400

1 TCBI3}, PCB(1}. WOTCB(1b., HENTH(2), CPLtIS00

2 TCBt3)., PCB(2}. HENTH(71, CPLt 1600

3 TCBi{2). PCU(2}). HENTHI{G!1 . CPL11700

4 TCcBl4a), PCB(3), HNZL . cpPLE 1800

5 T€Bi2}), PCB(3)}. HNZO CPLi1300Q

c CPL12000O
6061 FORMAT( T4,'REFRIGERATOR-LIQUIFIER HEAD-END CONODITIONS: ' TA7,'COMPCPLI2100

IRESSOR' ., T104, 'N2-VENT", T123, '"MAKE-UP'/T102, 'N'/TI7, ' TEMP, PRESCPL12200

25. FLOW ENTHALPY',T94,'CC'. . T102.'N T6'/T3H.'({0EG.K} {KPACPL12300

3} (GM/SEC) ldfMOLl'.Tga.'C C*.F102,'N F3',T123.'V E'/T4,.'UCPL12300Q

CPL12500

S  HHHHC CHNHI(NN!lHllH!iHHNHHHHHHHHHHHHﬂH L HHY! IT? 'WARM HELIUM INLECPLI260Q

6T (TL.,.P1 ., WY) ',.F6.2,2F10.1,F11.1,T87 1 C C'.T102,'N'.T117.,

'HCPL12700

«d V"/'Bﬂ ‘T H C C'.TIO?.'N'.TIIJ.'(I H v E'/T7CPL12800

8, 'WwARM HELIUM OUTLET (T2.01.Wil} '.F6.2,.2F10.1,F11.1,T@3,*'P1 H

CPL12900

9 CC'.TI02,'N'. TH113,'A2 H'/THI, W1 HHIHHY ,T102. ‘NRNNN' . T113, ‘W2 CPL13000
A HHHHY{'/T7,'COLD HELIUM INLET (T3.92,w2) '.F6.2.F10.t,°' TAO CPL1II0O
B F11.1,T91, H' ,¥I106,'N', T124,'H' /TB3, *HHHBHHHHHE" , 190, ' KNNNNNNNN' .CPL 123200

CTY13, *HHHHHHHHN' /T7, *COLD HELIUM DUTLET {(T4,P2,.w3) ' .F6.2.F10.1,
D TBD  ".F19.3.7T83,.'H', T98,'N' ., T113,"H'/TB3.9( 'H').TOB,B('N'),
ET113.,9('H*)/17,"'LN2-BOILER INLET (T5,P3,wW3) '.F6.2,.F10.1."'

' CPL132DO
CPLY3400
TCPL13500

FBD ' F¥1.1,T91,"'H',T106,'N" ,T123,'H'/TB3.9{"H').T9B,9('N"').T113, CPLI3GOO

GS{*H')/T7, 'GN2 TOP-HEX OQOUTLET {T6.P3, W3} ',FG.2.5V10.1,° TBD
HoeF11.40,TBI,'H' L T98, "N ,T113,*H' /TBI.5{ 'H*),TVB,.51 *N' ), T113.5( 'H*
WRITE (6.6062) TCB(S). PCBI wDTCH( 2 HENTHI 3)
TCBIG), PCBI wDTCpB( 2 HENTH{3)
TCB(7). PCBI WDTCB(4 HENTHI(3)

TCB(9). PCBI(
TCB(10),PCHB(
TCB(B), PCBI(

). .
). .
1. .
}. HENTH{2,,
WDTCBU5),. HENIH{S),
), )
Q)

DRsWLN~

1),

23,

13,
TCBL11}.PCB(2), wDTCB(A

13,

2). HENTHI 11

2}, :

*CPL13700
}ICPL Y 3IBOD
cPL1390C
CPL14000
CPL143100C
CPL142DC
CPL14200
CPL 14400
CPL14500C
CPL14B00C
CPLIq70R

6062 FORMAT(TA4.*'TURBINE EXPANDERS:',TB7,'H',T102,'N'.2117,.'H 13'/TB7.CPL14800
t 'H ., T102,'N' . F117,'H P2' /37, 'WARM TURBINE INLFY’,T37.F6.2,.2F10.CPL149300C

B1,F10.1, 779,81 4+, 'H' 140 =), "N ,a(*'» ), TV17,'H W2'/T79.'*",
ara7,'H'.7102,'N 4 T117,'H'/17,'VJARM TURBINE DITLET',.T737.F6.2
A2F10.1,F11.1,179,"'+" ,TB7,5('H"),T106."'+",T117,.'H /T79,"»* ,¥91,
STI1I06,*+' ., T¥17,'H*/T17,'COLD TURBINE [NLET®,T37.FG.2.2ZF1D.1.F11.1%,

CPL15000
CPL15100
CPL152C0O
CPL15300

6T79,'+!' ., 183, 9('H"},T98,'LN2"',T10G, '+* ,T117, '‘H* /7O, s H'.T796, 'BOCPL15300

71LER *+'.T117,'H'/T7,'COLD TURBINE OUTLET',¥37.F6.2.2F10.1,F11
B,T79.4"  TB3,9('H' ), 1106, "+ , T117, 'H*'/T79,'+' . T91,'H* . T103.°'T5",

«1CPL15500
CPL15GOO

OT106,%+° ,T117,'H'/T4,'REF-L1Q BDTIOM-END CONDITEUNS:",T79,'+'.TB7.CPL15700

A S('H'),T103,'PI'.T106,"'s

B, '»' T117,*H' /T7,'J-T VALVE = INLET',T37,F6.2,2F10.1,F11.1,T79,

CTI1Z7,'H' /T79, "2 \TB7,.'H' . T103, 'W3'.T1CECPL15BOO

CPL15900

C A('%'),"H*', 18{"'"*" ), T117,'H'/TB7.'H' , T117,'H'/T7,*J-T VALVE - DUTLCPL15000

DET',.37,F6.2,2F10.1,F11.1,7T83,'T2 H'.T1|T 'HE/TRA, P HLT117,

CPL1E10Q

E'H'/T7,'COLD HE-VAPOR INLET'.IB? F6.2,F10, l T68.'ve0 ' ,F11.1,T83,CPL16200

DATE ©4057%
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LY

6LV

COMPIL +&

174
175
176
127
178
179
180
181

182
183
184
185
186
187
188
189
190
191

192
193
1954
195
196
197
198
199
200
201

202
203
204
205
206
207
208
209
210
211

212
213
214
215
216
217
218
219
220
221

222
223
224
225
226
227
228
229
230
231

FILE: MFTFeCSA TIME: 10:21:01
F'ud H 7817, 'HY/TE7, K TIV7, ') CPL1E300D
[ CPL1E4DD
WRITE (6,5063) 7CB(2), PCB(2)., WOTCHBIV), HENTH{G6), CPL1IGBS50D
] FCBLYI)Y. PCBLYY, WDTCBI1)., HENTHI1} CRLIEGOD
CPLIB700Q
66653 FORMAT({ T4, ‘COMPRESSOR-PURIFIER ASSY:'//T7,'LOW-PRES. HELIUM INLET'CPL16800
1,737, F5.2,2F10. 1. F11.1//T7, *HIGR-PRES. HELIUM ODUTLET'.T37.F6.2, CPLI16900
2 2F10.1.F11,.1///T10,'se TBD VALUES ARE COMPUTED !N PROGRAM ==') CPL1 7000
c CPL17100
GO 7O 113 ChL17200
[ o4 ChL1 7300
[ L N T L R Y S PR L AL L SR L A L L R Yol -1 0 I 14 Y0
[+ CPL17500
140 CONTINUE CPLi7600
¢ .
[+ areves READ IN THE LIQUID NITROGEN SYSTEM DATA
[+
1F{PAGE{O0]) WRITE(G. €070} (LO(1,S),1=1,9)
6070 FORMAT{'0",38X,9AG/* ')
c -
G0 TO 35
c CRL17800Q
[ MEERAR AN E AR I CAT RS AN SIS T LR R bbb S bR PR Esr R B e uusdaewlPLYIZ7400
[ CPL17500
150 CONTINUE CPLVTEDO
C
c #+44+ READ IN THE GASEDUS HELIUM RECOVERY SYSTEM DATA
[
1FLPAGE(0)) WRITE(G, 6080) (Lo{1,4).1=1,9)
GO0B0 FORMAT{'"0" ,38X.9A6/"
GO TO 35
c CPL178B00
C AEIEBR LA SR AR AT LA RN 20 R b bet b vddbdethbidase v srressasnnsssnnnsssCPL17500
[+ A CPL180OC
113 GONTINUE CPLYO1QO
C CPL18200
[ 4#%+a¢ INPUT THE CONFIGURATION TABLE CPL18300
[ CPL18400
1F{PAGELOQ)) WRITEIG.E000) (LOI1.1}.1=1.9).{{L1{1.J}. 1-1.21) J=1,2)CPLLBS00
6000 FORMAT('0',38X9AG//21A6/21A6/"' ') CPL18GLCO
WP = PAGE(6) cPLIB700
c cPLYIBBOOC
IERR = © chL18300
DO 20 I1=1,ICNF CPL19000O
READ {11N,5S010) CFUNCT, CFTYPE, CNDPER. CHEAD(11). CMIYPE, CPL1910D
FRCOQEF{11),L0D{I1),D1AM{11),CITYPE, ITHICK{IVv), CPL19200
NBAR{131), CDDE(1l1) CPL19300
5010 FORMAT(AG6,14.15,F5.2,.15.3F5.0,15,2F5.0,5X,A6) CPL1ISADO
IF(PAGE(1)) WRITE(6,6000) (LO(1,1),E=%,9)},((L1{l.J} . I=%,21},J=1,2)CPLIOS00Q
1 i UP = PAGE(G) CPLISGDO
WRITE(10T,6010) CFUNCT ,CODE{11)},CFTVPE,CNOPER.CHCAD( 1] ,CMTYPE, CPLt9700
‘l FRCOEF(I1), LOD{I1}, DIAM{I1), CITYPE, CPL19AGO
ITHICK{11), NBAR(I1) CRL1S9CO
6010 FORMAT{3XA6,2XA6,1X14,2XI15,4XF5.2. IS.2X,E15.8B,6XF7.2,.6XF8.2, CPL200O00
15X15,9XFG.2,7XF5.1) CPL20100
c CPhL20200
c sss¢« SEARCH FDR THE CONFIGURATION NAME. ChPL2G300O
c

CPL2C400

DATE 040579
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e CONST e= FILE: MFTF»CSA TIME: 10:21:03 DATE 040579 PAGE 42

1 CANSTe PROC
2 -
3 COMMDN /CONST/ GRAVTY. Pl. P12D3, PLDA., CKPKGM H
4 c - -
S [ :
[ [ sse++ CONST VARIABLE DEFINITIDN

- 7 c bd
8 [ * GRAVTY — UNIVERSAL GRAVITATIONAL CONSTANT
9 [ + PI = 3,1415927
10 c »~ PI203 = 2.0 » P1/3.0

BT c « PIDA = PI/4.0
12 [ « CKPKGM = 101.97162 CONVERTS KPA 70 KG/CU.M.
13 c cnede
14 c
15 END

TV




we CONIRL we

Y

[-X- RN RUR - TAN SR

FLLE: MFTF+CSA TIME: 10:21:03

c
c L T S S S R T U T I N O T TR T R A T Y
c » RDOUTINE MNAME - CONTRL. EXECUTIVE RODUTIKNE -
c » ROUTINE LANG ~ FORTRAN V UNIVAC 1110 EXEC @=
c + PROGRAMMER — R.F.HAUSMAN 104-6213-3023% -
c « DATE CODED - AUGUST 23, 1978 *
C « % & % ¥ WM W e W % ¥ % & & % ow %k % O F A % A W
[

LOGICAL PAGE
c

INCLUDE CGNTRL

INCLUOE CIOUNT

1NCLUDE CKEYS

INCLUDE CPAGE
c

DATA NSPC / 'SUP' / 1LST / *LAS' /

c

5000 FORMAT(2A6.2X.Ad,3X,A3.1X,A5/124A6)

S001 FORMATIAJ.AG,3X.A3,14X.A3)

6000 FORMAT (*0°19X '+++ SYSTEM NAME STARTING ',A3,.,' IS IN ERROR +=»')
6001 FODRMAT (*0*'/// 44X‘'+++ YOU HAVE CALLED FOR THE ®' ,A3,A6.' SYSVEM

1 LET R

c .
C INETIALIZE OATA STORAGE ROUTINES
c .

CALL 3TODTA

CALL DTUNIT (107) -
c -

HDXGAS = O @ INITIALIZE NDXGAS
c

CALL DATE {9.DOR)
c
c READ NAME AND TITLE INFORMATION
C

READ(%,5000) NAME.DEPT.BLO,EXT,.CTITLE

NCASE = 1

INIGSY = 1
€
c READ TABLE INPUT DATA (OMLY ONCE)
c

CALL INTAB
[+

1 CONTINUE

HETL = 1|

KEY2 = 0
[ ‘ ’

IF{INTGSY.EQ. 1} GO TN

READ {5,5000) NAME,OEPT.BLD,EXT.CTITLE
[

S CONTINUE
READ {(1)JN.S001%) NSYS,N1,NCRIT.INIGR
DO 1C 1=1,NBRSY
IF (NSYS .EQ. NAMSYS{I)) GO TO 20
10 CONTINUE
WRITE (IOT,65000)} NSYS
CALL EXIT
20 SYSNUM = 1

DATE 040579

PAGE
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4% CONTRL #*% FILE: MFTF*CSA TIME: 10:21:03 . DATE 040579 PAGE 44

58 IF {(PAGE(Q)) WRITE (107,.6001) NSYS,N? ) :
59 SCRIT = 1 :
&0 IF (NGRIT .EQ. NSPC) S"RIT = 2 i
61 ’ INTGSY = 2 t
62 : IF (INTGR .EQ. ILST) INTGSY = 1 ;
63 c ;
64 [ READ COMPONENT INPUT DATA .
6S [ . :
66 CALL COMPIL . i
67 c i
68 [ DD SYSTEM CALCULATIONS FOR THE GIVEN SYSTEM
69 c
70 HEY1 = 1613
71 c
72 K =0 . R
73 c )
74 a0 1 = 1
75 K a0
76 LREPT = O
77 c
78 30 JKM = KSUBC({SvSNUM, L)
79 [
80 c . 1F ZERO HAVE REACHED END OF CALLING SEQUENCE
a1 ILF {JKM .EQ. 0) GO TO 2200
az [+ CALL ROUTINES OEPENDING ON SYSTEM SPECIFLED (SYSNUM)
& 83 GO TO (100,.200.300,400,500,600.700,800,900, 1000}, JKM -
& Ba [
8s 100 CALL MAGNET
86 GO TO 2000
87 c
B8 200 CALL CRYPAN
B9 GO TO 2000 R
90 [
a1 300 CALL HEMKULP
92 GO TO 2000
93 c
84 400 CALL LIQWIT
95 GO 10 2000
a6 c -
a7 S00 CALL GHERCV -
an GO TC 2000
ag [ .
100 600 CONTINUE
101 GO 10 2000
102 c
103 700 CONTINUE
1049 GO 70 2000 - o
105 c
106 800 CONTINUE P
107 GO TO 2000 :
108 c R i
109 900 CONTINUE H
110 GO TQ 2000 B
111 [
112 1000 CONTINUE .
113 GO TO 2000
114 [
115 2000 CONTINUE



+* CONTRL o=

16
nM7
118
119
120
1o

122
123
124
125
126
127
128
129

Yy

c
2100

aoaan o

2200

FILE: MFTF*CSA TIME: 10:21:03
IF(LREPT) 4G,2100,90
I = 1 + 1
IF(1-9) 30,30,2200
END DF PROCESS TH1S SYSTEM
CONT IMUE
IF THIS IS AN INTEGRATED SYSTEM - GO HEAD NEXT
SYSTEM NAME
IF IT 1S A LAST CARD EXIT
IF [(INTGSY .EQ. 2) GO TO 1
CALL EXIT
END

DATE 040579

PAGE
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w* CP += FILE: MFTF*CSA i TIME: 10:21:03 OATE 040%79 PAGE a0

1 . DOUBLE PRECIS1ON FUNCTION CP{(D.T) . i
2~ ' DOUBLE PRECISION A.B8,.D,T,CVH.CV,D0.TT .DPDD.DPDT.PP t
a3 DOUBLE PRECISION GAMMA ,WT [
a DINENSLION A{30},B{30) - L
s COMMON/DATA/PP DD, TT.WT,A,B,N,GAMMA. L ¢
& CVH=CV{D,T)/4.00260+0 H

- 7 DD=D i
8 “Tr=T : :
9 CALL DUHEF i
10 DPDD=PP
11 CALL DTHEF ) H
12 DPDT=PP ;
13 CP=CWH+{ T*(DPDT%+2)/((D*»2)+DP0D} }»101.3278D+0/4.00260+0
14 CP=CP*4.0026D+0 .

15 RETURN ) :
16 END :

1344

1
i
P
i
1
E
H
H
H
i
H



¢ CPAGE ==

1324

-
BORACODNMN LN

FILE: WMFTF+CSA TIME: 10:21:04

CPAGEs PROC -
C

. . .
e INTEGER DEPT ,BLD «EXT JPFITLE.CTITLE,OPTLUN.DOR <TIME

COMMON /CPAGE/NAME[2) ,DEPT, BLD.EXT . MAXLIN.JNUM.PTITLEIG).
1 CTITLE{12),OPTLUN,NCASE,DOR{2),.TIME(D)
i

vhf-‘ CPAGE VARIABLE DEFIN1TION

Y HAME = USER'S NAME (INPUT).
DEPT - USER'S DEFARIMENT { INPUT).
BLD — USER'S BUILDING [INPUT).
EXT - USER'S EXTENSION (INPUT).
MAXLIN - MAKIMUM LINES PER OUTPUT PAGE.
JHUM — PROGRAM 1DENTIFICATEON NUMBER.
PTITLE - PROGRAM TITLE.
CTITLE - CASE TITLE [INPUT).
OPTLUN - OUTPUT LOGICAL UNIT NUMBER.
NCASE — CASE NUMBER {INTERNALLY CREATED).

oo/ ~ DATE OF THIS RUN (INTERNALLY CREATED).

ArODNADDOBAODN(0RANDOOONOOND

TIME -~ TIME OF THIS RUN (INTERNALLY CREATED)}.
END

DATE 040579

PAGE
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»» CRYPAN »»

1
2
3
a
5
6
7T
B
9
10

v

0 o0anNon O anaodooanoto o

0o aa o0 n

x]

nnNa oo nonao ]

3]

FILE: MFTF+CSA

SUBRCOUT INE CRYPAN .

4 4 4 & & 4 4 B e = e W@

- L A
+ ROUTINE NAME - CRYOPANEL CHARACTERIZATION »*
« ROUTINE LANG - FDRTRAN V UNIVAC 1100-DS -
- EXEC-B -
« PRDGRAMMER = R.F.HAUSMAN 104-6213-30235 =~
» DATE CODED ~ NOVEMEER 29. 1978 -
L O T R N I R N L T P R

TIME: 10:21:04

+ese THIS SUBRODUTINE CHARACTERIZES THE CRYOPANEL CONDITIONS

LOGICAL JP,PAGE
INCLUDE CMAG

BEGIN COMPUTATIONS FOR THE CRYOPANEL SYSTEM

(AR LR 2 R AL R R R TS LA Rl Rl LR Y N LT RS PP R T PR R E PR T S RPN Y Y

NPSYS = 2

PTANK = PCRYDW
TTANK = TCRYDW
NP = NUMCRP

DO S t = 1.NP

CALL HEPROP(PCRYDW, TCRYDW, 1)

RHO = HELD =+ HEMWT

PCRYI(1) = PCRYDW + HEHED( RHO.HDCRI(I))
PCRYODI[ 1) = PCRYDW + HEHED{ RHD,HDCRD(1))}
SLVIN(]) = HELSV

TCRI [1) =  TCRYDW

DEWS (1) = HELD

CALL HEPROP{PCRYI(1}.TCRI(I}.1}
CAL' HEPROP(PCRYO{1),TCRI(I).3)
DELTA-H SUBCOCLED LIQUID TO SAT. LIQUID
DELH1 = HEHL - HELH

DELTA-H, SUBCOOLED LIQUID TO SAT. VAPDR
DELH2 = HEHG — HEHL,

ENERGY — SUBGROLED LIQUID TO SAT. LIQUID

QUANT = “VHECR(1) * HEDL
QsAT1 += QUANT » DELH1

99 VY W %

W

TP

GET L1Q PROPS
KG/CU—-METER

KPA
KPA

L/MOL
DEG K

CP INLET PROP

CP DUTLET PROP

J/MoL

J/NMaL

MOLS
JOULES

DATE 040579
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e+ CRYPAN +» FILE: MFTF*CSA TIME: 10:21:04 DATE 040579 PAGE 49

s8 c ENERGY ~ SATURATED LIQUID TO SAT. VAPOR
59 c
&0 QEVAP = QUANT + DELH2 S JOULES
61 v
62 C ENERGY INPUT TO CRYOPANELS - PER HOUR -
&3 [+
G4 QGENHR{1) = QCRI(I) =+ 3500 2 Jd/HR
- 6% c
66 c TIME TD DBTAIN ND FLDW COOLANT LOSS
67 c
68 FIMI(1) = QSATV/QGENHR(1) ®» HRS
&9 TIM2(1) = QEVAP/QGENHRI(I} 3 HRS
70 TCRO{1) = HET # DEG K - ¥SAT
7 RHOLt1) 2  HEDL 8 MOL/L
72 RHROG( I} = HEDG & MaL/L
73 c
74 c MAX. GAS GENERATLION AT MO FLOw CONDITLON
75 c
6 WOTMXGL{ LY = ({QGENHR(I[)/OELH2} + HEMWT)}/1000.0 @ KG/HR
77 [«
76 c ENERGY HEQD. FOR SAT,.LIQUID AT SPECIFIED FLOWRATE (WOTCR{I})
79 c
BO QSAT2 = ({WOTCR(E) *» 1000.0}/HEMWT) » DELH{ @ J/HR
81 c .
m 82 [ ENERGY AVAILABLE FOR VAPORIZATION OF HELIUM
T 83 c
>» 84 QEVAP1 = QGENHR{1) - QSAT2 @ J/HR
B85 [ .
86 c VAPOR GENERATED AT SPECIFIED FLOW RATE
87 [«
88 woTGL{1) - {{QEVAPI/DELH2}) » HEMWT)}/1000.0 B KG/HR
L] WDTL{I) = WDFCR(I) - WDTG(I)
90 [«
o1 c QUALITY OF THE LIQUID
92 c
93 QuWALil) = wWDFG(1}/WDTCR(I) #* DEC-FRACTION
94 c
95 [ SP.VDL. AND RHO OF THE LIQUID QUT OF CRYOPANELS
as [+
97 SVLMXII) = HESVL + QWAL(I) *+ HESVG B oL/MDL
a8 RHOMX (1) = 1,0/5VLMX{T) ? MOL/L
a9 c
100 WDDFI(1) = WDICR(E) P KG/HR
101 c
102 5 CONTINUE
103 c
1°4 C (R AL RN N Y L R Y Y YT RN P R Ty N Y T Y TN Y Y L PR Y )
105 [
106 JpP =  PAGE{(0)
107 c
108 WRITE (6,10)
109 10 FORMAT(//733,'s*s CHARACTERIZE CRYOPANEL INPUT AND QUTPUT CQNMDITIQ
110 1NS s+s!'//Fag,'++ ESTIMATED CRYOPANEL PARAMETERS »*'//TS.'FLUID FLO
111 2WING CONDITIONS: ', TS50, 'CRYDPANEL~2' . TGB. 'CRYOPANEL-1"'.T86. 'CRYQPAN
112 3EL~3‘.T104,'CRYOPANEL-9"'/)
113 [
114 WRITE (6.15) (WDTCR{1),I=1.NP)
115 1S  FORMAT(T10,*INLET FLOW RATE',T3a5.'(KG/HR) = ‘«d4(E12.6,6X)}




64V

CRYPAN e=

116
1m17?
118
119
120
121

127
123
124
125
126
127
128
129
130
131

132
33
134
135
136
137
138
139
140
141

142
143
144
145
146
147
148
149
150
151

152
153
154
155
156
157
158
159
160
161

162
163
164
165
166
167
168
169

O 0 oohoann

16

18

19

20
21
22
23

24
25

28

27

28

29
30

31
32
33

FELE: MFTFeCSA TIME: 10:21:04

WRITE 16,16) LTCRE(I).I=1,NP)

FORMATL{ TR0, INLET TENPERATURE' ,T35.'(DEG.K} = ‘+4{E12.6.6%))
WRITE {6.17}) (PCRY1(I),.1=1,NP)

FORMAT{ 110, INLET PRESSURE',.T35,'( KPA ) = '.4{E12.6,.6X))
WRITE {6,.,18) IDENS(13,.1=1.NP)

FORMAT{T10,* INLET FLUILD DENWSITY*,F35,"{MOL/L) = ‘.4(E12.6.6X))
WRITE (6.19) (SLVIN(EI.I=1,NP)

FORMAT(T10,' JNLET SPECIFIC VOLUME'.T35,'{L/MOL) = *LALE12.5,6X
1)/1)

WRITE {6.20) (WDTCRUI).I=1.NP)

FORMAT{T10,"OUTLET FLOWN RATE'.T35, '{KG/HR) = *LALE12.6.6X))
WRIFE (G,21) (FCRO(1},1I=1,NP)

FORMAT(T10,'QUTLET TEMPERATURE'.135.'(DEG.K) = 'LALE12.6,6x))
WRITE (6,22) (PCRYD{1},I=1,NP)

FORMAT(T10,.'OUTLET PRESSURE',T3d5,'( KPA ) = 'LALE12.6.6x))
WRITE (6,23) (RHOL(I).I=1,NP}

FORMAT(T10,.'OUTLET LI1QUID DENSITY'.T35,'{mMOL/L} = ‘L ALEV2.6,6X%
)

WRITE (6,249} (RHOG(1},I=1.NP}
FORMAT(T20. 'QUTLET GAS DENSITY*,T35.'{MOL/L) = *.4{E12.6,6X}))
WRITE (6.25}) (RHOMX(1).1=1.NP)

FORMAT{ 110, 'OUTLET MIXTURE DENSITY*'.T35,'{MOL/L) = '.4(E12.6,
1 6x))

WRITE 16,2561 (SVLMA(L),1=1,NP)

FORMAT{T10,.'OUTLET MIXTURE SP.¥DOL.*'.T35,'({L/MOL) = '.4(E12.6,
1 6X))

WRITE (6.27) (QWAL(1),1=1,NP)

FURM?T(TIO.'DUTLET FLUID QUALITY',T35,"'(FRACT) = t,4q(E12.86,

1 6X}

WRITE (6.28) (WDTL(1),1=1,.NP) b

FORMAT{ /710, *OUTLET FLUEID COMPOSITION:'/T23,'LIQUID".135. "' [HG/HR)
1= *LA(E12.6.6X))

WRITE (6.29) (WDTG(I),I=1,NP)

FORMAT(T23,*VAPOR" , T35, ' (KGS/HR] = ‘L A(E12.6.GX1)}

WRITE (6.30) {GGENHR{L),1=1,NP]

FORMAT( /TS, NO-FLOW CONDITIONS:'/T10."'INPUT CRYQPANEL ENERGY',.T35,
1 *{J/HR.) = 'Y ALEI2.6.6X))

WRITE (6.31) {TIMI(L),[=1.6P}

FORMAT(T10,'TIME TQ SAT. LIQUID',.T3%."'(HUOURS) = ‘L 4(E12.6,6X))
WRITE (6,32) (TIN2¢L),1=1,NP}

FORMAT(TIO,'TIME TQ SAT. VAPOR',T35.'(HOURS) a ‘.4{E12.6,6X))
WRITE (6,33} {(WDTMXG(IL[).I=1,NP]

FORMAT1110,'RATE OF VAPDR BOILDFF',.T135.'(NG/HR) = ‘LALE1Z.6,

1 6X1)

R R Ty R Y T R T 1Y
DD THE CRYDPANEL SUPPLY SYSTEM COMPONENT CONFIGURATION AMNALYSIS
CALL CMPCAL © DO THE COMPONENT ANALYSIS
RETURN

END

DATE 04Q579
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FILE: MFTFeCsA TIME: 10:21:05

SUBROUTINE CSUBP{TEMP,PRES ,NGAS,C)

".‘t’!"#*""Q.‘it‘.‘-!‘..“l‘q..‘.C..‘..‘...ttﬁ‘..--..-.‘it-l‘t

NGAs 1 FOR HELIUM

2 FOR NITROGEN

-votoatavutos-»-..oo.nt-“t‘-.#.ntt;nttt‘t'.‘t-.&n.--.-..‘---t‘.-
INCLUDE CMAG

T
P

TEMP
PRES

IF{NGAS.GT.2) GO TD 5
GO 7O (1,2).NGAS

COMPUTE CSuBP FDR HELIUM

CONTINUE

CALL HEPROPIP,.T.2)
€ = HELCP
RETURN -

COMPFUTE CSUBP FOR NI1TROGEN

2 CONTINUE
NDT DEFINED YET
cC = 0.3
RETURN

FOR ERRONEDOUS NGAS INDEX

S C = 0.0
WALTE (6,100}
100 FORMAT{'0®.20('=*),* ERRONEOUS NGAS INDEX WAS USED IN S.R. CsSuBp
1 ".20('+«')/)
RETURN

END

DATE ©A0579

PAGE
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CSUBV =e

—oUDNONMUN

O 0000000

(3]

O 0600

o0t 0 00 006 0

S

100
1

FILE: MFTF=CSA TIME: 10:21:05

FUNCTIUN CSUBVI(TEMP,PRES,NGAS)
T R N P P T T Y N N

KNGAS 1 FOR HELIUM

2 FOR NI1TROGEN

LA R R A L R R Y e P P R YN Y Y ]
INCLUDE CMAG

T = TEWP
P = PRES

IF{NGAS.GT.2) GO TO 5
GO TO (1.2).NGAS .

COMPUTE CSUBY FOR HELIUM
CONTINUE

CALL HEPROP{P.T,2)}
C = HELCVY .

RETURN
COMPUTE CSUBV FOR NITROGEN
CONTINUE

KOT DEFINED YET
€ = 0.1

RETUAN
FOR ERRDONEOUS NGAS INDEX

CSUBV = 0.0
WRITE (G,.100)

FORMAT('0" ,20( "=+ "'}, ERRONEQUS NGAS INDEX WAS USED IN S.R. Csusv

L2001 ) /)
RETURN

END

DATE 0490579

PAGE
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s CSYSMT

1414

CANUIALON -

CSYSWIe« PROC
c

on

aoofnaaanaanNnoan

END

1

PARAMETER

INTEGER

F1LE: MFTF+#CSA TIME: 10:21:05

JWA =120,

CHu

DATE 040573

JwB=3

COMMON /CSYSHT/ CNUM, WICOMP{JWA,JWE), WICUMT{JWA . wB),

CMPCOD{ JwA,JWB), WISUBT » WISUMT
*wsse  CNUM = COMPOUNENT INDEX IN SER1AL LIST
: WICOMP —~ COMPONENT WE1GHT
: WICUAT = SYSTEM CUMULATIVE WEIGHT IN SERIAL LIST
: CMPCOD - COMPONENT 1D CODE FROW COUNFI1GURATION
: wWTISUBT — SUBSYSTEM WEIGHT S4UBTOTAL
: WTSUMT - SYSTEM TOTaL WELIGHT
saere

e e e e, 5. aa et e g ¢ 2

PAGE
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¢ CTAB <+ FILE: NFTFeCSA TIME: 10:21:06 DATE 040579 PAGE

1 CTAB» PROC
2 c
a3 PARAMETER NTBN = 18 , N58Z = 40
4 C 3 N
5 INTFGER TLA,TYPE
(] c
- 7 COMMON /CTAB/ TLAINTBN) NV, TYPE,.NIP,ND,XTABINSBZ).YTABINSBZ).
a 1 TAB(6,.5).JTABID NLIBL
9 [+
10 DIMENSION ITAB(6.5)
11 [+
12 EQUIVALENCE (1TAB.TAB)
13 [ o}
14 c sssvs CTAB VARIADLE DEFINITION
15 c
16 [ o} TLA = TABLE 10CATION ARRAY
17 c THIS ARRAY CONTAINS THE BEGINNING ORUM ADDRESS
18 [ - 1, FOR UPR TC 10 TABLES
19 C
20 C NV = NUMBER OF VALUES IN THE INPUT TABLE tNV<iOtl}.
21 C
22 [~ TYPE = TYPE DF THE INPUT TABLE (D = CORFICIENT.
23 C . 1 = DESCRETE L IS
24 c
25 C NI1P - NUMBER OF TABLE VALUES TD BE USLED IN
a 26 [»4 INTERPOLATION (NIP<NV).
w 27 c
28 [»4 ND - NUMBER OF DIMENSIONS FOR THE INPUT TABLE
29 [ (ND<7}.
30 [»4 .
31 c XTAB - ARRAY OF COEFICIENTS FOR POLYNQUWIAL EVALUATION
32 [»4 OR ARRAY OF VALULES OF THE INDERPENDENT VARIABLE
33 [»4 FOR INTERPOLATION.
34 c
as c YTAD - ARRAY OF VALUES OF THE DEPENDENT VARIABLE
36 c FOR INTERPOLATION.
37 c
< 1: [ JAB ~ ARRAY OF VALUES DF THE REMAINING ND-2
a9 C 1TAB INDEPENDENT VARIABLES FOR INTERPDLATION.

40 END



=+ TTAUA oo

ey

-

=PDNONHEUN~

CTABAs

c

O RN

END

FI1LE: MFTF-CSA

PROC
PARAMETER MNXWRD = 2Q00
COMMDN /CTABA/ 10X, TABLE({MXWRD)
DIMENSION ITABLE(MXWRD)
EQUIVALENCE (TABLE,ITABLE)

TIME

16:21106

DAYE 040579

PAGE




ws CV

“wOoOPUDNNUSUN-

s5v

FILE: MFTF=+CSA TIME: 10:21:08

DOUBLE PRECISION FUNGTION CV(D,T)
DOUBLE PRECISION A,B,.CV0,T,0,CVINT,ZERO,DD, PP, TF
DOVBLE PRECISION GAMMA ,wT

DIMENSION A{J30),8(30)
COMMON/DATA/PP DO, TT , Wt A, B,N,GAMMA, L

CVOD = 5.1393033D+0+(3.D+0/5.D+0)

2ERD = D.0D+O
CV=CVO-{CVINT(D,T)~CVYINT(ZERO,T))*101.3278D0+0/4.0026D+0
Cv=CV»4.0026D+0

RETURN

END

DATE 040573

PAGE




»% CVINT ==~

1114

EMNONBWUN-

FILE: MFTF=LSA TIME: 10:21:07

DOUBLE PRECISION FUNCTION CVINT(D,T)
DDUBLE PRECISION A,B8,D,D2,03,D9,WTD,.R,DAMMA,EX,SINT ,DADT, DGAMA
DOUBLE PRECISION D2DOT2,T,PP,DD,TT
DOUBLE PRECISIDN YA,YB,YC,.YD,YE,YG,YH,¥YP,YQ,YR,VS
DOUBLE PRECISION GAMMA ,WT

DIMENSION A(30),8(30)
COMMON/DATA/PP DD, TT,WT,A,B,N,GAMMA L
D2=D+D

D3=D2+D

Da=03*D

WTD = w1

N=t

H=.UB20556D+0

DAMMA = GANMMA

OGAMA = D2+(-.50=3)

EX = DEXP({OGAMA)
SINT=T'R+0+{2.0+0+080T(T)+D20BT2(T)sT)
AlN)=0.0

N=N+1

YA=-2. )
A(N)=(DA-D/5.040) T+ YA=YA=(=1,0D+0)

Fl=1

Y8=.75-Fl/4.-1

YC=.73-Fl/4.
A(N)=(DA/A.D+0)*Ter ¥YBrYCeYB
N=N+1

po 3 1=1.4

Fl1=1

YO=1.5-F1—1

YE=1.5-F1I
A(NY=(D3/3.D+0)*T**YD*YE+¥D
H=N+1

0O+ 1=1,8

Fl=1

YG=1.5-FI/2. -1

YH=1,5-FI/2.
A(N)=(D2/2.D+D)eTe -YG+YH+YG
N=N+1

¥YQ=1.-F|
A(N)={EX/1Z2.D+0~DAMMA} ) Tse¥YPeYQeYPp
H=N+1

DD % 1=1.3

FL=1

YR=1.-FI-1.

YS=1.-F1
A(N)={D2+EXA/(2.0+0*DAMMA ) “EX/ (2. 0D+0¢DAMMA*DAMMA ) J =« T*2YA*YSeYR
M=N+1

1F({ L.GT.0}GO TQ 10

A(N)=PP~SINT

0Q 7 1=1,N

A(N)=AIN)*WTD

N=N=-1

DATE 040579 PAGE
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** CVOL ==
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FILE:

MFTF=CSA

TIME:Z 1310:21:07

FUNCTLION CVDLINFUNCT ,NFTYPE,HDV,D1A)

FINDS METRIC VOLUME OF VALVES, £LBOwS, TEES, TAPS, ETC. FOR

CUMPOHENT DIAMETERS OF 1

TO 12 IN

CHES.

DATA TAKEN FROM TUBETURN PIPING HANDHBODK. (DATA ARE IN CU.INCHES)

DIMENSION EvQ0(3¥2), ESO(12), Easy
/ VAL(12), RS50(12), R20(

/
/
/
/
s

1
/
/

DATA {E1HO(I1).,1=1,12)/ 4.

1000.0, 1BA4.7, 2500.0.
DATA  (ESO0(1). 12)/ 2.
500.0. 942.4, 1250.0,
DATA (EAS(1).

250.0, 471.2,
DATA (T3W(1),1=1,12}/ 3.
648.0, B81.1, 1278.0,
DATA (Taw(l).

781.5, 1061.9
DATA (TRO(1).
DATA {VALL]).!
583.2,

1536.0.

.12)/ 3.
793.0, 1150.2,

1, 3.6,
3713.8,
o, 5.8,
1856.9,

+3)/ 100.0, 329.

2, 20.0,
1507.9,

DATA (VLVI1)},I=1,12)/ 2.B, 16.9,
535.3, 730.6, 10GR3.. ¥396., 187
DATA {R50(1).I1=1,12)/ 1.76, B.5%, 21.9, 4v.8, 77.2, 123.7, 179.6,

235.6. 33%.9. 425.3,

563.0.

DATA {(R20{1).1=1.12)/2.14, 11.4,

308.2, 447.6, 586.0.

789.9,

DATA (BF{1},1=21,12)/ 3.t4, 12.586,

153.°3, 2Qt.06, 254.46,

314.16,

%2y, T3W{12), TWW(12), TROL3),
12), BFL12), vLv(12)

104.4, 239.7, 471.0, B16.1,
45n0.0, 8391.8/

52,2, 119.8, 235.5, 408.1,
2250.0. 3195.9/
59.9, 317.8, 204.0,

65.2, 135.8, 249.7, 4913.2,

80.5, 166.5, 304.4, 501.3,

SB.7, 122,2, 224.8, 371.9,
2021.4, 253%.3/
52.9, 110.4, 201.1, 340.0,
2., 2348./7

697.7/

25.5. 54.4, 107.0, 147.1, 228.1,
863.8/

28.27, 50.26, V8.5, 113.09,
380.13, 452.38/

6X4X6 REDUCIHG OUTLET TAR -

® CU.IN. TO CU.METERS

TRO(1)Y = A DUMMY SNUMBER TQ FILILL ARRAY
TRO(2) = 6X2XG REDUCING OUTLET TAP
TRO(3) =

Ct = 1.639£-05

c2 = 139.37007

IF(NFUNCT.EQ.G) GO TO 10
IF(NFUNCT.EQ.7) GO O 20
IF (NFUNCT.EQ.B) GO TO 30
IF{NFUNCT.EQ.S) GO TO 40
IF{NFUNCT.EQ.10)GO TO 40
IF{NFUNCT,.EQ.4}) GO -0 S0
IF{NFUNCT.EQ.5) GO TC €0

CONT LNUE

= DIA * C2 + .01

€ INCHES PER METER

18
IF((HDV.EQ.2).0R.{KOV.EQ.3)) GO TG 11

1F{ KOV.EQ.4) GO TO 12

CvOoL = TRO(KDV) = C1
RETURN
CVOL = T3w(ls) = C1

RETURN

DATE 040579

PAGE
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CVOL ==

20

21
22

30

31
32
a3

a0

at
az
a3

a4

S0

5%

52

60

FILE: MFTF=*CSA TIME:

CONTINUE

§: ] = DIA + C2 + .01
IF(XDV.EQ.2]) GO TO 21
LF{KDV.EQ.3]) GO TO 22

CvoL = TaAw(lB) + C1

RE TURN

CvoL = T3W{lB) = C1
RETURN

CONT INUE

1B = DIA + €2 + .01

1F(KDV.EQ.2) GO TO 31
IF(KDV.EQ.3} GO TO 32
1F(KDV.EQ.4) GO 7o 33

cvoL = E4A5(1IB) * C1
RETURN

cvoL = ESO(IB) = C1
RETURN

cvoL = E180(1B) + C1t
RETURN

CONTINUE

ig = DIA + €2 + .04

IF{KDV.EQ.2) GD TD 41
IF(KDV.EQ.3) GO TO 42
IF(KDV.EQ.4) GD T0O 43
1F{KDV.EQ.5) GD TO 44

cvOot = VAL(LlB) » C1

RETURN

CVDL = {VAL{1B) — (0.1 = VALI{IB))) » C1
RETURN

cvorL = VAL{1B) + Ct

RE TURN

CvOoL = VLV({1B) =+ Ci

RETURN

CDNT iNUE

e = DIA = C2 + .0t

1F(NFTYPE.EQ.1) GO TO 51
IF{NFTYFE.EQ.2) GD 1O 52

cyoL = 1.0 *+ C1
RETURN

CvOL = VAL{IB) =* C1
RETURN

CAONTINUE

ie = DIA *» G2 + .01
IF(KOV.EQ.2) GO TO 61

10:21:207

DATE 040579
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»* DATALIH @

9v

e
DUN=00TNDONIWN -

FILE: MFIF*CSA TIME:

SUBRDUTIHE DATAIN

COMMDN/HEGAS/RL{100) ,RN{100) ,RLD1100),COMP(2.100)
COMMDE/HEGAS/RLY (100} ,RNL{100),RLD1{100)
COMMON/HEGAS /NUMBLO . NUMBH 1
COMMON,HEGAS/MINIT ,MFINAL ,MSTEP
COMMON/HEGAS/1D1AM1 ,1D1AM2, ISTEFP

DO 100 J=1,100

READ (5,140)RL1{(J)},RN1(J).RLDI(J]) .COMBLY,0)
100 [F (COMP{1,J).L1lY.0.0) GO TO 110
110 HUMBLO=J~1

WRI1TE (6.300)

10:21:07

300 FORMAT(1HO,T7,°'LOW PRESSURE SECTION'':',T37,'LINE LENGTH®,

1 155, 'NUM.-ELBOWS',774,'L/D OF COMP.',T91,'MAJOR CDMP.'/)
DO 305 1 = 1,NUMBLO
WRITE (6.310) RLI1(I),RN1(I},RLD1{1).COMP{(1,1)}

310 FORMAT(T39,FB.3,156,F6.1,T76,F6-1,T94,F5.1}

305 CONTiINUE

DD 120 J=1,100

READ (5.140)}R1L(J), RN(J) RLD(J)},COMP(2,0)
120 IF {(COYP(2.4).LT.0.0) GO TO 130
130 NUMBHI=J-1

WRITE (85.320)
320 FOQRMAT(1G, "HIGH PRESSURE SECTION: '}

DO 328 1 = 1 ,NUMBHI

WRITE (6.310) RLUL1),RN(I),RLD(I).COMP(2.1)
325 CONTINUE

140 FDORMAT1A4F10.,.3)
150 FORMAT(3F10.3)
READ (5, 160)MINIT MFINAL,MSTEP
READ (5.160)IDIAM1,101AM2,ISTEP
160 FODRMAT{(318)
DD 170 ITENMP=1,.10D
READ (5.,150)}7TG,.PBAG,PCOMP
1F (TG.LT.0.0) GO TO 180
170 CALL GASRCV{TG,PBAG,PCOMP)
180 CONTINUE

RETURN
END

DATE 040579

PAGE
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FILE: MFTFeCSA TIME: 10:21:08

DOUBLE PRECISION FUNCTION DBDTLT)

DOUBLE PRECISION A,B,T,Y¥YZ.YY

DIMENSION A(9)

DATA A/-5.08157100410-7,~1,11686806620-4,1.16524303540~2,
17.447454799H0-2 ,-6. 31431747680~ 1 ,-9,57552193060~1 ,
23.9374111843D+0, -5, 127023582240+ 0,2 . 0B044563380+0/

COEFFICIENTS FROM PROGRAM 5/28/70-1630

TH15 SUB PROGRAM CALCULATES THE SECOND VIRIAL COEFFICIENT FOR

HLELIUM. THE RANGE 1S FROM 2 TD 1500 DEG K., INPUT IS TEMPERATURE

IN DEGREES KELVIN AND IUSE, IF ISUE IS O OR NEGATIVE ¥HE ROUTINE

CALCULATES B FOR THE EQUATION PV=RT{1+bD+..., FOR DTHER VALUES OF

IUSE, THE ROUTINE CALCULATES THE VARIANC OF B AT THE INPUT TEMP

UNITS ARE ATM, DEG KELVIii, AND MOLES/LITER,4/3/69-1253,R.D.MCCARTY

B8=0

00 5 1=1,9

Fi=1

¥Y2=.5-Fl/2.
YY=V.5-Fl/2.
BxBtTesyYZeA(1)>YY
0OBDT=B

RETURN

END

DATE 040579 PAGE
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s+ DDHEF eo» FILE: MFTF»CSA TIME: 10:21:08 - DATE 040579 PAGE 64 i
¥
1 SUBROUTINE DDHEF - :
2 OOUBLE PRECISION A,B,.D,00.02.03.04.05.7,TT,0AMMA, EX,DEX,P,PP -
3 DOUILE PRECISION DFCLDD.ZALZB,Z2C,20,.DGAMA H
-4 DOU3LE PRECISION GANMMA WT
5 DIMENSION A(30),B8{34Q0)
& COMMON/DATA/PP DD, TT . WT ,A,B,N,GARMA _ L
? D=bD
.} I=T%
9 D2=D¢D
10 D3=D2+D
" Da4=D3+0D :
12 D5=D4-0D -
13 DANMA = GAMMA .
14 DGAMA = D2+(—-.50-3)
15 EX = DEXP{DGAMA)
16 DEX = DANMA*2.D+0rD*EX
17 N=1
18 A{N)=6.D+0+D5
19 N=N+1
20 A{N)=A(N-1)/T
21 N=N+1
22 DO 2 1=41,6
23 F1=1
24 2A=.75-F1/4.
[ 25 AlN)=5.D+0+DG=TreZA -
o 26 2 N=N+1
W 27 00O 2 §=1,4
28 Fl=1
29 2B=1i1 .5-F1
30 A(N)=DI+4A.D+0+Tes7ZB
3t 3 N=N+1
32 oo t I=1.8
a3 FI=1I
34 2C=1.5-F1/2,
as A{N)}=D243.D+0+*T+=2C
36 1 N=N+1
37 Do 4 [=1.3
<1: ] FI= .
39 ZD=1.~F1 -
40 AlN)={DEX*D3+3.01+0+D2+EX)*Ta=ZD
41 4 N=N+1
42 oo s [=1,3 .
43 Fi=1
44 ZD=1.-F1
a5 A{N)=(DEX+D5+5.D+D*DA=EX)*T»sZD
46 5 N=N+1 . H
a7 N=N=1 i
a8 10 P=0 -
49 DD 15 J=1,N . H
50 15 P=P+A(J)}+B(J)
S1 P = P + OPGCLDD{(D,T) !
52 PP=P
53 RETURN

54 END
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DN SEN -

-

FILE: MFTF+CSA

DOUBLE PRECISIGN FUNCTION DELT(TT)
DOUBLE PRECISIODN T,7T7T

T=T7

DELY = .001D+0+,.002D+0T

RETURN

END

TIME:

10:21:09

DATYE. 040579

PAGE
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e» DENSL e»

93y

CENPULWN -

10

¥T=

100

110
120

130
140

150

F1LE: MFTF*CSA TIME: 10:2%:20

SUBROUTINE DENSLIT DSATL)
FUX) —== SUM=SUM({GM-MOLE)/LITER) == USATLaDSATL{KG/METER~3)

DIMENSION B(7)

TCRET=126G.2

YTRIPL=G3.15

If (T.GI.1CRIT) GO 7O 140

IF (T.LT.TTRIFL) GO TO 130
K=(TCRLI-T)/TCRIT

BUL§)=0.19423403E2

BL2)=X-1{0.5708374BE2)
B(3)={X+=2)+(—0.23326985E3)
BLA}={X+~3)+(0.8851683BE3)
B{S}={X++4)+(~0. 1G3936B0EQ)
B(G)={X++5)+(0.t1573320E4}
E(7)}=(ALOG(X)}+(0.10182210E1)

SUM=0.0

DO 100 1=V,7

SuM=SuUM+BLT}

DSATL=28.0134* 5UM

GO TO 150

WRITE (G, 120)

FORMAT{T10, ' TEMPERATURE GREATER THAN CRITICAL TEMPERATURE')
DSATL=-1.0

GO TO 150

WRITE (G,140) .
FORMAT(T10, ' TEMPERATURE LESS THAN TRIPLE POINT TEMPERATURE')
DSATL=-1.0

RETURN

END

DATE 040579
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w* DENSV ®=s

9V

-
EX-1-X-ET-Y F ¥R LR

[x]

[
c

T=

100

110
120

130
1490

150

FILE: MFTFe¢CSA TIME: 10:21:20

SUBROUTINRE DENSV{T ,TSATV)
TIK) =~ SUM=S5U({GM-MOLE}/LITER} —~ DSATV=DSATV{(KG/METER-3)

DIMENSIOHN B(7?7)

TCR1V=126.2

TIRIPL=G3. 15

1F {7.GV7.TCR1Y) GD 710 310
IF {7.LY.TIRIPL) GO TO 130
X=({ICRIT~T)/TCRIY
B{1})=0.1633334SE1
Bl2i=X*1-0.94043771E1}

BldA)=(K:*3)v{~0.10268744E3)
=(X4+4)+{0.187949749EQ)

Bl(G)=(X++5)¢(—=0.16402437E3)

Bl7)=(ALOG(X))*{-0.95731639E~-1)

ISUNM=0.0

00D 100 1=1.,7

TSUM=TSuM+B8{ I}

SUM=EXP(LI5UM)

DSATV=28.0134+SUM

GO ¥O 150

WRITE 16,120)

FORMATL 110, TEMPERATURE GREATER THAN CRITICAL TEMPERATURE')

DSATV=-1.0

GO TO 150

WRITE (6,140)

FORMAT{T10, TEMPERATURE LESS THAN TRIPLE POINT TEMPERATURE"')

DSATVa=1.0 o

RETURN

END

DATE 040579

PAGE



** DHLOP ==

]
2
3
1
5
&
7
]
9
10
11
12
13
4

BOY

ano0n

100
110

120
130

140

I=

FLLE: MFTF4CSA TIME: 10:21:20

SUBROUTINE HPRAT(T,P,DHLDP, TOLD,SLENTH,SVENTH.HVAR}

T{K) -~ DHLDP=SLOPE OF SATURATED LIQUID ENTHALPY WITH PRESSURE
IN {JOULE/KG)/(NT/METER-2)

TCRIT=126.2

TTRIPL=G3.15

IF {T.GT.TCRIT) GO 10 100

IF {T.LT.TTRIPL) GO TO 120

EPS=0.01sP

PUPPER=B+EPS

PLOWER=P-EPS

PMEAN=P

TREAN=T

P=PUPPER

T0LD=T

CALL TvR(P,T,TOLD)

CALL ENTIHSL{T,P.SLENTH.SVENTH.HVAP)
HUPPER: SLENTH

P=PLOWER .
TOLD=TY

CALL TVP{P,T,T0LD)

CALL ENTHSL({T,.P.SLENTH.SVENTH.HVAP)
HLOWER=SLENTH

P=PMEAN

T=THMEAN

DHLDP=(HUPPER=-HLOWER) /(2.0+EPS)

GO TO 140

WRITE (6.110) °
FORMAT(T10, * TEMPERATURE GREATER THAN CRITICAL TEVWPERATURE')
DHLDP==1.0

GO TO 140

WRITE (6,130)

FORMAT(T10, ' TEMPERATURE LESS THAN TRIPLE POINT TEMPERATURE')}
DHLDP==1.0

RETURN

END

Ty —

—_r— -

DATE 040579
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DPCAL &=

GENAN D WA =

ooan

100

110

120
130

FILE: MIETF«CSA TIME: 10:21:20

SUBROUT INE DPCAL(DP, T2.A1 \A2,A3,A4,A5,A6.,A7)
COMMON,' PROP/B1 ,82,03.84,85, 86

CAMMON,/ CALC/WDOT .QUALY ,QUALZ ,DIAM, $, ¥
COIMON/CAL C/REYN,FRIGT , VAPYEL , VAPMCH, DENS
COMMON/CALC/TQUAL

PFRACT=0.0

P1=P

1F {QUAL1.GE.1.0) GO TO 230

PRESSURE DROP AND QUALITY CHANGE ANALYSIS FOR TwWO-PH
FLOW {QUALITY < 1.0}

1= {(P.LT.101325.0) GO TO 240
CALL N2PROP{P,T)

T1=T

vV i =B1

VLY =D2

RIOV1=H3

RHOL { =B34

HY 1 =85

DHi =86
REYN:=4.0-WDOT/(3.14159+D1AMVL1)
FRICT=0.0056+0.5+«(REYN~«{-0.32}})
RLD=(A1/D1AM) +A4

EFFLaALD+D1AM

IF (EFFL.EQ.0.0) GO TO 120
DPINIT=FRICT*RLD*(({4.0*WDDT)/[3.14159+(DIAMe®2)))s»2}/(2.0+RHOL)
DPDLOD:DPINIT /EFFL

1F LQUALYT.NE.O.0) GO TD 100D
ATT=0.0

ALOCK=1.0

GO ¥O 110
XT1T=(101.0-QUALY)/QUALY)*+1.B)+{(VLI/VV1)esD.2)s(RHOVI/RHDLY)
XLOCK=1S50hT(XTT) )+« {1.0/1.8)
PHIFR=1.0+(1,703454/XLOCK)+(1.269076/ (XLOCIi++2))
DPOL=DPOLOD{ PHIFR+#2)¢({1.0-QUALI }*»}.B)
DPFRIC=UPDL~EFFL

GO 1O 130

DPFRIC-0.0

DPULOO:0.0

DPHEAD=9.806G* (A3-A2}/DH1
DP=DPFRIC+DPHEAD

P=P1-DP

IF (P.LY.101325.0) GO TO 240
CALL N2PROP(P,T)

T2=Y

vvZ=DB1

vL2=DB2

RHOV2=H13

RHOLZ=84

HY2=D%S

OH2=06

Y12 {DP*DH1)/HV2
¥22(QUALIT+HV1)/HV2
¥I#{9.B0GB*(A3-AZ) ) /HV2
Ydm{AS/wDOT)/HV2
QUAL2A=Y1+Y2-Y3+Y4

B

DATE 040579

PAGE
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et DPCAL ==

oLv

140

150

160

170

80

190
200

FILE: MFTF+USA TIME: 10:21:20
1F {QUALZA-1.0} 140,220,220 -

RELVLI=({1.0-QUALY)/ O-QUAL1)/RHOL1)+(QUALT/RHOV I }) »RHOLT)

tO(qr,
RELVL2=01.0-QUAL2A) /({{(1.0-QUAL2A}/RHOL2}+ (QUALZA/RHOV2) }«RHOL2)
RELVV1=1.,0-RELVL1 ,

RELVV2=1_.0~-RELVL2

PHIMOM={ ({t1.0-QUAL2A) *»+2) /RELVL2)-(({1.0~QUALL)}=*2)/RELVL1))+{(QuU
1AL2A%42, RELVV2)={QUAL1++2/RELVV1)) * ({RHDL1+RHOL2) /(RHOV1+RHOV2) )

DPMOM=PHIMOM+ {WDOT+«+2) /((({3.14159/4.0)*0IAaAM»*2)+72) *(RHOL1+RHOL2)
110.5)

DPHEAD=5.B0GG* {A3-A2) /DH1

1F {DPDLGD.EQ.0.0) GG TO 190
TRMI=((1.0-QUAL1)*+2.8)-((1.0-QUAL2A)»+2.8)
TRMZ2=({1.0-QUALT)+*1.8)—((1.0=-QUAL2A)*»1.8)
TRM3=({1.0-QUAL1)»+0.B)-({1.0-QUAL2A)=+0.8})
RINTU=TRNNY /2.8

RINT2=(-TRM1/2.80}+{ TRM2/1,.80)
RINTI=(TRM1/2.80)-((2.0/1.8)«TRM2)}+((1.0/0.8)*TRM3)
LFLAG=0
RN=1.30
RM=0.50
SUMI=0.0
SUM2:=0.¢
AK=1.0/(RM+},0}
Do 160 K=1.10
R =K
SUMT1=SUMI+AK+ (QUAL2A s » (RM+RK})

SUM2=SUM2+AK+ (QUAL1*+ {RM+RK) }

RK=RHK+1.0 -

AK=—AK: { AM4+RK- 1.0} + {RN-AK+2. 0} /L L RM+AK )} = {RK~1.0))

1F (1FLAG.EQ.O) GO TO 170

RINTS=SUM1-SUNM2

GO 10 180

RINT4A4=SUN1-5UM2

LFLAG=1

RN=0.300

HM=1.500 4

GO 7O 150

THETA=( ((VLI/VVT1)}*eD.1)+({RHOVI/RHOL1}*~>0.5))**+(1.0/1.8)
RINT=RINT1+3.406908RINT4/THETA+5.439908+RINT2/(THETA«+2)+4.323625
¢AINTS/t THETA* ¢3}+1.610554+RINT3/( THETA*+4)

DPFRIC=EFFL=DPDLOD+ RINT/(QUALZA=QUAL1)

GO TO 200

DPFRIC=0.0

DP =DEFR | C+DAHE AD+DPMOM

pP=P1-DP*

¥ (P.LT.101325.0) GO TO 240

CALL N2PROP(P,T)

12=T1

vy2=81

viL2=82

RHOV2=03

RHOL2=B4

HV2=85

Dr2=86

VEL1=(4.0-MDOT }/(3.14152+(0IAM+ +2) J+{{1.0/RHOL1)+QUALI+((1.0/RHOV
1)={1.0/8HOL1))}

VEL2=2(4.0+WDOT }/ (3, 14153« {D1AM«»2) }+{{1.0/RHOL2)+QUAL2A( (1.0/RHLY

DATE 040579
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«+ DPCAL == FILE: RFIFsCSA TIME: 10:21:20 DATE 040579 PAGE T2

116 12)—{1.0/RHOL2)))
17 QUALZ={ 1DPDHI I {QUALY*HV1 ) —{ 3. 8066~ (AI-AT) I+ {AS/WDOT)-0D.S+{{VEL2"
118 T1*2)—(VEL1++2)))/HVZ
119 RELCHG= (LQUAL2A-QUAL2) /CUAL2AY+ 100.0
120 IF {RELCHG-+2.LT.1-0E-2) GO TO 2190
121 QUAL2A=QUALZ
122 ICOUNT=1COUNT +1
123 IF (ICOUNT.GF.10) GO 7O 210
124 GO TO 140
125 210 VAPVEL=WDOT/(D.5%(RHOV1I+RHOV2))
126 VAPMCH=VAPVEL/{20.434+SQRT((T1+47T2)+0.5))
127 SPEGVL=0.5+*( ((1.0-QUALY)/RHOLI)+{{1.0-QUAL2)/RHDLZ)+IQUALY/RHOV1 )+
128 1 ({QUAL2/RHOV2))
129 CENS=1.0/SPECVL
130 B1=Vv2
13 B2=VL2
132 B83=RHOV2
133 BA=RHDL2
134 D5 =HV2 . :
135 BG=DH2
136 GD TO 240
137 c
138 c PRESSURE DROP ANALYSIS IN FDR QUALITY =1.0 CASES
139 c
140 220 XFRACT={HV2-QUAL1*HV1])/{DP+DH1-9.8066* (A3-A2)}+{AK/WDOT)}
= 14 PFRACT=XFRACT+DP
- 142 P=P1-PFRACT
- 143 IF (P.LT.101325.0) GO TQ 240
144 CALL N2PROP(P,.T) -
145 TQUAL=T
146 A1=A1+{1.0-XFRACT)
147 A2=A2¢{1.0-XFRACT)
148 AJ=AJ*(1.0-XFRACT)
149 Ad=AQ%(1.0-XFRACT) ’
150 AS5=A5+(1.0-XFRACT)
151 230 VISGAS=1.VU5E-7+(T+r0.8815)
152 REYN=4.0 -WODT/{3.14t59+D1AM+VISGAS]
153 FRICT=0.00564+0.5~(REYN=+{-0.32))
154 RLD=(A1,DIAM)+A4
155 pPp=p
156 QUAL2=1.0
157 CALL GN2UEN(T,PP,DENS)
158 DENIN=DENS
159 CALL SECFUTI(T,SPECHT}
160 GMACH=VAPRCH
161 G1=1.0+0.2065+ [CMACH»+2}
162 G2=1.0-1CHMACH*+2)
163 G3=0.413+ {GNALCH+>2)
164 GAa=1.0+G3
165 TSTAG=T+(1.040.2065* (GMACH**2))
166 TMASS=WDOT+DENS+Al+ (DIAM«+2)+{0.785358)
167 DTSTAG:=AS/(SPECHT «TMASS)
168 OMM=¢G3*G1/(2.0+G2} ) +{DTSTAG/TSTAG)+((GI*G1/(2.0~G2))=4.0+FRICT+RL '
169 1D)
$70 GMACH=GHMACH+ ( GMACH + DM )
71 TSTAG=TSTAG+DTSTAG
172 T=FVSTYAG/(1.0+0,2065* (GMACH++2))

173 T2=T

e



4 DPCAL sa FILE: METF+CSA TIME: 10:21:20 . DATE 0490579 PAGE 73
174 TERIT=T
. . 175 CALL GMNZDEN(T,PP,DENS)
l i 1™ 176 DENDUT:DENS
' 177 DPINIT={d.0¢«FRICTRLD/(2.0+( (DENOUT+DENIN)/2.0)))+{ (WDDT/(0.78540%
178 1(DIAM=-2)} )ve2)
179 PP=PP-DPINIT
180 CALL GN2DEN(T,PP,DENS)
19 DENOUT=DENS
182 DP=PFRACT+D.B066%{A3-A2)s { { DENDUT+DENIN)/2.0)
1|3 DP=DP+{4.0+FRICT*RLD/(2.0~{ { DENOUT+DENIN}/2.0} } )+ ( (WDOT/(0.78540%(
184 1D1AMe#2)1)}*+2)
185 P=P1-DP-PFRACT
186 VAPMCH=GHMACH
a7 VAPVEL=VAPMCH+20.414+SQRT(T)
188 240 DP=P1-P
189 F=P1
190 RETURN
191 END
A |

z-. ca
N
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=& DPCLDD »»

£Lv

[oRL¥ AT

FILE: MFTFesCSA

DOUBLE PRECISION FUNCTION DPCLDD(D,T)
DOUBLE PRECISION O,V.R.VIRB
R=.0820558D+D
OPCLDD=R=T+2.D+0+A+T*D*VIRB(T)

RETURN

END

TIME?

10:21:20

DATE 040579

PAGE
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QNewN-

Wy

FILE: MFTF«CSA

COUBLE PRECISION FUNCTION DPCLOTID.TH

DOUBLE PRECISION D,T,R.VIRB,DADRT
=.08205580+0

OPCLOTaR«0+R«DeVIRB(T)*D+R=T+D+DBOT(T)*D

RETURN

END

TIME:

10:21:320

DATE 040579

PAGE
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** DPDIVF

SLy

- -
~OURNAUNIUN-

-

FILE: MFTF+CSA TIME: 10:21:21

DOUBLE FRECISIOCN FUNCVION DPDTVP{TT}

DDULLE PRECLISION DELT,VPN

DDUBLE PRECISION TT,.T7,P.C,D,Z.Y

DIMENSION C{10},D(14) .

DATA C/~3.93394535287D+0.141,274975980+40,-1640.77-11565D+0.11974,.557
1302040,-552403. 3098148D+0,166219.,56504D+0,-325212.1208400+0.,.398843.22
2750D+0.-277718.06992D+0,83395.204183D+0/

DaTA D/-49.51054035G0+0.651.9236417040,-3707.5430856D+0.,12880.6734
191D¢0,-30048.545554D0+0,49532.2674360+0,-59337.5505480+0,52311 .2960
33950.233134D+0,16028.674003L+0,-5354. 10389670+0, 1199, 03019
161 .4G362959D+0,9.881 1553386D+0/

T=VYT-QELT(TT)}
IF{¥~2.1720)10,%0,1
t DD 5 1=1,10
Z=1-1
¥ = 2=-1
S P=P+C(1}eFen2uy
OPRTVP2PIVPN(T)
RE TURN

10 DO 15 1=1.14
2=1-1 -
Y = 2=]

15 P=P+DI1)»FTen2ay
DPDTVP=P+VPN(T)
RETURN
END

DATE 040%79

PAGE
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s+ DPLINE swa

FILE: MFTFeCSA TIME:
; SUBROUTINE DPLINE(OP,.F ,ALD, PP, AMACH,.PGRAD,DIA)
[
2 [ ISOTHERMAL LIiE PRESSURE DROP SUBROUTINE
C
s ¥=1.667 LRMACH+*2)
S XLDMAX=0.25¢ | {11.0-Y)/¥)+ALOGIY))/F
) 7 IF (XLD.GT.XLDMAX) GO TO 140
L. BND=10.0
9 100 X=BHD/10.0
10 180 G={1.0-%+22)/v+2.0+ALAG(X]=4.0*F*XLD
1n DG=—2.0+X/¥42.0/%
12 1IF (G++2.LT.1.0E~5) GO Ta 130
13 XNEW=X-G/0G
14 1F- {XNEW.LT.D.0) GG TO 100
15 [
16 IF {XNEW.GT.1.0) GO TO 120
7 IF ((X~XNEW)»+2.LT,1.0E~8) GO TD 130
18 120 CONTINUE
19 c
20 X=XNEMW
21 GO TO 110
22 130 QP=PP-(X~PP)
23 PGRAD=DP/{XLD+DIA)
24 GO TO 150
25 140 DP=—~1.0
> 26 PGRAD=—1.D
o 27 150 RETURN
28 END

t0:21:21

DATE 040579

PAGE

77




»* DPVALY s FILE: MFTFwCSA TIME: 10:21:21% DATE 040579 PAGE k4

SUBRDUT INE DPVALV({DP .t . XLD,PP . MODTV.DEN,DIA, PGRAD)
G .
[ VALVE PRESSURE OROP SUBROUTVINE
[+

REAL MDDV
DP=3.242E-3=F«XLD» {MDOT»*2)/(DEN=[(D1AY«q)})
IF (DP.LT.PP) GO 7O 100
DP=z=1.0
100 PGRADs-1.0
RETURN
END

“QOUENATPD N

-
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+* DSATL se FILE: MFTF+CSA FIME: 10:27:22 - DATE 040579 PAGE 79 :

UOUBLE PRECISION £UNCTION DSATLITT)
DUUBLE PRECESIUN GL,T,.DCAL,R,TCR,XZ.TT. ..IC
DELMENSTION GLIG), DCL1 )}, TCUI)

i

1
?

< DATA GL/1.2074326484D-1,-4.3128217346b-1.17.85191 18240-1.-33.50962 !

5 1443¢90-1,30.3-432158240-1,~10.981289602D-1/ i

G DATA DC/.06964D+0/ 3

7 DATA 1C/5.2014D+0/ ]

-] T=77 §

9 OCAL=DU b

10 TCR=TC

n R={1.D+G~T/TCR)

2 D0 2 121.6

3 Fi=1 §

4 X2= F1/3. )

5 2 DCAL=0CAL+GLLI)+«Revx2Z

6 OSATL=0CAL

17 RETURN

109 END . ’

BlY




as DSATV s& FILE: MFTF+CSA TIME: 10:2i:22 DATE 040579 PAGE 80

1 LDUBLE PHRECISION FUNGTION DSATVITT)
2 DQUBLE PRECISION GV,.T,DCAL.R.TCR.X2.77,DC,TC
3 DLIMERSION GVIG)DC(1),TC( 1)
a DATA GV -0.692674953220~1,~1,292532553D-1,2,9347170712D-1.-4. QG066 . B
S5 158212D0-1,3.5809505624D0-1,-1.13155803970~1/
6 DATA DU, .06364D+0/
- 7T DATA 1C/5.2014AD+0/
: =TTV
9 DCAL=DC
10 TCR=TC
" R={1.D+O-T/TCR)}
12 bg t §=1,6
13 Fi=1
14 Xz= FL/3.
15 1 DCAL=DCAL4GV(I}*ResXZ
16 DSATV=0CAL .
17 RETURH
18 END

6Ly




** DIHLF w=+

ogy

CONONALN-

FILE: MFTFeCSA TIME:

SUBRDUTIHRE DINEF

10:21:22

DQUBLE FRECISION A,B.0.00.02,D3.04.05.06,T.17.22,23.24,0GAMA EX

UQUBLE PRECLISION R.P.PP.YA.YB.YC.YO.VE,YF,¥G,YH
DOUBLE PRECISION GAMMA . WT

DOUBRLE PRECISION ORPCLDT

DINENSIUON A{30),B{30)
CONMDN/DAYA/PP DD . TT,WT A, B, N, GAMMA L
D=CD

T-1T1

D2=D+*D

3 = D2-D

Da=0D3«1

D5=Dasp

DG=D5+D

22=Ts1

ZI=Z2+7

Za=Z3»7

DGAMA = D2+(~-.5D0-3)

EX = DEAP{DGAMA}

W=

R=.GB20558D+0

A(N)=0.0

N=N+1

AtN)={~1.D+D)~DES2Z2

H=Ns+1

DD 2 §=1.,6

F1=1

75-Fi/a.-1.,
¥YB=.75-Fl1/4,
AlN])=D5+TeeyAsYD
H=H+1

oo 3 [-1.4

.5-F1/%.-3,
.5-F1L

A{N) DA+ T2 ¥YCeYD
HN=H+]

0o 1 1=1,8

Fl=1

-5-Fl/2.-1.
YF=1.5-F1/2,
A(NYaDI TeaVESYF
H=te1

YHz
AU{NY=EX*O3«T*="YGeYH
H=N+1

Do 5 1=1,3

Fl=1

YH=1.-F1

AlN)} 5 EXeDS»Tse¥GrYH
N=N+1

N=N=1%

P=0

T s e e e eme

A

DATE 040579

PAGE

XY A
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= CiMYy ew FLLE: MFTFeCSA TIME: 10:21:23

DATE 040579 PAGE [ k]
1 CuMMye  PRDC
2 c
3 DIMENSION SCRICHIY00) .
a C
) COMMON /COUNYAY,/ IGHBAG(100)
6 c
- ? EQUIVALENCE (IEGRBAG,SCHTCH)
r c
g c wewss COUMMY VARIABLE DESCRIPTIQON
10 c .
1 c IGRBAG — A SCRATCH AREA FQOR VARIABLE STORAGE WHICH IS
12 c NOT TO BE SAVE FROM ON ROUTINE TQ ANOTHER.
13 END

[4:14




se D20OBI2 «e

11:1

CeBNDR AWM~

anananon

FILE: MFTFsCSA FIME: t0:21:23

DOUBLE PRECISION FUNCYION ©20Br2¢1)

DOUBLE PRECISION A,B.T.YA,YB.¥YC

DIMENS LD ATY)

DATA A/-5.0815710031D-7,~1.116486GH08620~4,1.16524110354D~-2.
17.4973517998D-2,-5.3143174768D-1,-9.575922193060~1,
23.93743148493010,+5,13702392249D+0., 2. 0BDA1456338D+0/

COEFFICIENTS fRAOM PROGFK $/28/70-1630

TH1IS SUB PROGRAM CALCU ES THE SECONDO VIRIA' COEFFICIENT FOR

Hewlum. THE RANGE 1S OM 2 T0O 1500 DEG K. 1NPUT IS TEMPERATURE

IN DEGREES KELVIN AND JUSE, IF 1SUE IS O OR NEGATIVE THE ROUTINE

CALCULATES B FOR THE EQUATION PV=RT{1+BD+.... FOHRt OTHER VALUES DF

JUSE. THE ROUTINE CALCULATES THE VARIANGC OF B AT THE I1INPUT TEMP

UNITS ARE ATM, DEG KELVIN, AND MOLES/LITER,4/3/69-1252,R.D.MCCARTY

REVISED 2/12/70-9325

.5-F1/2.-1
¥B=1.5-FI1/2.
YC=.5-F1/2.

5 B=AB+Ts+*VA+YB+VYCeA(])

D20872=8
RETURN
END

OATE 040579

PAGE

a4

[T



*® ENIHAL o»

ad b b
SWUN=QRONONIWUN-

Y8Y

F '"E: MFTF+USA TIME: 10:21:23

DOUDBLE PRECISIGH FUNCTICN ENTHALIP,uL,T)
DOUBLE PRECISION T,CPOH,R,D,P.HO,HD. HINT ,HTD.CXT, ZERC
CALCULATLS ENTHALPYFOR HELIUM FROM IROCRAM I-1M-4/,13-40-27 MCCART
CPOW = 5.193043D+0+{ 7-43,21494D+0)
HTD=JG.5%582p40
=.082055%80+0
CxXT = 25.314G9D+0
ZERQ = ©.Q0¢0
HO = HINT{2ERD,T)Y
HODzHINTL D, T)
ENTHAL = HTO4+CPOH+CXT« (HD=HO+p/D=R*T)
ENTHAL=ENTHAL*4.00260+0
RETURN
END

-y

DATE 040579

PAGE




s ENTROP es

P
OUMIN=COT NN AUN -

13:14

FILE: MFTF»CSA TIME: 10:21:24

COUVBLE PRECISION FUNCTION ENTROP4D,T)

COUBLE PRECISION STD,D,7,CPOS,ENTND,SINT,ENTD.R,ZERD

COUBLE PRECISION XLT.RLRYD

CALCULATES ENTROPY FODR HELIUM FROM PROGRAM 1-1IM-'A/,13-40-27 MCCART
ZERC = 0.0D+0

510=9.26090+0

ALY = DLOGIT/4.2144D+0D)

CPOS = 5,1930D+0+XLT

R=.08B205%80D+0

ENTO = SINT({2ERO.T)

ENTD = SINT(D,T)

RLRTD = R+*DLOGIR*T*0)

ENTRDP = SI0O+CPO5+25.31469D+0+({ENTO-ENTD~ALRTD)
ENTROP=ENTROP*4.00260+0
RETURN

END

DATE 040579

PAQGE



%% FINDD =

98y

cog~NOMALNS

10

20

FILE: MFTF=CSA TIME:

DOUBLE PRECISION FUNCTION FINDD(PL.DL,TL])
DOUBLE PRECISION A,B,.T7.0,P,P2,DP,CORR,TT.0D,PP,PL.DIL,T1
DOUBLE PRECISION GAMMA HT

DIMENSION A(30),B{30})
CUMMDN/DATA/PP.DD. TTWT,A,B,NC,GAMMA, L
P=p1

D=DI

DD=D1

T=T1

TT=T1}

DO 10 1=1,50

DD=D

CALL HEFIT

p2=ppP

IF{ABS({P-P2)~1.D-7+P}20,20,1

cAaLL DDHEF

orP=PP

CORR=(P2-P) /DP
1F(ABS(CORR)}-1.0-7+D)20.20,10

D=D-CORR

FIND D=0

RE TURN

FIND D=D

RETURN

END

10:21:24

DATE 040579

PAGE

az




** FINDR »v FILE: MFTF+CSA TIME: 16:21:25 - DATE 040579 T PAGE 86

1 FUNCTION FEINDR(N) e
2 C

3 C FINDR RETRIEVES THE GAS CDNSTANT
4 [ IF N = 1, HELTUM GAS CONSTANT

5 [ IF N = 2, NITROGEN GAS CONSTANT

6 c

7 DIMENSION G(2)

8 DATA G / 0.21183406,. 0.03026719/
Q < -
10 FINDR=G(N)
11 RETURN
12 END

L8y



w«e FINTAB *»

BRY

CONAVBWN -

10

aaoaoaonNoan aooonNoan

C

FILE: MFTF+CSA TIME: 16:21:25
~
L L e L N A . T T T T S
* ROUTINE NAME ~ FIND AND INPUT THE MASTER L4
* TABLE OF A SET OF TADBLES L4
* ROUTIHNE LANG — FORTRAN ¥V UNLVAC 110830 EXEC 2«
* PROGRANMMER = R. BOLLINGER 1943 102 26933 +»
« DATE CODED - 3/9/70 -
L A O N L L I T T R I )
SUBROUTINE FINTAB(MIN)
*sxs+s EXPLANATION OF THE CALLING SEQUENCE
Y
+ MTN — MASTER TABLE NUMBER. THE INDEX QF THE ARRAY TLA
- (SEE PDP CTAB) WHICH POINTS TQO THE PROPER ORUM
LRI LOCATION FOR THE TABLE.

INCLUDE ClOUNT
INCLUDE CTAB
INCLUDE CTABA

JTABLID = MTN
IF (TLA{MTN) .GT. 0) GD TO S
WRITE (10T,60201 MTN
CALL EXIT
S CONTINJE
10Xt = YLA(MING
ND = ITAHLE(I1DX1}
1FIND.LE.2) GO TO 20

NDM2Z = ND - 2

DO 10 (1= ,NDM2

1DX1 = 1DXt + 1

NP = JTABLE(IDX1)

ITAE(Y.11) = NP

DO 10 12=1,NP

1IDXY = IDXV + 1

TAB(I2+1,11) = TABLE(IDX1)
10 CONTINUE

20 JDXY = 1IDXY + 1
RETURN

G020 FORMAY ('0's/ 20X 's+e LOAD TADLE ND.' 14,' BEFORE YOu TRY TO USE
1 LTy venxr) ’ :

END

DATE

040579

PAGE




»s TLODEQ == FILE: MFTF+CSA TIME: 10:21:25 DATE 040579 PAGE 90

1 c - W LI ] LI I T R I L] LI * LI N - = & *
2 c *. ROUTINE NAME - FANO LINE - ONE DIMENSIONAL =
3 [ - COVPRESSIBLE=FLOW FUNCTION >
a ¢ - FOR ADIABATIC FLOW AT .
S c hd CONSTANT AREA WITH FRICTION =
S C + ROUTINE LANG - FORTRAN V UNIVAC 1110 EXEC 8=+
T [+ + DATE CODRED - AUGUST 23, 1976 -
8 [} * PROGGRAMMER - R.F.HAUSMaAR 104-6213-30238% -
9 [ - * % % 3 2 x & P oW OF FF ¥ F O F B F S 5 ok KW
10 c .
" FUNCTION FLOBEQ{M,G)
12 C
12 c *%sd s EXPLANATION OF THE CALLING SEQUENCE
14 [+ *
15 C « M - MACH MNUMBER
16 4 -
17 c * G - SPECIFIC HEAT AT CONSTANT PRESSURE/
18 c AL AR 4 SPECIFIC HEAT AT CONSTANT VOLUME
19 c
20 REAL M,MSQ
21 C
22 MSQ = M+=2 -
23 FLODEQ = (1.0 — MSQ)/(CsMSQ) + (G + 1.0)/(2.0+4G)=ALOG{(G+1.0)"M50Q/
24 1 (2.0 + {1.0+({G~1.01/2.0)*MSQ)))

o 25 RETURN

o 26 END



*¢ GETCON »»

06v

QENQNLWAON -

10

apoOOanN aOnNaooononon

1]

10

FILE: MFTF#CSa TIME:
L B B R A T T T *. & * &2 2 [ R
* ROUTINE KRAME — ROUTINE TO UNPACK THE FIRST »
hd WORD OF THE CONFIGURATION .
- YABE. SEE S.R. STQCQON FOR -
- WORD FORMAT -
» ROUTINE LANG - FORTRAN V UNIVAC 110D EXEC 2
* PROGRAMMER — R. BOLLINGER 1943 102 26933 »
*» DATE CODED - 3/11/70 -
- - * w - LI * s & LI - . s & - - -

SUBROUT INE GETCOM{ 10X}

LS XY
-

ehs e

EXPLANATION OF THE CALLING SEQUENCE
10x - INDEX OF THE CONFIGURATION TABLE

INCLUDE CCNFIG
INCLUDE CIQUNT

DD 10 I1
1CNFIGI11Y
CONT INUE

RETURN
END

= 1.6
}) = IPBYTE(CONFIG(IDX.1)}.11,0,.6}

10321326

- DATE 040579

PAQE

g1
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- e
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*® GN2DEN e«

FILE: MFIF«CSA TIME: 10:21:26 DATE D40579 PAGE
1 SUDROUTINE GNZDEN(T,.PP ,0ENS)H
2 1G=T
3 DIRENSLON ATM(7) ,DATM{71,A(16)
4 RHO=1.0
S DATA(ALI}),1=1,4)/,.3371600E~1,-0.5771943,~-0.1142108E3,0.8522635E3/
& DATA{AL1},125,8)/.33490176E7, . 16503666-2,-. 1578905E~1, .4 (883569E-5/
ki DAVA(AL1},129,12)/.3211548E3,.108012E6,~-.10666588, -. 3304489E1/
] DATA(A(T},I=13,16)/.12236904E4 .~ .5693539E5,.16751G7E-5,0-56E-2/
9 DATA R’0.B20S74E-1/
10 PATM=PP/101325.0
" 100 i*RHD+ TG
¥2 ATMU2)= HHOY « 21+ {R+*AL11+TG+AL2) +A (D) /TG+ALAY/(TG-*2)+A(5) /(TG+«q) }
13 ATAH I =(RHO« + 3}« ({R+A(B I+ TG+A(71)
14 ATM{AV={AHO= +d )+ {A(B) = TG)
15 ATMIS)={RHO+ 1 3)+(A(S)1/(TG*++2)+A(10)/{TGes31+A(11) /(TG+%4))
16 ATM(S)=ATMISYIVEXP(=A{16)*RHO*RHO)
17 ATM(G)=tRHO++5)+{AL12)/{TG+**2}+A(13)1/({TGr»3)+A[11)/(TG*+43))
18 ATM{B) :ATMIG) +EXP(—A(16) «RHO*»RHO)
k] ATM{7}={RHO=*+6)+Al15]
20 DATMI1)=ATM( { ) /RHD
21 DATM{Z§=2.0+ATM(2}/RHO
22 DATM(3}-3.0+ATMI{ 3} /RHO
23 DATmMIG) -O*»ATM{ 4} /RHOD
249 DATMIS}=ATM[5) +({3.0/RHD)—(2.0+A(16)»RHO))
e 25 ODATM{G)=ATI{E)+1 (5. 0/RHO)~{2.0+A{ 1614 RHOD)
o 26 DATM( /) =6.0+«ATM{ 7} /AHO
N 27 FRATM=0.0
28 OFPATM=0. 0 -
29 Do 110 1=1,7
30 FPATM=FPATM+ATM(I)
a 110 DFPATM=DFPATM+DATM{ I}
32 IF ((FPATM-PATM)==2.1T.1.0E~B) GO TQ 120
33 RHO=RHO—( { FPATIA-PATM) /DFPATM)
34 GD TO 100
a5 120 DENS=RHO<*2B.016
35 RETURN
az END

o Creem. e

[ SR,


http://FPATM-rPATr.lt

v+ HEFIT o=

g6y

-
QOUDNNULLN-

10

15

SUBRDUTINE HE FIT

FILE:

MFTF*CSA

TIME:

10:21326

OCOUBLE PRECISION A,.B.D0.D2.03.D4.D5.DD.T7,7TT,DBGAMA,.EX.EXD3.EXDS

COUBLE PRECISION P,PP,PCAL,XA.XB,XC.XD
DDUBLE PRECIS1DN GAMAA ,WT

DIMENSION A(30),B{30)

COMMON/DATA/PP .DD.TT ,WT.A,B,N,GAMMA . LL

O=0DD
T=TT
02=D+D
03 =D2-D
C4=0D3+D
GS=D4+D

DGAMA = D2#%{~-.5D-3)
EX = DEXP{DGAMA)

H=1
EXD3=EX+D3
EXDS=EX*D5
A(N)=D5*D
N=N+1
A(N)=A(N-3)/T
N=N+1

DO 2 1=1.6
FI=1
XA=.75-F1/4.
AIN)=DS54 T+XA
N=N+1

Do 3 [=1,4
FI=I
XB=1.5-F1I
A(N)=Da+ T*+X8
N=N+1

po 1 I=1.8
Fi=t1
XC=1.5-F!/2.
A{N)}=D3+T*sXC
N=H+1

CONT INUE

00 4 1=1,3
Fl=1

X0=1.-F1

AINI=EXD3+T=4+ XD

A(NY=EXDS+T4+2xD

N=N+1

N=N—-1

P=0

DO 1S J=t,N
P=P+A{J)*BlJ)
P

= P + PCALIDD,.TT)

PP=P
RETURN
END

DATE 040579 .

PAGE

94



*+* HEHED =< FEILE: MFTF»CSA TIimME:

19:213209 DATE 040579 PAGE 9s :

1 [ 1
2 [« CALCULATES HEAD PRESSURE FOR LIQUID HELIUM FLUID t
3 c 3
4 FUNCTION HEHED(RHOA,HED) . !
5 o] {
6 RHD = RHOA + HED + 0.005806665 & KPA %

- ki 4

a8 HEHED = RHD ;
9 c ;
i0 RETURN H
11 END ;
;

§
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-+ HEMKUP =»>»
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FILE: MFTF*CSA

L A L T I T T

I I T R

TIME: t0:21:28

- x & &

ROUTINE NAME - HELIUM MAKE-UP COMPUTATION =
ROUTINE LANG = FORTRAN V UNIVAC 1110 EXEC 8+

DATE CODED - FEBRUARY 12, 19789

.
»
.
+ PROGRAMMER -~ R.F.HAUSM&EN
-
*

T ok ¥ % & & ¥ X &+ B omEF

SUBROUTINE HEMKUP

R A ok ok &

104-6213-30235 -

»
* h % @

*+»w THIS SUBROUTINE CHARACTERIZES 7HE REFRIGERATOR-LIQUIFIER
CONDITIONS AND COMPUTES LMN2 REQUIREMENTS FOR REF.=LIQFR.

LOGICAL JP, PAGE

INCLUDE CMAG
INCLUDE CFLUID

BEGIN COMPUTATIONS FOR REFRIGERATOR-LIQUIFIER SUBSYSTEM

ENE L R N IR I I I T I L I T I N B

NPSYZ =
IF{WDGIOT.EQ.D0.0) WDGTDY = 302.0
DWGTOT = WDGTOT/3.6

SET LN2 BDILER HEX PARAMETERS
DHN2LV = (KN2V — HNZL}/GMWTN2
DHN2VP = 7ilN70 — HN2V)/GMWTN2
SDHN2 = OHN2LV + DHN2VP

DLN2 = DM2L » GMWTNZ * {000,
DVN2 = ON2LV + GMWTNZ + 1000.
DN2HV = DN20 » GHMWTNZ + 1000.
HEAT TO BE REMOVED FRON HOT HEL IUM

CALL HEPROP(PCR(1),TCB{1)},2)

HHE1 = HELH/HEMWT

DHE1 = HELD < HEMWT + 1000.
CALL HEPROP(PCB(1).7CB(3).2)

HHE2 = MELH/HEMWT

DHE2 = HELD s HEM&T * 1000.
QDTHHE = {(HHE1-HHE2) « wDTCB( 1)
[2R] = QDTHHE/ 1000,

FWDTY = WDTCHB(1) * 3.8

HEAT TO BE TAKEN OUT BY COLD HELIUM

CALL HEPROP(PCHB(1),TCB{2).2)
HHE3 = HELH/HEMWT

DHE3 HELD » HEMWT » 1000.
QDTCHO = (HHE3-HHEZ2) * (WDTCE(2) +
Q2 = QDTCHO/1000.

® KG/HR

@ J/GM
& J/GM

a

J/GM

@ HKG/CU.m,

a

KG/CU.M.

& HKG/CU.M.

woTCcBa{a)) )
»

J/GM
KG/CU.M.

J/ GM
HG/CU.M.
J/SEC

KW
KG/CU.M.

J/GM
KG/CU.M,

J/5EC
KW



** HEMHUP we

98V

S8
59
60

con [eXs X7 ao0n

aO o0 ooo

20

e STy 4t e i 1

FILE: MFTFeCSA TIME: 10:21:28
FWwDT2 = IWDITCB{2)+WwDTCBEL4)) *+ 3.6 ¥ KG/CU.M.
QDTCHE = (HHE3-HHE2) * (WDTCLBI2} + WDTCB(4) + DWGTOT) @ J/SEC
Qa = QDICHE/10DD. 2 Kw
FWbYT4 = {(WDICB(2) + WOTCA(4) + DWGTQOT)] » 3.8 3 KG/CU.M.

HEAT TO BE TAKEN DUT IN LN2 BOI1LER HEAT EXCHANGER
QDTHHE - QDTCHO

QLTLND = @  u/SEC

[Pk ] = QDILNRC/1000. o AW
QOYLNZ = QDTHHE - QDTCHE 8 J/SEC

Q5 = QDVLN2/1000. B ORW
QUANTITY GF LN2 REQUIRED AS FUNCTION OF TIME

WOTNO = QDTLNO/SDHN2 ® GM/SEC
FWDT3 = WDTNO * 3.6 B KG/CU.M.
WDINZ = OQDTLN2/SOHN2 .- P GM/SEC
FWOTS = WDTNZ » 3.6 #  HKG/CU.M.
MEAT LOAD ©N N2 BOTLER

QSUBS = WDINC = DHN2LV/1000. ]

OSUBSt = WOTN2 « DHN2LY/1000, A RW

A . L N N T I I I T L T T I U S I R I L I I )
JP = PAGE(D)

WatTE (6.10)

FORMAT(//T26."'+++ CHARACTERIZE REFRIGERATOR-LIQUIFIER INPUT AND OU
1TPUT COHOLTEIONS 444°'//TA6,"'*s REFRIGERATOR-LIOUIFIER PARAMETERS s+«
2'//T13,'2ERO MAKE-UP FLOW CONDITIONS: ‘/TS54, 'WwaARM HE ~ UPPER',T75.
3'COLD HELIUM THRU',T99,*LN2 BOILER AND'/TS54, 'HEX & LN2 BOTLER'.T79
a,'UPPER HEX' ,T102.'UPPER HEX'/)

WRITE (6,20) TCB(1),1CB(3),TCR(4).PCBf1),PCB(2)},PCBI3),NHET,DHE?R,
1 DINZ. TWOT! FrOT2,FuDT3.TCO(3).7CB(2),TCEB(2),.PCB! 11 ,PCB(2).PCB(I).
3 OHE2.DHE3,.DN2HV.FWOTT . FWUDT2,fFNDT3.0Q1,Q2.03,35Ua5

FORMATLT2*,"INLET TEMPERATURE ( DEG.K ) 'LEt2.6.12X,E12.6.9X%,
1E12.6/121,"INLET PRESSURE | KDBA )y *.E12.6.12X,512,6,9x,

2E12.6/721, "INLET FLUID OENSITY (KG/CU.M) *LE12.6.12X,E12.6,9X,€E
312.6/T21 . "IMLET FLOW RATE ( KG/HR ) 'LE12.6, 12X, E12.6.9X.E1
42.86//F21, "OUTLET TEMPERATURE { DEG.K 1} ' EN2.6,12K.E12.6,9XK.E1
52.6/T21,'OUTLET PRESSURE { KPA ) ' E12.6G,12X.E12.6.9%,E12
6.6/T21,"OUTLET GAS DENSITY (KG/CU.M) '.E12.6,12X.E17.6,9X,E\2,
7G/T21.'DUTLET FLOW RATE ( KG/HR 1 *,E12.6,12X%,E12.6,9X,E12.6
8//T21,'ENERGY 1RANSFER { J/HR } -',E12.6.11X.*+' ,E12.6,8X,
9+* ,E12.6//T21, 'HEAT LOAD: '/T26'LN2 BOILER KW }*,T99,

A E12,86/)

WRI1TE (6,30)

FORMAT({T13, 'CURRENT MAKE~UP FLOW CONDETIONS:'/TSi,'WARM HE -~ UTFER
1,775, 'COLD HELIUM THRU',T99,'LN2 BOILER AND'/T5:4,'HEX & LN2 BOILE

g S

- DATE 040579
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116
117
118
119
120
121
122
- 123
129
125
1286
127
128
129
130
131

L&Y

n n anonno

FILE: MFTF=CSA TIME: 10:21:28
2R"*.¥79, 'UPPER"HEX' ,T102, 'UPPER HEX'/)
WRITE (6,20) TCB(1).,TCB(3),TCB(4).PCB{1)}.PCB{2).PCB(3).DHE1.DHEZ.
1 DLN2.FWDP1.FWDT4, FUDTS.TCB(3).TCB(2),7CB{2),.PCAI1},.PCBIZ2).PCB(3),
2 DHE2.DHE3.DN2HV.FWDT1,FWDTA,FWUDTS,.0%.Q4,085,95UBS?

LI L L I A I T L I I I L I I I L I Y I S

00 THE REFRIGERATOR-LIQUIFIER SYSTEM COMPOMENT CONFIGURATIGN
AMALYSI1S

CALL CMPCAL
RETURN

END

DATE 040579
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FI1LE: MFTF+CSA TIME: %0:21:28 DATE 040579 PAGE

SUBROUT INE HEFROP{SP,ST.NSTAT)

L T T S N T T T R N e O R T L I Y
NBS PROGRAM ¢HE PROPS* , REGD.6/3/71. REFERENIE NBS-9782.
L O T e e e L I R N . T I T
REFZAENCES: N8BS REPORT 9762 (19703, NBS-TN-622 (1972},
NBS-TN-631 (1972) R.D.MCCARTY. NOBS
THERVOPHYSICAL PROPERTIES OF HELIUM-4 FROM 2 T 1500 . WITH
PRESSURES 10 1000 ATWMOSPHERES
- L) L3 - - - - L + L ) * L] . - 3 - - - = * - v » - - - - - -
TH1S vERSIDN OF HEPROP PRDDUCES HELIUM PROPERTIES IN MKS UNITS
- - w + - * - - LI + » + L * - L - L L * & L ’ - » L - - - -
EQUATIONS ARE VALID FROM 2 TGO 1500 H, TO 1000 ATIOSPHERES EXCLUDI]
AMY SUPLRFLUID QR SOLID PHASE wHICH M1IGHT OCGCUR WITHIN THE ABOVE
TEMRERATURE AND PRESS URE RANGE - THE CRITICAL RLEGION-1S ALSO
QUESTIONABLE. 1.E. T=5.2014 PLUS OR MINUS 1 K AND P=2.24 4+ 2ATM
NOTE wiiCN ITERATING FOR DENSITIES AT TEMPERATURES BELOW CRITLICAL
. 1T 1S IMPORTANT TO START WITH A -PROPER GUESS., 1F THE SOULUTION
1S IN THE GASS PHASE, START WITH .01 MOLES/LITER, JFTHE SOLUTION
IS IN ITHE LIQUID PHASE, START THE ITERATION WITH DENSITY EQUAL TO
45. MOLES JLITER N
¥ & B 2 e B 4 » 8 & x £ ¥ @ * 9 * 4 T & & & % * * & w ¥ F 3 ¥ & @
» PROGRAM MODIFIEQ BY R.F.HAUSMAN, 62-13, 1064. 26 JuLY, 1978 -

L T T T R I I Y I 2 ® 8 & & ok %k K & W oW oe kW e oo

LTI I N B
.

Zeartrnirsae

G

DOUBLE PRECISION VRTEMP.FINDD.ENTHAL,ENTROP,CV.DSATV.DSATL
DOUSLE PRECISION A,B.D.OD0,PP,T,TI,TyP,POT.POD.P

DOUBLE PRECISION H,S.CSUBV,E.CSUBP,SDUND.DG.DL.HG,HL,S5G.5L.CVG.
1 CVL.CPG,CPL.EG.EL.5S0OUNG.SDUNL

DOURLE PRECISION GAMMA ,WT

DIMENSTON Al3D).é‘3Dl

COMMON/DATA/PP.DD.TT,Wl.A,B,NN, GANMA, LL
COMMON/HEDATA/HELD .HELH . HELS .HELCV HELZ ,MELE .HELCP ,HELW.HELSV

1 . HEVSC
COMMON/HESATD/HEDG ,HEDL .HESG . HESL .HENG , HEHL , HEEG, HEE L. HECVG.HECVYL .,
1 HECPG,HECPL ,HEWG, HEWL .HEZG ,HEZL .HESVG . HESVL.HET

2 s+ HELVSC,HEGVSC

NSTATY - PERMITS GENERATION OF E(THER. LIQUID, GA3, OR SATURATED
LIQULD AND VYAPOR PROPERTIES

TF NSTAT 1, GENERATE LIQUID PROPERTIES

2, GENERATE GAS PROPERTIES -

3. GENERATE SATURATED L1QUID AND VAPDR PRONGRTIES

o p

DATA LL/1/

DATA GANMA/—.SD-3/

DATA WT/1.00+0/

DATA B/5.9B8310109D-9,-4.9653052187D-7.-3.68116033499D-6,3.68111671
13D=5,-1.4B30651B28D-4,3.0595174335D~4, -3 .3508190224D-4 ., 1 . 952308024
22D-4,1.55278997120~5,-3.61104035030-5,~1.08397820730-6,4.972810121
37D-5.1.938145109D~5,~4 , 1406408U6D~4 . -5, 74657728990-4 ., -4 .3470945634
aD-3,-6.8383088924D~2,~2.13824742250~2,2.710695490aD-2,~1.262796778
580-2.2.587575338D-3,7-90416088150~2,-1,40247243180~4 . »2 . 6278987249



http://5527B997120~5.-3.61

wr HEPROP »» FILE: MFTF=CSA TIME: 10:21:28 - DATE 04057s PAGE 100

58 6D-7.1.7336410358D0-6,—2.545491878550~6.0.0D+0,0.0Dr0.0.0D+0.0.0D+0/ .
59 [ N
60 11=6
61 P = SP/10G1,325 @ KILOPASCALS TO ATMOSPHERES .
62 T = 5T .
63 c
64 IF{NSTAT.EQ.1) SD = 45.0 .
65 IF(NSTAT.EQ.2) SD = 0.01
66 © D=SD
67 FIF(NSTAT.EQ.3) TVP = VPTEMP(P«.76D+E) : GO TO 8 - .
€8 1F{ST.GT.5.2014)GD TO 2
69 1F(P.GT.2.2449)G0 TD 2
70 IF(P.LT..0308234)G0 TO 2 ,
71 TVP=VPTEMP(Os .76D+6)
72 Go TO 3 .
73 2 TVP=101.D40 .
74 3 CONTIENUE
75 D = FIND O{(P,D,T)
76 HELD = D .
77 H=ENTHAL{P,D,T)
78 ) HELH = H
79 S=ENTROP{D,T) '
80 HELS = 5
8t CSUBV=CVID.T)
82 HELCV = CSUBV

& 83 ZB = 2ZCALC{D,P,T) :

w© 849 HELZ = ZB
a5 pD=D
86 E=H-{P/D)*101.32780+0
B7 HELE = E
=] Tr=T
89 CALL DTHEF X .
a0 PDT = PP
a1 CALL DDHEF
92 PDD = PP
a3 CSUBP=CSUBV+(T*{PDT+PDT)/({D+D)+PDD})*101.32780+0
04 HELCP = CSuBP
95 SOUND=DSQRT( (CSUBP/CSUBV)+{PDD+*25311.D+0})
96 HELW = SOUND
a7 HELSY = 1.0/HELD - .
98 D2 = D
99 T2 ° =T
100 VISC1 = VISCHE(D2,72)
101 HEVSC = VISC1
3102 c
103 RETURN * ' '
104 c :
105 C L L R e L T T T I S T T T T T v
106 [+ L
187 c GENERATC THE SATURATED PROPERTY DATA
108 c
109 8 DG=FIND D{P,DSATV(TVP)}*1000.D+0/4.0026D+0.TVP)
110 HEDG = DG ¢
111 DL=FIND D{P.DSATL{TVP}+1000.0+0/4.G026D+0,TVP)
112 HEDL = DL
113 SG=ENTROP (DG, TVP)
114 HESG = SG
115 SL=ENTROP(DL, TVP)
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00TV

116
117
118
119
120
121

122
123
124
125
126
127
128
129
130
131

132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151

152
153
154
155
156
157
158
159
160
161

162
163
164
165
166
167
168
169

[¢]

a non

FILE: MFTFeCSA - fIME: 10:21:28

HESL = SL *

HG=ENTHAL(P,DG,TVP)

HEHG = HG

HL=ENTHAL({P,DL.TVP}

HEHL = HL

EG=HG—{P/DG1+101.32780+0

HEEG = EG .
EL=HL—-{P/DL}+«1Q01.32780+0

HEEL = EL

CVG=CViDG, TVP}

HECVG = CVG

CVL=CVY(DL.TVP)

HECVL = CvL

DD=DG

TT=TVvP

CALL DIHEF

PDT = pp

CALL DDHEF

PDD = PP
CPG=CVG+(TVP=(PDT*PDT)/((DG*DG)*PDD) ) =101.3278D+0
HECPG = CPG
SOUNG=DSQRT( (CPG/CVG) * (PDD+25311.D+0))
HEWG = SOUNG

DD=DL .

CALL DTHEF

PDT = £P

CALL DDHEF

PDD = PP

CPL=CVL+( TV~ (POT=PDT)/((DL*DL}*PDD)}*101.3270D+0
HECPL = CPL

SAQUNL=DSQRT( (CPL/CVL)*(PDD*25311.D+0) )
HEWE = SOUNL

T=TVP

HET = T

ZG = 2CALC(DG.P.,TVP)}

HEZG = ZG

ZL = 2CALC(DL.P.TVP)

HEZL = ZL

HESYG = 1,0/HEDG

HESVL = 1.0/HEDL

DDL = DL

DDG = DG

TS = TVP

VISCL = VISCHE(DDL.TTS)
HELVSC = viscL

VISCG = VISCHE(DDG,TTS)
HEGVSC = VISCG

L T R R R R L T T IS £ % & X B o8 B & ¥ & Ew o
RETURN

END

DATE 040579
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FILE: MFTF¢CSA TIME: 10:21:29

DOUBLE PRECISION FUNCTIGN HINT(D.T) .
DOUBLE PRECISION A,8,0.02.D3,04.R.0AMMA,EX,T,08DT,DGAMA ,OD.FP,TT
DOUBLE PRECISIUON XA,XB.XC,XD,XE

DOUBLE PRECISION GAMMA ., WT

DIMENSION A(30).B{30)
COMMON/DATA/PR DD, TT WT.A,B,N.GAMMA L
D2=0+0

03=D=D2

Pa=03+0

N=1 .

R=,0820558D+0

DANMA = GAMMA

DGAMA = D2+(-.50-3)

EXA = DEXPIDGAMA)

A(N})=(D4=D)/5D+0

N=N+1 .
AIN)}=(DA+D/5.D+D)«(2.0D+0/T)

N=N+1

pD 2 1=1.6

FI=1

Xa=.75-F1/4,
A(N)=(DA/9.D+0)+(T+*+XA—(TraeXAsXA))

N=N+1 .
Do 3 1=1.4

Fl=1

XB=1.5-F1I
A(N}=(D3/3.D+0)+(T++XB—(Ts+XBeXB}})

N=N+1

00 1 1=1.8 : e
FIr=1

XC=1.5-F1/2.

A{N)=(D2/2.D+0)s (Tr»XC={T*+XACsXC}))

N=N+1

DO 49 1=1,3

Fl=1 .

AD=1.-F1
A{NY=(EX/(2.D+0*DANMA) I»{ T»+» XD-(T*=XD*XD))
N=N+1

Do 5 §=1.3

Fl=

XE=1.=F]

A{N}=(D2+5X/(2,.0+0+DAMMA)~EX/(2.0D+0«DAMMA«DAMMA) )= { To % XE—~(T**XE
1+XE}}

5 N=N+1

N=N—1
HINT=R*T=T+D+0B0T(T}*(—1,00+0}
DO 6 1=1,N

HINT=HINT+B{1)»A(1}

RETURN

END

DATE 040579

PAGE
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C
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FILE: WFTFeCSA

SUBROUFINE HTVAP(T,HVAP)

T=T(K) == HVAP=HVAP(JOULES/KG)

DIMENSIDN B(2,7),.CI7),DEN(2),%X{10).DXDT{10).G( 11}

TCRLIT=126.2
TIRIPL=G3.15

(T.LT.TTRIPLY GO TO 140
CRIT-T)/ICRIT
1120.19424403€2
.L70B37ABER
)=-o.243259u5£3
120.8..516G838€3
0,163936H0E4
.V1574320E4
0.1018221081
0.16333345E1
0.94043771E1
.2185274BE2
0.10268744E3
.1B794974E3
©6.16402437€E3
B(2,7)=—0.95731639E-1
cl1)=1.0

c.2)=2

cLa)y=z»-2

cla)y=z1+3

cisr=z+~4

Cl61=2-+5 ’
C(71=ALAG(2)
DEN{1)=0,0
DEN{2)=0.0

DD 100 J=1,2

PO 100 1:=1,7

100 DEN{J)IzDENIJI+CI{I)+B(J.1)

SPUOLL:F.0/{28,.0134+DEN(1}]}
DEN{2):EXP{DEN(2))
SPVOLG=1.0/({28.0134*DEN({2))

Gl(11=0.683944094E49
Gt2)=-0.18900453E43
G{3)=-0.72822292E1
G{41=0.G
G(51=0.55560G3BE~-3
Gl6)=—0.59445947€-5
G(7)=0.27194338E=7
G(8)=-0.48705359E-10
G(9)=0.50953G0BE3
G(10)}=0.10228510E=-1

G(Ill— - 19500E1
t1)=1. /T

Kl2l=l

X13)=T

X(43=T++2

X(5)=T+»3

X{G6)=T++4

TIME:

10:21:29

DATE 040579 PAGE 103

FoamaEs ne

.
T L e —




se HVAP =x

g0tV

110

129
130

140
150

160

FILE: MFTF+CSA TIME: 10:21:29

RL7V1=T++5

X({B)=T++6

HUDI=ALOGIT)

X{IDI={ TCRIT-T)s+G(11}
DADT{1}==1.0/(Ts2)

DXDT{2)=0.0
DXDT{3)=1.0
DXDT{4)=2.0+T
DXDT[5)=3.0241++2)})
DXDT{61=4,.0%(Tse3)}
DXDTL7)=5.0 [ Twsq)})
DXOTI{BI=G. 0« T++5)
DXDTI9)1=1.0/T -
OXOT(10b==G( 11 )o{(TCRIT-T)2={G(t1)=-1.0})
SSUM=0.0

TSUM=0.0

pa 110 I=1.10

SSUM=SSUM+G( 1) +X(1)

TSUM=TSUMGI 1) +DXOT{ L)

DPDTET1.01325ES+ (EXP{SSUN) ) *»TSUM

HVAPEOPDT+ T+ { SPVOLG~SPVOLL)

GO TO 160

WRITE (6,13Q)

FORMATI(T10, ' TEMPERATURE GREATER THAN CRITICAL TEMPERATURE')
HVAP=-1.0

GO TO 160

WRI1TE (6,150)

FORMAT(T10, ' TEMPERATURE LESS THAN TRIPLE POINT TEMPERATURE')
HYAP==1.0

RETURN

END

DATE 040579
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0D 0D ROONONBRO6O

ann 0O

5000
5010
5020
5030
50430
S050
5060

Oono

5000

6010
G020
6030
60410
6050
6060
6070
1
6080
6020
6100
G110
G120
5130
6140
6150

-

G160
1
6170

1
6180

FILE: MFTF»CSA . TIME: 10:21:29

L L R I I I I O S A T T S R T S R
* ROUTINE NAME TAULE INPUT RODUTINE

* ROUTINE LANG FORTRAN ¥ UNIVAC 1108 EXEC 20
* PROGRAMMER R. BOLLINGER 1943 102 26933 «
»
-
-
»

REVISED JUNE 1971 .. DEC. 1371
PROGRAMMER J. MCKAY t9-43 201 45178

L I N R X T O I L R Y B R

DATE CODED ~ 3/4770

LR A )

SUBRDUT INE INTAB
INTEGER TI1TLE,OFT
LOGICAL uP.PAGE

INCLUDE CIOUNT
INCLUDE CTAB
INCLUDE CTADA

DIMENSION TITLE(Q), ICMT{14Q),LABV(3.5},LA8XR{3).LABY{3).1I(5)
221+ » INPUT FORMATS

FORMAT (4A6,216,6X,18)

FORMAT{ 13A6,A2)

FORMAT(306.17,5E10.0)

FORMATIGAG.2E12.0)

FORMAT(316) .
FORMAT{GE12.0C}

FORIMAT (515)

w«rtx QUTPUT FORMATS

FORMATI'G' ,T43.'+4+4s E C H O oOF TABLE O AT A =esae’,
/7 194,446, T100.'TABLE NO.'L4//)

FORMAT: "0 ¢+ERROR++ THE NUMBER DF DIMENSION 1S WRONG. ND = *,15}
FORMAT(T26,13Aa6,A2)

FORMAT{'0 »+ERROR++ THE NUMBER DF POINT IS5 WRONG. NP = ', IS)
FORMAT (T36,.3AG6.2%X,5F13.4)

FORMAT{ ‘0 ++ERROR«+ THE NUMBER OF DATA POINTS 15 WRONG. NV = *',15)

FORMAT( ‘Q = +EiROR++ THE TABLE TYPE 1S WRONG. TYPE = ',I5)

FORMAT('O ++DIAGNOSTIC*+« THE MUMBER OF [NTERPOLATION POINTS IS WRO

NG. NEP = ', I5.'. NIP IS SET EQUAL TO ',15)

FORMAT (152,3A6,2X.F12.4}

FORMAT{TS2,.F12.4,.54F12.4)

FORMAT(TS52,F12.4)

FORMAT{T38,F12.4,2XF12.4,5XF12.4,24F12.4)

FORMAT{T3B.F12.4,2XF12.4)

FORMATL'O'153, "CDEFICIENTS ,6X, 'CPEFICIENTS /* )

FORMATI 'O ' T44, "X 13X, 'Y* 16K, "K', 13X,."'Y")

FORMAT('0C ++ERROR»+ THE ADOVE TABLE MUMBER 1S LESS THAN O OR GREAT

EH THAN 50'//1

FORMAT| 'O =»D]JAGNOSTIC++ THE ABOVE TABLE HAS ALREADY BEEN INPUT. T

HIS TABLE SHALL REPLACE THE PREVOUS TABLE.')

FORMAT('QC +ERRDR* THE TQTAL SEZE NF THE TABLES HAS EXCEEDED 7000.
THE REQUIRED SIZE IS5 '.16.°'. RUN TERMINATED.'}

FDRMAT {'0*'75X'TDTAL 1ABLE STORAGE ='I6}

DATE 040579

PAGE
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*+ INTAB *»* FILE: MFTF+CSA TIME: 10:21:29 - DATE 040579 PAGE 1086

sB 6200 FORMAT ('O0°'S6X'TAJLE INPUT SUMWARY'// 2BX'TABLE'GX'TITLE QOF TABLE!
59 1 12X'NUMBER OF' bX'NUMBER OF'6X'NUMBER OF'/ 27X'HUMBER’TG6,.
60 2 'DIMENSIONS'S5X'SUBTABLES'9X*WORDS'/)
61 6210 FORMAT (28X14.2X.4A6.3115)
62 6220 FORMAT {*0' TS0, 'NDO. WORDS THIS TABLE' 14) .
63 C
64 c wwsvs ENITIALIZE THE RDUTINE
65 C .
66 c NPRT = O PRINT ALL TABLES (1 TABLE/PAGE}
67 [ NPRT = 1 PRINT NO TABLE QOUTPUT
68 c NPRT > 1 PRINT ALL TABLES (ND PAGE EJECT)
69 c NPRT2 > O AND NPRT = 1 PRINT SUMMARY
70 c
71 INTAP = NTAPE1
72 IOTAP = NTAPE1
73 READ {IIN,5060) LFT.OFT.NPRT,NPRT2
74 1F (1FT .EQ. O) GO TD S
75 IF (IFT .GT. 2) INTAP = IFT
76 READ {(INTAP) TLA.NV
77 READ {INTAP) (TABLECJKN),UKM=1,NV)
78 REWIND INTAP
79 HMURDA = NV
80 GD TO 350
a1 c
2 a2 5 KMURDY = O
' 83 1F (NPRT .NE. 1) GD TO 2
S 8a 1F (NPRT2 .EQ. D) GD TO 2
as LF {(PAGE(O)) WRITE (lOT.6200)
86 2 CONTINUE
87 c es1++« START OF TABLE INPUT LONP
aa [
B9 00 290 11=1,NTBN
90 KIUD = HKMUAD1
91 (o
92 c ess+s INPUT TITLE - THE TABLE TITLE.
a3 C . ND - THE NUMBER OF DIMENSIONS OF THIS TABLE.
94 C . NC - THE NUMBER OF COMMENT CAROS FOR THIS TABLE
as c . 1P = PLOT QPTLINN, NOT IN MATH MODEL
26 [+ YR (SEE AUXILLARY TABLE PROGRAM)
97 c .
98 READ (1IN.5000) TITLE.ND,NC.NT
99 IF(ND.LE.Q) GO D 300
100 LF {NPRT .EQ. 1} GO TO 1001 .
101 If (PAGE{O)) WRITE {10T.6000) TITLE.NT
1092 JP = PAGE (5)
103 1001 CONTINUE
109 KMURDS = KMURD1 + 1 .
105 IF (NT .GT. O .AND. NT .LE. NTGN) GO TO 4
106 WRITE{G,0G150;
107 CALL EXIT
108 4 IF(TLA(NTI.LE.D) GO TO &
109 WRITE(G,G16O}
110 6 TLA(NT) = KMURDI
11 ITABLE(KMURD1) = ND
1912 [+
113 [ wxese TEST INPUT VALUE.
114 c
1"s IF {(ND .GT. 1 .AND. ND .LT. 7) GO TO 20



** INTAB ws

FILE: MFTFeCSA TIME: 10:21:29 DATE 040579 PAGE 107
116 WRITE{G.GO1U) ND
17 CALL EXIY
118 c
lig c s«4+s IF THERE ARE aNY COMMENT CARDS FOR THIS PLOT PRINT
120 [ ss+se THEM DUT.
121 S
122 20 1Ff (NC .LE. 0) GO 7O 40
- 123 C
124 00 30 I2 = 1,NC
125 READ{5.5010) 1CAT
126 1F (NPRT .EQ. 1) GO TO 30
27 1F (PAGE(1})} WRLTE (IOT,6000) TIVLE,NT
128 WRITE(G,G020) 1CMT
129 30 CONTINUE
130 [
131 c +a&ste INITIALIZE THE INPUT OF THN ND - 2 INDEPENDENT
132 c ssvee VARIABLES. .
133 c
134 40 NDM2 = ND - 2
135 NXYT = 1
136 IF{NDM2.EQ.D) GO TO 90
137 1F (NPRT .EQ. 1) GO TQ %0
138 IF (PAGE{NDM2+1)) WRITE (10T.68000) TITLE,NT
139 C .
& 140 c essss INPUT ND - 2 INDEPENDENO VARLIABLES.
o 141 (o]
o 142 50 DO 80 12 = 1,HOM2
143 READ(S,.5020) (LABV(I,12),1=21,3),NP,(TAB{I+1,12)},1=1,NP)
144 IF(NP.GT.1.AND.NP.LT.6) GO TO 60
138 WRITE(G,G030) NP
146 CALL EX17T
147 c
149 60 NXYT = NAYT*NP
149 IF (NPRT .EQ. 1)} GD TO 70
150 WRITE(H,604C) (LABV(1,12),5=1,3),(TAB(I+1,12),1I=1,NP)
151 70 CONTINUE
152 KMURDT = KMURD1 + 1
153 ITABLE(KMURD1) = NP
154 DD 75 13=1,NP
155 KMURDt = KMURRDY + 1
156
157 c «+s STORE THE (ND-2)} INDEPENGENT VARIABLES IN TABLE ARRAY
i58
159 75 TABLE(KMURD1)} = TAB(13+41,12)
160 BO CONTINUE
161 c
162 c #ss2+ IF PLDTING 1S DESIRED, INPUT THE PLOT LABELS AND
163 c «sses THE MIN/MAX VALUES DF THE INDEPENDENT VARIABLE.
164 c
165 OD READ(5,5030) LABX,LABY,XMIN,XMAK
166 [
167 C @ssse START UF THE L00P TO INPUT THE VALUES FOR EACH
168 c * OF THE TWO DIMENSIONAL TABLES WHICH MAKE UP THE MAIN
169 [ weess ND OLMENSIONAL TABLES.
170 c
171 1I¢1) = —1
172 DD 100 12 = 2.8

173 100 11¢t2} = ~ 1

C i BEire = ¢ Tl s s 2T A

A e = 1) YA T L

= rm—————— e

ERR



e* INTAB *»

Loty

174
175
176
177
178
179
180
181

182

183

184
185
1B6
187
188
189
190
191

192
183
194
195
196
197
1928
199
200

2311

noonfno 0O

1004
c

110

120

ann

130

noo

140

150

160

170

non 0

FILE: MFTFeCSA TIME: 10:21:29

DD 280 12 = 1., NXYT

*eves INPUT TRE 20 TABLE HEADER CARD AND VERIFY THE DATA.
- NV < NUNMBER UOF DATA POINTS IN THE TASLE
- TYPE — TABLE TYPE (SEE CTaB)
exrrs NIP ~ NUMBER OF POINTS Tg BE USED FAR INTERPOLATION.

READ(5.5040} Wv,TYPE,NIP

1¥ (NPRT .NE. 0) GD TO 1004

1F {PAGE(O0)) WRITE (IOT,5000) TITLE,NT
CONTINUE

1F (NVY .GT. O .AND. NV .LE. NSBZ) GO 70 110
WRITE(6,6050) NV
CALL EXIT

IF{TYPE.€Q.0.0R.TYPE.EQ.3} GO F0 120
WRITE(G,6060) TYPE
CALL EXIT

IF{TYPE.EQ.0) GO TO 130
IF{NIP.GT.1.AND.NIP.LE.NV) GO TO 130
WRITE{G.6070) NIP,NV

NIP = NV

*+s+x OUTPUT THE HEADER DATA TO DRUM

ITABLE{HKMURD1+1) = NV
ITABLE(KMURDY + 2} = TYPE
ITABLE(¥MURD1+3) = NIP
HMURD1 = KMURDB1 + 3

*#s¢ ¢ INPUT, ECHO AND OUTPUT TO DRUM THE 20 TABLES.

IF {NPRT .EQ. 1) GO TO 1170

I1(NDM2) = MDD(LII(NDM2) + 1,IFAB(1,NDM2)})
IF(NDM2.FQ.0Q) GO TO 170

IF(NDM2_.EQ.1) GO TO 150

NDM3 = HOMZ - 1

DD 140 13 = NDM3,1,—1 -
IF{11(13+1).GT7.¢) GO 7O 190
[L(I3) = WMODCIX(13) + 1,.17AB(1,13))

CONT INUE

DD 160 13 = 1 ,NDM2

IoX = [1(13) + 2

WRITE{&,6080) [LABV!!,13),§=1,3},TAB{IDX,13}
CONTINUE

IF(TYPE.EQ.1)} GO TO 21¢

#%s4¢ COEFICIENT TABLE 1INPUT

READ(5,5050) (XTAB(I1)},I=1,NV)
DO 175 13 = ¥, NV
HKMURDY = KMURD1 + 1

DATE 040579
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es INTAR =e

80TV

232
233
23a
235
236
237
233
239
240
291
242
243
244
24as
246
247
2a8
249
250
251
252
253
284
Z55
256
257
258
259
260
261
262
263
264
265
266
267
260
269
270
271
272
273
274
275
276
277
278
279
280
281
282
282
284

ann

FI1LE: MFTFeCSA TIME: 10:21:29

TABLE(KMURD1) = XTAB(I3}
t'75 CONTINUE
IF (NPRF .EQ. 1) GD TO 280
WRITE(6,G130)

IF{NV.GT.50) GO 10 tEo
N1 = 1

N2 = NV

GO 70 190

180 N2 = NV -~ 50
WRITE(G,G0O0) (XTADI1)}.XTA8(1+50).1=1,N2)
N1 = N2 +
IF (N1 .GT. 50) GO TO 280

190 WRITE(G,6100) (XTAB{l1).i=Nt,N2)
ssr31 ¢ DESCRETE TABLE [INPUT

210 READ(S.5050) (XTAB{1).YTAB(1),1=1,NV)
DO 21% 13 = 1.Nv
HMURDS = KMURDY + 1
TARLE(KMURDI) = XTAB(13)
TABLE{KMURDI+NV} = YTAB(I3)
215 CONTINUE
HRMURDY = XMURDY + NV
1F (NPRT (EQ. 1) GO TO 1Q0S
wWR11 .{6.6t40)
1005 CONTYINUE
1F(NV,GT.50) GO YO 220

Ny =1
N2 = NV
GO T 230
220 N2 = v - S0
WRITLE .G.6110) (XTAB(L)}.¥TAB{1),XTAB(I+50),YTAB([+50),[=1,N2)
N1 = N2 + 1
1F (N} .GTY. 50) GO TO 280
N2 .= 50

230 CONTINUE
IF {NPRT .EQ. 1) GO TO 280
WRITE (6,6120) (XTAB(IL),YTAB(1),I1=N1,N2)

280 CONTINUE .
KWRD = KMURD1 - KMUD
IF (NPRT .EQ. 1 .AND. NPRT2 .NE. 0) WRIYE (10T7,6210) NTY,TLTLE,

1 NR . NXYT,KWRD
IF (NPRT .NE. 1) WRITE {(10T7,6220) KwROD

290 CONTINUE

300 IF (KMURDY ,1E. MXWRD} GO TO 3310
WRITE(S5,G6170) WMURD1
CALL EXIT
310 IF {OFT .EQ. O) GO rO 3so
IF {QFT .GT, 2) 1QTAP = QFT
WRITE {10TAP) TLA,Nv
WRITE (10TARP) (TABLE(UKM),UKM=x1 , XMURDY)

DATE 040579
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LL]

IHNTABR e«

290
251
292
293
294
295

BTV

350

FILE: MFTFeCSA

END FILE 1DTAP

REWIND i10TAP

WRITE (10T7.6180) HKMURD1
RETURN

END

TIME:

10:21:25

DATE 040579
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s LIQNIT =
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OTTY

0 0o a0 60

FILE: MFTF=CSA TIME: 70:21:30 DATE 040579 PAGE 11

SUBRCUTINE LIONIT
CALL N2MAIN
RETURN

END




*% LNSYST =%

j184

VONGNDON=

0O 000

oDoonNnnan

100

110

FILE: MFTF+CSA TIME: 10:21:30

SUBROUTINE ENSYST(DIA,FLOW,PSTOR,QUAL)
LOGEICAL PAGE, JP
INCLUDE CPAGE

COMMON/GEOM/XLEN(6,100},ZIN(6.100),Z0UT (6,107 ) ,QNET(6,100)
COMMON/GEOM/EFFE{6,100) , TYPE{6,100),TNUM{6,100},JNAX(6)
COMMON/GEOM/GO(6,100),Q1(6,100).Q2(6,100)
COMMON/GEOM/WLOST, THOT

CONMMON/PHROP/B) ,B2,B3,E4,B5,B6

COMMON/CALC/W0OT ,QUALT,DUALZ,DI1AM,P. T
COMMON/CALC/REYN,FRI1CT,VAPVEL ,VAPMCH, DENS
COMMDN/CALC/TQUAL

DIMENSION DIALG)

DIMENSION WFLOW(10) ,DPEXIT(10),QEXIT{S)

DIMENSION X0(2,5;.%X1{2,5) ., X2(2.5).%X3(2,5),X4(2,5)
DIMENSION Y(2,5).KY{2,5) XXY(2,5])

DIMENSION C€(2.3,5),CC{3.5)

DIMENSION TGAS(S},TQUT(S)

OIMENSION VIMAX{S)

DIMENSION FLAG{2,.5)

ANALYSIS AROUTINE FOR LINES 1 AND &
Jp = PAGE(O}
QUALY=QUAL

1=1
WRITE (6,1060)1

FORMAT(1HO ,T50, "ANALYSIS OF LINE NUMBER',13./,/.' INDEX DIAM wbQ
1T-L WDOT-V QUALITY TEMP PRESSURE PR GRAD FRICTION REY
2N VAPDR VEL YAPDR MACH DENSITY' .,/ . T8,.°'(M)' ., 714, '(KG/S) (KG/S

3)',7T39, ' (K)',¥48,'(KPA)',T59, ' (KPA/N'.T69, 'FACTOR', 779, 'NUMBER',T
490,'{M/S}*  T100, *NUMBER' ,T111,"' (XG/MM~3)",/)

T=08.194
PxpPSTQOI
CALL NZPROP(P,T)
Vv 1=81
viL=82
RHOV1=833
RHOL1=B4
HV1=B5
DH1=86
DENS=RHOL1
VYV ~— VAPDR V]5COSITY KG/M-SEC
VL —= LIQUID vI1ISCOSITY KG/M=-SEC
RHOV —= VAPOR DENSITY KG/M-+13
RHOL ——- LIQUID DENSITY KG/M+»3
HY —~ HT OQF VAPORIZATION J/KG
DH —= CHANGE IN SAT LIQULD ENTHALPY WITH PRESSURE

(J/KRGY/ (NT/Msw2)

WDOT=FLOwW*RHAOL1
WDOTL={1.0-GUAL1)=wDOT
WDOTY=QUAL1=WDOT

DATE 040579
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*+ LNSYST aw»

(4134
A

aonon

120

1320
140

150

180

170 XAY{K1 . K2

FILE: MFTF=CSA ) TIME: 10:21:30
DIAM=DIA{])

REYN=4.0-WDOT/{(3.14159+DIAM*VLL)

FRICT=0.00560+0.500¢ (REYN**{(~0.32))

VAPVEL=WDOTV/RHOVA

VAPMCH=VAPVEL/(20.414«SORT(T))

PKPA=DP/1000.0

WRITE {6,120)01AM,.WDOTL . WDOTV.QUAL).T,PKPA,FRICT,REYN.VAPVEL.VAPMC
1H.DENS
FORMATITS,F7.4,T13,F7.4,7T21,F7.4,7130,F6.4,T37.F8.3,T46.F10.5,T68,F
18.5,177.F10.1, 788, Fg. 4,799, F7.a. Troa.F11. G}

DO 160 J=1,JMAX{I)

A1=XLENI 1,0}

A2=ZINIT.J)

A3=Z0UT(1.J)

A4=EFF(1,4)

AS=QNET(1,d)

AG=TYREL 1. 4U)

AT=TNUM(T.4)

CALL OPCAL{DP,T2,A1,A2,A3:A4,A5,A6,A7) .

IF (XLEN(1.J).EQ.0.0) GO TD 130

PGRAD=DP/{1000.0"XLEN(I.,U)} -

GO TO 3140

PGRAD=0-. D

P=pP-DpP

1F (P.LT.10%325.0) GO TO 570
WDDTL={1.0-QUAL2 ) *WDODT
WDOTV=QUALZ2+WODT
PKPA=P/1000.0

WRITE (6.150)0,D1AM, WDOTL .WDOTV.QUAL2. T2, PKPA . PGRAD,FRICT.REYN.VAP
1VEL,VAPMCH . DENS
FORMATLI1A,T5,F7.4.T13,F7.4,721,F7,4.T30,F6.4,T37,F8.43,748
17.F10.%5,.T6B.FB.5.177,.F10.1,TB8,F9.4.T95,F7.4,T109,F11.6)
QUAL1=3UALD

vV (=81

vLt=82

RHOV1=83

RHOL 1=84

Hv1=85

OH1=86

T=T2

.F10.5,78

ANALYS1S ROUTINE TO DETERMINE FLON RATES IN EACH OF
THE PARALLEL LINES 2.3.4 AND 5

WFLOW( |  =woOoT
QEX1IT(IY=QuUALl

IF (i{.EQ.6} GO TA &10
DO 170 K1=1,2

DO 170 K2=2,5
FLAG{K1.K2)=0.0
KO{KY,K21=0.0
X1{K1,K2)
X2{K1,K2}
X3(K1,K2)=0
XA(K1,42)=0
Y{K1 K2)=
XY(K1 K2)
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w* LNSYST #s»

aw

116

180

90

200

210
220

23D

240

FILE: MFTF=CSA TIME: 10:21:30

S e

PVALIN=P
TBRNCH=T
QUAL IN=QUALI1
wWOOT IN=WDDT-wWLOST
WIQT=WwDATIN
WFLOW(2 )Y =wDOTIN
WEFLOW(3 CaT 1IN
wF LOW( 4 WODT 1IN
WFLOW(5 )} =WDDT1N
WMAX[2)=WDOTIN
wWhMAX{3)=WDOTIN

WMAX{4)=wDDTIN
WMAX{S)=WDOTIN
JCOUNT=0

0D 330 1=2,5

OIAM=DIALT )

WDOT=WFLOWII) -
QUAL t=QUALIN

P=PVALIN

T=TBRNCH

00 240 J=1,.JMAX{I)
A1=XLENUi,J}

A2=ZIN{1,J)

AJ=20UT(I,J) -
A4=EFF{I.J)

AS=QNEILI,J}

AG=TYPE(1.,d)

A7=TNUMI T, d)

IF {A6.NE.5.0) GD TO 200

WOOT =WDOT/ TNUM{ E . )

CALL DPCAL(DP,T2,A1,A2,A3,A4,.A5.A6,A7)
1F {XLEN(I.J).EQ.0.0) GO TD 210
PGRAD=DP/(1000.0+*XLEN(I.J)}
GO TO 220

PGRAD=0.0

P=p-Dp

ILF (P.GT.101325.0) GO TO 230
WMAX (1) =WDOT
HWOOT=0.5C4vMAX(1)
WFLOW( | 3 =uDOT
QUAL1=QUALIN

P=PVALIN

T=TBRNCH

GD TO 190
WROTL=(1.0-QUAL2)=WDOT
WOOFV=0UALZ2+wDOT
PKPA=P/10Q00.0
QUAL1=QUAL2

vVv1=31

VLI=B2

RHOV =83

RHOL1=B4

Hv1=B5

DH1=8B86

T=T2

DPEXIT(l )=PVALIN-P
QEXIT(1}=QUALZ
TGAS{I)=TQUAL
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PAGE

114


http://DPCALtDP.T2.A1

we LNSYST e=

HA

174
175
376
117
178
79
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
z21
202
223
224
225
226
227
228
229
230
23

250

260

270

280

290

300

310

FILE: MFTF+CSA TIME: 10:21:30 DATE 040579 PAGE 1s

TOUTII)=T

WFLOWI1+5) =WFLOW( 1)

1F (DPEXLITLI).LY.0,Q) GD TO 310
1F (QEXIT{I}.EQ.1.0) GO TD 280D
X0{2,1)=X012,1)+)1.0

XVU{2,.[)=X1(2, L)+WFLOW({T)

X2(2,1)=X2(2,1)+{WFLOW(]1}+*+2)

X3 (2. F)=X3(2, 1)+ (WFLOW(1) *+3)

XKA(2,11=X9(2, L)+ {WFLOW(1)}"+q)

Y12,1)=Y(2,.1)4BPEXIT{1)

XY{(2,1}=XY(2,1 }+DPEXIT{I)"WFLOW(1)
XAV(2,1)1=XXY(2,) HDPEXLT{ 1)+ {WFLOW(I}*+2)

IF (FLAGI2,[)-1.0) 250,260,270

C{z2,1.11=0.0

C(2,2.1)=DPEXLT(I)/WFLOW(I)}

C{z2,3,1)=0.0

FLAGI2,J)=FLAG(2.1)+1.0

%0 1O 330

c12,1,1)=0.0 -
DENOM=X1(2,[)*X3(2, 11-X2( 2, L )+X2(2,k)
Cl2,2,3)=(Y(2,2)*X302,12~-%X2(2.,1)+XY(2,1))/DENDV
C(2,3.1)=(X112,1)4XY[2,1)=X2{2.1)*Y{2.1))/DENDM

FLAG(2,1)=FLAG(2.1)+1.0

GD TO 330

DET1={X242,1)+X4(2,1)-X3(2,1)1+X3(2,1))
DET2={X3{2,71)1X412,1)=X2(2,1)+X3(2.,1))
DET3=(X#{2,1)+X3(2.1)~X2(2,1)*X2(2.1)}
DENOM=X0{2,1)+DET1-~X1{2,1)3DET2+4X2(2, 1) +«DET3
Cl2,1.17=(Y(2,1}+DET1-XY{2,1)*DET2+%XV{2.J)*DET3)/DENOM
DETI=(X$¢2,1)+X43(2,1)1-X2(2,1)¢X3(2.1))
DET2={X0{2,1)+X4{2,1)-X2(2,1)1*X2(2,1}))
DET3={X0{2,1)*X3(2,1)=X1(2,[)%X2(2,1))
Cl2,2,1)=(-Y(2,1)*DET1+XY(2,1)+*DET2-XXY(2,1)+DET3)/0ENOM
DET1={X1{2,1)+X3(2,1)-X2(2,11+%X2(2.1))
DETR2={X0{2,1)}+X3(2,1}-X2(2.[)+X1(2,1))
DETA=(XO{2,1)vX2¢2,11-X1{(2,[)+X1(2,11)
Cl2,3.1)=(Y(2,1i*DETI1—XY{2,[)*DET2+xXY(2,1)+*DET3)/0ENOM :
FLAG(2,11=FLAG(2.[)}+1.0

G0 TO 330

X101, 1) =X {1, 1 }+WFLOW(E)

X2(1,1)1=X2(1,1}+(WFLOW{I)=+2)

A301.1) X304, 13+ {WFLOW(1)+=3)

Y(1,0)=v(1,1)+DPEXET(1)

XY(1.,1)=2XYC1, 1)+ (DPEXIT{1)+WFLDWII})

IF (FLAGI1,1}~1.0) 290,300,300 :

C(1,1,1)=0.0

C{1,2,1)=DPEXIT({I)/WFLOW(E}

C{#.3.1)=0.0 .
FLAG(1,1)1=FLAG{1,1)+1.0 p
GO 10 330 \
Cit,1.1)=0.0

BENOM=X1(1,1)+X3(1, 1}-X2(1,1)Y=X2(1,1)
Ce1,2,1)=(Y(1,1)*X341,1}—X2( 1, E)=XY¥Y(1,1))/DENOW
CO1.3,1)=(X101,T)eXY({1,L)-X2(1.3)9¥Y{1,3))/DENOM

FLAG[1,1)}=FLAG(1.1)+1,0

GO TD 330

CONT INUE ‘

O1A(1)=1.25+DJA[1)

s
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eIy

-232
233
234
235
236
237
238
239
240
2491
242
243
244
245
246
247
248
2499
250
25y
252
253
251
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289

320
a3o

34¢

aso
360

370

380

390
402

410
420
430

FILE: MFTF=CSA TEME:

IF (CIA(L).GY.1.0) GO To 580
D0 320 Ki=1.2

FLAG(K1,1)=0.0

XO(K1.11=0.0

J TR L et
-1l QN u

o
WMAX (1} 1
CONTINUE
JTAG=0
DPAVG=0.25+{DPEXIT(2)+DPEXIT(2)}+DPEXIT(4)+DPEXIT{S)})
WIAT1=vFLOW( 2} +WFLOW{3)+WFLOW{4 )} +WFLOW(S)

IF(WTOT1 .NE.WTOT)JTAG=1

DO 360 15=2,5
IF(ABS{UPAVG-DPEXIT(I5)).GE.100.0)JTAG=1
IF (QEXIT(IS).LT.1.0) GO TO 340
CC(1.15)=C(1.1,15}

T

Z

CC(3.15)¥=C(2,
CONTINUE
CONT INUE

IF (UTAG.EQ.0) GO TO 460

DELP=3000.0

PIRIAL=0.0

WTOT=0.0

DO 400 15=2,5

LF (DPEXTIT{}).LT.0.0) GO TO 390

1F (CC(3.15).EQ.0.0) GO TO 3B0
XROOT=CC{2.15)"*2-4.0+CC(3,15)+(CC{1,I5)-PTRIAL)
IF(XROOT.LE.0.0)XRAOT=0.0
WFLOW{I5}=(~CC(2.15)+SQRT(XRO0DT))/(2.0+CC(A.I5))
GO TO 400

IF (CCt2,15)1.LE.0.0) GO ¥O 390
WFLOW(15)1=PTRIAL/CC(2,15)

GO TO 400

WFLOW(E5)=0.0

WTIOT=WIOT+WFLOW(I5)

IF {{(WDDTIN-WTOT)/WDGTIN}++2,LT.1.0E-6) 4D TG 430
1F (WTOT.LT,WDOTIN) GO TO 420

PTRIAL=PTRIAL-DELP

DELP=DELP/10.0

PTRIAL=PTRIAL+DELP

IF (DELP.GT.0.00001) GO TO 370

WRITE (G.410)}

FORMAT(/.¥30, 'DELP LESS THAN 1.0E-5'}

GO TO 430

PTRIAL=PTRIAL+DELP

GO TO 370

DC 450 15=2.5

IF (WFLOW(IS).NE.D.O} GO TO 440

- DATE 040579 PAGE 118
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290
291
292
293
294
295
296
97
298

321
322

324
325
326
327
328
329

3

332
333
334
335
336
337
33a
339
340
341

342
343
344
345

347

[Nz Ne]

aqo0

450

4€0

470

-

FILE: MiTF*CSA TIME: 10:21:30

WFLOW( 15121 .25 WFLOWI [5+5)

GO TO 450

Z9=WFLOW({ I5) ~WFLOW! 15+51

ZY=0.5 WMAK{ 15}

EFLABSIZ29)}.GT.2B) WFLOW(IS) =284 {ABS(29)/Z9)+WFLOW( I5+5)
IF(WFLOW(IS}.GE.WMAX({I5)) WFLOW(I1S)=WMAX{ES)={ 1, 0~WMAX( IS ) /WFLOW(L
53)

IF(WFLOWLES).LE.0.D) WFLOW(IS5)}=0.5nwFLOW{I5+5])

CONT INUE

WTOTI=WFLDOWI 2 ) +WFLOW({ 3)+WFLOW(A ) +WFLOW(S}
JCOUNT=JCDUNT +1%

1F (JCOUNT.LE.20) GO TO 180

ANALYSIS ROUTINE FOR LINES 2 TO 5

DD S30 1=2,5

WFLOW{ 1 )=WFLOW{1t5) .
WDOT=WFLOW(IL)
QUALI=QUALIN

P=PVALIN

T=TBRNCH

JP = PAGE(Q)

WRITE (6,100)1

CALL N2PROP(P,T)

vV 1 =61

vt =02

RHOV1=03

RHDL =D&

HY 1=B5

DHY =86

WDOTL=(1.0-QUALY )*»WDDT
WOOTV=QUAL1+WDOT

DIAM=DIA(])

REYN=4.0 WDDT/(3.14159+DIAMeVLY)
FRICT=0.0L0560+0.500*{REYN*+{~-0.32})
VAPVEL:#DOTV/RHOVI
VAPMCH=VAPVEL/{20.414SORT(T))
PHPA=P/1000.0

wnére (6.120)01AM, WOOTL.WDOTV.QUALY.T . PKPA, FRICT, REYN,VAPVEL, VARMC
H,DENS

IFLAG=0

DO 510 J=1,JMAX(L)

TFLAG=1FLAG+1

At=XLEM{1,J)

AZ=Z1INI]T,.J)

A3=20UT{],J)

A4=EFFI(] ,d)

AS=QNETI T ,J)

AG=TYPEL ! ,J}

A7=TNUMI L, J)

1F [AS.NE.B.0) GO TQ A479Q
WOOT=WDOT/TNUM(I . J)

CAul, OPCAL(DP.T2,A1,A2,A3,A4,A5,A6,A7)
IF (ALEN(I,Jy).€Q.0,0) GO TO 480
PGRADSDP/ (1000.0+XLEN(I ,J)})

GO TO 490

DATE 040579
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LI

348
349
as0
351

as2
353
354
355
356
357
358
359
360
361

362
363
364
365
366
367
368
369
a7o
an

372
373
374
375
376
377
378
379
380
381

382
383
3849
385
386
3a7
388
389
390
391

392
393
3949
395
396
397
398
399
400
401

Q02
403
4049
405

480
490

500

510

520
530

540

550

FILE: MFTF«CSA TIME: 10:21:30 DATE 040579

PGRAD=0.0

P=P-0GP
WDOTL={1.0~QUALR)+wDOT
WDOTV=QUALZ2+WDOT
PKPA=P/1000.0

1F. (IFLAG.LE.38) GO TO 500

JP = PAGE(Q)

WRITE (6.,100)1

1FLAG=0

CONT INUE

WRITE (6,150)J,DIAM,WDOTL,.WDOTV.QUAL2,T2,PKPA,.PGRAD,FRICT.REYN, VAP
1VEL,.VAPMCH,DENS

QUAL1=QUAL2

vvi1=B1

VL1=B2

RHOV1i=B3

RHOL1=B4

HV1=B5

DH1=BB

T=F2

DPEXIT(I)=PVALIN-P

WRITE {(6,520)WFLOW(I),DPEXIT(I)

FORMAT{ /. T10, "WFLOW =',.F10,6,10X,'DPEXIT =' . F12.4)
QEXIT{l}=QuUALZ
DPAVG:=0.25«{DPEX1IT(Z2)+DPEXIT(3)+DPEXIT{4)+DPEXIT(S) )
P=PVALIN-DPAVG

I[=6 ' .
WDOT=wDOT 1IN
JP = PAGE(O)

WRITE r6,100)1I

CALL N2PROP(P,T)

TBRNCH=T

vv1=81

vL1=B2

RHOV =03

RHOL1=Da

HV1=BS

DH1=B6

HEAT=0.0

EXIIQL=0.0

wTOT=0.0

D0 S50 KK=2.,5

1F (QEXITIKEK).EQ.1.0) GC TO 540
EXITQL=EXITQLIQEX[T{KK)*WFLDW{HK)
WIOT=WIOT+WUFLOW({KK)

GO TD 550

TAVG={ TOQUT(KK)+TGAS({KK) /2.0
T=TAVG

CALL SPCFHT{ T, SPECHT)
HEAT=HEAT+SPECHT*WFLOW(HK) » (TOUT(KKI-TGAS(KK})
CONTINUE

EXITQL=EXITQL/WTOT
HVAPOR=CS-WTOT*{(1.0-EXITGQL)

IF (HVAPOR.LT.HEAT) GO TD 560
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=4 LNSYST sw

406
407
aca
Q09
a10
411

412
413
414
415
416
a7
a1
219
a20
a21

222
a23
a24
q25
a2¢
427
428
429
430
a3t

FILE: MFTF»y TIME: 10:21:30

DELQ={HEAT/HVAPOR)Y* (1. 0-EXITQL)
QUALISEXITQL+DELG
T=TBRNCH
GO 10 110
560 ExX11QL=3.0
BELTG=(HEAT—HVAPOR}/ { WDOY LN+ SPECHT)
T=T+DELTG
pp=p
CALL GN2DEN(T,PP.DENS)
QUAL1=1.0
GO 10 1%0
570 WRITE {G,5BD)
SBO FORMAT(,/./.T30,'FLOWRATE IS TOD LARGE FOR TH1S CONFIGURATION'}
GO TO GGG _ )
590 WRITE (€,600)
600 FORMAT(, ./.T30,'>1ANETER 1NCREASED 1O GREATER THAN 1 METER — TERMI
ZNATE RUN')
GD T0 66O
610 CONTINUE
WRITE (6.620)
620 FORMAT(/././.T50.'DISPLAY OF FINAL FLOW PARAMETERS',./././)
PO 630 KK=1,86
630 WRITE (G.640) KK, WFLOW(KK)} ,KK ,QIA(KK) ,KK.QEXIT[HKK)
€640 FORMAT{TIS, 'WFLOW(*,I2,' }=*,F10.7,.' KG/SEC'.8X.'DLA(*,12,."' )=',F8
1.5,' M',8BX,"QEXIT{", I2,' })=',F8.5./)
WRITE (6.650)THOT.T
650 FORMAT(/./.T30,'AMBIENT TEMP =',F8.3,10X,'EXIT FTEMP =', K FB.3)
660 RETURN
END

DATE 040579
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e LOCATE »»

6TIV

P
N=QQRQNANMONO=

oooOnDaAaONn NoanNcanan

10
20

26
30

FILE: MFTFsCSA

L I R T R I e L I A L ]
TO BE LGOKED-uP

DAYE CODED ~ AUGUSYT 23, 1978
PROGRAMMER ~ R.F.HAUSWMAN

L B NN B

SUBRDUTINE LOCAT {(MNT)

*eses EXPLAMNAYION OF THE CALLING SEQUENCE

TIME: 10:21:31

LI T

ROUTINE MNAME - LOCATE AND INPUT THE TABLE =

-

ROUTINE LANG ~ FORTRAN V UNIVAC 1110 EXEC Bs
-

104-6213-30235 A

LI I S N I I T L T R N

* NT = THE TABLE NUMBEER WITHIN A MASTER TABLE. THAT 1S,
- THE NUMBER OF WORDS TD BE SKIPZD TQ FIND THE

eana DESIRED TABLE 1S 200+{NT-1).

INCLUDE CIQUNT
INCLUDE CTAB
JNCLUDE CTABA

NT = IABRS (MNT)

10X = 1DX1 .
NIM1 = HT - 1
IF(NTMI.LE.C) GO TO 20
oa 16 11 = 1 . NTMIL

(LN

LF(ITABLE(IDX+1)}.EQ.1) MM = 2
IDX = 1DX + MMITABLE(IDX) + 3

NV = [TADLE(IDX)

TYPE = [TABLE(IDX+1}
NIP = ITABLE( I1DX+2)
DX = IDX + 2

DO 30 I = 1,.nNV

DX = IDX + &
IF (MNT .LT. 0) GO TO 28
ATABIIY) = TABLE{1DX}
IFITYPE.EQ.1) YTAB(I1) = TABLE[ IDX+NV)
GO TD 30
SWITCH DEPENDENT AND INDEP.

ATAB(11)} = TABLE(IDX+NV)
YIABUI1} = TABLE{IDX)
CONT INUE

RE TURN

END

VARIABLES

DATE 040579
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0zTY

CO=SONAWN-

n oonDoOORDROR 0

a ooano

(1]

2]

o000 000N nnoe 2]

non

FILE: MFTF*CSA TIME: 10:21:314

MAGOOD100
SUBROUTINE MAGKET MAGOO200
MAGOODIDD
L B N L I D T I T N D D L I TR B N MAGDOaDO
. * ROUTINE NAME ~ MAGNET CHARACTERIZATION - MAGOOS00
*+ ROUTINE LANG ~ FDRTRAN V URIVAC 1i10 EXEC 8+ MAGOOGO O
+ PROGRAMMER - R.F.HAUSMAN 104-6213-3023% - MAGCOO700
+ DATE CODED ~ ALGUST 23, 1978 A MAGOOBOQO
L T R N I I I T L N B R DL R R B R I L N MAGOOS0O
MAGOV00QQ
essr THIS SUBROUTINE CHARACTERIZES THE MAGNET CONODITIONS MAGOVIOQ
MAGO 1200
MAGO 1300
LOGICAL JP.PAGE MAGO 14200
MAGQG1S0Q

INCLUDE CFLUID
1NCLUDE CMAG MAGO 1600
MAGO1700
BEGIN COMPUTATIONS FOR MAGMET SYSTEM MAGO1800
M2.G01900
L T . T Y U T I S R B S T ] “ % * & om ok &k x * & x & & x & = =MAGO2000
MAGO2100
NpsSYS = 1 MAGO2200
MAGO2300
PTANK = PMAGDW . MAG02100
TTANK = TMAGDW MAGO2500
MAGO2600
CALL HEPROP{PMAGDW, TMAGDW, 1) - MAGO2700
MAGO2B0OO
RHO = HELD + HEMWT 8 KG/CU-MEVER MAGO2900
MAGO 3000
PMAGI = PMAGDW + HEHEO(RHO ,HOMAGI) B KPA MAGO31Q0
PMAGO = PHMAGDW + HEHED(RHO ,HOMAGO]) 8 KPA MAGO3200
MAGO3300
SVLINT = HELSV 8 L/Mou MAGO34a00
SLVIN(1]} = SVLINMT MAGO3500
SLVIN{2) = SVLINT MAGO3GOO
TRAGI = TMAGDW ® DEG K MALO3700
MAGOIB00
CALL HEPROP[PMAGL.TMAGL . 1) ® MAG INLET PROP MAGO3900D
CALL HEPROP(PMAGO, TMAGL.3) 8 MAG OQUTLET PROP MAGOAD00

MAGO4100

DELTA~H, SUBCOOLED LIQUID TO SAT. LIQUID MAGO4200
MAGO4300

DELH1 = HEHL — HELH 2 J/MoL MAGO<3A00
MAGO04500

DELTA-H, SUBCODLED LIQUID TO SAT. VAPOR MAGO49600
MAGOAT700

DELH2 = HEHG —- HELH @ J/MOoL MAGO4100
MAGO44u00

ENERGY 1O RAJSE CONDITION TO SAT. LIQUID {(NO FLOW) MAGQS000
MAGOSICD

QUANT = VHCMAG » HEDL ¥ MOLS MAGOS200
QsAaTt = QUANT * DELHI ® JOQULES MAGO0S5300
MAGQOS400

ENERGY TD RAISE CONDITION TO SAT. VAPOR {NO FLOW) MAGOSSOV

MAGDS6E00

-

DATE 040579
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=4 MAGNET w=

TeTY

SB
59
&0

onn o000 000 00N 000 NDoo oO0 000

ooon o6 n0on

FILE: MFTF=CSA

TIME: 10:21:31

QEVAP = QUANT @« DELM2 3 JOULES
ENERGY GENERATED IN MAGNETS PER HOUR

QOEQHR = GQMAGT = 3500.0 9 J/HR
TINE TD OBTAIJN NO FLOW CODLANT LDSS

TIMa = QSATI/QGEQHR ® HRS
TIMS = GEVAP/QGEQHR @ MRS
TEMPY = HEF 3 DEG-R
TMAGO = HET ® SATURATION TEMPERATURE
ROHL = HEDL ® nmoL/L

ROHG = HEDG ® MoL/sL

MAX. GAS GENERATIOMN AT NO FLOW CONDITION

WIDMRG = {{QGEQHR/DELH2) + HEMWT)}/100C.0 ® HG/HR

ENERGY REQD. FOR
Q5AT2 = ((WDTLHI =~ 1000.0}/HEMWT) + DELHI
ENERGY AVA[LABLE FOR VAPORIZATION OF HELIUM
QEVAPY = QGEQHR - QSAT2

VAPOR GENERATED AT SPECIFLIED FLOW RATE
WDIGHE = ((QEVAP1/DELH2) + HEMWT)/1000.0
DETERMINE THE QUALILTY OF THE LIQUID
QUALO = WDTGHE/WOTLHLY

SP.VWOL. AND RHO OF THE LIQUID DOUT OF MAGNETS

SVLMIX = {1.0-QUALD)I+HESVL + QUALO*HESVG
RHOMIX = 1.0/5VLMIX
WDDTLi{t} = WDILHI/2.0 : WDOT1(2)y =~ WDOTI{1)

WD TGH2 = WDIGHE/2.0

wWorTLMG = HWOTLHL - WOTGHE

»

COMPUTE DBOILUFF IN STORAGE OEWAR DOUE TO HEAT-LFAK

PSTOUW = PMAGOW

TSTODW = TMAGDW

GCALL HEPROP (PSTODW.TSTODW,3)
OLTHS = HEPG - HEHL

QHTSHR = QLASDW * 3600.0

WO TMDL = QHTSHR/DLTHS

wWwoGSTO = (WOTMOL *+ HEMWT)/1000.0
= HET

TMPSRT

SAT.LIQUID AT SPECIFIED FLOW RATE {(WDTLHI)

JOULES/HR

JOULES/HR

KG/HR

DEC~-FRACTION

L/MOL

KG/HR

HG/HR

J/MoL
J/HR
MOL /HR
KG/HR
DEG. K

L.TO G.

MAGOS700
MAGG5B00
MAGD58060
MAGOGDOO
MAGOG100
MAGCG200
MAGDG3D00
MAGO6A4C00
MAGCG6500
MAGOS6G00
MAGOG700
MAGOGQOO
MAGOG900
MAGO7000
MAGO7100
MAGO 7200
MAGO7300
MAGQ74G0
MAGO7500

MAGO7600 °

MAGO7700
MAGO7800
MAGO7900
MAGOB00C
MAGOB100
MAGOB200
MAGOB300
MAGCHA0C
MAGCAS0G0
MAGOBGOO
MAGQHT700C
MAGOB800
MAGOHODO
MAGOS000
MAGOS100
MAGO9200
MAGDS300
MAGQ9400
MAGOULSD0
MAGOUBDO
MAGO9700
MAGO9BQ0
MAGO99D0
MAGIQA0Q
MAGL10100
MAG10200

DATE 040579
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*s MAGNET «s

[4AL)

116
1?
118
119
120
121

122
123
124
125
128
127
128
129
130
1314

132
1233
134
135
136
137
138
139
140
141

142
143
144
145
t46
147
148
149
150
151

152
153
154
155
156
157
158
159

c
£

c

<

0o o ooono

[edelede]
1

2

3
6100

FILE! MFTF»C
I T R T O L I T S R
upP = PAGE{0O)
WHITE 16.6C00)

5a

.« & 3

TIME: 10:21:31

L1 L B I I O T )

« = =MAG10300

MAG10400
MAG10500
MAG10600
MAGI0O700

FORMATL //T27,'v++ INITIATE PROGRAM AND CHARACTEREIZE MAGNET INPUT AMAG13A00
1

ND OUTPUT CONDITIDNS w+at )/
WRITE (6.6100) WDTLHI, THAGOW.
PMAGO, ROHL, RQ
_WDTLMG. WDTGHE

FORMAT{T55.'+* ESTLIMNATED NMAGNET

PLIAGT ,

HELD. HELSV,. WDOTLHI,

HG. RHOMIX, SVLMIX. QUALD,

PARAMETERS

1CONDITIQONS: ' /T45, " INLET FLOW RAIE

QN rPOONONLEWN

F

[~+R uk-]

/745 ,* INLET TEMPERA
/745, * INLET PRESSUR
/1AaS,."INLET FLUID D
FAR -
f/7TA5,"DUTLET FLOW R
/745, "GUTLET TEMPER
/T45,'0OUTLET PRESSU

/745, 'OUTLET GAS OE

TURE
3
ENSITY

ATE
ATURE
RE

NHSITY

(KG/HR)}',TB0,E15.8,
{2EG.K)',TBO,E15.8.
{ KPA )',T80,E15.8,
{MOL/L)',TBO,E$5.8,

INLET SPECIFIC VOLUME (L/MDL)',TBO.EV5.8.

(KG/HR)',TBO,E15.8,
(DEG.K)*',TBO.E15.8.
{ KPa )' . THO.E15.8.

(MOL/L}'.TB0.E15.8.

/145,'OUTLET LIQUID UENSLITY (MDL/L)‘:THO.EIS.B.

/745, 'OUTLEY MIXTURE DENSITY(MOL/L)

THO.E15.8.

JTa5,'OUTLEY MIXTURE SP.VOL.(L/MDL)',TB0,E15.8.

/TAS5 . 'OUTLET FLUID QuALLTY
E//TA45,'OUTLET FLUID GCOMPOSITIGN:'/TS7,'LIQUID

/T157.'VAPOR

(KG/HR) ' ,T80,E15
WRITE(G,6200) QGEQHR, TIMA, TIm
/745, '"MAGNET ENERGY

/TaS,'TIME 70O SAT.
/T4a5.'TIME TO SAT.

-8/)

(FRACT1',T80,E15.8.

5, WTDMXG
6200 FORMAT{T20.'NO~FLDW CONDITIONS:',

LIGQUID
VAPOR

{J/HR.}' . TBO.EV5.8.
(HOURS)', TBO.F7.3.
{HDURS)" . T8V ,F7.3,

/145, 'RATE OF VAPQR BOILLOFF (KG/HR)'.TBO.E15.8}

LN S L O U I

» xv w

= 2 3 x " = oA owo

OO0 THE MAGNET SUPPLY SYSTEM COMPONENT CONFIGURATION ANALYSIS

CALL cwpCAL

RETURN

END

HET,’

MAG103900
MAG1 1000
MAG1 1100
MAG1 Y200
tAAG11300

s¢ ' //T20, '"FLUID FLOWINGMAG1 1400

MAG11500
MAG11600
MAG11700
MAG11800
MAG114900
MAG12000
MAGE2100
MAG12200
MAG 2100
MAGt 2300
MAG12500
MAGY 2600
MAGI2700

tKG/HR) ' . TB0,E15.8MAG12800

MAG12900
MAG13000
MAG12100
MAGIJ200
MaG13300
MAGt3.100
MAG13500
MAG13GQQ
MAG13700
MAG13800
MAG1 3900
MAG14000
MAG14100
MAG14200
MAG14300
MAG14400
MAG14500
MAG14600
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** MEPE +e

YTty

RN DNANAEUN -

-

13

0o Aaonoooonona NoueconnNnNnoNon

]

onon 0

10

20

30
40

FLLE: MFTFe(CSA

vInED L0321:30

L e O L e e I T T O R R
= ROUTINE NAME - MULTI-TABLE INTERPOLATION -
* AND POLYNOMIAL EVALUATIDN *
« ROUTINE LANG = FDRTRAN V UNIVAC 1108 EXEC 2
¢ PROGRAMMER — R. BOLLINGER 1943 102 26933 »
= DATE CODED - 3/3/70 -
= REVISED ~ SEPTEMBER 3.14971 :
* PROGRAMMER = Jd. MCKAY 19-43 201 X45178 »
I T S Y RO Y I T T I S I ST R T T

FUNCTION MIPE(NL.XVAL)

s«x+se EXPLANATION OF THE CALLING SEQUENCE
- NL - THE NUMBER OF LEVELS OF INTERPOLATION OR ONE

LESS THAN THE NUMBER OF DIMENSIDNS OR THE NUMBER
OF VALUES IN THE ARRAY XVAR.

XyYAR = AN ARRAY DF INDEPENDENT VARIABLES ON WHICH
TO INTERPOLATE OR EVALUATE POLYNUMIALS.

REAL MIPE

INCLUDE CIOUNT
INCLUDE CKEYS
INCLUDE CTAB

DIMENSION XVAL(6),YVAL{32),KN1{5).L(5).NTDI(6B).TAB1{6.5).,

1 114B1{6,5)

EQUIVALENCE (TAB1,.ITABY, TAB,1TAB)

4stre LOCATE THE PDSITION IN EACH OF THE FIRST NL-1 TABLES OF
++s1« THE INDEPENDENT VARIABLE AND STORE THE INDEXES IN KNT.

MPX = 1

CONT INUE

EF(NL.GT.1) GO TG 8

CALL LOCAT (MPX)

NLIBL = 1

CALL TELIXVAL{1).¥VAL(1]})
GO 10 220

NLMY = NL - 1

DO YO I1 = 1,NLMI

NTABL = LTABL(Y,.11)

IF(XVAL(I1) ~ TAB1{2.I11) $0,50.10
LF(XVALLIV) -

DO 30 (2 = 1,NTABY
13 = [2

TABL{NTAB1+1,[1}) 20,60,60

LFIXVALL{I1) — TAB1(12+1.11)) 40,40,30

CONTINUE

KNT{I1} = I3 - 1
GO TO 70

DATE 040579
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*+* MIPE ==+

STrIY

1]

00

[xX¢]

0oo0a

noo

on

50

60
70

110

120

125

130

140

200

21¢

2206

FILE: MFTF#*CSA TIME: 10:21:31 DATE 040579
KNT{I1) = 1
GO TO 70
HNT{I1} = NTAB1 - 1
CONTINUE

sss++ COMPUTE THE TABLE NUMBER OF THE XY TABLES FOR
+a+s ¢+ [INTERPOLATION.

NT = 2¢+NLM1
NLTBL = NT
0O 110 11=1.NL
NTD(11) = NT / 2%%{I1-1}
CALC. INTERPOLATION LEVEL COEF.
L{NLM1] = 1
IF (NLM1 .EQ. 0) GO TO 12%

. DO 120 11=NLM1.2,.-1

L{I1=1) = L(I1) = ITAB1(1,E1)
COMPYTE THE ID NO. OF THE X—-Y SUB-TABLES
USED FOR INTERPOLATEQN °

DO 140 1%=1,N7

KTB = 1

DO 130 12=1,NLM1

KTIB = KTB + L{I12)+ (KNT(I2)-1+MOD(I1—-1 ,NTD(I2)}I/NTO(I2+1})
LOOK UP SUBTABLE LOCATION

CALL LDCAT (MPX+KTB)
COMPUTE THE YVAL FOR XY-CURVES OR
POLYNOMIALS

CALL TEL (XVAL(NL),YVAL(E1))

IF (KEV2 .EQ. KEY1) RETURN

CONT INUE

*svas COMPUTE THE FINAL VALUE DF YVAL

DD 210 1t = NLM1,1,-1

KYVAL = 3

LDXT = KHT(I1) + » -
FAC = (XVAL{11) = TABI{IDX1 AV /TABI(IOX141 .1 1Y-TABI(IDX1.11))

DO 200 12 = §,NT,2

YVAL(KYVAL) = (YVAL(I2+1) = YVAL{I2))*FAC + YVAL{I2 ]
KYVAL = KYVAL + 1

CONT INUE

NT = 23+(11-1)

CONTINUE

wes»e¢ SET THE ANSWER AND RETURN TO THE CALLING PROGRAM

MIPE = YVAL(T1]
RETURN

RVMIPE CAUSES INDEP AND OEP VAR TO SWITCH
ENTRY RVMIPE (NL.XVAL)}

MeX = ~-1
GO 10 1

PAGE
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** MIPE

e

9zTV

-

END

e

FILE: MFTFrCSA

N

TIME :

1¢:21:391
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e NZMAIN == FILE: MFTF«CSA TIME: 10:21:32 - DATE 040579 PAGE 128

1 SUBROUT INE N2MAIN
2 ;
3 LOGICAL PAGE, uJP
4
5 INCLUDE CPRAGE
6
7 COMMON,/ GEOM/XLEN(6,100),Z1N(6,100),Z0UT(6,100) ,QNET(6,100)
8 COMMON/GEOM/EFF (6,100} ,TYPE(6,100), TNUM(6,100) ,JMAX(6)
g COMMON/GECM/Q0{6,.100),01(6,100),Q2(6, 100)
10 CONMON/GEO™/WLOST, THOT
11 DIMENSION DIA(G}
12 c
13 c
14 € ==--==== INPUT LIQU1D N1ITRGGEN CONFI1GURATION GEDMETRY
1s c N
16 c 'I' REFERS TO LINE NUMBER '
17 [ 'J' REFERS 70 LINE SECTION NUMBER
18 c
19 c XLENM(1l,d) -- GEOMETRICAL LINE SECTION LEHNGTH (METER)
20 C ZIN(1,J) == INLET HEIGHT (METER}
21 c ZOUT(1l,J) —— EXIT HEIGHT (METER)
22 c - EFF(1,J) -— EFFECTIVE L/D RAT10 FOR BENDS,VALVES.TEES,ETC
23 [ QO(I,J) -~ HEAT RATE TERM
& 24 c QU1(I,J) -~ HEAT RATE TERM
25 c Q2(1,J) -- HEAT RATE TERM
[
J 26 c
27 c LINE 1 == LN2 STORAGE TANK TO VALVE BOX INLET
28 [ LENE 2 —~ VALVE BDX VO DEWAR SHIELDS ANC RETURN
29 C LINE 3 =~ VALVE BOX TO INTERNAL CRYOPANELS AND RETURN
30 c LINE 4 -- VALVE BOX TO UPPER E£XTERNAL GRYOPANELS AND RETMRM
31 [ LINE 5 —- VALVE BDX 7O LOWER EXTERNAL CRYOPANELS PLUS BEAM LINE
© 32 c MODULE SHIELDS AND RETURN
33 c LINE 6 -— VALVE BOX EXIT TO ATMOSPHERE VENT NEAR STORAGE TANK
34 c
as c .
a6 IRUN = 0
ar [ . ;
<[] Do 110 1=1.6
a9 READ (5,130)LINE : -
40 DO 100 J=1,100
41 READ (5.120)A1,A2,A3,A4,A5,AG,A7,AB,AD
42 IF (A1.LT.0.0) GO TO 110
a3 XLEN(I,J)=zA1
a4 ZINCL,J}=A2
as ZOUl(1,4)=A3
46 EFF(L1,J)=A4
a7 QOtI.J)=AS
48 QI{1,J}=A6
49 Q2{1,J)=A7
S0 TYPE(1.4)1=A8
51 TNUM(d,J)=A9 - -
52 100 JMAX(1)=d=1
53 110 CONTINUE
54 120 FORMAT(7F10.3,2F5.1)
55 130 FDRMATI(15)
56 c

57 C -~-~~=~ DEFINE 1NPUT PARAMETERS




e N2ZMAIN o« FILE: MFTF+CSA TIME: 10:21:32 DATE 040579 PAGE 129

“s8 c - - - -
59 c UNLTS= FLOW=FLOW(RETER**3/SEC)
G0 c PSTOR=PSTOR{NT/METER=+2)
6t c THOT=THDT(K)
62 = DL1A=DIA(METVER) -
63 [o )
64 c DEFINITIONZ RNLAYR IS THE NUVMBER DF LAYERS OF TISSUGLAG/DAM
- 65 [ USED ON THE INSULATED CRYOGEN LINES
66 [+
67 [ WLN14, WLN16, WLN17, AND WLN19 REPRESENT FLOW LOSSES
68 c AIN KG/S) To THE OPEN LGOUP SYSTEMS INCURRE
69 c . AT TWE END OF LINE 9
70 c
71 C QUAL 1S THE INLET CRYDGEN MASS VAPDR FRACTION
72 c AS MEASURED AT THE STDRAGE TANW
73 c
74 c .
75 READ (S.140)}PSTOR, QUAL
76 140 FORMATIFID.2,F10.6)
77 READ {%.150)RNLAYR, THDT
78 150 FORMAT(2F10.3)
79 1=88.198
a0 P-RSTOR
a1 CALL N2PROP(P, T} - .
E: 62 TCOLDaT :
s 83 COHMLI=S.329E-104 ( THOF+TCOLD )—~{3.694E—13+({THOT++3-TCOLD*+3} /( THOT~- -
co Ba 1TCOLD) )+ (1.4941E~1G*({ THOT *+~»4.67-TCOLD=+4.67)/(THOT-TCOLOD)})
BS READ (5. :60)WLN14,WLNIG, WLN17,WLN19
R6 160 FORMAT(4AF10.7}
a7 WLOST=WLN14+WLNIG+WLN17+WLNI1O
a8 170 FORMATIF10.7,GF10.5)
as 0Q 360 Ji=1,10
90 IRUN = IRUN + 1
o1 READ (S,.170)FLOW,IRIA(L), 1= ,6)
92 1F (FLOW.LE.D.O) GD TO 370
93 C
94 [+ DISPLAY INPUT PARAMETERS
gs [
96 1F(IRUN.GT.1) JP = PAGE(Q)
97 [
98 WRITE LG, 180)
99 1B0 FORMAT(LIMO././, T55,'DISPLAY QF INPUT PARAMETERS' ././)
100 WRITE (G,190}FLDOW,PSTOR.QUAL,THOT , TCOLD
101 ) 190 FORMAT(TA8,'VOLUME FLOW RATE =',F10.7.' METER*s3/SEC',/,TS0D,'INLET -
102 3 PRESSURE =',F10.2,*' NI/METER+:2',/,760,'Qual =',F10.6,/,/.T760,TH
103 207 =',F1D.3," K',/,159,'1COLD ="',F10.3,*' K',/./)
104 WR1TE (6,200)(DJIA(I),I=1,6),RNLAYR,CONMLI]
105 200 FORMAT(TAS,'INITIAL DIAMETER INPUT',/.TS58,'pDIA(1} =',F10.5,.' ™m',/,
106 1751, '0D1A{2) =' ,F10.5," M',/,¥58,'DIA(3) =' F10.5.' M',/,T58,'DIA(4
107 2) =',F10.5.' M',/.T548,'DI1A(S5) =" ,F30.5,' M,/ TS4%,'DIAL(6) =',F10.5
108 3,° M',/,/.T5B,*RNLAYR =',F10.3,/,7T58,'CONML] ='.ET16.8) -
109 WARITE (6.,210)WLOST
110 210 FARMAT(/./.T39,'FLOW LOST AT =ND OF LINE 1',/,T39,'TO OPEN LUDP NI
11; 1 TRAOGEN USERS =',F10.7,' HKG/SEC')
114 c
::2 c DISPLAY LINE GEOMEIARY 1MAGE
[
115 Do 350 1=1,6

1= R Ty e ] Y o -

A T AT o e

ST

T




w¢ NIZMAIN »»

6TTV

116
117
118
19
120
121

a2
123
124
125
126
127
128
129
130
131

132
133
134
135
136
137
130
139
140
141

142
143
144
145
146
147
148
149
150
151

152
157
154
155
156
157
158
159
180
161

162
163
164
165
166
167
168
169
170
171

172
173

araononno

FILE: MFTF+CSA TIME: 10:21:32 DATE 040579 PAGE

1FLAG=38
D0 350 J=1.,JMAX(1Y
1F (IFLAG.CQ.38) GO TO 330

220 1FLAG=1FLAG+H+1

230

240

250

260

270

280

IF (TYPE(I . W).EQ.1.0) GO TO 270
1f (TYPEr1.J].EQ.2.0) GO T0 260G
1IF (TYPE(L ,J).€Q.3.0) GO YU 250
IF (TYPE(} ,0).EQ.4.0) GD TO 240
IF (TYPE(I.U).EQ.5.0) GO TO 23D

LINE TYPE 1 —— CRYOGEN LINE
LINE TYPE 2 —- ELBOW

LINE TYPE 3 —= VALVE

LINE TYPE 4 —— BAYONET FITTING
LINE TYPE § == 'T' BRANCH

LINE TYPE 6 —~ SHIELD LINE

OQNET(1.43=0Q0{1.J)+1.361E6*CONMLI*Q1¢{L,J}*Q2(1.J)+{THOT-TCOLD) /RNLA
1YR

WRITE (G,320)J . . XLEN(I,J),ZIN(I,dJ).Z0UT{L.4) . EFFII,Jd),0NET{(1.J)

GO TO 150

QNET{I,4)=0Q0({1.J)

WRITE (G,280)J,XLEN(I,J),.ZIN(I.U).20UTC(L. .4}, EFF(1,J).QNET{(I.J)

GO TO 350
QNET{I.Jr=Q0{1l.J)+{(1.010E~7*(DIA(1}3+2)}+(THOT*+4—=TCOLD>**431+(0.43
108+«DIAIL )+ (THDT-TCOLD)} ) )*Q1(L.J)

WRITE (6,.2203J . XLEN(1,J),2IN{1,U).20UT{I.4).EFF{1.J)Y.QNET{1.J)

GO TO 350

QNETII,.,J)=Q0(I,J)+(2.337+*DIA(I}*»(THOT-TCOLD)})uQy(1l.d)

WRITE (G.300)J XLEN(I,J).2IN{1.J).20UT(L1.J).EFF(1.J).QNET{1.J)
GO TO 350

QNET(I,J)=Q0(1l,J}

WRITE IG,3IOIJ.XLEN(l.dl.ZIN(l.Jl.ZUUT(l.d].EFF{l.d)-ONEf(l.dl
GO TO 350

QNET(1.J2=Q0{1.J)+(1.361EG+CONVLI*DIA{ T+ XLENCI.JIv{THOT-TCALD) /RN
1LAYRY=J1(1,0)

WRITE (6.320)J,XLEN(1,J),ZIN(T.J1.Z0UT{L.J).EFF(1.J).QNET(I[.J)
GO TO 3s0

FORMAT(IA . T7 . F?7.2,T16,F6.2,7T24,F6.2.¥32,F6,1,T41,FH.2,.T790,"'X*}

230 FORMAT(13.,T?,F7.2,7T16,F6.2,724,.F6.2.T32.F6.1,T41.F8.2,7T83.°'%X"')
300 IDRMATLI3.T?,f7.2,T16,F6.2,724,F6.2.T32,F6.1,T4)1,FB.2,T75,'X")
310 FORMATI13.77,F7.2.T7T16,.F6.2,T24,F6.2,T32.F6.1,.T41,FB.2.TE8,.'X")
320 FORMAT(I3,T?,.F7.2,.7T16.F6.2,7T24,F6.2.T32.F6.1,T41,FB.2.7T62,"'X")
330 CONTINUE

uP = PAGE(OQ)

WRITE 16,.340)1

340 FORMAT(1HO,.T30,'LINE DESCRIPTION FOR LINE NUMBER'.13./././.73,'LIN

350
360
a7ro

1E'.T18, ' INLET' ,T26.'EXIT',.T32,'EFFECTIVE HEAT',T69,'—LINE TYPE-',
2/,' SECTVION LENGTH HEIGHT HEIGHT'.135,°‘L/D*,T43, 'RATE* TG0, 'LINE
3 ELBOW VALVE BAYDNET ~T~',/,' NUMBER (METER) IMETER) (METER)'.T
441, (wATITS) /. /)

1FLAG=0

GO TOD 220

CONT INUE

CALL LNSYST(DIA,FLOW.PSTOR,QUAL)

RETURN

130
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«s N2PROP ee

'
- -
WN=C0TINNNLEWN -

-t -
L R- 20 ¥ 3

e

FILE: MFTFsCSA

SUBROUTINE N2PROP(P.T)
COMMON/ FROP/BY .B2,83,84,.B5,B6

TOLD=

CALL
CALL
CalL
cavLL
CALL
CALL

T
TYP{P,T,TOLD}

VISC{T.VISCL.VI5CV)

DENSVIT,OSATV)

DENSL{T.0OSATL)

HIVAPR(T ,HVAP)
HPRAT({T,.P.DHLDP,TOLD,SLENTH, SVENTH HVAP)

Bi1=vISCY
B2=VISCL
B3=DSATY
BAs=DSATL
BS5=HVAP
B86=DHLDP
RETURN -

END

TIME =

10:21:39

DATE 040579

PAGE

132



«+ OUTFUT »e

(433

(40 XN - Y AR L

[
G001

Goo2
6003
6004
G005
G006
6007
G008
6009
6010
6011

110

120

210

220

312

320

410
420

430
450

FELE: MFTF+CSA TIME:

SUBROUTINE OUTPF (NTL,ITITL,NVL,VAR1,VARD)

DIMENS

FDRIAT
FORMAT
FORMAT
FORMAT
FAORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

WAITE (10U,6001}) {(ITITL(L}.I=

ION  ITITLIS),IVAI{2),IVvA2(2)

(29X, 6AB)

{(*+'64X,EVS.
{*+'84x,E15.
{*+'64ax,111)
{*+'Bax,111)
{'+'6BX,2A6)
+‘BBX,2A6)

‘)

13,A6,T727,
66,'.'773,
]

(
t
{
(
{ 3,AG, 127

.
T
T
T

6}
6)

AG,2F14.3,T66,"'."')
AG,T87,A6,2F14.3)

+AG,2F14.3,7T66,'.'T73,A6,T87,.AG,2F14,.3)

(NTL)

GO 10 ¢110,120,110) ,NVL
WRITE {10U,6002) VARI

IF (NV

Lt .EQ. 1) REV

URN

WRITE (10U,6003) VAR2

RE TURN

ENTRY QUTPF1 (MTL,I

WRITE

(10U,.6001) (I

TITL,VART)

TITL(E) ,B=1,NTL)

WRIYE (10U,6002)} VAR!

HE TURN

ENTRY

BUTFL [NTL,ITITL.NVL,IVRI,IVR2)

WHITE (I1DU,6001) (1TITL(1),1219,NTL)
GD 10 (210,220,210 .KNVL

WRITE {(10U,6004) 1VR)

L .EQ. V) RETURN

WRITE (10U,6005) 1VR2

IF (Ny

RE TURN

ENTRY QUTPA

(NTL,ITITL.NVL,IVAY ,IVAZ)

SRITE (I0U,6001) (iTITL(I),I=9,NTL)

GO TO {310,320,310),NVL

WRITE (I0OU,600G) 1va1l

L .EQ. 1) RETURN ,
(10U,6007) 1VA2

1F (NV
WRITE
RETURN

ENTRY OUFPW (NVL,JVAl,JVA2,VARI ,VAR3,JVA3,JVA4,VAR2,VARA)

GO TO
WRITE

WRITE
RETURN

1410,420¢,430)

. NVL

(10U,6009) JVAl,JVAZ,VARI ,VAR3
GO TO 450

(10U,6010) JVA3,JvAq,VAR2,VARA

450

(10U,6011) JVA1,.JUVAZ,VAR!,VAR3,UVAI, UVA4,VAR2,VARA

10:239:40

DATE 040579

PAGE
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o PAGE sw

FILE: MFYF*CSA . TIME: 10Q:21:4a1 DATE 040579 PAGE 13s +
1 [ L T O T S T T S S S YU PAGE 0100001 H
2 [ * ROUTINE NAME ~ PAGE HEADING SUBFUNCT[ON. - PAGE 0200002 7
3 G e ROUTINE LANG =~ FORTRAN IV UNIVAC 1107/1108 « PAGE 0300003 ;
4 [ + PHOGRANMMER - R. BOLLINGER 5432 10} 22898 « PAGE 0400004 t
5 c = DATE CODED ~ 03/10/66 © PAGE 0500005 b
& T L I L T T T I SR T B PAGE 0500006 .
7 [ PAGE 0700007
8 FUNCTION PAGE(NLINES) PAGE 0800008
S [ PAGE 0900009
10 c ¢ssss EXPLANATION OF CALLING SEQUENLE **s«+ PAGE 1000010 i
1t [ PAGE 1100011 :
12 c INPUT TO PAGE PAGE 1200012 i
13 o PAGE :1300013 H
14 [+ NLINES — NUMBER OF LINES PAGE 1400014 :
15 c IF NLINES = ~1, THE ROUTINE WILL INIT1ALLZE PAGE 1500015 H
16 c THE ROUTINE FUR A NEwW CASE, . PAGE 1600016 ¢
17 [ PAGE EJECT, AND QUTPUT THE PAGE 1700017 4
18 c PAGE HEADING. PAGE 1800018 T
19 c Q. THE ROUTINE WILL PAGE EJECT, PAGE 1900019 P
20 c AND QUTPUT THE PAGE HEADLING. PAGE 2000020 ]
21 [ +, THE ROUTINE WILL ADD MLIMNES PAGE 2100021 b
22 c TO LINECT AND TEST ¥Q SEE 1IF PAGE 2200022 W
23 < LINECT IS GREATLER THAN MAXLIN. PAGL 2300023 f R
24 [ IF LT IS, THE ROUTINE WILL PAGE 2400024 ;
& 25 [+ PAGE EJECT AND OUTPUT THE PAGE PAGE 2500028 i
® 26 c HEADING. PAGE 2600026
27 [ PAGE 2700027
2e c OUTPUT FROM PAGE . PAGE 2800023
29 [ : PAGE 2800029
30 c PAGE = PAGE EJECT DR ND PAGE EJECY PAGE 3000030
3 c 1F PAGE = TRUE , THE ROUTINE HAS PAGE EJECTED. PAGE 3100031
32 c FALSE. THE ROUTINE HAS NOT PAGE PAGE 3200032
23 c EJECTED, PAGE 3300033
34 [
35 LOGICAL PAGE
as c PAGE 3400036
a7 INCLUDE* CPAGE -
38 C PAGE 4100038 . i
39 PAGE = ,FALSE. PAGE 4200039
40 1FUINLINES)10,30,20 PAGE 4300040
41 [ PAGE 4400041 i
42 10 NCASE = MCASE + 1 PAGE 4500042
43 CALL DAYE(9,DDR) PAGE 4B00043 i
44 GO TO 40 PAGE 4800044 : :
as c PAGE 5000045 }
46 20 LINECT = LINECT + NLINES PAGE 5100046
- ar 1FCLINECT.LE.MAXLIN) RETURN PAGE 5200047
a8 30 LINECT w NLINES PAGE S400048 ;
a9 40 NPAGL = NPAGE + 1 PAGE 5410049 . |
S0 CALL TObL(8,TIME) PAGE 55900050 !
51 PAGE = ,TRUE. . PAGE 5700051
52 WRITE(DPTLUN,G000)NAME ,NPAGE , DEPT,PTITLE,DOR, EXT,TIME.BLD, PAGE 5800052 i
53 1 JNUM /NCASE ,GTITLE
S5 RETURN PAGE 5900054
5% 6000 FORMAT ('1* T28, 'NAME ‘' 2A6, 21(' #'},' PAGE ' 1b /
56 ] T28, 'DEPT ' AA,9A's ' GAG,' e DATE 'AG,A3 / i
57 2 T2B, 'EXT. ' AS5.,BX'»'39X'ws TIME ' AB,n2 /

U VO
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«* PCAL =we

9eTv

aNonaUN~

FILE: MFTE*CSA TIME: 10:21354%

ODUBLE PRECISION FUNCTION PCAL(BD,TT)
?DUBLE PRECISION 7,¥7,0,DD,VIRB.R
=TT N
b=DD
R = .0B20558D+0
PCAL = R+D+¥+{V.D4+0+VJRB(T)*D}
RETURN
END

DATE 040579

PAGE

137
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LETY

RHOGAS o=

AWN=0PONONTAWUN=

-k b

15

0o 000 o000 000000000

FILE: MFTF=CSA TIME: 10:21:42

L L T T T e R I S R T T N S N TR
* NBS PROGRAM *HE PROPS* , RECD.6/3/71. REFERENCE NBS-9762. -
L L T T I R T T S e I T T S T R
+= THIS SUBROUTINE PRODUCES DENSITY IN METRIC UNLTS -
L I R O T T I O I R L I T O I I e L
*
-

PROGRAM MODIFIED BY R.F.HAUSMAN, 62-13, LMSC, 28 SEPT 19878 -

- L ] - - » L] - - - - - . » L2 - - . - - » L) L} - - - - - » - - - -
FUNCTION RHMOGAS(SP,ST)
» INPUT DATA 1S: PRESSURE IN KPA, AND TEMP IN DEG. K -
INCLUDE CMAG
DOUBLE PRECISION A,8,0.T,F,VPTEMP, TVP, FINOD,GAMWA, WT, PP ,DO, 7T
DIMENSION A(30),B{30}
COMMON/DATA/PP DD, TT WY, A, B.NN, GAMMA, LL

DATA LLAY/

DATA GAMMA/-.5D-3/

DATA WT,t.0D+0/

DATA B/5.988310109D-9,-4.96530521870-7,-3.811603:3499D-6,3-68111671
13D~5,-1.4830691828D0-4,.3.0596174335D-4,—-3.3908150224D-4, 1.962408024
22D0-4,.1.5527899712D0-5,-3.6110403503D~-5,~-1.0839788073D-5, 4.972810121
370-5,1.938145109D-5,-4.149640896D-4,=5, 7465772899D-4,-4.3470945634
4b=-3,~65.82B3B8BH224D-2,-2.,1382474225D-2,2.710569549080-2,-1,%62796778
S8D0-2,2.507575336D~-3,7.9041608815D-2,-1.4024724318D-4,-2.8278987249
60-7,1.7326410358BD-6,-2.54541878550-6,0.00+0,0.00+0,0.0D+0,0.00+0/

IF(ST.GT7.5.2014)G0 TQ 2

IF{P.GT.2.2449)GD TD 2

IF(R.LY..0308234)G0 TO 2

TVYP=VPTEMP(P+.76D+56)

GO ¥O 3

TVP=101.D+0 ) -
CDNTINUE

SPK = SP/101.325 @ KILOPASCALS TO ATMOSPHERES
P SPK

T st
SD = 0.0t @ STARTING GAS DENSITY
D = SD

R1 = FINDB(P,D,T)

RHOGAS = R1 * HEMWT

RETURN

END

DATE

040579

PAGE

138



** RHOLIQ e+

geTv

PoNaNdWN~

a a0 a oo aannhonno

FILE: MFIF-CSA TIME: 10:21:42
L T T I I B I T T T TR SR LI A R ]
* KBS PROGRAM ‘HE PROPS* , RECD. 5/3/71- REFERENLE NBS»9762. -
LI S S T I T T N L B T T N
- TH1S SUBRDUTINE PRODUCES DENSITY IN METRIC UNLTS L]
LI O ST T ) L O I T e T R N L L I
- PROGRAM MDD[FIED BY R.F. HuUSMAN 62-13. LMSC, 2B SEPT 1978 L]
L N L T R T L L B N N T I I I

FUNCT1ON RHOLI1Q(SP,ST}

+ INPUY DATA 1S: PRESSURE IN KPA., AND TEMP IN DEG. K -
ENCLUBE CHAG

OQUBLE PRECISION A,B,D,T,P,VPTEMP,TVP,FINDD,GAMMA WT PP .DD,TT
DINMENSION A{30),B{30)

CONMMON/DATA/PP GO, YT, WT ,A,B, NN.GAMMA, L,

DATA LWL/

DATA GANMDMA/-.S5D—3/

DATA Wl/1.00+0/

DATA 8/5.988310109D-92,-4,.9653052187D-7,-3,.811603.3493D-6.3.68111671
13D~5,~1.4B30621B2BD-4,3.0596174335D0-4,-3.3908190224D-4, 1.952408024
22D-4,1.5527899712D-5,~3.61104035030~5,—1.0839780073D-5,4.972810121
37D-5.1.938145109D-5,~4.1496408960~4,~5.7465772899D-4,-4.3470945634
10-3,-6.8383888924D—-2,~2.1382474225D-2,2.7106954908D~2,~1.262796778
54D-2,2.5875753380~3,7.90415088150~2,-1.402472431830-4,-2.82789687249
6D0~7,1.7336410358Dh-6,.-2.54541878550-6,0.00D+0,¢.0D0+0,0.00+0,0.2D+0/

SPK = SP/101.325 @ KILOPASCALS TO ATMOSPHERES

P = SPK

T = S7

5D = 45.0 @ STARTING LIQUID DENSITY
D = SD

F{5T.G1.5.2014)G0 10 2
1FIP.G1.2.2449)G0 TO 2
LF(P.LT. 0308234)GO T4a 2
TVP=VPTEMP(P+.76D+8)

GO TO 3
TVP=101.D+0
CAONTINUE

12 = FINDD({P.D,T)
RHOLIQ = R2 » HEMWT

RETURN

END

OATE Q40579

PAGE
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PR

s SINT +» FILE: MFTF+CSA TIME: 10:21:43 DATE 040579 PAGE 140

DOUBLE PRECISION FUNRCTICHN SINT(D.T)

DOUBLE ¢RECISION A,B,0,02,03,D4,R,DANMMA EX, T, VIRE,0BDT,0GAMA
DOUBLE PRECISION YA,YB.¥YC,YD,YE.YF.Y¥YG,YP,¥Q,¥YR,YS,00,PP,TT
DOUBLE PRECISION GAMMA ,wT -
DIMENSICN A(30),B{(30)

COMMDN/DATA/PP ., DD, TT,.WT A, B, N,GAMMA, L

'
-
“QULNOTNLLON=

D2=D*D
N=1
R=.0DB2055AD+0
12 DAMMA = GARMMA
13 DGAMA = D2+({-.5D-3)
14 EX = DEXP{DGAMA)
15 A{N)=0.0
t6 N=HN+1
17 YA = (-2.004D)
18 ALN) = (DA*D/5.D+0)sTerYAs (=1.D+0)
t9 N=N+1
20 DO 2 I=1.6
21 FL=1I
22 ¥B=.75-F1/4.-1.
23 YC=.75-+ /4. .
24 A(N) = (D4/4.D+0)»T*»*»YBeYC
25 2 H=N+1
EE 26 GO 3 (=1,4
27
© 2a .S-FI1-1.
29 -5-F1
32 A(N) = (D03/3.04+0}sT=»YD+YE
31 3 N=N+1
32 DD 1 1=1,B
33 FI=1
34 YF=1.5-F1/2.-1.
a5 ¥G=1.5-F1/2.
36 ALN) = (D2/2.D+0)«Te+¥E+¥G
3z 1 N=N+1
38 DO 4 1=1,3
39
40 —FI-1.
4% YQ=1.-F1
a2 A(N) = (EX/(2.D+O+*DAMMA))+To*YP=YQ
43 4 N=N+1
a4 DO 5 1=1,3
a5 Fi=I
46 YR=1.~FJ=1.
a7 ¥S$=1,-F
48 AUN) = (D24EX/(2.D4+0+DAMMA)=EX/ (2.D+0+*DAMMA+DAMIAN ) )= T+4 YR+ YS
49 5 N=N+1
S50 N=N=1
S1 SINT=D'H-(VINB(T }+T>DBDT(T})
52 DO 6 [=1,N
53 6 SINT>SINT+8(1)=A(1)
54 RETURN

55 END :



04Ty

SLENTH =»

SOGHUHHDUN‘

-
-

c
€
c

T=

100
110

120
130

140

FILE: MFTFeCsSA TIME:

SUBROUTINE ENTHSLIT,P,SLENTH,SVENTH,HVAR)

Ti{K} =~- SLENTH = SAT LIQUID ENTHALPY [N JOULES/HKG
TCRIT=126.2

TIRIPL=6G3.15

VF {V7.GT.TCRIT) GO 1O 1060

IF (T.LT.TTRLPL) GO TO 120

CALL ENTHSV{T,P,SVENTH)

CALL HTVAP(T, HVAP)

SLENTH:SVENTH-HVAP

GO 1O 140

WRITE (6,110)

FORMAT{T10, " TEMPERATURE GREATER THAN CRITICAL TEVMPERATURE')

SLENTH=—-1.0
GO TO 140
WRITE (6,130}

10:i21:43

FORMAT{T10,'TEMPERATURE LESS THAN TRIPLE POINT TEMPERATURE')

SLENTH="1.0
RETURN
ERD

e T W =t r e L ARt ans ¢ e S ey e S s e

~ e

DATE 040579

PAGE

141
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=+ SOUN »» FILE: MFTFsCSA TIME: 10:21:44 . DATE 040579 PAGE 142

DOUBLE PRECISI!ION FUNCTION SOUN(D,T-}

DOUBLE PRECISION A,8,T.77,0,00,01,PP,FACT2,CP,CV

DOUBLE PRECISION GAMMA WY

DIMENSIQON A(30),8(30}
COMMDN/DATA/PP .00, TT,.WT  A,8,NC, GAMMA, L

TT=T

Db=0

CALL ODHEF .
D1zPP

10 FACT2=25311,D+0

11 SOUN=DSQRT({(CP(D,T)/CV(D,T)})*(D1+FACT2))

2 RETURN .
13 END

OODNDUBALN=

9TV



** SPLFHT s« FILE: MFTFeCSA TIME: 10:21:45 DATE 040579 PAGE 143

1 SUBROUT INE SPCFHT(T ,SPECHT) i
2 DOUHLE PRECISION G9,U,Uz,bu §
3 DIMENSION X{8) :
4 R:=0.B20b39%E-1 . ;
5 AK=0.1013278E2 §
B T2=TeT "
- 7 13=T¥2 }

a X9:=0.335340G1E4 !
S GO=DBLE(X9) !
10 U=G9/DBLE(T)
11 uz2=u-y
12 A(11={1.0/73)+(-0.73521040E3) .
13 ®(2)={1.0/T2)+{0.33223998E2)
14 X(3)={1.0/T)+ {~0.55764820E0)
15 X(4)=0,35040423E 1
16 X{5)=T+(-0.17339019%-43) .
17 X{6)=T2+10.171650685E-7)
ia X(7)=13+(-0.35689203E-11)
19 CU=DEXP(U)
20 X{8)=5NGL{U2+*DU/(DU~1.000)«=2)
21 X(B8)=X(8)+0.10053872€1
22 CP1G=0.0
23 DD 100 1=1.8
24 - 100 CPIG=CPIG+K(I)

B 25 CPIG=CPIG*R~AH

= 26 - SPECHT=35.6839+CPIG

~ 27 RETURN
28 END
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FILE: MFTF+CSA TIME: 10:21:45
L L T O I T L T T A T B
4 AOUTLINE NAME -~ ROUTINE TO PACKH THE FIRST -
. WOHD OF THE CONFIGURATION -
- TABLE. L]
* HOULTINE LANG ~ FDRTRAN V UNIVAC 1103 EXEC 2=
* PROGRAMMER - R. BOLLINGER 1943 102 26933 =«
» DATYE CGDED - 3/11/70 -
LI A I I T O T T LI 2

SUBROUTIHE STOGON{IDX)

=srse EXPLANATION OF THE CALLING SEQUENCE

-

setee IDX — INDEX OF THE CONFIGURATION TABLE.
INCLUDE CCNFIG
DO 10 Iy = 1,6
IF{ICNFIG{I1).EQ.0) ICNFIG(11) = 0O
CONFIGIIDX,1) = GPBYTE(ICNFIG(IV),6,CONFIG(IDX.1),.11)
CONT [NUE

RETURN
END .
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FILE: MFTF+CSA TIME: 10:213:46
Sro00100
L T T S STobOo200
* ROUTINE NAME - 51000300
« ROUTINE LANG ~ FORTRAN V UNIVAC 1110 EXEC Be S1000400
+ PROGRAMMER — R.F.HAUSMAN 104-6213-30235 - STD00S00
» DATE CODED - AYGUST 23, 1978 . 571000600
LI N T I I Y R St0007Q0
STO0Q0800
SUBROUTINE STODTA S5tgo0800
S7001000
INCLUDE CCNFIG S1001100
1HNCLUDE CCHTRL 51001200
INCLUDE CIOUNT 51001300
INGLUDE CMATRL S1001400
INCLUDE CNAMES S1001500
INCLUDE CONST S1001600
INCLUDE CPAGE STD01700
INCLUDE TABLOK $7001800
LEE R POP CCNTRL R ST001300Q
5TDO2D0O
DATA (KsuBC(1.1),1=1,NBRSR) / 1, O, ©, O/ STDO2100
DATA (KSUBC(2,1),I=3,NBRSR) / 2, O, O, O/ 51002200
DATA (KSUBC({3,1),1=1,NBRSR) / 3, O, &, O/ 5T002300
DATA (KSUBC(4,1),I=1,NBRSR) / 4, 0. O, 0O/ ST0024a00
DATA (KSUBC(5,1),I=1,NBRSR) / S, O, O, O/
STO02500
DATA NAMSYS / *MAG', 'CRY', 'REF*', 'LNZ', 'GHE' /
$TQ02700
taene PDP CNAMES nemey S1002800
Stao2900
ST003000
DATA (FHNAME(I),1=1,16)/'GAS ', "MAGNET 'CONTRL", ST003100
1 'FITING','TAP 'ELBOW *, $3¥003200
2 ‘VALVE ', "REG 'REFLIQ". S1003300
a 'TANK ', 'COMPUR',"HEX 'END ‘s S10Q300
S1TD003500
OATA ((LO(1,U),1=1,9),J=1., 9)/ 57003600
1 ' ssese S YSTEMN CONF IGURATIORN*rsess * STO03700
2 ! séesr M A G NET DA T A ~+vss *,5T003800
3 ¢ se~s* CRYOPANE/L D AT A sssve *,5T003u00
aq ' teees G HE RECOVERY DATA sxsren *,ST004000
5 ‘ess¢e L T QUID N1 TROGEN S Y STEMeresx * 57003100
6 . ¢vsrs MAGNET SUPPLY TANK DATA »& +» 1,51T004200
7 M +e-9+ CRYOPANEL SUPPLY TANK DATA »s=ss !,s51004300
<] "4+ H EFRIGERATOR=-LIQUTIFTIEITETR wse *,
9 ' s4+++ REFRIGEHATOR-LIQUIFLER SUMMARY DATA s4éx4 s/
STOC4400
DATA (tL1(l,d),.1=1,21),J=1,2)/" comp comp FUNC. NUMB. NHSTDOAGQO
1EAD MATRL. FLAW FRICTLON LINE LENGTH LING INSULATION STO04000
2 INSULATION NO. LAYERS ',°' NAME CODE FYPE OPER. (M) ST004700
3 TYPE COEFICIENT AR L-QV:R-D DIAMETER TYPE TSTO0AUHCO
AHICKNESS INSULATION */ STO049Q0
51005000
DATA ((L2(1,J),L=1,4},d=1,12)/'NUMBER OF MAGNETS . ST005100
1 'MAGNET DEWAR PRES. = KPA','MAGNET DEWAR TEMP-DEG.H ', ST005200
2 "HEL1UM MOLEC. WGT., 'y 'MAGNET HEAT LEAK— WATTS ¢, S$TQ05300
a3 *VOL.LIQ.HE-MAGNET,LITERS"®, ' vOL.MAG-DEWAR{ LHE) LITERS®, 5T005400

- OATE 040579 PAGE 145
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STODTA *=
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FLILE: MFTIF+CSA

TIME: 10:23:46

*VOL.RESERVE{ LHE)~LITERS '.'HEAD-MAG.INLET - METERS',

*HEAD-MAG.DUTLET — METERS'.
"INITIAL FLOW RATE-KG/HR.'/

'HEAD-MAG.CENTER - METERS',

DATA (¢L3(L,3),1I=1,4),J=1,10)/'NUNMBER DF CRYDPANELS '

"CP DEWAR PRESSURE
*CP DEWAR L1Q.VOL.-LITERS'
'CP HEAT INPUT -
"HEAD AT CP LNLET- METERS'

*CP INLET FLOW RATE-KG/HR'/

DlTA((ldll J).1=21.4),d= |.l1)/ 'HE X

*HEX HOT DUTLET TEMP, 'V 'HEX
‘HEX COLD DUTLET TE#P. ' PHEX
*HEX MDY DUILEY PRES. ', 'HEX
'HEX COLD DUTLET PRES. ' LYHEX
*HEX COLD S1DE DELTA-P ' 'HEX

DATA [(L5(1,J),1=1,5).U=1,15)/

"MAGNET PRIMARY CIRCULIT ND. =1 *,
'CRYDPANEL CIRCUIT ~ ZONE 2 b
‘CRYDPANEL CIRCUIT - ZONE 3 ',
'CRYDPANEL CIRCU1T RETURN LINE *,
'CRYDOPANEL DEWAR OFF-GAS LINE ',
‘REF-L10 HP~-COLD HEL1UM DUTLET ',
‘MAGNET DEWAR HP-COLD HE-SUPPLY',
'COMP-PURIFEER CIRCUIT (LP-HP) '/
OATA ({JFLUID(L,d),1=1,2),d=21,2)/"
DAFA ({KFLUID(1,u),

“snes

PDP CONST

~ KPA'’,'CP DEWAR TEMP, -
.'TOTAL FLOW RATE -
WATTS' ,'CRYDPANEL VDLUME- L1TERS'

«"HEAD A7 CP DUTLET-METERS'

1=1,2),d4=1,2)/"'HE-CRYOGEN b

DEG.K'
HG/HR'

HDT INLET TEWP.
COLD INLET TEWP.
HDT INLET PRES.
COLD INLET PRES.
HOT SIDE DELTA-P
GAS GEN. O/F RATID

Ne s v e

'MAGNET PRIMARY CIRCUIT NOD, ~2 '
'CRYDPANEL CIRCUIT — ZONE 1 4
'CRYOPANEL CIRCUIT - ZONE 4 .
'MAGNET DEWAR OFF~GAS LINE .
'STORAGE DEWAR OFF-GAS LINE v
'STO-DEWAR HP-COLD HE SUPPLY v
'CRYPAN DEWAR HP-COLD HE~SUPPLY®

HELIUM  ¢,' NITRGGEN ‘7

‘N2-CRYOGEN '/

LEXY T

DATA GRAVTY,P1.,P1203 / 4.4482152 ,3.14159265 ,2.0943951 /

OATA PlO4 /0.78539816/
DATA CHKPKGM /101.97162/
ssa08

PDP CPAGE

DATA PTITLE/®
DATA MAXLIN, JNUM

LR XY

PFDP TABLGH
DATA NTBID / 1. 2, 3, 4, 5, 6, Qq,

LER X2

FDP C10OUNT

EE TR

CRYOGEN SYSTEMS ANALYSI1S v/
LOPTLUN/SO,' MFTF ' .6 /

G, ¢. Q/

IR R T

DATA [OUNIT/14,21,22,23,19,29,15,16,17,18.25,26,27,28/

DATA 1IN.,IDT / 5,6

IR FYY

PDP CMATRL

[ E TR Y]

DATA (RHOL(1).1=1,6)/501.120,176.256,169.344,511.488, 276 480,

501.120/

DATA (RHDI(!).l—l.9)/2-l4.2.45.2-30.0.836.0.59.0.65.5.0.2.2.1.0/

STO05500
ST1005L,G00
ST1005700
51005H00
STO05900
STO0LOQO
S1006100
51006200
51006300
51006400
51008500
STDO6GOO
S5TD06700
STO06B00
STDO69300
5T007000
S$7007100
STOO7200

Srao7300
57007400
$T1007500
S$T007G00
51007700Q
51007800
5T007900

STOCBO000
sSTQ0B100
S1008200
ST008300
STOOHA00
ST00BLOO
Srooucoo
STO08700
STOO08HOO
S10Q08300
5rocuooa
57009100
571009200
S$1009300
ST1009400
5100950G
STO09GGO
ST009700
57009800
57009900
STO10000

OATE 040579
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** STAODTA == FILE: MFTFsCSA TIME: 10:21:46 DATE 040579 PAGE 147

116 DATA (RHDIS(1), l=|.9)/0.0423.0.0a90.0.0280.0.0270!57.0.01475. 51010100 .

17 1 0.021667,5.0,2.20,1.0/ ST010200 §

118 DATA(MINTHK(I).I:I.15)IO ©20,0.025,0.028,0.020,0.016.0.035,0.058, ST010300 Py

119 0.065.0.042,0. 020 0.049,0. 083.0 095,0.049.0.035/5T010400 g

120 c STO10500 i

121 RETURN ST010900 Y

122 c ST011000 s

123 END $TO11100 H

:

"

E
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N :
o
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FILE: MFIF+CSA TIME: 10:21:47

SUBRDUTINE ENTHSV{(T,P,SVENTH)}

TaT{K) ~- SVENTH=5AT VAPOR ENTHALPY IN JOULES/KG

100

SVENTH{ JCULE/KG)}=35.6972+ SVENTH(JOULES/ {GVU-MOLE) )

H=HO+{ T+ { FING1(T.O)~FINGI{T,0.0) )+ (FING2(T ,D})-FING2({T,0.0))
+P/D-R+T)»101.3278 JOULES/GM-M0LE

DIMENSION G(33},GG(9),X{2,32)}.AX(2,8),.GDEN(7) ,FINGI(2),FING2(2)
TCRIT=126.2

TTRIPL=G3.15

IF (T.GT.TCRIT) GO TO 150
LF {T.LT.TTRIPL) GO TO 179
TREF=298.15
GG11)=-0.723521040E3
GG{2)=0.3422499BE2
GGi3)=-0.5576G4320
GGi4)=0.35010423E1
GGiI5)=-0.17339019E~-4
GGI6)}=0.174G5085E~7

GG17)=-0.35689203E~1)
GG(B)=0.10053872E1
GG{9)=0.33534061E4
KX(1,9)==1.0/12.0+TT)
KX(4,21==1.0/1

KX(1,31=ALOG(T)

XX(4,4)1=T

KX(1.5)=(Ten2)/2.0
XKX{1,81=(T++3)/3.0
XX(1,7)=(T+sa)/a.0
XX(1.8):=GGI9)/{EXP(CGGI9)/T)=1.0}
xu|2.1)=—1.o/(z.o-tnEerREF)
XX{2,21==1.0/1REF

KHL2, 3l=ALUG(1REF)

XX12.4)=TREF

KX(2,5}={TREF +*2)/2.0
XX{2.6t=1TREF++3)/3.0
KX{(2,71=(TREF++4)/4.0
XXx{2,8)=GG(9)/(EXP{GG(I)/TREF)—1.0)

XKX15UM=0.0

XAX25SUM-0.0

0g 100 [=1.8

KXA1SUA=KXISUMIGGLT )+ XX({1,1)

XX2SUM- 2 X2SUNMIGGIT ) »xX{2,1)

HO=066Y.0+(101.3278+0.0820539=( XX ISUM—XX25UM) )
HO=HO{JOULES /GM-NOLE)

Y= (TCRYI-T)/TCRLIT
GDENU3)=0.16333345E1
GUEN(2)==9.4043771+Y¥
GREN{(3)-21.852748+YY
GDEN{4)=~102.68744+(Ywe=3)
GDEN{S) B87.94974+{vYxq)
GDEN{6) 164.02437+(Y*=5)
GDEN{7)=-—-0.095731639+ALOG(Y)
GDSUMEeD . D

oo 110 1=1,7
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se SVENTH o=

FILE: MFTF+CSA TIME: 10:21:47 OATE 04A0E7S PAGE 149 \
58 110 GDSUM=GDSUM+GDEN({1) M
59 DSATV=LXP(GDSUM) 7
6o D=DSATV
61 Gl1)=0.93622377E-2 i
62 G(21=0.1070327 . i
63 G{3)=-0.243U0072E1 v
A G{4)=0.391007A5E2 s
- 65 Gl5)==0.42237131E4 !
66 - GUL6)=0.1050986G0E-3 ;
G2 GL7)=—0. 112503303 3€-1 ;
68 GiB)=0.11260079€-3 !
€9 G{9)=0.101698%“0ES ‘
70 G(10)=0.81114008E-7 ;
71 G{11)=0.233011G5E-2 .
72 Gi12)=-0.50775258 :
73 Gl 43)=0.3985027HBE—9
7a G114)=-0.3 V3653 7CE-2
75 G(15)=~0.70743027
76 Gl16})=0.75170GG5E-4
7 GU17)=-0. 1116121 2E-5
78 Gl18)=0.3GB79G56E~3 i
79 G{19)=-0.20131769E~-5 ]
a0 G(20)=-0.16971744E5 k
| G121 )=-0.1197 1923EB, by
a2 G{22)=-0.97521827E2 . ;
& 83 G(23)=0.%5463971E5 -
2 ea G(24}=-0.17992045 "
o b5 G(25)=-0,25658293E1 i
B6 0.41370772E-3 I
a7 0.25624542 N
Ba Gt281=-0.12422237E-6 v
a9 G(29)=0, 103%50654E~4 5
ag 0.538G9917E-9 i
3 0.75741541€E-8
92 2)=0.5853G717E~7
a3 G(33)=-0.5600E~2
94 DO 140 1:1,2
as AL=t §
a6 IF (RI.LT.2.0} GO TO 120 |
a7 D=0.0 i
ag 120 F=EXP({G(33)«D:D) \
ag G1=F/(2.00-G(33)) H
100 G2=(F+1D+¢2)-2.00-6G1]1/{2.00+G{33))
101 O0={Fr(D*+4)-3.00+562)}/1(2.00+G{33)}
102 GA=z(F*(D**+61-6.00+G3}/{2.00+G{335}))
103 * GHx(F+(D++8)1-8.00:+G4)}/(2.00+G(33)] 5
104 G6=(F*(D*+10)~10.00+G5)/{2.00¢G(33))
105 X{1,1):-D
108 X¢1,2):=-D/(2.0-SQRT(T))
107 X¢1,3 .
108 XOE A =0/(TsT)
109 X(1,9) .Qr0/(Tre3)
110 X(1,6)==-D=0Ds2.0
111 x(1,7)=0.0 i
112 X(v,B8)=D*'D/{2.0+(T*+2)) \
113 XK{1,9)=Ds92/(T+n3)
114 X{4,10 D+»3/3.0
15 x{1v,11]1-0.0

e - N .. e e - . - . N T ———— T e - o



s+ SVENIH o=

69TV

116
117
116
119
120
121

122
123
124
125
126
127
128
129
130
1

132
133
134
135
136
137
138
139
140
141

142
113
144
145
146
147
148
149
150
151

152
153
154
155
156
157
168
159
160
161

162
163
164
165
166
167
168
169

FILE: MFTF+CSA TIME: 10:21:47
X(T1.12}=De=3/(3.02{Te=2))
Xft,13)=0.0

KEV 3A)=D**5, (5.0 (T++2))
XE1.,151=2.0+tDea51/{5.0s(Tas3);
XEt.161=D*+6,/(G.0O8(T+=2})
RE1L121=D2=7/7( 7.0 T*+2)})

XUV 1B)=2.0+4Ds27}/(7.05(Tes3))
X(1.19}=D++B/(q.0+1 T+3)})
XK($.20)=2.0+G1/(T=+3)
XEV.211=3.0+G1V/(Terd)
X(1,22)=2.02G2/{F++3)
X(1,23)1=4.0+G2/(T=e5)
X(V,24)=2.0+G3/(Tee3)
X{1.25)=3.0¢G3/(Tes4)
X{1,26)=2.0+G3/(T~+3)
X{1,271:4.0+G3/[Te+5)
X{1,2B8)=-D.0¢L5/(Tee3)
X{1,291-3.0:535/(T=vq)
X(1.301=2.0¢GG/(Tea3)
X{1.31)=3.0.G6s(T+s4)
X{1,32)=0.6Gr30/(TreS)
X12,1)=D*1

X{2,2):D:SORTLT)
Xt2.3)-D

X({2,4)=D/1
X(2,5):D/{Tes2)
X{2.61=D'D-¥/2.0
X(2,71:-0+Ds2.0
X(2,B1:0:42/(2.0T}
X(2.9)=032/12.09(Tse2})
X(2,101=04+31/3.0
X(2,111=Ds«3/3.0

X12,12)=De«3,/(3.04+T)
X(2.131=D*>4/4.0
K(2,14)-De45/(5.0+T)
Hl2,15)1:=0+45/(5.0+(Te+2})
XK(2,161=0D+~G/(6.0+T)

X2, 17j=D2+2/(7.0+T)

{2, 1B):=Des7,(7.0+(Tes2])
N(2,191-0%+8/(8.04(Te+2))
R(2,201:=0G1,/tTs+2)
XK{2,29)1:=G1/(%1+3})
A12,2217G2/(T+2)
X{2,23)1:=52/(1++4)

X42,241=G3/({T++2)
A(2,.251=G3/(T1++3)
X42.261:=G4/(T+42)
X{2.271=G3/(T1+9)
RK{2.28)=G5/(T++2)
X(2,29)=4G5/(11+3)
XK&E2,30)=G6/(T++2)
X(2,31)=G6/(T++3)
X(2,32)=G5/(T1s=4a)
FINGiI(1)=0.0
FING2(1}=0.0
00 130 uJ=1,32
FIRGI{1)=FINGI{I)+X(1,J)+G(J)
130 FING2{1)=FING2(1)+X(2,J)7G{J)

DATE 040579
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v SVENTH ee

178

v7a
V79
176
177
178
179
180
181
182
183
183
185
186
87

FILE: MFTFeCSA TIME: 10:21:47 DATE 040579

140 CONTINUE
PATM=P/1.01329ES
H=HO+10} . 3270« ( T+ (FINGI(1)-FiING1{2))+(FING2{1)=FING2(2) 1+PATM/DSAT
IV-Y+P,20539E~2)
SVENTH=35%.G972«H
GO TO 90
150 WRIYE (G,160)
160 FOQRMAT{T10,*TEMPERATURE CREATER THAN CRITICAL TEMPERATURE')
SVENTH=~1.0
GO 1O 190
170 WRITE (6,180}
180 FORMAT(TIO.'TEMPERATURE LESS THAN TRIPLE POIINT TEMPERATURE')
190 RETURN
END

PAGE

191
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»= TABLOK »s FILE: MFTF«CSA TIME: 10:2t1:48 DATE 040579 PAGE 152

1 TABLOK~ PROC
2

3 REAL MIPE

Y

s COMMDN /TABLOK/ XTAB{7)., NTBID(10)

6 c

7 MIPE = 0.0

8 c .
9 END

TSIV
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FILE: MFTF+CSA TIME: 10:21:49

SUBROUT LNE TCOND(TH,TC,NBAR,THHIN, INTYPE,.QCOND)
-

THIS SUBRDUTINE COMPUTES THE THERMAL CONDUCTIVITY FOR NINE
INSULAYION MATERLALS. REF., L%SC-AQB4847-vpL.ll, LMSC AsBieos,
WITH MICROSPHLRE EQNS. PER R.PARMLEY. EMITTANCE VALUES ARE FROM
LMSC A9D3316 [NASA CR-72605).

.

REAL NSHLD,NBAR

.

DELT = TH-TC

TMEAN = (TH&TC), 2.0

SUMT a TH+TIC

SUMSQT = (TH¢+2)+(TC»2)

IMPRY = TC/TH

TMPR2 = IMFAR TMPR1

TH3 = TesTHs TH

NSHLD = THHIN*NBAR
THHKFT = FHHKIN/12.0
THETA1 = {1.0+TMPR1)
THETA2 = {1.0+TMPR2)

SIGMA = D.¥T7T13E-08
-

GO TO (10.20.30,40,.50.60,70.80,90) . INTYPE
.

* FOR DUUBLE ALUMINIZED MYLAR-SILK NET
»

SCHNST = 2.22E-02

EMITY1 = 9.4D0L-04 » [TMEAN*+0.667)
DEMIT = ((2.0/EMIT1)=1.0)

GO TO 22

»

= FOR DUUBLE GOLDIZED MYLAR-SILK NET
»

SCNST = 2.22E-09

EMIT2 = B.76E-DA + (TMEAN++0.509)
DEMIT = ({2.0/LM1T72)-1.0)

SCOND = SCNSTNBARs TMEAN

ANUM = SIGMA+SUMSQT - SUMT« THHFT

RDEN = {NSHED-1.0) = ODEMIT

RCOND = RNUM/RDEN

QCOND = (SCOND+RCOND) *{DELT/THKFT)
RETURN

+ FOR DOUBLE ALUMINIZED MYLAR-T1SSUE GLASS

+

SCNST = 7.00E-12

EMITI = 4.40£~04 + (TMEAN++D.GE7)

DEMIT = ((2.0/EMIT1)=1.0)

GO TO 42

-

*+ FOR CHINKLED DOUBLE ALUMINIZED MYLAR-TISSUE GLASS
.

SCHST = B.80E-12

EMIT1 a 4.90E-04 + {TMEAN++0.67)

DEMIT = ({2.0/EMLT1)=1.0}

SCOND = SCNST+ (NBAR++2)+TMEAN

RNUM = 1.7+*SIGMAsSUMSQT»SUMT=THKFT

DATE 040579

PAGE
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v+ TCOND =»w

ESTV

noo

oo

oon (1 X121

Qo0

50

60

62

70

80

90

RDEN =
RCOND
QCOND
RETURN
"

« FOR
.

SCNST
EMITA
EMLITB
GD 10
-

* FOR
*

SCNST
EMITA
EMITR
DEMIT
SCOND
RNUM =
RDEN =
RCOND
QCOND
RETURN

-

- FOR MICROSPHERES (104 70 135 MIiCRONS)

.
RACNST
RCDND
QCOND
RETURN
-

FILE: MFTF*CSA

INSHLD-1.0} * DEMIT
RNUM,/RDEN
{SCOND+RCOND) * (DELT/THKFT)

Hon

HHC—2 CRINKLED SINGLE ALUNINI2ED WMYLAR

62
SuU

nowonnu

2.0Q0E-10
4.90E-04
5.5BE-03

PERFLDC
15.40E~"

4.40E-043
A4.10E-01

{1.0/EMITA)+{V.0/EMITB)—1.0)

CNST*(H
Ghta» SuUA

* {TMEAN+*+D.67)
+ A\ TMEAN+*»*0.6B67)

1
* (TMEAN++0.6B7)

BAR++2)»TMEAN
SQT *SUMT+THKFT
0)+DEMIT

NUM/RDEN
SCOND+RCOND ) » (DELT/THXFT)

1
s
1
NSHLD=-1.
R
1

1.56€E-13

RCNST+«TH3+ THETA1 4 THETA2

RCOND

(DELT/THKFT)

4 FOR POLYURETHANE FOaAM

*
PKSUBE
QCOND
RETURN
*

= FOR FIBERGLASS BATTING -

-
FHSUBE
QCDND
RETURN
L4

END

1.1295€-03 + (3.481E-05 » TMEAN)

PKSUBE =

1.3836E
FKSUBE »

(DELT/THKFT)

=03 + (TMEAN+=0.662)

(DELT/THKFT}

HELIUM PURGED

TIME:

10:21:249

DATE 040579
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** TEL o= FILE: MFTFeCSA TIME: 10:21:50

!
i
OATE 040579 PAGE 158 }
!
1 c L T R O T T A T I T Y . ]
2 c * ROUTINE NAME ~ TAHLE EVALUATION OR LOOKUP «
3 C ¢ ROUTINE LANG - FORTRAN V UNIVAC 1108 EXEC 2=
a € * PROGRAMMER  ~ R. HOLLINGER 1943 192 26933 »
5 [+ » DATE CODED - 2/25/70 - t
[ ) [ LI R R . I I I Y Y T Y S T T T R S
4 c
g SUBROUTINE TEL(X.Y} t
c I
:? [ ssass EXPLANATION OF THE CALLING SEQUENCE (
[+
12 < X — VALUE OF THE LINOEPENDENT VARIABLE TO BE
13 c INTERPOLATED ON. 1
14 [ !
15 [ ¥ — VALUE OF THE DETENDENT YARIABLE WHiCH IS THE b
:? [ INTERPOLATION RESULTS. E
C
18 INCLUDE CIOUNT
9 - INCLUDE CKEYS
20 INCLUDE CTAB
21 c
22 6000 FORMAT ('D°10X°ees INTERPOLATION ERROR - OVERFLDW OR NV WRONG Nv=' : .
23 1 13,° re9'}
24 6100 FORMAT {1HOQ 1QXA*==s [INDEP. VAR. =' F10.4, * OUT OF TABLE RANGE ('
& o2s i F1D.4, * TD' EF10.4, ' ) TABLE ND.'14,' NOD. SUBTABLES'I3,' sexe'}
s 26 C
& 27 c
28 - IF{TYPE.EQ.1) GO TD 30 .
29 [ .
30 c «x+*» EVALUATE THE COEFICEENT POLYNOMIAL FOR Y.
3 c
32 ¥ = XTAB(1)
as DO 20 11 = 2, NV
34 ¥ = ATAB(I1) + XY
s 20 CONTINUE
36 RETURN
37 [ .
38 c #sr4+ EYALUATE THE TABLE LOUOKUP FOR Y.
39 [
a0 30 1F [(XTAB({t) .LE. XTAB{NV)}) GO Yo 33 - N
a1 c MAKE INDEPENDENT VAR. NON-DECREASING .
EFd NVI = MV o+ 1 -
43 NVD2 = NV / 2
aa DO 32 I=1,NVD2
as PIVOT = XTAB(MNV1-I)
a6 AXTAB{NVI-1) = XTAG(I)
a7 XYTAB{I) = PIVOT
a8 PIVOT = YTAB(HVI-I1)
ag9 ¥Y*TABI(NVI-1) = YTAB{T1) i
S0 32 YTABLL) = PIVOl !
51 33 1F (KEY! .LT. 1612) GO 1O 34
52 c TEST FOR INDEP. VAR. DUT OF RANGE ‘ !
53 IF (X .GE. XTAB(1) .AND. X .LE. XTAB(NV))} GO TO 34
54 WRITE (1QT.6100) X,XTAB(1),XTAG{NV).JTABIO,NLTHL
55 IF (KEY! .NE. 1612} GO TQ 34
56 HEY2Z = KEY1

1
57 RETURN




SeTY

FILE: MFTFsCSA TIME

4 ¥ = YLGINT{XTAB,YTAB.NV.X,NIP,%40)
RETURN

40 WRITE (10T,5000) NV
CALL EXIT

END

10:21:50

DATE 040579

PAGE
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s TVP

9eTv

CRUACIWN ~

-n

T=

100

110

124

FILE: MFTFsCS5A

SUBROUTINE TVRLP, T, TOLD)

TLK) =- PATM=PAITM{ATMOSPHERES) -~ P=P{NT/METER-2)

DOUBLE PRECLISION PATM, PREF,DPDT
DOUBLE PRECLSION SSUM,X(10) ,OROT{13).G(11)
OCUBLE FRECISION TSUM
PCRIT=3.3997EG

PTRIPL=1,253GE

IF (P.GI.PCRIT} GD TO 130

IF (P.LT.PTRIPL) GO TD 150
PREF=P/1.01325ES5

-B3934094E4

0.18900453E4Q

0-.72822292E1

.0

G{9)=0.50953:0BE3
G(10)=G.10228510E-1
G(11)=0. 19500E1
TCRIT=126.2
T=70L0 -

X(1)=

=tTCRIT-T)I==G(11)

TSUM=0.0

Do $10 i=1,1C
TSUM=TSUIMS (X{ I }+G(]))
PATR=EXPLTSUN}
DXDT{1)=—1.0/(T«n2)

DXDT(21=0.0 4
DXDT(3)=1.0

DXDT{(4)=2.041

DXDT{S)=3.0+(T=++2)

DXDTIG1I=a.0+¢(T++3)

DXRT(7)=5.0+{T~=q)

DXDT(B1=6.0+(T*+5)

OXDT{9)=1.0/7
DXDT{10)=—G( 11 )« ((TCRIT-T)er{G{11)=1.0))
S5UM=0.0

SSUM=SSUNT (ODXOT ([ )«G( L))
DPDT=S5UM+PATH
THREW=T-(PFPATM-PREF ) /0OPDT

TCHANG=( TNEW=T ) /7T

1F {TCHANG~«2.LT.3.0E-11) GO TO 170
T=THNEW

TIME:

10:21:50

PIPASCALS)

DATE 040579

PAGE
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LSTV

130
140

150
1650

170

FILE: MFTF+CSA TiImE:

cO TO 100
WRITE (6,140)

FORMAT{T10, *PRESSURE GREATER THAN CRITICAL PRESSURF')
T=—1.0
GD TD 170
WRITE (6,160)

FORMAT(T

==1.0
RETURN
END

“0, "PRESSURE LESS THAR TRIFPLE PQINT PRESSURE')

10:21:50

DATE 040573

PAGE
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=e WELF =»a

=YD NAULWN

-

E

a a a6 0no

FILE: MFIF=CSA TIME: 10:21:51

CALCULATES VELOCITY OF LIQUID CRYOGEN IN CIRCULAR DUCT
FUNCT 10N VELF{AWD.ASV,AMWT,ADIA)
VF = AWD » ASV + ([1.0/AMWT) & (1.0/{0.7854 « (ADILA=«2)}1])
VELF = VF

ETURN

R
END

DATE 040579

PAGE

159
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=* VGVS v=

65TV

awaqmmauu-

"

anoaOnNoOaNno nNnoacronn

non o

non

oo oon o

10
20

30
40

FILE: MFTF*CSA TIME: 10:21:52

L I T T T T I S R T S N |
RODUTINE NAME ~ MALA NUMBER COPUTATION
ROUTINE LANG - FORTRAN V UNIVAC 1110 EXEC B‘
DATE CODED - AUGUST 23, 1978

PROGRAMMER - R.F.HAUSMAN 104-6213-30235% -
LI I L R L e I e A N A )

«a o A4S

SUBROUTINE vGVS(IDX, RHO,1GAS)
sesse EXPLANATION OF THE CALLING SEQUENCE
. IDX ~ INDEX OF THE CONFIGURATION TABLE
. RHOD — DENSITY OF THE GAS
-..-: 1GAS — GAS NUMBER (SEE 5.R. FINOR)
INCLUDE CENFIG
INCLUDE CONST
INCLUDE CMAG
DATA 1BLNK,IAST1,1ASTV6/’ tate Ve tesnsny'y
sscse COMPUTE THE VELOGITY OF THE GAS

MFLG{IDX) = JLLNK
VG = 4.0 * WDDTN{IOX)}/(P1 = DIAN{IOX}**2 » RHOD)

*eis¢ COMPUTE THE VELOCITY OF SOUND IN GAS.

CALL HEPROP(PRES(IDX),TEMP{IDX}.2)
CPGAS = HELCP
CVGAS = HELCYV

VS = SORT(GRAVIY*CPGAS*FINDR(IGAS)}=TEMP{IDX)/CVGAS)
sssts COMPUTE MACH NUMBER
MACH{ IDX) = VG/VS

was1e CHECH MACH NUMBER. FLAG MACH GREATER THAN .3 WITH ONE
4414+ ASTRIK. FLAG MACH NUMBER GREATER THAN 1.0 WITH 6 ASTRIK

IF{MACHI IDX} - 0.3, 40,40.1C
IF{MACH({}DX) - 1.0) 20,30,30
MFLG(EDX) = 1AST1H

GD TO a0

HMFLG(IDX) = IASTE

RETURN

END

DATE 040579

PAGE
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** VIRB ~»

CENDNMUIN-

anonooann

FLLE: MFTFsCSA THAE: 10:21:52

DOUBLE PRECISION FUNCTIDN VIRBIT)

DOUBLE PRECISEGH A.B.Y.¥Z

DIMENSLON A(D)

CATA A/-5.0B157100910-7.~1.11686508620-4,1.16524303540-2.
t7.94745B7998N-2,~5,3143174768D-1,- 9.5759219306D-1 ,
23.93174414843040,-5,.1370239224D+0,2.08044563380+0/

COEFFIC1ENTS FROM PROGRAM 5/28/70~1530

TH1S SUB PROGRAM CALCULATES THME SECOND VIREAL COEFFICLENT FOR

HELIUM, THE RANGE 15 FROM 2 TO 1500 DEG K. 1NpUT 1S TEMPERATURE

IN DEGREES RELVIN AnD IUSE, IF 1SUE IS O OR MEGA(IVE TVTHE ROUTINE

CALCULATES @ FOR THE EQUATION Pv=RT(1+8D+..., FQR OTHER VALUES OF

TUSE. THE ROUTINE CALCULATES THE VARLANC OF 8 AT THE INFUT (EMP

UNITS AHE AFM, DEG KELVIN, AND NMOLES/LITER.4/3/69-1253.R.D.MCCARTY

REVISED 2/12/70-925

8=0

D0 s 1=1.9 -

FI=1

Y2=1.5-FL/2,

S B=B+TervZ2eA{l}

VIRB=8
RETURN
END

OATE 040579

PAGE
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s YISC ew%

VAN LWUN =
nnNnono

-

9TV

FILE: MFTF&(CSA TIME: 10:21:53

SUBROUVINE VISCI{T,VISCL,VISCLyY
V1SCLaLIQUID VISCOSITY VISCV=VAFDR VISCOSITY
T=T(K) ~— VISCL=VISCLIKG/M-SEC) -— VISCV=VISCVIKG/M-SEC)
VISCL=2.70635E-3-7.22121E=5¢T+6.78304E— 74T+ T=2.10367E~5+TeTaT
VISCV=1. 1BSE~7+(T««0.8815)

RETURN
END

DATE 040579

PAGE



¢ VISCDY »e

FILE: MFTFCSA TIMETt 10:21:53

1 [
g c DATA OF W.G.STEWART — 23 JUNE 71

c
; [~ INPUT UHNITS ARE DEG.K AND MOL/LITER

c

. g [ OUTPUT UNITS ARE MICRO-PDISE

c
g FUNGT 10N VESCDT(DGC.T)

c
10 TL = ALOGIT)
1M R = DGC * 4.0026/1000,
12 ANUM 2 -0.135311743/TL + 1.00347B4Y + 1,20651649 + 1L
3 1 ~0.149564551 & TL4*2 + 0.0125208416 + TiLes3
4 BHUM = R s (~37.5295259/TL + B7.6799309 — 42.074158B9 = TL
15 1 + B8.33128289 + TL++2 — §0.589252385 » TL+*~3)
16 CNUM = R*R *» (547.3C9267/TL - 904.870SBE + 431.,404928 + TL
17 1 — B81.4504854 = TL**2 + 5.37608433 =« TL=+=3) L.
B DNUM = R*RsR + {—16P94.39324/TL + 3331.06630 - 1§32.19172 = TL
15 1 » 30B.00Q3413 + TL++2 — 20,.293G367 = TL+*+3) i
20 [4 :
2 V1SCOT = EXP{ANUM 4+ BNUM + CNUM + ONUMI
22 c e
23 RETURN ' .
24 c
25 END

b

DATE 040579

PAGE
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** VISCHE e

E9TY

CONOYE BN~

noa annn

F1LE: MFTF*CSA

COMPUTES IHE vISCOSItY OF HELIUM FROM 2 TO 2000 it
FROM ROUTINES SUPPLIED BY R. MCCARTY — AUG.74H

FUNCTION

ouTPUT

D

T
LF(T.LY
IF(T.LT
£Ta0
ETO30
ETO300
ETE3Q00
V1SCHE
RETURN
1IF¢T.LT
ETAOQ
ETED
VIS5CHE
RETURN
ETAN
ETA2
ETAD
V1S5CHE
RE TURN
V1 SCHE
RETUKN

END

VISCHE(DD.TV)

UNL11S ARE MICRO-POLISE={GM/CM-SEC)}*1.E~-Q06

W ne .

DD
T

100.0}) GO TO 10

300.0) GO T B8

vIiScx(T)

VISCX(306.0) N
ViSCDT{0.0,300.0)

viscori D,300.0) = ET0300

ETAD + ETE300

110.0) GO ¥O 9

viscx(T}
VISCDT{D.T) — VISCOT(0.0.T)
ETAG + ETESB

VISCDT{(0.0.100.0)
VISCX(t10.0])

ETAT + (ETA2-ETA1) »
ETAD + VISCOT(D.T) =~

(T=100.0)/10.
V1sSCDT{0.0,T)

VISCDTID.T)

TIME:

10:21:54

DATE 040579

PAGE
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&% ViSCK =

AN AUN-

A
-

a0 o n

FUNCTION VISCx(T)
V1ISCX = 196.0 -
RETURN

END

FILE: MFTFsCSA

(Te+0.71938) »

TIME: 10:21:i55%5

EXP{12.451/T~295.67/1/7-4.1249)

DATE 040579

PAGE
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as YPH =

S91v

(-2 -0 1-AUF APR T

10
15

FILE: MFTFaUSA TIME: 10:21:5%5

DOUBLE #RECISIAN FUNCTLION VPNITT)

DOUBLE PRECLISION DELL

DOUVBLE PRECISION 77.7,P.C.OD.XA

DINFNSION CI110),DI14)

DATA C/-3.93236352870+0,141.2734750¢80+0,-164C.7711565D+0,11974,557
1102D0+0,+55283.3049818D+0.166219.555090+0,-325212.828400+0, 398843 .22
27500+0,~277716.0699Y2D+0.83355.204183D+0/

0aTA 0B/-49.5105403560+0.651.92364170+0,—-3707.54308560+0,12880.6734
191D+0.-30048.545554D+0,49532,257436D+0,~53337.558548D+0.52311% .2960
225D+0,-33950.2331340+0.1602B.674003D+0,~-5354.10389670+0,1199.03019
306D+0,-161.4636295904+0.9.88B11553386D+0/

P=0

T=T1TT

T=T-DELT(T)

IF{T-2.1720)10,10.1

DD S 1=1,10 .

Xa=2-1

PaP+ClE)eTeos XA

VPN = DFAP{P)
RETURN

DD 15 I=1,14

XA=2-1
P=P+D{1)eT*eXA .
VPN = DEXP(P])
RETURN

END

DATE 040579

PAGE

168



8 UPTENP e

&

-
COETNANSWN -~

-
-

12

10

100

FILE: MFFF«CSA

DOUBLE PRECISION FUNCTION VPTENP(PP)
DOUBLE PRECISION YPN.DPDTVR
DOUBLE PRECISION T,P.PCAL.DP,DEL.PP
P=PP

1IF{P.LT.6.4D+5) GOTO 12

T=5.0D+0

pPCcaL=vhniT)

GO ¥0 13

PCAL=37800.D+0
IFLABSIP-PCAL)}=.00010-3* P)11,.11.1
T=2.1720D+0

DO 10 1=1,50

DP=DPDTVP(T)

DEL={PCAL-P)/DP

T=T-DEL

PCAL=NPN(T)
IF{ABSIP-PCAL}-.0001D-3*P}11,11,2
IF{ABS{DEL)}=.0001D=-3«T}11.11,10
CONT INUE

PRINT 100,7

VPTEMP=T

RETURN

TIME:

FORMAT{' TEMPERATURE ITTERATION FA1LED AT t=',E14,7)

ENG

10:21:56

DATE €40579

PAGE
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** YLGINT oo

9TV

- -
=~ QUENOVALN~

FILE: MFTF+CSA TIME: 10:21:57

FUNCTION YLGINT(X.Y.N,XBAR.NPTS,.8) YLGINT
D e e e e e e e e e e e e ——————— - ey LGINT
c LAGRANGE INTERPOLATION YLGINT
Cm e e e e e e e e e e e e === Y LG INT
c ARGUMENT DEFINIT1ON YLGINT
c == ARRAY OF N INDEPENDENT VAR1ABLE VALUES(INPUT) YLGINT
c v —— ARRAY OF N DEPENDENT VARIABLE VALUES ¢ INPUT) YLGINT
< N ~= NUWBER OF DATA PDQINIS {INPUT) YLGINT
[ XBAR ~= INDEPENDENT VARIASLE VALUE FOR WHICH YLGINT 1S THE YLGINT
c INTERPDOLANT {INPUT) YLGINT
c NPTS5 —— NUMBER OF DATA PBINTS 10 BE USED IN INTERPOLATION( INPUTYLGINT
4 s ~= ERROR EX1T 1F N 1S LESS THAN 2. DR IF OVERFLOW IS5 YLGINT
c DETECTED. YLGINT
Cr————————— e —m— e YLGINT
[+ REFERENCE YLGINT
c K. S. xunz. NUMERICAL ANALYSIS, MCGRAW-HILL aunK COMPANY, 1957,YLGINT
C——— e —=YLGINT

DIMENSIDN RIN} YN} ¥ LGINT
[ ————— -- YLGINT
c CHECK ARGUMENTS N AND NPTS YLGINT
c LF Nprs IS OUT DF RANGE. USE ALL PDINTS . Y1LGINT
Cr=mmmemm———— ————— ==Y 1GINT

IFIN.LT.2) RETURN 6 YLGINT

IF(NPTS.0T.3.AND.NPT5.LT.N) GO TD 2 YLGINT

HATS=N YLGINY

¥ oJgLst YLGINT

JH=NPTS YLGINT

GO TQ 9 YLGINT
Cmmmmmmm———————— ——— YLGINT
c DETERMIME POSITION OF XBAR WITHIN X ARRAY YLGINT
c UPON ExIT FRON LODP 3., X(dJdH=1) LT XBAR LE X{(JH] YLGINT
c- - ——— - —~—==YLGINT

2 DG 3 JuH=1,N YLGINT

[F{XBAR-X(JH)) 5.12,3 YLGINT

3 CONTINUE YLGINT
4 JdH=N

JL=N-NHTS+1

GO TO 9 YLGUNT
Cm e —_————- om———— - -— : YLGINT
[+ DET! & NE WHICH POINTS USED IN INTERPOLAT10N YLGINT
c THE SULKTS CHOSEN ARE THE ONES WHNASE ABSC15SAS5 ARE CLOSEST FO XBARYLGINT
c JL IS LOWEST SUBSCRIPT OF PQINTS USED. JH IS HIGIEST SUBSCRIPT YLGINT
L e _——— - YLGINT

5 JL=dJH YLGINT

D2=X(Jii) -~ XBAR YLGINT

6 JlL=Ji-| YLGINT

IF{UL.LE.1) GO TO 1 YLGINT

1IF(NPTIS .EQ. 2) GO TO 99

D1=XBAR-X{JL) YLGINT

7 1IF(JH~JdL+1.EQ.NPT5) GO TO 8 YLGINT

IF{XBAR=-X(JL-1).LT.D2) GO TO & YULGINT

JH=JH+1 YLGINT

IF(JH.GE.N) GO TO 4

D2=X(JH )} ~-XBAR YLGINT

GO TO 7 YLGINT

B INDCT=0 YLGINT

IF(JL.GT,1.AND.XBAR-X(Jt—1}.LT.D2) INDCT=~1

DATE 040579

PAQGE
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89TV

_

FILE: MFTFeCSA TIME: 10:21:57

TFL{SHL LY (NLAND.X{JH+1)-XBAR.LT.D1) INDCT=q
JL=JL+INDCT

JH=JH+INOCT

annonon

YLGINT
YLGINT

DETERMINE INTERPOLATING POLYNOMIAL VALUE
INNER LODP COMPUTS PRODUCT

QUTER LOOP COMPUTES SUM

ERROR RETURN FOR DEYECYED QOVERFLOW

YLGINY
YLGINT
YLGINT
YLGINT
YLGINT

1F{NPIS .EQ. 2) GO 7O 99
YLGINT = O.
00 ¥t K=JL.JH
PROD=1.
DO 10 J=JL,JH
LFIK,EQ.J} GO TOD 1v
PROD=PROD* (XBAR-X{J) I/ (X(KI-X{J])
TEST FOR OVERFLOW
If {PROD .GT. 1.E+20) RETURN 6
CONT INUE
%t SINT=YLGINT+Y{K)*PROD
1EST FOR OVERFLOW
IF (YLGINT .GT. 1.E+20) RETURN 6
CONT INUE
RETURN .

[2X2X 1]

XBAR EQUAL TO AN ELEMENT DF THE K ARRAY

aaqaon

99

YLGINT=Y{JH]
RETURN

FOR LINEAR INTERPOLATION USE TH1S SIMPLIFIED FORM, MODIFIED BY
J.MCHKAY 3-21-1972

YLGINT = {Y(UH)I=Y(JL) )¢ (XBAR~X{JL} I/ ({X{JHI=XCJILII+Y (UL}
RETURN
END

YLGINT

YLGINT
¥LGINT
YLGINT
YLGINT
YLGINT

YLGINT
YLGINT

YLGINT
YLGINT
YLGINT
YLGINT
YLGINT
YLGINT
YLGINT

YLGINT

DATE 040579
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e ZCALC *» FILE: MFTFeCSA TIME: 10:21:58 CATE 040579 PAGE 170

FUNCTION ZCALC(O,P, T}
Ceess COMPUTES Z FACTIOR FROM 2=P/{D#ReT) AL Al d

DDUBLE PRECISION D,T,R.P

Kk = .0B2055B0+0

ZC - P/(D*RsT)

ZCALC = 2C .
RETURN

END

QUODYOUNHWHN =



o~

APPENDIX B

LISTING OF PROGRAM INPUT DATA RUNSTREAM
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"

-
QUPNANAWN

-
-

PASG.T
BOATA.LL

CSATAD, . T

CSATAB.

FILE: MFTF-A~RUNMFTF—A

TIME: 10:43:06

FTU OF 321/347 ST.STEEL a
EFFECT DF TEWPERATURE ON THE TENSILE
REF. MIL HANDBOOR -5.

TEMPERATURE (H) ULT.STRENGTH (PSI)
15 1

7.2 2759500. 18.0
36.7 266500, 59.7
259.7 173000. 359.7
559.7 108000. 659.7
1059.7 70000. 1259.7

FTU OF 2219-TB7 ALuUM. 2
EFFECTY OF TEMPERATURE DN THE TENSILE
REF. SEC.S9-LMSC A9B1608,PAGE 8.1.1-8

TEMPERATURE (R) ULT.STRENGTH (PST)
15 1 2
7.2 100300. 18.0
36.7 94000. 100.0
200.0 - 72000. 250.0
350.¢ 67000 4Q0.0
500.0 63800. $50.0

FTU OF &061-T6 ALUMINUM 2 3
EFFECT OF TEVMPERATURE ON THE TENSILE
REF. MIL HANDBOOK =S

IEMPERATURE (1] ULT-STRENGTH {PS1)
15

7.2 67500. 18.0
36.7 63840, 100.0
200.0 S0610. 250.0
350.0 45696G. 400.0
500.0 42840. $50.0

FTU OF INCONEL-718 2 3
EFFECT OF TEWPERATURE ON THE TENSILE
REF. MIL HANDBOOK -5,

TEMPERATURE %} ULT.STRENGTH {(PSi})

3
7.2 221900. 18.0
36.7 219E00. 100.0
200.0 206100, 250.0
350.0 193140. 4aQ0.0
500.0 t82160. S$50.0

FTU GF T1-GAL-3V 2 3
EFFECT OF TEWERATURE ON THE TENSILE
REF. MIL HANDBOOK -5,

TEMPERATURE (F) ULT.STRENGTH (PSI}
15 1 3

7.2 29G000. 18.0

36.7 2868320, 100.
200.0 226680, 250.
3950,0 190720. 400.
500.0 1G52680. 550.

1
STRENGTH OF 321/317 STAINLESS STEEL

273500. 27.0 259500 .
251000. 159.7 207000.
143000. 459.7 121000.
91000. 859.7 75000.
66000. 1459.7 63000 .

2
STRENGTH OF 2219-TF87 ALUMINUM

98000. 27.9 96000 .
§2400. 150.0 76000 .
€8500. 300.0 67800.
66300. 450.0 65000.
62000, 600.0 6€00400.

- 3
STRENGTH OF 5051-=T6 ALUMINUM ALLOV

6E6100. 27.0 64800.
57330. 150.0 53340,
4838%. 300.0 46830 .
44940. 450.0 43848.
41496. £00.0 40152.
q

STRENGTH OF INCONEL-718

220800. 27.0 220000.
213660. 150.0 210240.
201240. 300.0 196200 .
1839000. 450.40 185400.
179460. 600.0 177300.

S
STRENGTH OF TITANIUM T1-6AL—AV

293000. 27.0 289000.
261600. 150. 24A4480.
212800, 300. 200960 .
181280, 450. 173120,
158720. 600. 154240,

CATE 040579

PAGE



ETU QF 304 ST. STEEL

3 6
EFFECT OF TEWPERATURE ON THE TENSILE STRENGTH OF 304 STAINLESS STEEL
REF.APPL.CRYOGENIC ENG.PAGE 4B

TEMPERATURE (R)
1

16 . 2
7.2 276000. 18.0 274000.
36.0 266000 - 5.0 263000.
135.0 235000. 180.0 220000.
270.0 198000. 315.0 172060,
2405.0 139000 . as50.0 124000,
$40.0 96000,
BEND
BASG.T CVIDATAMAG. , Fao
BPDATA.IL CVIDATAMAG.
USER NAME 6213 104 3023%
10 1
PADD CSATAB.
MAGNET SUBCRIY ERST DECHK
113.7879 4,35 4.0026 565. 00
18.69 14.45 16.47 2 962.545
GAS 1 1.
TANK o 6
LINE 10 1+1.48 6.00700.228,1523
TEE n 1 6.007D60.00
LINE 10 1 6.00701.066.1523
VALVE M 1 6.0070400.0
LINE 10 1 6.00701.00 .1523
ELOOW 31 1 6.007013,00
LINE 10 1+2.59 6.00702.587.,1523
ELBOW 31 1 6.007013.00
LINE 10 1 6.007012.40.1523
£LBOW 3 1 £.007C13.00
LINE 10 117.25 6.007017.25.1523
E' BOW 3 1 6.007013.00
LINE 10 1 6.0070 0.80,1523
£LBOW 21 1 6.0070 B.60
LINE 10 1 6.0070 5.00.1523
ELBDW 31 1 6.007013.00
LINE 10 1-3.00 6.0070 3.00.1523
E180W as 1 65.0G7013,.00
LINE 10 ] 6.0070 4.00.1523
ELBOW 21 1 6.0070 8.60
LINE 10 1-0.64 6.0070 0.90.1523
WACHET 0 1-4.24 6.007010.96,1523
LN 10 1-0.64 6.0070 .90,1523
ELBOW 21 1 6.0070 B.650
LINE 10 ] 6.0070 4.00.1523
ELEOW 31 1 6.007013.00
LINE 10 1~4,00 6.0 70 4.00.152"
ELBOW T ] 6.0070 B.60
LINE 1o -4, 6.Co707.2G7.
ELBOW 2! 1 6.0070 .60
LINE 10 1 6.007012.40.15._ 3
ELBOW 31 ) 6.007013.00
LINE 10 1~2.59 6.00702.567.1523

FILE: MFYF-AsRUNMNFTF-A

ULT.STYRENGTH {PS1])

TIME

4000.

270000.
250000.
206000.
155000 .
109000 .

TEST CASE FUOR THE MFTF MAGNET SUPPLY SYSTTM (CvI)
1

0.5728
HE-LIQ
HE-5Vv2
MS~-100
F5-101
WMS-102
V=135
MS—103
F5-104
MS=105
FS—-108
MS~107
FS-108
MS5-109
FS=110
Ms=111
FS-112
MS-113
FS=114
MS-115
FS-=116
M5-117
FSs-118
MS-119
MAG-01
MR=101
FR-102
MR-103
FR—104
MR-105
FR-t06
- 107

o dg
HA-109
FR-110
MR-111

10:42:086

28000.

Tt AT T T T T T




FILE: MFTF IUNMFTF=A TIME: 10:42:06 DATE 040579 PAGE

16 ELBOW a3 ] 6.007013.00 FR-112
117 LINE 10 1 6.00700.609.1523 MR-113
110 VALVE <] | 1 6.0070400.0 cv-145
19 LINE 10 1 6.00701.980.1523 MR-114
120 TEE 31 1 6.007060.00 FR-11S
121 LINE 10 1-1.48 6.00701.520.1523 MR-116
122 TANR ] ) [ ] HE-SV2
123 GAS 1 2 2 HE-LLQ o-1
124 LIME 10 1 €.00701.066.1523 tM5-202
1258 VALVE 31 1 6.0070400.0 Ccu-136
126 LINE 10 ] £.00701.00 .1523 MS-203
V27 ELBOW 31 1 €.007013.00 F5~20q
128 LINE 10 142.59 6.00702.587.1523 M5-205
129 £180W an 1 6.007013.00 rs-206
130 LINE 0 1 6.007012.40.1523 M5-207
131 ELBOW 3 1 6.007013.00 F5-208
132 LINE 10 117.25 6.007017.25.1523 MS-208
133 ELADW 31 1 6-007013.00 F5-210
134 LINE 10 1 6.0070 0.80.1523 MS-211
135 ELBOW 21 1 6.0070 B.60 FS=212 .
126 LINE 10 1 6.0070 5.00.1523 M5-213
137 ELBOW 31 1 6.007013.00 FS-214
133 LINE 10 1-3.00 6.0070 3.00.1523 M5-215
139 ELEBOW an 1 6.007013.00 F$S-2186
110 LINE 10 1 6.9070 B8.30.1523 MS-217
141 ELEOW 21 1 6.0070 8.60 FS5-218
- 142 LINC 10 1~0.64 ©.0070 0.30.1523 MS=219
o 143 MAGNET o 1-4.24 6.0070%0.96.1523 MAG-02 N-2
144 LINE 10 1-0.64 6.0070 0,90,15:23 - MR-200
145 cLnow 21 1 5.0070 B.60 FR-201
146 LINE 10 1 6.0070 B.30.1523 MR-202
147 ELBOW N 1 6.007013.00 FR-203
148 LINE 190 1-4.00 6.0070 4.00.1523 MR-204
149 ELBOW 21 1 6.0070 B.60 FR-205
150 LINE 10 1-4.75 6.00707.267.1523 MR-205
151 ELBOW 1 1 6.0070 B.60 FR-207
152 LINE 10 1 6.007012.40.1523 MR-208
152 ELBOW 31 1 6.007013.00 FR-209
t5a LINE 10 1-2.59 6.00702.587.1523 MR-210
159 LLEOW 31 1 6.007013.00 FR-211
156 LINE 10 1 6.00700.609.1523 MR~212
157 VALVE 31 1 6.0070400.0 Ccv-146
1580 LINE 10 | 6.00701.980.1523 MR-213
159 END END
160 #END
1614 BASG. T CVIDATACRP. ,F40
162 FDATA.IL CVIDATAGRP,
163 USER NAME
164 TEST CASE FOR THE MFTF CRYDPANEL SUPPLY SYSTEM (CY1)
165 CRYOPANEL SUBCRI1T SECN DECK
166 a 113.7879 Q.35 4000.00 2406.549 a4.0028 CRP-1
t67 550.00 7000.00 19.57 19.07 1022.953 CRP-2
68 450,00 7000.00 10.57 10,07 902.605 CRP-3
169 200.00 ap00.00 19.37 11.02 300.868 CRpP-4
170 100.00 3000.00 19.37 11.02 $180.521 CRP-5
171 0.5728 5.00 CRP-8&
172 GAS 1 2 1

HE~LLlQ G-1
173 TANE o 1 (=] HE~SV1
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FILE: MFTIF-AsRUNMFTF-A

6.0070%5.228,10.5
G.0070G0.0
6.00701.117.1015
6.0070400.
6.00700.863.1015
6.007013.00
5.00702.507.%015
6.007013.00
G.N07012.35.101%
6.007013.00
6.007017.25.1015
§.007013.00
6.00700.800.1015
6.00708.60
6.00705.000.1015
5.007013.00
5.00701.500.1015
6.007013.00
6.007040.00.1015
6.007018.0
£5.00700.200.1015
6.0070t2.50.1015
$.00700.2 .1015
6.007013.00
G.00709.0 .1015
6.007060.00

2
6.00701.¢17.1015
6.0070400.
6.00700.863.1015
6.007013.00
G.00702.587.1015
6.007013.00
6.007012.30.1015
G.007013.00
6.007017.25.1015
6.007013.00
6.00700.8 .1015
6.00708.60
6.00705.0 .1015
6.007013.00
6.00701.5 .1015
G.007013.00
6.007010.0 .1015
6.007013.00
6.007C 9.0 .1015
6.007013.00
6.0070 0.2 .101S
G.007012.50.1015
6.0070 0.2 .101S
6.007015.5

5

8.00701.117.0L08
L.0070400.
6.00700.6863,.0508
©.007013.00
6.00702.587.0508
6.007013.00

TIME: 10:42:06

€5-100
Fs-101
€s-102
Cv-141
€5-103
FS5-t04
CS-105
FS-106
CsS~107
F5~-108
CS5-109
F5-110
Cs-111
F5-112
Cs-113
FS~1t4q
CS-115
FS-U16
Cs5=-117
FS=118
£s-119
Cyp~22
CrR-100
FR-101
CR-102
TR-103
HE=LIGQ
CS-202
Cv-142
€s-2023
F5-204
C5-205
F5-206
£5-207
FS-208B
£s~209
F5-210
€S-211
F5-212
CS-213
F5=-214
C5-215
FS=216
CS5=217
FS-218
Cs~-219
Fs-220
CS 224
CYP-21
CR~200
TR-103
HE-L1Q
Cs-302
cv-143
C5-303
F5-304
C5-30S5
FS-306

c~-2

c-1

- DATE 040579 PAGE L]

B T T

.
B L P e —



3¢

LINE 10
ELBON 31
LINE 10
€LBOw 1
LINE 10
ELBUW 21
LINE 10
ELBUW 31
LInE 10
ELBOW an
LINHE 10
£L80wW a1
LINE t0
TAP an
LI1NE 10
CRYPAN 3
LINE 10
ELBOW 1)
LINE 10
TAP 3
GAS )
LINE 10
ELDOW <3 ]
LINE 10
CRYWVAN &
LINE h1+]
ELBOW an
LINE 10
TAP N
GAS 1
TAP k<3 ]
LINE 19
ELEBOW 21
LINE 10
ELBOW n
Lineg 10
ELBOW k3
LINE 1¢
ELBOW 31
LINE 10
VALVE 31
LINE 16
ELBOW N
LINE 10
TANK [+]
END

PEND

17.95

L R PP
I
-
.
u
©

=0 O
N
[

e

NN

owo
w

-1.48

R L L L L L L L e T e e T T

FILE: MFTF—A*RUNMFTF-A

6.007012.30.0508
5.007013.00
€.007017.7%.0508
6.007013.00
6.0070 0.8 .0508
€.0070 8.6
6.0070 5.0 .0508
§.G07013.00
©.0070 1.5 .0508
6.007013.00
6.007011.0 .0508
6.007018.00
6.00700,25 .0509
6.007015.00
6.00700.20 .CS0B
5.0070 6.00.0508
6.00700.20 .0508
6.-007013,00
6.067010.0 .0508
6.007060.00

a

€.007010.0 .0508
6.007043.00
6.0070 0.2 .0S08
6.0070 6.00.0508
6.0070 0.2 .0508
6.007012,00
6.0070 0.5 .0508
6.007060.00

5

6.007015.50
6.00701.5 .1523
6.00708.60
6.C0707.267.1523
6.0070B8.60
6.007012.30.1523
6.C07013.00
€.00702.587.1523
6.007013.00
6.00700.533.1523
6€.00794900.
6.00702.208.1523
6.007013.00
6.00701.480.1523
6

RASG.T CVIDATAMCR. .F40

FDATA, IL CYIDATAMCR.

USER NAME

TIME:

Cs-307
Fs5-308
CS-3409
FS-310
€s-311

FS-312
cs--313
FS-314
CS-1s
FS-316
Cs5-317
Fs-318
€s-319
TP=-320
CS-321%

cyp-23
CR~309
FR-301

CR-302
TP~103
HE-LIQ
Cs-401

F5=402
C€s-403
Cyp-24
CR-Aa01

FR-A402
CR~-403
TP-103

TEST CASE FOR THE MFTF RETRIGERATOR-LIQUIFIER SUBSYSTEM (CVI)

REFLIOQ
300.0 290.0

SUBCRIY

80.0

G31D.4 1731.6 B45.8

1215.50
A74.1
77.348

113.7879
72.6
101.325

0.0420370 8426.2

THIRD GECH

77.348 38.0 23.0

277.3 66.4 6088.1
101.329
401.5 155.1

26.7042 ~3504.3
2g.0134 4.0026

a.8

1727.6 534.0 191,9

6.4
0.164621 2164.3

290.0

10:492:006

4.3%
142.0

END




9%

a.5728
GAS 1
TANM ]
LINE 10
ELbOw <3}
LINE 1Q
EL BDwW 3
LINE 10
VALVE a
LINE 19
EL BOW 31
LINE 10
FITIng o
LINE 10
ELBOW an
LINE 1]
GAS 1
TAHK ]
< dNE 10
ELEQY an
LIKE 10
ELBOwW an
LINE 10
VALVE a1
Ling 10
ELBOW <} ]
LINE 10
FLTING a1
LINE 10
1€€ Ry
LINE 10
ELBOW 1
LINE 10
GAS 1
TANK [}
LINE 10
ELBOW 31
LINE 10
VALVE 41
LINE t0
ELBOW n
LINE 10
FITING a1t
LINE 10
ELODW an
LINE 10
EL80W n
LINE 0
TEE a
LINE 19
GAS 1
REFLIQ o
LINE 10
FITING 41
LINE 10
TEE i
GAS 1
REFLIQ a

v
[}

T R L L T G S S L L L L L L L L E ey |, |

FILE: MFTF-A<“RUNNMFTF-A

1

6.0
6.006
6.007

[

6.006
6.007
6.006
6.007
6.006
6.010
6.006
6.007
6.006
6.007
6.006
6.007
6.006
6.007
6.006
3

6

6.006
6.007
6.006
G.Q10
6.006
6.607
6.006
G.007
G.006
6.007
6.006
6.007
6.006
6.007
6.006
4q

6.007
6.009

€.009
6.010

5
6.007

[}

.0

»9138.07G1

13.0

.0

+45%69.0761

13.0

O

.0507.0761
400.0.0
.0762.0761

13.0

Q

.6092.0761

5 8.60

-0

.6092.0781
13.00.0
$.939.07619

.0 .0
-9138.0761

13.0

.0

.A4569.0761

13.

=0

-05%07.0761

400.

-0

-0762.0761

13.

.0

.6092,.0761

8.0

.0

-6092.0761

60.0

0

1.827.0761%
]

13.

3.960,0761

-0

.0

«913B.076)

13.0

.0

.0507.0761

400,

.D762.0761

13.0

.0

«.6092.0761

8.0

.0

-6092.076y

13.0

.0

6.092.07861

3.0

-0
1.218.0761

15.5

.0

1.218.0761

.0

-0

]

.6092:1015
6.009 8

.0

.6092.1015

60.
100.

0
.0253

[-X-X-¥-¥-¥-K-¥-3-F-F-X-3-F.N-1-RON-N-N-F -N-J-N-Y-F-X.¥-Y-F 0o Q-R-Toy-R-J-0--J-J-R-J-0 R -7-3-F.
OO00OD DOOOCODQEOCCOCIOC DCOCODUUODCOOOROE POOLCICRCLOCOS

© o000

TIME: 10:42:06

HE-GAS
HE-SV1
CGVaon
FGVa02
CTGV3I03
FGVaG4
CGv 305
Ay-121
CGV 306
FGv307
CGvaee
FGV309
CGv310
FGvYal
CGvatla
HE~GAS
HE-Sv2
MGv401
FGVJ302
MGV403
FGvdoqg
MGV a05
AV-122
MGV Aa0§
FGvaoy
MGvaq08
FGvdog
MGvalD
FGV3ia
MGV41l g
FGvat2
MGv413
HE-GAS
HE-SVI
SGvbho
FGVv502
SGvS503
Cv=-123
SGv504
FGVS505
£GVS06
FGVS07
SGvsSo8
FGV509
5Gv510
FGVS1Y
SGvSs12
FGVS513
CBL101%
HE-GAS
RF—-LQ1
CBO101
FBO102
CB0103
FBO104
HE-GAS
AF-LQ2

RLQ-J
R-1
MAGNET
LP-CLDHE
LP-CLDHE
LP-CLDHE
L P-CLDHE
LP-CLOHE
LP=-CLOHE
LP-CLDHE
LP-CLDHE
LP-CLDHE
LP-CLDHE
LP-CLDHE
LP-CLOHE
LP=-CLOHE
-2
CRYPAN
LP-CLOHE
LP-CLDHE
LP=~CLDHE
LP-CLDHE
LP-CLDHE
LP-CLDHE
LP=CLOHE
LP-CLDHE
LP=-CLOHE
LP-CLOHE
LP-CLCHE
LP=CLCHE
LP-CLDHE
LP-CLOHE
LP~CLDHE
R-3
STORVANK
LP-CLOHE
LP-CLOHE
LP-CLDHE
LP-CLOHE
LP-CLDHE
LP-CLOHF
LP-CLDHL
LP-CLDHE
LP~CLOHE
LP-CLDHE
LP-CLDHE
LP=-CLDHL
LP-CLOHE
CLDBOXIN
LP-CLDHE
RLG R-4
LPGCHE 1IN
HP=CLOHE
HP~CLDHE
HP-CLOHE
cLDBXOUT
STQ R-5
HPCHEQUT

DATE 040579

PAGE 2 i
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A

[P g g g e L L L L L R R R el

FLliE:

6.009
G.009
6.009
€.009
G.009
€.C09
&.009
5.009
6.009
§.008
6.007
6.007
6.007
6.0

6

&.009
6.009
6.009
6.009
6.009
6.009
6.009
6.009
6.009
6.009
&.009
6.009
6.009
6.009
6.007
6.0

7
6.009
6.009
6-009
6.909
6.009
6.009
6.009
6.009
6.009
6.009
6.009
6.009
6.009
6.0

8

6.007
6.006
6.006
G6.006
6.006
5.0006
6.006
G.0086
6.006
6.006
6.006

MFTF~ARUNMFTF—A

1.21B
13.0
5.787
13.0
6092
8.0

. 6092
13.0
3046
422.
1523
13,
2.437
0

4.264
13.0
1.218
60.0
.6092

8.0
.6092
13.0
.0507
4090.
.0507
13.0
6029
qa22.
.9138
.C

6.2443
13,
.6092
a8.¢
.60692
13.

. 0507
q00.
. 0507
13.
.6029
422,
.9138

.0
.3046
13.
7.920
13.
3.960
13.
9.74
t3.

8.22
13.

1015
0
L101S
.0
» 1015

L1015

«0

L1015

.0

~101S
0

1ots
«0

-101S
.0
<1018

-0
. 1015
-0
1015
.0
1015

Hois

.0
<1015
«1015
0

L1015
0
105
-0
-1015

-0
-.1015

1015
-0
L1015
.0
<1015

.0
1523

.0
.1523
.0
«1523
.0
.1523

0
.1523
«0

00000000000 CCAODOODO0000COD OD0000OV0B0O0000 0000000000000 0

COOUOCO0COC 0DLOOAOGCOUOCCO0C DO000CCODI0COGLEE 0OOCLO00L000CO

TIME: 10:42:06

SHPEO1
FHPEO2
SHPG0D3
FAPGUY
SHPGEOS
FHPGO6G
SHPGE07
FHPEOSB
SHFa09
Cy-104
SHr610
FHPGI
SHPG12Z
HE-SV3
HE-GAS
CHP701
FHP702
CHP703
FHP704
CHP705
FHP706
CHP707
Frp708a
cHP709
cv-105
CHP714
FHPT
CHPT12
AvV-129
CHE713
HE-~SV1
HE ~-GAS
MHPBOt
FHPBO2
MHPB03
FHPBO4
MHPBOS
FHPBUOB
MHPBO7
Cv-~106
MHPBOB
FHPBO9
MHPBI1D
AV-128
MHEB11
HE-SV2
HE-GAS
RF-LQ3
CLP10O1Y
FLP1L2
CLPYID3
FLP104
CLP1OS
FLPYOB
CLPIO?
FLP10B
CLP109
FLP110O

HP-CLDHE
HP-CLDHE
HP~CLDHE
HP-CLOHE
HP-CLDHE
HP=CLDHE
HP~CLDHE
HP-CLOHE
HP-CLOHE
JT-VALVE
LP-LIQHE
LP-LIGHE
LP-LIGHE
S5T0-DEAR
CYP R-6
HP-CLDHE
HP-CLDHE
HP-CLOHE
HP-CLDHE
HP=CLDHE
HP-CLOHE
HP—-CLDHE
HP-CLDHE
HP-CLOHE
SO-VALVE
HP-CLOHE
HP~CLDHE
HP-CLDHE
JT-VALVE
LP=LIGHE
CYP=-DEWR
MAG R-7
HP-CLDHE
HP=CLDHE
HP-CLDHE
HP-CLDHE
HP=CLDHE
HP=CLDHE
HP-CLDHE
SO-VALVE
HP=-CLDHE
HP=CLDHE
HP-CLDHE
JT-VALVE
LP=CLDHE
MAG-DEWR
CPU R-B
LPHHEQUT
LP-HOTHE
LP-HOTHE
LP-HOTHE
LP~HATHE
LP-HOTHE
LP-HDTHE
LP=HOTHE
LP=HOTHE
LP-HOTHE
LP=HOTHE

DATE 040579

PAGE



FILE: MFTF-AsRUNMFTYE=-A TIME: 10:42:06 DATE Q040579 PAGE
.00 6.006 8.0 .1523 10

1 o ] CLP1YY LP-HOTHE
ELBOW N 1 «00 6.006 3.0 .0 10 1] Q FLP112 LP<~HOTHE
LINE 10 1 .00 6§.006 7.0 .1523 10 -] [+] cLpii13 LP—HOTHE
EruoW 31 1 <00 6.006 13.0 .0 10 © Q FLP114 LP~-HOTHE
LIuE 10 1 .00 §.006 6.0 .1523 10 (4] o CLPIIS LB=-HOTHE N
ELBOW k)] 1 -00 G.006 13.0 .0 10 Q [+] FLP116 Lt P-HOTHE
LINE 10 1 .00 6.006 0.5 ,1523 10 [+] ] CcLPt17 LP~HDTHE
couruR o 1 .00 6.006 L34 o a cPL-0N CompPUFR
1 IHE 10 1 .00 6.008 0.5 .0761 10 ] Q CHP101 HP-HOTHE
ELB0W an 1 .00 6.008 13.0 . 10 ] Q FHP 102 HP-HOTHE
LINE 10 ] 00 6.008 6.0 .0761 10 o o CHPID3 HE~HOTHE
ELBOw N ] .00 6.008 13.0 .0 0 (1] ] FHP104 HP-HOIHE
LI1NE 10 ) -00 6.008 8.0 .0761 190 L3 ] CHP10S HP-HDTHE
ELDBOw N 1 .00 6.008 13.0 . 10 0 L] FHP 106 HP-HOTHE
LINE 10 1 .00 6.008 8.22 .0761 19 0 Q cHPO7 HP-HOTHE
ELBOW N Tt .00 6.008 13.0 10 L 4] FHP10B HP=HGTHE
LINE 10 1 .00 6.008 9.74 .0761 10 0 [+] CHPIOY HP-HOTHE
CLBOW It + .00 6.008 13.0 . 10 o [+] FHP110 HP-HOTHE
LINE 10 1 .0 6.008 3.96 .0761 10 o ] CHP11} HP-HOTHE
€Laaw 3 1 .00 6.008 13.0 .0 10 2] o FHPI12 HP-HOTHE
LINE 10 1 .00 6.008 7.92 .0761 10 o 0 CHP113 HP-HOTHE
<ALVE 41 ] .00 6.008 422.0.0 10 o Q Av-041 CV-VALVE
LINE 10 + .00 6.008 .6507.0761 10 Q o CHP1 14 HP~HOTHE
ELBOW n 1 .00 6.008 13.0 .0 1Q ] Q FHP115 HP=HOTHE
LINE 10 ) .00 6.008 .3046.0761 10 0 1] CHP116 HP-HDTHE
REFLIO [} ] .00 6.007 .0 -0 10 [} ] RF=-LQ4 HPHHE 1IN
END
BPEND
PASG.T DATALN2. ,F40
POATA. 1L OATALNZ .
USER HAME 6213 104 30235
TEST CASE FOR THE MFTF LIQUID NITROGEN SUPPLY SYSTEM (CVI)
LN2SUPDPLY SUBCRILIT FRTH DECK
1
3.06 2.06 -1.00 0.0 0.0 1.0 0.0 | 5 .
0.0 -1.00 ~1.00 1.0 0.0 0.0 Q.0 2. 1.
18.00 ~1.00 ~-1.090 0.0 0.0 1.0 0.0 1. 1.
0.0 -1.00 -1.00 3.0 0.0 0.0 0.0 2, 1.
S$4.50 -1.00 -1.00 0.0 0.0 1.0 ©.0 1. 1.
0.0 -1.00 ~1.00 at.o 0.0 0.0 0.0 2. 1.
7.90 -4,00 6.90 0.0 0.0 1.0 0.0 1. | 1.
0.0 6.90 6.90 31.0 0.0 a.0 Q.0 2. 1.
18.50 6.99 6.90 0.0 0.0 1.0 0.0 1. 1.
0.0 6.90 6.90 31.0 0.0 0.0 0.0 2. t.
8.50 €.90 15.40 0.0 0.0 1.0 0.0 1. 1.
Q.0 15.40 15.40 3.0 0.0 0.0 0.0 2. 1.
26.00 15.40 15.40 0.0 0.0 1.0 Q.0 1. 1.
0.8 15.40 15.40 90.0 0.0 7.6 0.9 3. 1.
-1.
0.0 15.409 15.40 340.0 0.0 0.0 G.0 3. 1.
2.00 15.40 15.40 0.9 v.0 1.0 Q0.0 1. 1.
0.00 15.490 15.49 Q.0 Q.0 1.0 0.0 4. .
1.00 15.40 15.40 g.0 c.0 1.0 0.0 1. 1.
0.0 15.40 15.40 3.0 0.0 0.0 0.0 2. 1.
0.688 15.40 16.08 ¢.0 0.0 .o 0.0 1. e
0.0 16.08 16.08 3.0 0.0 2 0.0 2. 1.
0.50 16.08 16.08 Q.0 0.0 3 0.0 1. 1,
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308110.71 0.00
0. 293.15

1
0.0 Q.0 0.

0.001389 0.1016
©.901042 0.1016
-1.

PEND -

PASG.T DATAGHERC.
BDATA.IL DATAGHERC.
USER NAME

TEST CASE FOR

GHE RECOVERYSUBCRIT

48.0 1.0
0.0 0.0
5.0 2.0
0.0 Q.0
1.0 0.0
0.0 0.0
1.0 0.0
0.0 Q.0

12.0 2.0
a.0 0.0
1.9 Q.0
1.9 0.0

FILE

9.00
9.00
9.00
8.00
9.00

14.08
14.08
14.08
14.08
15.40
15.40
15.40
15.40
15.40
15.40

15.40
15.40

2.06

100
0.0354
0.02584

i MFTF-A*AUNMFTF-A TIME:
0.0 0.0 1.0
31.0 0.0 L 6.8
0.0 .0 1.0.
31.0 0.0 0.0
0.0 0.0 1.0
31.0 0.0 0.0
Q.0 0.0 1.0
31.0 0.0 0.0
0.0 0.0 1.0
31.0 0.0 0.0
0.0 0.0 1.0
31.0 0.0 10.0
0.0 0.0 1.0
0.0 0.0 1.0
0.0 0.0 1.0
340.0 0.0 0.0
90.0 .o 7.0
0.0 0.0 1.0
3.0 c.0 0.0
0.0 0.0 1.0
31.0 0.0 0.0
0.0 0.0 1.0
31.0 0.0 0.0
c.0 0.0 1.0
31.0 0.0 0.0
0.0 0.0 1.0
31.0 0.0 0.0
0.0 0.0 1.0
31.0 0.0 0.0
c.0 0.0 1.0
0.0
0.0508 0.0%08 0.0s508
0.0508 0.0508 0.0508

.

[-X-N-N-X-X-N-¥-¥-N-N-N-§-J-¥-J-)
Q0000000000000 0Q

R

R
[-X-R-X-J-F-¥-K-J-N-R-F-3-K-

[ R-N-X-R-X-J-N-J-X-N-N-N-R=

0.1016
0.1016

THE MFTF GASEDUS HELIUM SUPPLY SYSTEM (CVI)

LAST DECK
0.0
340.0
0.0
340.0
0.0

0.0 1.0
9.0
3490.0
0.0
340.0
0.0

-1.0 -

0.0

Gt s At AD e ) e ) e D e A e

FY UYL PR P Uy TR Y PR E

R EEEEEEEREEEER]

PP i gy
P )

DATE Q40579
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FILE: MFTF-A*RUNMFTF=A TIME: 10:42:086

0.0 0.0 340.0
1.0 0.0 0.0
0.0 0.0 7.0
3.0 4.0 a.0
7.0 1.0 0.0
.0 9.0 170.0
2.0 1.0 0.0
0.0 0.0 0.0
2.0 1.0 0.0
0.0 0.0 0.0 .
2.0 0.0 0.0
0.0 0.0 170.0
5.0 3.0 0.0
0.0 0.0 340.0
1.0 1.0 0.0
0.0 0.0 0.0 4.0
1.0 1.0 6.0
0.0 0.0 340.0
1.0 1.0 0.0
0.0 0.0 340.0
2.0 2.0 0.0
0.0 0.0 240.0
89.0 - 5.0 0.0
0.0 0.0 340.0
~2.0
5 5 1
1 16 1 .
273.15 101,325 16542.86
293.;5 103.325 18542.86
-1.
BEND
BMSG.N TEST RUN OF THE CRYOGENIC SYSTEMS ANALYS1S PROGRAM
PASG. A MFTF=CSA.
acoeyY. P MFTF+CSA. ,TPFS.
®XREF METF2CSA.
BFREE MFTFeCSA.
"XQT TPF$.ABS
BADD CVIDATAMAG,
PADD CVIDATACRP.
PADD CVIDATAMCR.
BADD DATALNZ2.
#ADD DATAGHERG.
BPMD.ELP . Dume IF IN ERROR ONLY

DATE 040579

PAGE
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APPENDIX C
PROGRAM ELEMENT FLOWCHARTIS

Routine CONTRL
Subroutine CEMPIL

Subroutine MAGNET
Subroutine CRYPAN
Subroutine HEMKUP
Subroutine CMPCAL
Subroutine GASRCY
Subroutine N2MAIN
Subroutine LNSYST
Subroutine DPCAL

C-0

c1
c8

c13
€25
33
C40
c86
C95
c103
c123

LM5C-D673325
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APPENDIX D

SAMPLE PROGRAM LISTING
METF*CSA

Magnet Supply System

Cryopanel Supply System
Refrigerator-Liquefier Subsystem
Liquid Nitrogen Supply System
Gaseous Helium Recovery System

D21
D30
D41
D57
D77

LMSC-D673325
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APPENDIX A

MFTF*CSA PROGRAM LISTING

A=0

1.MSC-D673325



BDATA,IL

CSATAB.

DATA BR1 LMSCA9 04/05/79 12:13:53 (0)

1C

FTu OF 321/347 ST.STEEL 3
EFFECT DF YEVMPERATUFPE ON THE TENSILE
REF. M1l HANDBODK -S.

TEMPERATURE (R) ULT.STRENGTH {PSI}
15 1

2
7.2 279500 . t8.0
36.7 266500 - 59.7
259.7 173000 . 359.7
559.7 108000 659.7
1059.7 70000. 1259.7

FTU OF 2219-TB7 ALUN. 2 3
EFFECT OF TEMPERATURE ON THE TENSILE
REF. SEC.B8-LMSC A9B81608,.PAGE B.1.1-8

TEMPERATURE {R) ULT.STRENGTH (PSI)
15

1 2
7.2 106300, 18.0
36.7 94000. 100.0
200.0 72000. 250.0
350.0 ©7000. 400.0
500.0 - 63800. $50.0

FTU OF 6061-TE& ALUMINUM 2 3
EFFECT DF TEMPERATURE DN THE TENSILE
REF. MIL HANDBOOK -5

TEMPERATURE (R} ULT.STRENGTH (PSI1)
15 1 3

7.2 67500. 8.0
36.7 63840. 100.0
200.0 50610. 250.0
350.0 45696. A00.0
500.0 42840. 550.0

FTU OF INCONEL-718B 2 3
EFFECT OF TEMPERATURE ON THE TENSILE
REF. MIL HANDBOO! -5,

TEMPERATURE (R) ULT.STRENGTH {(PSI)
19

1 3
7.2 221900. i8.0
36.7 219600. 10¢.0
200.0 20G61G0. 250.0
350.0 193140, 400.0
500.0 182160, 550. 0

FTU CF TI1=6GAL~4V 3
EFFECTYT OF TEWERATURE ON THE TENSILE
REF. MIL HANDBOOK -5.

TEMPERATURE (R} ULT.STRENGTH (PSI1)
15 1

3
7.2 296000. 18.0
38.7 288B320. 100.
200.0 226880. 250.
350 O 190720. AC0.
QQ. 165280. 550.
F?U OF 304 ST. STE:L < 3

1
STRENGTH OF 321/317 STAINLESS STEEL

273500. 27.0 269500.
251000. 159.7 207000.
143000, a59.7 121000.
91000, 859.7 75000.
66000. 1459.7 63000.

2
STRENGTH OF 2219-T87 ALUMINUM

98000. 27.0 96000.
82400. 150.0 76000,
68500, 300.0 67800.
66300. 450.0 65000.
62000. 600.0 60000.

3
STRENGTH OF 6061-T6 ALUMINUM ALLOY

&66100. 27.9 64800.
57330. 150.0 53340.
48384 . 300.0 46830.
44840. 450.0 43B48B.
41456G. 6C0.0 4q0152.
a

STRENGTH OF INCONEL-718

220800, 27.9 220000,
213660. 150.0 210240.
201240, 300.0 1562C0.
189000, 450.0 165400.
17945060, 600.0 177300.

=
STRENGTH OF TITANIUM TI-6AL-4V

263000. 27.3 2850Q0.
261600. 150. 2344930.
212B00. 3ca. 200950.
181280. 450 . 173120,
1S8720. G000, 154240,



EHD DATA.

®ASG, T

4

S57.
s54a.
59.
60.
6.
62,
63,
GA .
65,
B66.
67.
68.

EFFECT OF TEMPERATURE ON THE TENSILE STRENGTH OF 304 STAINLESS STEEL

REF.APPL.CRYOGENIC ENG.PAGE 48

TEMPERATURE (R)
16 1

T.2
a6.0
135.0
270.0
405.0
540.0

ULT.STRENGTH
2
276000. 18.0
266000. 45.0
235000. 180.0
188000. 315.0
139000. 450.0
96000.

CVIDATAMAG. ,Fa0

———

(PS1)

274900.
263000 .
220000.
172000,
124000.

2790490,
250000.
20604Q0.
165000.
109000,

END TABS

p——_et e




SDATA,. 1L

DATA BR1 LMSCA49 04/05/79 12:i3:54 (0)

CVIDATAMAG.
USER NAME 6213
10 1
#ADD CSATAR.
MAGNE T SUBCRILT
113.7879 4.35
18.69 14,45
GAS 1 2
TANK o
LINE 10 1+1.498
TEE 31 1
LINE 10 1
VALVE 31 1
LINE 10 1
ELBOW 31 1
LINE 10 1+2.59
ELBOW 31 ]
L1NE 10 t
ELBOW 31 1
LINE 10 117.25
EL BOW a1 1
LINE 10 1
ELBOW 21 1
LINE 10 1
ELBOW 31 1
LINE 10 1—-3.00
£LB0wW 31 1
LINE 10 1
ELBOW 21 1
LINE 10 1-0.649
MAGNET o 1—4.24
LINE 10 1-0,64
ELBOW 21 1
LINE 10 1
ELB0W 31 1
LINE 10 1=4.00
ELBOW 21 1
LINE 10 1—4.75
ELBOW 21 1
LINE 10 1
ELBOW 31 1
LINE 10 1-2.59
EL3OW 31 1
LINE 10 1
VALVE 31 1
LINE 10 1
TEE 3t 1
LINE 10 1-1.48
TANK 0 1
GAS 1 2
LINE 10 1
VALVE 31 1
LINE 10 1
ELBDW <) ] 1
LINE 10 1+2.59
1

ELBOW at

104 30235
TEST CASE FOR FTHE MFTF MAGNET SUPPLY SYSTEM (CVI)
1

FRST DECK
4.0026 565. 3000.
16.47 2 962.545
1

6
6.00700.228.1523
6.007060.00
6.00701.066,1523
6.0070400.0
6.00761.00 .1523
6.007013.00
6.00702.587.1523
&.007013.00
6.007012.40.1523
6.007013.00
6.007017.25.1523
6.007013.00
6.0070 0.80.1523
6.0070 8.60
6.0070 5.00.1523
6.007013.00
6.0070 3.00.1523
6.007013.00
6.0070 4.00.1523
6.0070 B.6O
6.0070 0.90.1523
6.007010.96.1523
6.0070 .90.1523
6.0070 B.60
6.0070 4.00.1523
6.007013.90
6.0070 4.00.1523
6.0070 B.60
6.00707.267.1523
6.0070 B.60
6.007012.40,1523
6.007013.00
6.00702.587.1523
6.007G13.00
6.00700.609.1523
€.0070400.0
6.00701.980.1523
6.007060.00
6.00701.520.1523
6
2

. 6.00701.066.1523
6.0070400.0
6.007061.00 .1523
6.007013.00
6.00702.587.1523
6.007013.00

4000 .
18.00

280C0O .,
0.5728
HE-LIO
HE—-SVY2
Ms—-100
FS—101
MS—102
Cv-135
M5-103
F5-104
MS—105
Fs—-106
Ms—107
Fs-108
Ms5-109
F5-110
MsS—111
F5—112
MS=-113
FS-114
MS-115
FS=116
Ms-117
Fs-118
M5=-119
MAG-0%
MR-101
FR—102
MR-103
FR-104
MR-105
FR-106
MR=10~
FR-1r8
MR-109
Fa~110
MR-111
FrR=112
MR=113
Ccy-145
MR-114
FR-115
MR-116
HE-SV2
HE-L1Q
Ms-202
Ccv=-136
MS-203
FS-204
MS-205
F5—206

5.00

MAG1
MAG2
c-1

D-1



=
&~

END DATA.

PASG, T

LINE
ELBOW
LINE
ELBOW
LINE
ELUOW
LINE
ELBDW
LINE
ELBOW
LINE
ELBOW
LINE
MAGNET
LINE
ELBOW
LINE
ELBOW
LINE
ELBOW
LENE
ELBOW
LINE
ELBDW
LINE
ELBOW
LEINE
VALVE
LINE
END

P L

17.29

=3,00

—h b b ad b b b bk b b

1-0.64
1—-4,24
1~-0.64

-4.00

-4.79

-2.59

CVIDATACRP. ,F40

6.007012.40.1523
6.007013.90
6.007017.2%5.1523
6.007013.909
6.9070 0.80.1523
6.0070 ©B.60
6.9070 5.00.1523
6.007013.00
6.0070 3.900.1523
G.007013.00
6.0070 8.30.1523
6.0070 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 4.00.1522
6.0D070 B.GO
6.00707.2067.1523
6.0070 B,8v
6.007012.40,.1523
6.007013.900
6.00702.587.1523
6.007013.00
6.00700.609.1523
6.0070400.0
6.00701.980.1523

MS$-207
F5-208
M5-209
Fs-210
MS-2114
F5-212
Ms-213
F5-214
MS-215
F5-216
M5-217
FS-218
M5-219
MAG~02
MR-200
FR=-201%
MR~-202
FR~-203
MR-204
FR-205
MR-206
TR=207
MR-208
FR-209
MR-210
FR=211
MR-212
Cy=14&
MR-213

END

wrmmrgremr



SDATA. IL

CVIDATACR

Pa

S PP IY I S

_DATA BRY LWSCAD 04/05/79 12:13:56 {D)

5¢

USER NARE

CRYOPANEL
[ ]
550.00
450.00
200.00
1006.00
0.5728

GAS 1

TANK 0

LINE 10

TEE 21

LINE 10

VALVE 31

LINE 10

ELBOW <) |

LINE 10

ELBOW 31

LINE 10

ELBOW 31

LINE 10

ELBOW 31

LINE 10

ELBOW 21

LINE 10

EL8O0W 31

LINE 10

ELBOW 31

LINE 10

ELBOW 41

LINE 10

CRYPAN 2

LINE 10

ELBOW at

LINE 10

TAP 31

GAS 1

LINE 10

VALVE 31

LINE 10

EL BOW 3i

LINE 10

ELBOW 31

LINE 10

ELBOW n

LINE 10

ELBOW 31

LINE 10

ELBOW 21

LINE 10

ELBOW - N

LINE 10

ELBOW 31

LINE 10

ELBOW 31

TEST CASE FOR THE MFTF CRYOPANEL SUPPLY SYSTEM (CvIi}

SUBCRIT
113.7879
7000.00
7000.00
4000.00
3000.60
5.00
2
1

-
+
-
N
[}

+2.59

17.25

-1.50

P g R L L L L ]

-
]
Q
N
o

1-3.046

1-9.00

1+41.48

-

1+2.59

17.2%5

PPN NN
1
-
.
L]
-}

SECN DECK
4.35 4000.00
19.57 19.07
10.57 10.07
19.37 11.02
19.37 11.02

1

[
6.00700.228,1015
6.007060.0
6.00701.117.1015
6.0070400.
6.00700.863.1015
6.007013.V0
6.00702.587.1015
6.0070%3,00
6.007012.35.1015
6.0070t3.00

6.007017.25.1015

6.007013.00
6.00700.800.1015
6.00708.60
6.00705.000,1015
6.0070t13.00
6.0070%.500.1015
6.007013.00
6.007010.00.1015
6.007016.0
6.00700.200.1015
6.007012.50.1015
6.00700.2 .1015
6.007013.00
6.00709.0 .101S
6.0070680.00

2
6.00701.117.1015
6.0070400.

6.00700.863,1015
6.007013.00
6.00702.587.1015
6.007012.00
6.007012.30.1015
6.007013.00
6.007017.25.1015
6.007013.00
6.00700.8 .1015
6.00708.60
6.00705.0 .1015
6.007013.00
6.00701.5 .1015
6.007013.00
6.007010.0 .1015
6.907013.00

2406.949 4.0028
1022.953

902.608%

300.868

180.521

HE-LIQ
HE-5V1
cs-100
F5-101
cS-102
cv-ia1
cs-103
FS—-104
C5-105
FS-106
C5-107
FS-108
cs-109
Fs-110
CS-111
FS-112
CS—113
FS-114
CS-115
FS=116
€sS~117
FS-118
cs-119
cve-22
CR-100
FR-101
CR-102
TR-103
HE-LIQ
CS-202
Ccv-142
Cs-203
F5-204
Cs-205
FS-206
CS-207
FS-208
CS-209
FS-210
CcS~211
FS-212
Cc$~213
FS=214
€s-21S
FS=216
cs-217
FS-218

CRP-1
CRP-2
CRpP-3
CRP-a
CRP=5
CRP-6

G-t

G=2




9a

LINE
ELBOW
LINE
CRYPAN
LINE
ELBOW
LINE
TAP
GAS
TAP
LINE
ELBOW
LINE
ELBOW
LINE
ELBOW
LINE
ELBOW
LINE
VALVE
LINE
ELBOW
LINE

TANK

6.0070 9.0 .1015
6.007013.00
6.0070 0.2 .101%5
6.007012.50.1015
6.0070 0.2 .1015
6.007015.5

3
6.00701.117,0508
6.0070400.
6.00700.863.0508
6.007013.00
6.006702.587.0508
6.007013.00
6.007012.30.0508
6.007013.00
6.007017.75.0508
6.007013.00
&.0070 0.8 .0508
6.0070 B.6
6.0070 5.0 ,0508
6.007013.00
6.0070 1.5 ,050EB
6.007013.00
6.007011.0 ,0508
6.007018.00
6.007G0.25 ,0508
6.007015.00
6.00700.20 .0508
©.0070 6.00.0508
6.00700.20 .0508
6.007013.00
6.007010.0 .0S08B
6.007060.00

q

6.007010.0 .0508
6.007013.00
6.0070 0.2 .0508
6.0070 6.00.0508
6.0070 0.2 .0508
6.007013.60
6.0070 0.5 .0508
6.007060.00

5

6.007015.50
6.00701.5 .1523
6.00708.60
6.00707.267.1523
6.00708 .60
6.007012.30.1523
6.907013.00
6.00702.%587.1523
6.007013.00
6.00700.533.1523
6.0070400.
§.00702.208.1523
6.007013.00
6.00701.480.1523
G

Cs-219
F5-220
Cs 221
CYP=2)
CR-200
TR-103
HE-LIQ
CS5-302
Ccv-143
Cs—-303
FS-304
C5-30S
F5-308
Cs-307
FS-308
C5-3049
Fs5-310
€5~-311
FS5-312
Cs-313
FS-314
Cs=318
Fs-316
£S=317
Fs-2's
Cs-31g9
TP=-320
Cs~321
CYP-23
CR-300
FR-301
CR-302
TP=-103
HE-L1Q
Cs5-4901
F$-402
CS=-403
CcYP-24q
CR=401%
FR-402
CR-403
TP-103
HE~LLQ
TP~-103
CR 104
FR 105
CR 106
FR 107
cR 108
FR 109
cR 110
FR 11311
CR 112
Cv=144
Cr 113
FR 114
CR 115
HE-5V1

-3

G-a
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®OATA, IL

8q

CVIDATAMCR .
DATA BRY1 LMSC4a9 04/05/79 12:13:58 (0}
USER NANE

TEST CiSE FOR THE MFTF REFRIGERATOR~LIQUIFIER SUBSYSTEM (CVE)

N

REFLIQ SUBCRIT
300.0 290.0 B80.0
6310.4 1731.6 8aS.8
1215.90 113.7879
474.1 72.86
77.348 101.325
0.0420370 BA’6.2
0.5728 5.0
GAS 1 1
TANK Q 1 +00
LINE 10 1 .00
ELBOW a 1 .00
LINE 10 1 .00
ELBOW 31 1 +QQ0
LINE 10 1 .00
VALVE a1 1 .00
LINE- 10 1 .00
£1.80W 31 1 . Q0
LINE 10 1 - 00
FITING &% t =1
LINE 10 1 .00
ELBOW 3 1 .00
LINE 10 1 .00
GAS 1 1
TANK ] 1
LINE 10 1 .00
ELEOW 31 1 «Q0
LINE 10 1 .00
ELBOW an 1 - 00
LINE 10 1 .00
VALVE a1 1 . Q0
LINE 10 1 .00
ELBOW 31 ] .00
LINE 10 ] .00
FITING 41 1 « GO
LINE 10 "1 .00
TEE 31 1 .00
LINE 10 1 .00
EL 30w 31 1 .00
L1NE 10 1 .00
GAS 1 1
TANK [\] 1
LINE 10 1 .00
ELOOW a 1 Q0
LINE 10 1 00
VALVE a1 1 .00
LINE 10 1 -00
ELBOW 31 1 .00
L1NE 10 1 .00
FITING 41 1 +.00
LINE 10 1 .00
ELBOW a1 1 - 00
LINE 10 1 .00
SLBOW 31 1 .00

77.348 38.0

277.3
101.325
404.5
28.7042
28.013

1

6.0
6.006
6.007
6.006
6.007
6.006
6.010
6.006
6.007
6.006
6.006
6..006
65.007
G6.006

6.0086
6.007
6.006
6.007
6.006
6.010
6.006
©.007
6.006
6.007
6.006
6.007
6.006
&6.007
G.006
3

&.006
6.007
6.006
6.010
6.008
6.0607
6.006
6.007
6.006
6.007
6.006
6.007

THIRD DECK

23.0

3.0

5.0

66.4 60B8.1 1727.6 534.8

155.1
-3504.3

4 4.0028

.0 .0
-9138.0761
13.0 .0
.4569.0761
13.0 .0
.0507.0761
400.0.0
«.0762.0761
13.0 .0
.6092.0763%
8.00 .0
.6092,.0761
13.00.0
5.939.0761

-0 .0
-9138.0761
13.0 .0
.4569.0761
13. » 0
.0507.0761
400. ,0
.0762.0761
13, .0
.6092.0761
8.0 «Q
.6092.0761
60.0 .0
1.827.0761
13. .0
3.960.0761

-0 .Q
-9138.0761
13.0 .0
.0507.0761
400, .0
.0762.0761
13.0 .0
.6092.0761
8.0 .0
.6082.076¢
13.0 .0
6.082.0761
13.0 .0

246.4
0.16462t1 21689.3

- b
coC000 QOO

-
[=]

10

CO0000OCODO0000 COONOCO00QQRO0C00 QROOQEOO0QL000OD

COOKO0RNOVOOD 000CO0DODO00ODONED ODOOOOOO00O00D

4.8 4.35
191.9 142.0

290.0

HE-GAS
HE~SV!

CGv3ot
FGv302
cGv303
FGV304
CGV305
Av-121

CcGv306
FGv3o7
CGvaon
FGV306a
cGv3ilo
FGv3t1

Cav312
HE-GAS
HE=-SV2
MGVYA01

FGV402
MGVA03
FGva40q
MGV405
AV—-122
MGV40E
FGV407
MGv408
FGv409
MGYAlLD
FGV313
MGVAatt
FGva1t1z
MGv4a13
HE-GAS
HE-~SV3
SGvS501
FGVS02
SGv503
Cv=-123
SGvS04
FGV505
5Gv506
FGVS507
SGV¥5408
FGVYS09
SGV5S10
FGV511

7.0 ]
a1.5 @
RLQ-§
RLG-
RLG-
R-
MAGNE
LP-CLDHE
LPE~CLOHE
LP-CLDHE
LP-CLOHE
LP-CLOHE
LP-CLOHE
LP-CLECHE
LP~CLOHE
LP=CLDHE
tP-CLDHE
LP—~CLDHE
LP—-CLDHE
LP-CLDHE
R-2
CRYPAN
LP-CLDHE
LP=CLDHE
LP-CLOHE
LP-CiDHE
LP-CLDHE
LP—CLDHE
LP—CLDHE
LP--CLDHE
LP-CLOME
LP-CLOHE
LP-CLDHE
LP-CLDHE °
LP-CLDHE
LBE~CLOHE
LP~CLBHE
R-3
STRRTANK
LP-CLOHE
LP=CLOHE
LP-CLDHE
LP=CLDHE
LP=CLDHE
LP=CLDHE
LP-CLDHE
LP=CLOHE
LP-CLOHE
LP-CLOHE
\P-CLOHE
LP-CLDHE

LYeE




6@

VALVE

ELBOW
LINE
TANK
GAS
LINE
ELBOW
LINE
TEE
LINE
FITING
LINE
ELBOW
LIHNE
VALVE
LINE
ELBOW
LINE
VALVE
LINE
TANK
GAS
LINE
ELBOW
LINE
FITING
LINE
ELBOW
LINE
VALVE
LINE
ELBOW
LINE
VALVE
LINE
TANK
GAS

- aa e e e e me b b b b mA ek ad 4 A At A WA W WA WA A oA 6 RS A A S 4 D M b A B M ah h m ) ot m o ad mat A mt mh R et
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15.5 .0
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GO. .0

100. .0253
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.6092.10. 5
8.0 .90
.6092.10t5
13.0 .0
.3046.1015
q422. .0
.1523.10156
13. 0
2.437.1015
.0 0
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13.0 .0
1.218.1015
60.¢ .0
.6092.1015
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.6002,10195
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q00. .0
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q22. .0
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13. -0
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422. .0
»9138.1015
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AV=-128
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HE=SV2
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LRCHE IN
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MAG R-7
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SO-VALVE
HP-CLDHE

HP=CLDHE

HP-CLCHE
JT=VALNVE
LP=CLUHE
MAG=DEWR
CPU R-8
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152,
END DATA.

®ASG, T

REFLIQ 1]

LINE 10
CELBOW 31
LINE 10
ELBOW
LINE 10
ELBOW 31
LINE 10
ELBOW 31
LINE 10
ELBOW 3t
LINE 10
ELBOW 3t
LINE 10
ELBOW 31
LINE 10
ELEOW 31
LINE 10
conpPur O
LINE 10
ELBOW 31
LINE 10
ELBOW 31
LINE t0
ELBOW 31t
LINE 10
ELBOW 31
L1NE 10
ELBOW 31
LINE 10
ELBOW 31
LINE 10
VALVE 4%
LINE 10
ELBOW 31
LINE 10

REFLIQ o
END

DATALNZ.,F40
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6.008
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6.008
6.007

.0 .0
.3046.1523
13. .o
7.920.1523
13. .0
3.960.1523
13. .0
9.74 .1523
13. .0
B.22 .1523
13. .0
B.O .1523
13.0 .0
7.0 .1523
13.0

6.0 .1523
13.0 .0
0.5 .1523
0.5 .0761%
13.0 .0
6.0 .0761
13.0 .0
8.0 .0761
13.0 .0
8.22 .0761
13.0 .0
9.74 .0761
13.0 .
3.98 .0761
13.0 .
7.92 .0761
422.0.0
.0507.0761
13.0 .0
.3046.0761
.0 .0

[-X-R-Y-X-F-Y-F-X-N-Y-X-X-3-N-N-R.N-F-N-F-Y-R-J-N-J_¥-Y-T-X-X-§-y-Y¥-¥-¥-§-J

DOOOODOOOOOODOODO0OOOO0O0OOOECO0OCORROQ

RF-LQ3
CLP10OY
FLP102
CLP103
FLP104
CLPY105
FLP10B
CLP107
FLP10B
CLP10S
FLP110O
cLP1I1Y
FLP112
CLP113
FLRI14
CLPIS
FLP1tG
CLP1¢7
CPU-0D1I
CHP1O1(
FHP1Q2
CHP103
FHP104
CHF10S
FHP 106
CHP1O7
FHP108
CHP109
FHP110
CHP111
FHP112
CHP113
Av-0414
CHP114
FHP1 IS5
CHP116
RF-LQ4

LPHHEOUT
LP~HOTHE
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LP-HOIHE
tP-HOTHE
LP-HDTHE
LP-HOTHE
LP~-HOTHE
LP—HOTHE
LP—HOTHE
LP-HOVHE
LP=HOTHE
COMPPRUFR
HP-HOTHE
HP=-HOTHE
HP-HOTHE
HP-HOTHE
HP=HOTHE
HP-HOTHE
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HP=HOTHE
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CV-VALVE
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SDATA. IL DATALN2.
DATA BR1 LMSCAY9 04/05/79 12:14:00 (D)

1. USER NAME 6213 104 30235
2. TEST CASE FOR THE MFTF LIQUID NITROGEN SUPPLY SYSTEM (CVI)
a. LN25UPPLY SUBGRIT FRTH DECK .
L 1
5. 3.06 2.06 -1.00 0.0 0.0 1.0 0.
6. 0.0 -1.00 -1.00 31.0 0.0 0.0 0.
- 7. 18.00 -1.00 -1.00 0.0 0.0 1.0 0.
8, 0.0 -1.00 -1.00 31.0 0.0 0.0 0.
9. 54.50 -1.00 -1.00 0.0 0.0 1.0 0.
10. 0.0 -1.00 -1.00 31.0 0.0 0.0 0.
1. 7.90 ~1.00 5.90 0.0 0.0 1.0 0.
12. 0.0 6.90 6.90 31.90 0.0 0.0 0.
13. 18.50 6.90 6.90 0.0 0.0 1.0 0.
14, 0.0 6.90 5.90 31.0 0.0 0.0 0.
15. 8.50 6.90 15.40 6.0 0.0 1.0 0.
16. 0.0 15.40 15.40 . 31.0 0.0 0.0 0.
7. 26.00 15.40 15.40 0.0 0.0 1.0 0.
18. 0.0 15.40 15.40 90.0 0.0 7.0 0.
19, -1.0 - -
20. 2
21. 0.0 15.40 15.40 340.0 0.0 0.0 0.
22. 2.00 15.40 15.40 0.0 0.0 1.0 0.
23. 0.00 15.40 t5.490 0.0 0.0 1.0 0.
24, 1.00 15.40 15.40 0.0 0.0 1.0 0.
=) 25. 0.0 15.40 15.40 3r.o 0.0 0.9 0.
= 2s. 0.68 15.40 16.08 0.0 0.0 1.0 0.
27. 0.0 16.08 16.08 a31.0 0.0 0.0 0.
28. 0.50 16.08 16.08 0.0 0.0 1.0 0.
29. 0.0 16.08 16.08 0.0 0.0 1.0 0.
30. 0.0 16.08 16.08 31.0 0.0 0.0 o.
31. 6.36 16.08 16.08 0.0 0.0 0.90 1.
32, 0.0 16.08 16.08 31.0 0.0 0.0 0.
33. 0.50 16.08 16.08 0.0 0.0 1.0 0.
34. 0.0 16.08 16.08 0.0 0.0 t.0 0.
3a5. 0.0 16.08 16,08 31.0 0.0 0.0 Q.
36. 8.72 16.08 17.45 0.0 288.0 0.0 o.
37. 0.0 17.45 $7.45 31.0 0.0 0.0 0.
3a. 1.37 17.45 16.08 0.0 0.0 1.0 0.
39. 0.0 16.08 16.08 31.0 0.0 0.0 0.
/0. 6.0 16.08 .16.08 0.0 0.0 1.0 0.
a1, 0.50 16.08 16.08 0.0 0.0 1.0 0.
az. 0.0 16.08 t6.08 31.0 0.0 0.0 0.
a3, 12.72 16.08 t16.08 Q.0 Q.0 0.90 2.
44, 0.0 16.08 16.08 31.0 Q.0 0.0 0.
45. 0.50 16.08 16.08 0.0 0.0 1.0 a.
4E. 0.0 16.08 t6.08 0.0 0.0 1.0 o.
7. ©.0 16.08 16.08 31.0 0.0 0.0 0.
q8. 17.37 16.08 18.814 0.0 576.0 0.0 Q.
49. 0.0 18.81 18.81 3t1.0 0.0 e.0 0.
50. 2.73 18.8B1 16.08 0.0 0.0 1.0 0.
51. 0.0 16.08 t6.08 3.0 Q.a 0.0 0.
52. 0.0 16.08 16.08 c.0 0.0 1.0 0.
53. Q.50 16.08 16.08 0.0 0.0 1.0 0.
54. 0.0 16.08 16.08 31.0 0.0 0.0 0.
55. 12.72 16.08 16.08 0.0 0.0 0.90 2.
58. 0.0 16.08 16.08 31.0 0.0 0.0 Q.
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231. 0.0 -1.0 -1.0 3.0 0.0 Q.0 0.0 2, 1.
232. 18.00 =1.00 =-1.00 0.0 C.0 1.0 0.0 1. .
233. 0.0 -1.0 -1.0 31.0 G.0 0.0 0.0 2. 1.
234, 3.06 -1.00 2.08 0.0 0.0 1.0 0.0 1. 1.
235. ~-6.
236. 308t10.71t 0.00
237. 10. 293.1%
238. 0.0 0.0 0.100 0.0
239. 6.001389 ¢.1016 0.0254 0.0%08 9.0508 0.0508 0.1016
240. 0.001042 9.1016 0.0254 2.0508 Q0.0508 0.0508 0.1016
241. -1.

END DATA.

SASG.T DATAGHERC.
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SDATA. 1L DATAGHERC.
DATA BR1 LMSCA9 04/05/79 12:14:03 (0)

1. USER NAME
2. TESY CASE FOR THE MFTF GASEOUS HELIUM SUPPLY SYSTEM (CVI)
3. GHE RECOVERYSUBCRIT LAST DECX
A, 48,90 1.0 0.0
S. 0.0 0.0 340.0
6. 5.0 2.0 0.0
7. 6.0 Q.0 340.0
a. 1.0 0.0 0.0
9. 0.0 0.0 0.0 1.9
10. 1.0 0.0 0.0
10, 9.0 ¢c.0 240.0
12. 12.0 2.0 0.0
13. 0.0 0.0 340.0
14, 1.0 0-0 0.0
15, -1.0
16, 1.0 0.0 G.o
17. 0.0 0.0 340.0
18. 1.0 0.0 0.0
19. 0.0 0.0 77.0
20. 3.0 4.9 Q.0
21. 7.0 3.0 0.0
22. 0.0 « 0.9 170.0
23. 2.9 1.0 0.0
24, Q.0 0.0 ¢.0
25. 2.0 1.0 Gc.0
26. 9.0 0.0 0.0 -
27. 2.0 0.0 Q.0
28. 0.0 0.0 170.0
29. 5.0 3.0 0.0
30. 0.0 o.0 340.0
31, 1.0 1.0 0.0
32. 0.0 0.0 0.0 4.0
a3. 1.0 1.0 0.0
4. 0.0 0.0 340.0
as. 1.0 1.0 0,0
36. a.0 0.0 340.0
37. 2.0 2.0 0.0
38. 0.0 0.0 340.0
39. 45.0 5.0 Q.0
£0. Q.09 0.0 340,90
a1, -2.0
a2, S S 1
43. 1 186 1
44. 273.15 101.325 16542.86
45, 293.15 101.32% 16542 .86
a6. -9.0
END DATA. N
BMSG.N TEST RUN OF THE CRYOGENEC SYSTEMS ANALYSIS PROGRAM
PASG,A MFTF¥CSA.

#COPY.P MFTFsCSA..TPFS.




FURPUR 27R3B E33 SL73R1 04/05/7% 12:14:04
97 SYM B1 REL 1 ABS

Al



BIC

SXREF

MFTF+CSA.

XREF DtA LMSC43 04/05/79 12:14:22

XREF OF FILE MFTF+CSA

CFT
CMPCAL
COMF LO
COMPDP
COMPIL
cP
CRYPAN
Cc5UBP
Cc5uBy
cv
CVINT
CvoL
DATAIN
08DT
DOHEF
DELT
DENCAL
DENSL

. DENSV

DPCAL
OPCLDD
DPCLDT
OPDIVP
OP LEINE
DPVALY
DSATL
DSATV
DIMHEF
D20BT2
ENTHAL
ENTHSL
ENTHSYV
ENTROP
FINDD
FINDR
FEINFAB
FLODEQ
GASACY
GETCON
GHERCY
GN2DEN
HEF171
HEHED
HEMKUP
HEPROP
HINT
HPRAT
HTIVAP
INTAB
LIQNIT
LNSYST
LOCAT
MAGNET

0013
og1
001
Q01
001
001
001
401
001
Dot
001
o
061
001
001
oo
[r1o] ]
o011
o017
001
001
001
001
Q01
001
Qo1
00
>
00t
001
(1000 ]
[ o] ]
o0
001
Q001
Q01
o001
001
001
001
001
001
oa1
001
001
0C1
001
001
001
D01
001
001
001

(000103}
(005404)
1000204)
1000030}
100114a3)
(000043
1000507)
1000046}
(000047}
1000031}
1000443)
{000351)
(000204)
(900046)
(00033t )
10000%1)
t000237)
t000115)
1000125}
(001432}
1000023}
(000033)
(000134}
000130}
(000031 )
(00004G}
(000046}
t0o2347)
10000523
1000053}
100C056)
[001152)
(000061}
{000074)
(000012}
{000113)
(000042}
(000721
1000031 )
{00000G)
{000233)
1000301)
1000011 )
(000230)
(0005435)
(0CO261)
({000132)
(000357}
{001467)
({D0000G)
(002257)
{000126)
(000260}

{CFTW)
{CMPCAL)
(COMFLO)
(COMPOP)
(COMPIL)
{Cpy
{CRYPAN)
{CSUBP)
tcsuav)
{Cv)
(CVINT)
(CvoL}
(DATAIN)
(DBDT)
{DDHEF)}
{DELT)
{DENCAL)
(DENSL)
{DENSV)
(DPCAL)
tDPCLDD)
({DPCLDT)
{DPDYIVP)
{OPLINE)
{DPVALV])
{DSATL)
{OSATY)
{DTHEF )
(D20BT2)
(ENTHAL)
f SLENTH)
{SVENTH)
{ENTROP)
{FINDD)
(FINDR}Y
(FINTAB)
{ FLODEQ}

+CRYPAN ,HEMKUP ,MAGNET
+CMPCAL

»ANALYSLS

CONTRL

, SOUN

. CONTRL

.COMFLO

+ CONF LD

. CP.HEPRDP, SOUN

«CV

. CPCAL

. GHERCV
LCVINT,OPCLOT,HINT,SINT
+CP.FINDD ,HEPROP , SOUN
.OFDTVP , VPN
JANALYSLS

.NZ2PROP

N2PRODP

+LNSYST

. DDHEF

«BTHEF

VPTEMP

«ANALYSIS

CANALYSILS

HEPROE

‘HEPROP

. CP.REPROP

LCVIRT

+HEPROP

+DHLDP

«SLENTH

+HEPROP

+HEFROP ,RHOGAS .RHOL1Q
«COMF LD, VGVS

«COMFLO

{ANALYS51S) ,DATAIN

(GETCON)
(GHERCV )
(GN2DEN)
(HEFLT)
(HEHED)
(HEMKUP }
(HEPROP)
(HINT }
{DHLDP)}
(HVAP}
(INTAB)
{LIONIT)
{LNSYST)
{LOCATE)
(MAGNET)

LCMPCaL

.CONTRL

LDPCAL, LNSYST

. FINDD

+CNPCAL ,CRYPAN .MAGNET

+CONTRL

.CMPCAL ,CRYPAN,CSUBP ,CSUBV , HEMKUP . MAGNE T . VGVS
 ENTHAL ’
.N2RROP

N2PROP , SLENTH

+CONTRL

»CONTRL

»NZMATIN

«MIPE

+»CONTRL

i
!
i




610

miPE
N2HMAIN
N2PROP
OTUNIT
DUTPA
OUTPF
OuUTPF1
QuTh1
OUTPHW
PAGE
BCAL
RHOGAS
RHOLIQ
RVMIPE
SINT
sSoun
SPACE
SPCFHT
S7TOCON
STODTA
TCOND
TEL
TVE
VELF
VvGVS
VIRB
vISC
VvISCDY
VISCHE
VISCX
VPN
VPTEMP
YLGINT
ZCALC
=88 DONE e+e

S®FREE

oxXQT

o0y
00
1] ] ]
Qo
a0
Q01
o0
oot
001
001
go1
o0t
agt
o0
oo1
0014
001
001
oD
oo
o001
op1
001
001
oc1
Q01
(<17} ]
001
0ot
001
001
001
001
001

{000377)
{000G1Y)
(000064)
1000442)
1000375
(000332)
1000347}
{000369)
(000412)
({0C011G)
(QG0025)
{Q00062)
{000062)
{000406)
1000377)
(000041}
{0004a37)
(000113}
1000036}
1000005 )
{000365%)
{000153)
{000303)
{oooe21)
{000075)
{0G0050)
(000027)
(0003243}
{05Qt14a2)
(000030)
{0001185)
{000113)
(Q09370)
(OC0015)

MFTFsCSA,

TPFS$.ABS

(MIPE)
(N2MAIN)
{N2PROP)
(OUTYPUY)
{OUTPUT)
(QuUTPUT)
(aurput)
(ouTeuT)
(QUTPUT )
(PAGE)
tPcaL)
(RHOGAS }
(RHOLIQ)
(MIPE)
(SINT)
(SOUN)
{OUTPUT)
{SPCFHT)
(STOCON)
{STODTA)
{TCOND)
(TEL)
(TVP)
{VELF)
(VGVS)
(VIRB)
(v1sScC)
(VISCDT)
(VISCHE)
(VISCX)
(VPN)
(VPTEMP)
(YLGINT)
[ZCALC)

» LIGNIT
+DPCAL, LNSYST ,N2MAIN
+CONTRL

+ANALYSIS .CMPCAL.COMPIL CONTF L, CRYPAN .HEMKUP, INTAB. LNSYST \MAGNET ,NZMA LN
+HEFIT
«CMPCaL
+CMPCAL

« ENTROP

.DPCAL, LNSYST
JCOMPIL
+» CONTRL

+MIPE
+DHLDP, N2PROP
«CMPCAL

+DPCLDD,DPCLDT,PCAL,SINT
+N2PROP

. VISCHE

+HEPROP

«VISCHE

OPDTVP . VPTEMP
+»HEPRQOP , RHOGAS , RHOLIQ
+TEL

-HEPROP



NAME USER NAME

LI R L T ST

- * * % & ® ® & * PAGE 1
DEPT 6213 hd CRYDGEN SYSTEAS ANALYSIS * DATE 0S5 APR 70
EXT. 30235 . * TIME 128143145
BLD. 104 - MFTF * CASE
LN L I L T I L A B L I I TR I R T T I BRI
TEST CASE FOR THE MFTF MAGNET SUPRPLY SYSTEM (CVE)
TABLE INPUT SUMMARY
TABLE TITLE DF TABLE NUMBER OF NUMBER OF NUMBER OF
NUMBER DIMENSIONS SUBTABLES WORDS
1 FTu OF 321/347 ST.STEEL 2 1 34
2 FTu OF 2219-TB7 ALUM. 2 1 349
3 FTu OF 68061-T6 ALUMINUM 2 1 39
4 FTU DOF INCDONEL-71B 2 1 34
5 Fyu OF TI-BAL-4vV 4 1 34
& Fyu DOF 304 ST. STEEL 2 1 e

TOTAL TABLE STGRAGE = 206

oza




NAME USER NAME ® & % w s d B ek kB s s ow ok okow ok ke = PAGE 2 ]
DEPT 6213 - CRYOQGEN SYSTEAS ANALYSES * DATE 05 APR 79 !
EXY. 30235 - * TIME 12:14:47 -
BLD. 104 - MFTF * CASE 1 '
LI I R A L LI L B B I T I I I I T T I A B L B I B B B
TEST C&SE FOR THE MFTF (AAGNET SUPPLY SYSTEM (CVI)
w*+  YOU HAVE CALLED FOR THE MAGNET SYSTEM LA L

1




wa

NAME USER NAME

LA RS I I T I I N B L
DEPT 62123 - CRYOGEN SYSTENS ANALYS1S hd
EXY. 30235 . .
BGLD. 104 * MFTF .
LI B I U R N DR R U L R UL BN R R U Y RS T T B B
TEST CASE FOR THE MFTF AAGNET SUPPLY SYSTEM

tessr M AGNET D AT A asdan

NUMBER OF MAGNETS 2
MAGNET DEWAR PRES. — KPa 113.79
MAGNET DEWAR TEMP-DEG.K 4.35
HELIUM MOLEC. WGT, 4.00
MAGNE T HEAT LEAK~ WAYTS £65.00
VOL.LIQ.HE-MAGNET ,LITERS 3000.00
VOL.MAG-DEWAR{LHE}1L1 TERS 4000.00
VOL.RESERVE(LHE)}~LITERS 28000.00
HEAD-MAG. INLET -~ METERS 18.69
HEAD-MAG.DUTLET ~ METERS 14.45
HEAD~MAG.CENTER ~ METERS 16.47
INITIAL FLOW RATE=KG/HR. 962.54

PAGE
DATE 05
TIME 122
CASE
» B B
1Cvl)

3
APR 79
14:47
1

£ = 8 & 3
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c e — - LI ] ) RN

NAME USER NAME L I I I I = ¢ = & = a3 &« PAGF 4

DEPT 6213 . CRYODGEN SYSTEWS ANALVSIS * OATE 05 APR 79

EXT. 30235 - = FIME 12:149:47

BLD. 104 - MFTF ¢« CASE 1

L I T L I U B I I R U U R T N DY RN K IR RN R R Y * & * % o E

TEST CASE FOR THE MFTF MAGNET SUPPLY SVS‘I’EM {CvI)
ts*vse 5 ¥ ST EMN CONF IGURATION esses

coup coupP FUNC. MNUMB. NHEAD MATRL. FLOW FRICTION LINE LENGTH LINE INSULATION ENSULAT [OR NO. LAYERS
NAVE CODE TYPE OPER. m) TYPE COGEFICILENT OR L-OVER-D DIAMETER TYPE THICHNESS INSULATION
GAS HE-LI1Q 1 2 —-.00 1 -.0000Q0009 -.00 —-.00 Q ~.00 -.0
TANK HE-SV2 ] 1 -.00 6 -.00000000 -.00 -.00 (4] -.00 -.0
LINE M5-100 10 1 t.48 ] . 7000G000-02 .23 -1 1] .00 -0
TEE FS—101 a1 1 ~.00 6 «70000000-02 60.00 -.00 0 -.00 -.0
LINE M5-102 10 1 -.00 1] .70000000-02 1.07 «15 o] -.00 .0
VALVE Cv=-135 a 1 —.00 6 +7000C000-02 400.00 -.00 G —-.00 -.0
LINE M3-103 10 1 -.00 6 . 70000000-02 1.00 .15 Q ~-.00 -.0
ELBDW FS—104 n 1 -.00 ] .70000000-02 13.00 ~.Q0 ] -.00 -.0
LINE MS-105 10 1 2.59 6 .70000000-02 2.59 .15 ] -.00 -.0 -
ELBDOW FS-106 3% 1 ~-.00 & . 70000000-02 13.00 -.00 ] -.00 —«0
LINE MS— 07 10 1 .00 6 .70000000~02 12.490 .15 ] -.00 -.0
ELBOW FS-108 31 1 -.00 6 .70000000~02 13.00 -.00 -] -.00 -.9
LINE M5-109 10 1 17.25 & +70000000-02 17.25 «15 o -.00 -.0
ELBOW F5-110 n 1 -.Q0 6 +70000000-02 13.00 ~.00 [} -.00 -.0
LINE MS—111 10 1 -.00 8 » 70000000-02 +80 «15 o -.00 -.0
ELBOW FS=112 21 1 -.00 6 . 7000006002 a.60 =-.00 [} -.00 ~.0
LINE MS-513 10 1 -.00 =1 .70000000-02 5.00 -15 Q -.00 -.0
ELBOW FS-t14 a1 1 -.00 ] +70906000-02 t3.00 -.00 [} -.00 -.0
LINE M5-115 10 1 =-3.00 6 . 70000000-02 3.00 .15 -] -.00 -.0
ELBOW F5-116 3 1 5 .70000000-02 t3.00 -.00 [} -.00 -.0
LINE MS—-417 10 1 5] . 7000000002 4.00 -15 4] -.00 -.0
ELBOW FS—%18 21 1 6 . 700000006~02 8.60 -.00 Q -.00 -.0
LENE MS—119 10 1 6 .7000C060—-02 .90 -15 (<] -.00 -.0
MAGNETY MaG-01 o 1 5 .70000000-02 10.96 -15 Q -.00 -.0
LINE MR=10% 10 1 6 +70000000-02 .90 .15 <] -.00 -.0
ELBOW FR-102 21 1 6 .70000000-02 8.60 ~-.00 -] -.00 .0
LINE MR-103 i0 1 6 +70000000-02 4.00 15 -] -.00 -.0
ELBOW FR-104 31 1 6 .70000000-02 13.00 -.00 ] -.00 -.0
LINE MR-10S 10 1 3 .70000000-02 4.90 «15 ] -.00 -.0
ELBOW FR—106 2t 1 6 +.70000000-02 A.60 =-.00 1] -.00 -.0
LINE MR-107 10 1 6 .70000000-02 7.27 .15 ] -.00 -.0
ELBOW FR-108 21 1 6 .70000000-02 8.6¢ ~.00 0 -.00 .G
LINE MR-109 10 1 6 .70000000-02 12.40 .15 [} -.00 -.0
ELBOW FR-110 31 1 [} .70000000-02 13.00 -.00 [} -.00 -.0
LINE MR—11% 10 1 =1 . 7000000002 2.59 .15 [+ -.00 -.0
ELBOW FR—112 an 1 6 .70000000-02 13.00 -.00 Q ~-.00 ~.0
LINE MR-113 10 1 6 .70000000-02 61 .15 q =-.00 -.0
VALVE Cv=145 31 1 6 . 70002000-02 400.00 -.00 0 ~.00 -0
LINE MR-114 10 L] G «70000000-02 1.98 +15 Q =-.00 -.0
TEE FR-115 31 1 6 .70000000-02 60.00 -.00 0 -.00 -0
LINE MR-116 10 1 6 +70000000-02 1.52 «15 L] -.00 -« Q
TANK HE-SV2 [ 1 6 =.00000000 -.00 =-.00 0 -.00 =.0
GAS HE=-L1Q 1 2 2 -.00000000 -.00 -.Q0 1] -.00 - O
LINE M5-202 10 1 6 +70000000~-02 1.07 +15 ] -.00 -.0



y2a

conmp
CODE

CV=-136
M5-203
F5-204
M5-205
FS5-206
M5-207
FS-208
M5-209
FS-210
Ms-211

FS—-212
M5-213
FS5~214
MS-215
FS-216
M5-217
Fs-218
Me-219
MAG=02
WR-200
FR—-201

MR=-202
FR-203
MR-204
FR-205
MR-206
FR-207
WR—-208
FR=209
MR-210
FR-2%1

MR~2312
Cv-146
MR=213

FUNC.
TYPE

NAME USER NAME
DEPT 6213

EXT.
8lLoD.

30235
104

LTI T I B

NUME.
OPER.

= P L T N et i)

HHEAD
M)

-.00
-.00
-.00
2.59
-.00
=.00
-.00
17.25
=-.00
-.00
=.00
-~.00
—=.qQ0
~3.Q0
-.00
=.00
=-.00

-
-
-
-

TEST ca

L I I R

- + v &+ % e e

E FOR THE

ss*e®s 5 ¥Y S TEMW

MAT
TYP

6

COONONNAAIDADOCCACOOOGANNINODIONIMN

RL.
E

FLOW FRECTION

COEFICIENT

.70000000-02
.70000000-02
. 7000000002
.70000000-0%2
.70000000-02
.70000000-02
.70000000~02
.7000000uU-02
. 7000000002
.70000000-02
.70000000-032
.70000000~02
.70000000-02
.70000000-02
.70000000-02
.70000000-02
.70009000-02
.70000000~032
.70000060-02
.70000000-02
. 70000000~ 02
.70000000-02
.70000000-02
.70000000~02
. 7000000002
.70000006-02
.70000000-02
.70000000~02
.70000000-02
.70000000-02
.70000000-02
. 76000000-02
.70000000~02
.70000000=02
~.00000000

LI I )

MFTF
- & & A %

MFTF WAGN

LR 2 T A L I I
CRYOGEN SYSTEANS ANALYSIS

-
-
-
-

- . % 9 »

¥ SUPPLY SYSTEM

CONFIGURATIORMN

LINE LENGTH
OR L-OVER-O

400,00
.00
13.00
2.59
13.00
12.40
13.00
17.295
13.00

8.60
S.00
13.00
3.00
+3.00
8.30
8.50

4.00
8,60

12.40

13.00

400.00
1.98
=00

LINE
DIAMETER

-.00
.15
~a.00
.15
-.00
« 15
~-.00
<15
=.00
.15
=.00
.15
~.00
+15
=.00
.15
-.00
«15
«15
«159
-.00
.15
=.00
.16
~.00
.15
-~.00
19
-.00
«15

PAGE

5
DATE 05 APR 79

TIME t2:14:48
CASE 1

. s -

{Ccvi)

Thare

INSULATION
TYPE

0000000 L00O000000B0000000NOPOOQ00R00

- e e s

INSULATION
THICKNESS

=.00
-~.00
~.00
-.00
-.00
-.C0
-.00

NG .

BRI N N A U I I I o I o I O

P O L RO )

PR R IR N

LAYERS
INSULATION

00000000 G00000000000BBO0R0000000Q00

et ez £




Y41

L T I R
{cvri)

HAME USER NAME * B % % s 4 & Bk * S e s v e s e e & ¢ PAGE 6
DEPT 5213 - CRYOGEN SYSTEWS ANALYSIS * DATE 05 APR 79
EXT. 30235 - * TIME 12:14:50
sLr. 104 - MFTF * CASE 1
*® % & % B * * B F B B TP K S R % % HT R R WM OFE R W R W oM P

™M

TEST CASE FOR THE MFTF MAGNET SUPPLY SYSTE

eves INITIATE PRUGRAM AND CHARAGTERIZE MAGNETF INPUT AND OUTPUT CONDITIONS wees

** ESTIMATED MAGNET PARAMETERS r+
FLULID FLOWINGCONDITIONS:

INLET FLUW RATE ({KG/HR) .96254500+03 N
INLET TEMPERATURE {DEG.K) .43500000+01t
INLET PRESSURE ( KPA ) .13641071 +03
INLET FLUID DENSITY (MOL/L) .31277659+02
INLET SPECIFIC VOLUME (1L/MOL) K «31971702-01
OUTLET FLOW RATE (KG/HR) .96254500+03 N
OUTLET TEMPERATURE \DEG.K) +43503336+01
OUTLET PRESSURE { KPA ) 13127851403
. QUTLET LIQUID DENSITY (MOL/L) 20932681402
OUTLET GAS DENSITY (MOL/L) 515902012401
OUTLET MIXTURE DENSITY(MOL/L) .23655197+02
OUTLET WMIXTURE SP.VOL,.{L/MOL) .42274008-01
OUTLET FLUID QUALITY (FRACT) .61614337~01
OUTLET FLUID COMPOSLITION:
QUID {’G/HR) .90323843+03
VAPOR (KG/HR) +.59306572+02
NO=FLOW CONDITIONS:
MAGNET ENERGY {(J/HR.) ~20340C00+07
TIME TO SAT. LIQUID (HOURS) 161
TIME TO SAT. VAPOR { HOURS) 3.452 .

RATE OF VAPOR BOl1LOFF (KG/HR) +10413321+03




9Za

CODE

HE-LID
HE~-SV2
M5=-100
FS=101
MS-102
Cv-135
Ms=103
F5-109
MS5=-105
F5-1086
MS—-107
FS5~-108-
M5-109
FS-1t10
M5-=111
FS=112
M5-113
F5-114
MS5—-115
FS-1186
MS-117
FS-118a
M5~119
MAG-01
MR=101
FR-102
MR=103
FR-104
MR-105
FA-106G
MR-107
FR=108"
MR-10g5
FR=110
MR-111
FR=112
MR=113
Cv-145
MR=114
FR-115
MR-116
HE=5V2

wew

10X

CONOBRWUN=OODIUDTHWN=

- . ab as ot s . -

NAME USER NAME

DEPT 6213
EXT. 30235
BLD. 104

LI

* &
-
-
-

* t + .

-

* o &

CRYOGEN SYSTEMS ANALYSIS

LI

LIS

y =,

TEST CASE FOR THE MFTF MAGNET SU

SUMVARY OF COMPUTED SYSTEM CONFIGURATION PARAVMETERS -

G GS Dilan, woaT-1

kb Bk ab 48 Ak b EA M mb b vh b b mh b vk b b d b bk wd Bk ad ok eh ek b wh b S Al

MN!JAN\)NNIJNNI)NMRJMNRJNN*JNM!JMNJONNQ}N”&J”NIJN&JHN!!H
\

M (KG/HR)

.000 . Q00
~.000 9B82.54a85
-.152 962.545
.152 481,272
182 4aB1.272
«152 4B1.2/2
.152 481.272
+152 481,272
.152 4Bt.272
152 4BY.272
-152 481.272
.152 481.272
.152 4a481.272
.152 481.272
152 481.272
<152 4B¥.272
2152 481,272
.152 aB1.272
152 481,272
.152 481.272
152 481,272
.152 A8 ,272
.152 4B81.272
352 aB1.272
.152 ap1.272
152 Aa81.272
.152 Aagt1.272
152 481.272
152 481.272
.152 4BY.272
.152 aBv,272
.152 4B81.272
152 48rv.272
.152 ae1.272
.$52 4B1.272
.152 4B1.272
v 4152 4B1.272
‘»152 481,272
.152 A4B81.272
.152 962,545
.162 962.54%
-.000 962.545

wWDDT-L
(KG/HR)

.000
962 .545
962.545
481.272
481.272
481.272
481 .272
a81.272
481.272
4q81.272
q81.272
481.272
qB81.272
481.272
4B1.272
qQe1.272
481.272
4B81.272
481,272
481.272
481.272
q81.272
481.272
44083.793
443.092
443.092
443.092
443.092
438.757%
438.757
433.9495
433.945
433.945
433.945
431.487
431.487
431.487
431 .487
431.487
862,973
B860.258
860.258

wpart-G
{KG/HR)

000
. 000
.000

Q00

.000
.000
.000
.000
.DoD
.000
000
.000
. 000
.Q00
.000
.000
.000
. 000
.000
.000
.000
+ 000
. 000
32.480
38.v80
38.180
38.180
38.180
42,516
42.516
47.328
47.328
47.328
47.328
49.766
49.786
49.786
49.786
49,786
99.572
102,287
102.287

QUAL-
Ity

. 00000
- Q0000
< 00090
. 00000
. 00000

. Q0000

. DODDO
+ 00000
. 00000
. 00002
«0000Q
. 00000
. 00009
.000.0
. 00000
. 00000
» L0000
. 00000
.00000
« 00000
.000090
.00000
. 00000
+ 06748
. 07833
. 07933
. 07933
.07933
+0BB34
. 0BB34
. 09834
- 09834
. 098349
.09834
. 10345
« 10345
10345
« 10345
. 10345
+ 10345
. 10627
« 00000

TEMP .
3.9

.000
4,350
4,350
4.a3s0
4,351
4,352
4.352
4,352
1,353
4,353
4,358
4,358
a.365
qa.365
4.366
4,366
4,368
4,368
4,369
4,369
4.371
4,371
4,371
4.546
a.507
q.507
4,500
4.508
4.476
4,478
4,439
4,439
4.444
4.444
4.420
4.420
4,420
q.a421

- % e

.
PPLY SYSTE

.
.
-
-
-
M

PAGE

?

DATE 05 aPR 79
TIME 12314391

CASE
LR Y

(cvl)

1

L I T S

FOR MAGNET PRIMARY CIRCULT NO. =13

PRESS,
{KPA)

.0000
113.7879
15,5793
115.5791
115.579%
115.5788
315.5788
115.5788
118, 7159
118.7159
118.7159
118. 72181
139, 6246
139.6246
139. 6246
1395.6246
139.6245
139.6245
135.9482
135, 9482
135, 9482
135.9482
135. 1663
131,3063-
130, 7237
130.7237
130,7236
130.7236
127.2240
127.2240
123.2137
123.2137
123.2136
123.2136
121, 1166
121,1165
121, 1165
121.1160
121.1360
121.11%9
119.9440
113.7879

DELTA-P
(KPA)

. 000000
+ 0000900
» 000005
000202
. 000006
.000336
. DOODDE
.000011
. 0000144
-00001%1
.00006G8
-000011
« 000095
. 000011
+ 000004
.800007
. 000027
L0000
. 0000186
(Rl g B ]
.000022
« 000007
-000005
.000081
.800007
. 000010
- 00003

.000015

« 000031
-0000%0
«-000658
. 000011
+000102
.000016
. 000021
«.Q00017
. 000005
+ 000515
-000017
+ 000077
«.0000%51
+ Q00060

VELOCITY
tM/HR)

.0000

.0000
428.0690
214.0345
214.0345
214,034%5
2%44.0345
214.0345
214.0345
214.0345
214.0345
214.034%
214.0345
214.034%
214.0345
214.0345
214.034%
214.,9345
214.0345%5
214.0345
214.0345
214.034%5
214.0345
284.3955
296.1127
296.1127
296.1127
296.1127
306.8673
306.B673
319,9798
319.9798
319.9798
319.9798
327.2013
327.2013
327.2013
327.2013
327.2013
654.,4028
662.7070

«0000

LR L]

DENSITY
(KG/Cu-M)

. 00000
123.42882
123.42882
123.57646
123.57062
123.55873
123.52903
123.51788
123.51509
123.74410
123.74132
123.60325
123.60047
125.02970
125.02704

125.01850 -

125.01583
124,96236
124.95569
124.65320
124.65051
124.60737
124.60467
92.82658
B9 .216193
89.21613
99.216143
89.21612
86.089472
86.089542
B2.56154
B2.55154
82.56154
B2.56154
80.73936
80.73936
80.73936
80.73936
pD. 73936
B60.73936
79.72761
123.42882

REYNOLDS
NUMHEER

382%.8097
382%.807
3825.578
3825.578
3825.578
3825.578
3825.605%
38325.60%
3825.605
3825.605
3825.8605
382%.605
76581.330

Q00




{ia

CODE

HE-LIQ
M5-202
Tv-136
MS-203
FS-204
M5=-205
F5-206
M5-207
FS$-208"
MS~209
FS5-210
MS—2%1
FS=-212
M5-213
F5-214
MS-215
F5-216
MS=217
FS—-216-
1as5-219
MAG-02
MR-200
FR=201%
MR-202
FR-203
MR-204
FR=-205
MR-20F
FR~207
MR-208"
FR-209
MT-210
FR—211
MR=212
Cv=-14&
MR-213

I1DX

NAME USER NAME .
DEPT &213 -
EXT. 30235 -
BLD. 104 *

LI I T S I R LR

CRYUGEN SYSTEAS ANALVSIS

MFTF

- e

L A R O e N R R R I O O I A T T T T T R
TEST CASE FOR THE MFTF MAGNET sUPPLY SYSTE

s=+s SUMMARY OF COMPUTED SYSTEM CONFIGURATION PARAMETERS -

G.GS Diam, woDT-T WDDT-L wboT-G
1M {KG/HR) {KG/HR} {KG/HR)
-000 4B1.272 4a81.272 .000
-152 4B1,272 481.272 000
.152 aB81.272 481.272 .000
.152 4Bt.272 481.272 -000
<152 481,272 4B1.272 -Q00

. «~152 481.272 4B1.272 -Q00
.152 4B1.,272 4B1.272 .000
.152 481.272 481.272 .Q00

152 4B1.272 481.272 .000
L1552 Q81.272 4B81.272 .000
.352 4B1.272 481.272 .000
.152 481.272 481.272 -000
LS ST r.272 4B1.272 -.000
L3022 481,272 481.272 -000
.152 4B1.272 481.272 +000
.152 4@81.272 481.272 .000
.352 4B1.277 481.272 .000
.152 481.272 481.272 000
<152 4B1.272 481.272 -0090
152 4B81.272 481,272 -g00

«$52 481,272 448.58% 32.687
.1952 4aBY.272 442.896 38.377
-152 481.272 442.696 38.377
+152 4GB1.272 442.896 38.377
»t52 aB1.272 442.896 38.377
.152 4B1.272 43B.568 42.705
.152 481.272 438.5068 42.705
-152 481,272 433.763 47.509
-152 4B81.272 q33.763 47.509
-3¥52 481,272 433.763 47,509
».152 4BY.272 4Q33.763 47 .509
.152 481.272 421.309 49.964
.152 481.272 431,309 49.964
-152 481.272 431.309 49.964
~192 481.272 431,309 49.964
.152 481.272 431.309 49.964

e R L o N P e e L
NEBRLONRBRONRORONRNNRNNRNRRONRNMNVRARNNRORRONNRN

TOTAL PRESSURE DROP IN THE MAGNET LOOP
{MAGRET INCLUDED)

TOTAL FLUID VOLUME IN THE MAGNET LOGP =
{MAGNET INCLUDED)

QUAL-
1Ty

. 00000
. 00000
. 00000
«+00000
. 00000
. 00000
. 00000
. 00000
. 00000
. 00000
+ 00000
. 00000
. 00000
. 00000
«. 00000
« 00000
- 00000C

. . 00000

» 00000
.~ 00000
206792
. 07974
-079749
- 07974
- 07974
.08873
-0BB73
- 09872
. 09872
. 09872
. 09872
. 10382
- 10382
. 10382
. 10382
. 10382

TEMP .,
{K}

4.350
4.350
4.351

4.3%52
4.3%52
4.353
4.3%3
4.358
4.358
4.365
4,365
4.366
4.366
4.368
4.368
4.369
4.3859

»
»
-
.
»
M

PAGE

DATE 05 APR 79
TIME 12:16:08

CASE

* ¢ = w w

(Cvl)

FOR MAGNET PRIMARY CIRCUIT NO.

PRESS.
{KPA)

121.1356

DELTA-P
{KPAY}

«N0ooo0o
.Q0 0006
- 000336
+ 000006
000011
-00001314
.QD0011
. 800068
-000011
. 000095
. 000011
. 000004
-000007
-000027
+000011
. 000016
Q00011
- 000045
. 000007
- 000005
-000081
-000007
. 000010
.000064
» 000015
.000031
- 000010
. 000058
. 000011
+000103
. 000016
-Q0002¢
-.000017
» 000005
000515
.000017

«36441060-02 KPA

+ 7755

5842401 CUBIC METERS

VELOCITY
(M/HR )

.0000
214.0345
214.034as
214.9345
214.0345
214.,0345
214.934a%
214,03435
214,034%
214,0345
214,0345
214.0345
214.034%
214.0345%
214,0345
214.0345
214.0345
214,.0345
214.93a5
214.0349S
285.9041
296,4992
296.4992
296.4992
296.9992
307,.2509
307,2509
320.3591
320,359
320.35:M
326.3591
a27.57481
A27.5781
327.5781
327.5781%
327.5781

{

-2 =

DENSETY
{KG/CU-M)

- 0000
123.57645
123,.56456
123.53486
123.52371
123.52092
123.74984
123.749707
123.60900
123.60623
125.02495
125.03228
125.02374
125,02107
124.96762
124.96494
124.65854
124.65585
124.56621
124,.5635!

92.69348

80.646498

REYNOLDS
NUMBER

-.000
3553.608
J3554.302
3553.837
3553.612
3542.396
3549.058
3553.782
3539.914
3480.233
3520.552
3520.77M1
3520.623
3522.391
3520.977
3535.021
IHZ6G.446
3529.464
3527.019
3530.09})
3828.276
3827.238
J38927.238
3827.238
3827.238
3826.757
3825.757
3825.536
3826.536
J3826.536
2826.5%36
3826.570
3826.570
J3826.570
3826.570
3826.570

7755.58 LITERS)



8za

NAME
CEPT
EXT.
BLDG.

USER NAME
6213
30235
104

-
-
-
L]

L T B L L Y T}

CRYOGEN SYSTEWS ANALYSIS

MFTF

L I O L T T TR TR N R BN R

TESY CASE FOR YHE MFTF WAGNET SUPPLY SYSTE

>

LI

- " 2 % % a

LI I I Y

eeess MAGNET SUPPLY TANK DATA wsense

NOMINAYL VOLUNME OF MELIUM IN TANW - (LITERS)

TANK OQUTFLOW OF HEL IUM

LIQUID HELIUM IN RETURN FLOW
LIQUID HELIUM MAKE-UP REQUIRED

RETYURN FLUID QUALITY

(KG/HR )
(KG/HR )
(KG/HR )
(DECIMAL FRACTION)

4000 .0000
962.5450
860.2579

$02.2071
- 1063

-
.
-
.
L)
L]

PAGE 9

DATE 05 APR 79
TIME 12:16:56
CASE 1

L T T I L

(Cvi)

T




670

HAME USER HAME

L I e e L Y « PAGE 10

GEPT - CRYOGEN SYSTEWS ANALYSIS * DATE 05 APR 79
EXT. * * TIME 12:16:56
BLD. - MFTF *+ CASE 1

" & % A o x ® w R % - " T B B & & v F > s * % = ¥ * k w * & B ¥ B

TEST CASE FDR THE MFTF CRYOPANEL SUPPLY SYSTEM {(CVI)

sew  YOU HAVE CALLED FDR THE CRYOPANEL SYSTEM LRl



ota

NAME USER NAME
DEPY
EXT.,
8LD.
LI I I R I I )

CP HEAT INPUT = WATITS
CRYOPANEL VOLUME- LITERS
HEADQ AT CP INLET- METERS

HEAD AY CP QUTLET=METERS
CP IKLET FLOW RATE-XKG/HR

»

* s e & 5 2 o oE ok

-
.
-
- MFTF
- » - ¢

A & ks & % e oW

* ¥ ® ® * ¥ w ®

CRYDGEN SYSTEAS ANALYSIS

LI R N A e Y

JEST CASE FOR THE MFYF CRYOPANEL SUPPLY SYSTEM (Cv1)

*++=2 CRYOPANEHL D ATA sever
NHUMBER OF CRYQPANELS 4
CP DEWAR PRESSURE - KPA 113.79
CP DEWAR TEWMP, - DEG. K 4.35
CP OEVAR LIQ.VOL.=LITERS 4000.0Q
TOTAL FLOW RATE - KG/HR 24q906.95
HELIUM MOLEC. WGT. 4.00
CRYOPANEL-2 CRYOPANEL=-1

550.00 450.00

7000.00 70C0.00

19.57 10.57

19.07 10.07

1022.,95 s02.61

» PAGE 11
* DATE 05 APR 79
* JTIME 12:16:586
» CASE 1
* % = ®w @ % & ® & @
CRYOPANEL-3 CFYOPANEL=4
200.00 . 300.00
4000.00 3060.00
19.37 19.37
11.02 11.02
300.B7 180.52

)

o o e



1t

cowp
NARE

GAS
TANK
LINE
TEE
LINE
VALVE
LINE
ELBOW
LINE
ELBOW
LINE
ELBOW
LINE
ELBOW

ELBOW

€LCAOW

Comp
CODE

HE~LIQ
HE~SV1
TS~ 100
FS~101
cs-102
Cv~=141
€5-103
FS=-104
CS5-108
F5-108
CS5~107
FS5—-108
€5—-109
FS-110
CS-111
FS—-112
£5-113
FsS-114
cS=118
FS-116
CS-117
FS-118
CS-119
cyYp-22
CR-100
FR-101
CR—-102
TR-103
HE-LIQ
€5~-202
Cv-142
CS-203
FS-204
C5-205
F$-206
C5-207
F5-208
€5—-209
FS5-210
Cs5-211
F5-212
€5-213
FS-214
€5-215

FUNC,
TYPE

NAME
T

EXT.
BLD.
*

NUMB .
ORER.

ot e b b R wa e R b ek [t e b b b et b b kA b b ek st

CRYOGEN SYSTEAS AMNALYSIS

USER NAME * s » 2 a r E @
*
-
-
DR T T B T S S
TEST CASE

sexxd 5 ¥ S TEM

NHEAD MATRL.

(L] TYPE

.00
~.00
1.48
-.00
~.00
~.00
~.00
~-.00
2.59
-.00
~.00
~.00
17.28
~.00
-.00
~.0G
—.00
~.00
~1.50
-.00
-.00
=-.0Q
-.25
=3.046000Q
-.00
-.00
-5.00
-.00
-.00
1.48
-.00
-.00
-.3ag9
2.59
~.00
-.00
-.00
17.25
-=.00
-.00
-.00
-.00
=.00
-1.%0

POEOOODNADORNONOAOHD0 =

CODDOOONOINOANDOANTONINOHOQDD

FLOW FRICTION
COEFICIENT

-.60000000

-.00G00000
.70000000-02
+«70000Q000-02
.70000000-02
. 70000000—-02
.70000000~02
-70000G00—-02
.70000000-02
«70000000-02
.70000000-02
. 70000000-02
+ 7000000002
. 70000000-02
«70000000-02
.70000000-02
+»70000000-02
.70000000-02
«70G000000-02
.70000000—-02
. 7000000002
. 70000000-02
.70000000-02
.70000000-02
. 7000000002
. 7000000002
.70000000-02
« 70000000-02

-.00006G03
.70000( "0-02
. 700600002
. 70000000-02
. 70000000-02
. 7060000002
. 7000000002
.70000000~02
+ 700000060-~02
. 7000000002
. 7000000002
.70000000~02
.70000000~-02
.70000000~02
»70000000-02
.70000000=D2

L I R e

MFTF

L S R L

L

- = s ®

-
L4
-
L]

PAGE 12
ODATE 0S5 APR 79
TIME 12:16:56
GASE 1

-

- 4 & & 2 8 B 0w

FOR THE MFTF CRYOPANEL SUPRLY SYSTEM (CVI)

CONFIGURATILION*rr*

LINE CLENGTH
OR L-DVER-D

-.00
-.00
.23
60.00
1.12
400.00
-86
13.00
2.59
13.00
12.35%
13.00
17.25

LINE

DIAMETER

=-.00
-.00
« 10
-.00
« 10
-.00
.10
-.00
.10
.00
.10
-.00
10
=-.00
.10
~,00
.10
+C0
-10
=00
-10
—.00
.10
10
<10
-.00
<10
-.00
-.00
.10
-.00
-10
—.00
.10
-.00
.10
-.Q0
<10
-.00
. -10
=.00
+10
-.00
+10

INSULATYION
JTYPE

001!90(?0600!3OOUO!’OOQQCHQDOOD!HBODOO!300°Q<H=DOOQG

INSULATION
THICKNESS

-.00
~.00
-.00Q
-.00Q
~.09
-.00
-.00
-.00
—.00
-.00
-.00
-.09
-.00
-.00
-=.00
-.00
-.00
-.00
-.00
-=.00
-.00
-.00
-.00
-.00
.80
-.00
-.00
=-.00
.04
—-.00
- -.00
~.00
-.Q0
-.00
-.00
=.00
-.00
—-.00
=-.00
-.00
-.00
-.00
-.00
-.00

NGO, LAYERS
INSULATION

(LN
NN
[-X-X-X-X-3-¥-]

0000000000 QRDAY

..

TR LR RN

A ST

ll.lbll
[-X-X-N-1-X-4

1

Illllllllll.l_l-l'(
[-X-1-X-]

)

[-X-X-X-N-A-R-J-R-R-



7ed

NAME  USER NAME T Bt % s * T o4 x & k% ko e e oxx o e * PAGE 13

neere - CRYODGEN SYSTEWS ANALYSLS * DATE 05 APR 79

EXT. - e TIME 12:16:58

BLD. - MFTF * GCASE 1

* w = & ¥ 2 2 & ¥ WS e AR I I I L TR D T D R TR T R U IR U T R B B R W )

TEST CASE FOR THE MFTF CRYOPANEL SUPPLY SYSTEM (CV1) -
sever 5 Y S T EMW CONF IGURATION *sees

Coae Cane FUNC. NUMB. NHEAD MATRL. FLOW FRICTION LINE LENGTH LINE ‘INSULATIDN INSULATION NO. LAYERS
Raw [HATH TYPE OPER. (M) TYPE CDEFICJENT OR L-OVER-~D DIAMETER TYPE THICKNESS INSULATION
i daw F3-216 31 1 —-.00 6 . 70000000-02 13.00 -.00 1] -.00 -.0
LINL CS-217 10 ] -.00 -] .70000000-02 10.00 .10 1] -.00 -0
ELBUW FS-218 N ] ~.00 6 .70000000-02 13.00 -.00 1] -.00 -.0
LINE Cs-219 10 1 -9.25 -] . 7000000002 9.00 <10 0 =20 -.0Q
ELBOW F$~220 3 1 -.00 6 .70000000~02 13.00 -.00 (1] «.00 -.0
LINE i3 Yril 1c ) -.00 ] . 70000000-02 20 <30 1] -.00 ~-.0
CRVPAN CTF-2Z13 1 1 -3.0460006 . 70000000-02 12.50 .10 ] -.00 -.0
LINE CR-200 10 ] ~.00 6 » 70000000~-02 .20 10 [ -.00 -.0
TAP Th-103 at 1 -.00 6 . 70006000002 15.50 -.00 o -.00 -.0
GAS HE~L10 1 2 -.00 3 -.0000G000 -.00 -.00 [} -.00 -.0
LINE €5-302 10 1 1.48 & .70000000-02 1-12 .05 [} ~.00 -0
VALVE Cv~143 n 1 =-.00 6 . 70000000-02 400.00 -.00 o -.00 -.0
LINE CS—-303 10 1 -.00 6 . 70000000-02 .86 05 4] -.00 -.0
ELEDW FS—-304 at ] -.00 & .70000000-02 13.0C -.00 o -.00 -.0
LINE GS~30S 10 1 2.59 6 . 70000000~02 2.59 .05 Q -.00 -.0
ELBOW £S-306 31 1 -.00 6 .70000000~02 13.00 - ~.00 ] -.00 -.0
LENE €5-307 10 1 -.D0 6 .70000000-02 12.30 .05 [ -.00 -.0
ELBDW FS-308 al 1 -.00 3 .70008000-02 13.00 -.00 o -.00 -.0
LINE €S5-309 10 1 17.75 6 .70000000~02 17.75 .05 o -.00 =.0
ELBDW FS-310 31 1 -.00 6 . 70000000-02 13.00 -.00 [} -.00 -.0
LINE cs-311 10 1 -.00 6 .70000000-C2 .80 .05 [} -.00 -.0 -
ELBOW FS-312 21 1 oo 6 .70000000-G2 8.60 -.00 1] -.00 -.0
LINE C5-313 10 1 =-.00 6 .70000000-02 5.00 .05 [+] ~-.00 -.0Q
ELBOW FS—-314 at 1 -.0C 6 .70000000~-02 13.00 -.00 -] -.00 -.Q
LINE CS-315 10 ] ~1.50 6 . 70000000+-02 1.50 .05 1} -.00 -.0
ELBOR FS=316 31 t ) .70000000-02 13.00 -.00 [} -.00 -. 0
LINE €sS-317 10 ) [ .70000000~02 11.00 . 0% ] -.00 -.0
ELBOW FS-318 a1 1 6 . 7000000002 18.00 -.00 o -.00 -.0
LINE €s-319 10 1 6 .70000000~-02 .25 © .05 o -.00 -.0
TAP Th-320 31 ‘1 6 .70€00000—-02 15.00 -,00 0o -.00 -.0
LINE cS-321 10 1 -.20 6 .700000C0~02 .20 .05 o -.00 -.0
CRYPAN CYP~-2Z3 a 1 =1.5230006 . 7000000002 6.00 «05 ] -.00 -. 0
LINE CR=-300 10 1 -.20 6 .70000000-02 .20 .05 0 ~.00 -.0
ELBOwW FR-2301 a1 1 -.00 6 . 70000000~02 13.00 -.00 0 -.00 -.0
LINE CR=-302 10 1 -.00 6 . 70000000-02 10.00 .05 [ -.00 -.0
TAP IP-103 33 ] -.00 & .70000000-02 60.00 =-.CD [} -.00 =-.0
GAS HE-L1Q 1 2 -.0D0 q -.00000000 -.00 -.00 (] .00 —-.0
LINE CS-401y 10 1 -.00 6 .70000000-02 10.00 .05 [} - 00 -.0
ELBOW FS§-402 31 1 .00 6 .70000000-02 13.00 -.00 [} -.00 -.0
LINE CS~403 10 1 —-.20 6 . 70000000-~02 .20 .05 o -.00 -.0 ‘
CRYPAN CYp-2Z4 4 1 ~-1.5230006 «70000000-02 G6.00 «05 o -.00 -. 0 '
LINE CR-401 10 1 -.20 [ .70000000-02 .20 .05 o -.00 -.0 '
ELBOW FR-402 31 1 -.00 -] +70000000~02 13.00 -.00 [+] -.00 -.0
LINE CR-403 10 1 -.50 & - 70000000-02 .50 05 o -.00 -. 0




£eq

ERD

comp
CAabE

TP—-163
HE-LIQ
TP-103
CR 104
FR 105
CR 106
FR 107
CR 108
FR 169
CR 110
FR 111
chR 112
Ccv-144
CR 113

FR 114

CR 115
HE=SV1

FUNC.
TYPE

NAME
DEPT
EXT.
BLD.

* = =

NUMB .
OPER.

- YN | SN

USER NAME

LI I R

NHEAD
M)

-.00
-.00
-.00
-1.50
~.00
—4.75
-.00
-+ 00

=.00

-
-
»
L
-

O I N

CRYQOGEN

[ A

LI S T I O L Y

SYSTEAS ANALYSIS

MFIF
L I T T I R B )

-

- & & 4

PAGE

CASE

* . =

14
DATE OS5 APR 79
TIME 12:17:00

1

* 5 % & 8w

TEST CASE FOR THE MFTF CRYOPANEL SUPPLY SYSTEM {CVI)

LR L]

MATRL.
TYPE

(X R AR RN T oR YR o ofoRo R RoRUR

SYSTEM

FLOW FRICTION
COEFICLENT

. 70000000-02
-.0Q00Q0000
« 70Q000000-02
- 7900C000=-02
-7000000Q-02
. 70000000-02
.70000000-02
. 70000000-02
«70000000-02
»70000000-0Q2
. 70000000-02
. 70000000-02
+-70000Q000-02
. 70000000~02
+ 7000000002
«70000000-02
-~.00000000
=.000C0000

CONFIGURATTIOQON sseas

LINRE LENGTH
OR L-OVER-D

60.00
-.00
15.50
1.50
B.60
7.27
8.60
12.30
13.00
2.59
13.00
-53
400.00
2.21
13.00
1.48
-.00
-.00

LINE
DIAMETE

-.00
-.00
-.00
.15
-.00
<18
-.4a0
.18
«.00
«15
-.00
«15
-.00
.15
~.00
«15
-.00
~-.00

INSULATION

TYPE

[-X-3-¥-%-Y-§-J-J-N-¥-¥-J-F-¥-3-F-¥-)

INSULATFION
THICHKNESS

-.00
=.00
-.G0o
-.00
~.00
~.00
=.00
-.00
-.00
—-.00
=-.00
-=.00
—=.00
-.00
-.00
~.00
-.00
=.00

NO. LAYERS
INSULATION

-.0
-.0
-.0

A R
[-E-X-X-3-J-7-N-2-N-N-R-3-N-F-]



9€d

NAME USER NAME

4 % % % 3 % & 8 % ®m a4 s ¢ & s« & % & v s PAGE 15
DEPY » CRYDGEN SYSTEAS ANALYSIS s ODATE 0S5 APR 79
. EXY. » * TIME 12:17:05
BLD. A MFTF * CASE 1
L B S A Y

YEST CASE FOR FHE MFTF CRYOPANEL SUPPLY SYSTEM (CVI)

. sve CHARACTERIZE CRYOPANEL INPUT AND OUTFUT CONDITIONS »+»
e+ ESTIMATED CRYOPANEL PARAMETERS =

FLUIPC FLOWTNG CONDITIQNS: CRYOPANEL-2 CRYOPANEL-1 CRYOPANEL-3
INLET FLOW RATE -, {RG/HR) = 102295404 .902605+03 .300868+03
INLET YEMPERATURL (DEG.K) = .435000+01 -43500040% .435000+01
INLEY PRESSURE t KPA ) = <13747G+03 -128582+02 »1372341+03
INLET FLULD DENSITY . fwOL/L) = .308372+02 308372402 .308372+02
INLET SPECIFIC VDLUME (L/MoL) = .324284-01 -324284~0t .324284-01
QUTLET FLOW RATE LKG/HR) = .102295+04 -902605+03 .300868+03
OUTLET TEMPERATURE (DEG.K) = .4560A1+01 .446460+01 .4474968+01
OQUTLET PRESSURE ( HPA ) - .136871+03 .1259774+03 .122127+03
OUTLET LIQUID DENSITY (MOL/L) = .296295+02 .302128402 .301526+07
QUTLET GAS GENSLTY (MaoL/L) = .593174+01 +537304+01 .543027+01
CUTLET MIXTURE DENSITY (MOL/L) = .246982+402 .224959+02 .201025+02
OUTLET MIXTURE 5P.VOL. {(L/MaL) = .404887~01 .444525-01 «497452-01
OUTLET FLUID QUALITY (FRACT) = .399716-01 .610043-01 .9003166-01
OUFLET FLUID COWPOSITION:

LIQUiD (KG/HR) = .982064+03 " .847542+03 .273779+03
VAPOR {KG/HR) = +408891+02 . +550633+02 «270891+02
-
HO-FLOW CONDITIONS:
INPUT CRYOPANEL ENERGY {J/HR.)} = .198000+07 -162000+07 .720000+08
TIME TO SAT. LIQUID {(HOURS) = .506506+00 «332048+00 «462178+00
TIME TO SAT. VAPOR {(HCURS) = .763125+01 .993038+01 .1268768+02
PATE OF VAPOR BOILOFF {KG/HR) = .3108785+03 .B52443+02 <3BOAE9+02

LI T L. L T YA TR I I IR I T L I N B I R I

CRYOPANEL-4

. 180521+03
.435000+01
. 137234403
.308372+402
.32a284-0%

.180521403
£« 447498+01
~127127403
. 301526+02
.543027+01
«21803. 02
.458637-01
. €89592-01

»169072+03
. 124486402

.360000+08
«693267+00
. 190316402
«190244+02
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8EQ

CODE

HE=-L1D
€5-202
Cv—-142
C5-2D3
F5-204
£5~205
FS5-205
€5-~-207

£S5-208-

CS-203
FS-210
£s=-211
FS—-212
£5~213
F5-214
€Ss-215
FS5-~216
C5-217
FS5=218"
€S5~-219
F5=-220
€s 221
cYP-21
CR=~200
TR~103

IDx

+ s SUMVARY OF COWMPUTED

G GS

e P L L
NNRNNRANVNNNRNNRNNNRNNNNNNN

NANE
DEPT
EXT.
OLD.
..

DIAM,
(M)

-000
+101
- 101
-101
101
.10
~101
101
-101

USER N

wDOT=-T
{KG/HR)

902.605
B802.G05
902.G05
0902.60%5
202.6505
202.605
902.605
902.60S
902.605
902.Gos5
902.G0S
902.605
902.605
902.G05
902.605
902.605
502.G605
902.605
902.605
902.605
902.60%
902.605
902.605
902.605
902,695

AME

avran

wWoOT-L
{RG/HR)

902.605
902.605
202.605
902.605
202.G05
902.605
902.605
902.605
902.605
902,605
9202.605
902.605
2902.605
902.605
902.605
902.605
Q902.605
902.605
902.6C5
902,605
502.605
902.605
845.260
845.260
845.260

-

LI I I I R

CRYOGEN SYSTEAS ANALYSIS

wbhoI-G
{RG/HR)

. 000

MFTF
L I T R

TEST CASE FOR THE MFTF CRYOPAMNEL SUPFLY SYSTEM (CVI)

QUAL~
ITY

. 00000
- C0000
- 00000
-toooo
- 00000

. 00000

- 00000
.GQ000o
.00000
«00003
- G000
.G0000
.00000
. 00000
. 00000
.00009
«0Q000

. -00000

-00000
« 00000
. 00000
- 00002
. 06353
. 06353
+ 06353

-

SYSTEM CONFIGURATION PARA’AETERS -

* . e

& & &

TEMP .
(1.9]

4,350
4,350
4.350
4,351
4.351
4.351
4,351
4,353
4.3%3
4.355
4.355
4.355
4.355
4.3%6
4.356
4.356
4.356
4.358
4.358
4.359
a4.359
4.359
4.488
4,485
4.485

- & 8 .

* + » »

PRESS .
{KPA)

115.5727
117.3661

117.3601

117.3600
117.3598
120.5015
120.5013
120.4995
120,4993
141.45S65
141.4563
14i.4562
141.4561

141.4559
141.4552
139.6101
139.6102
139.6087
139.6086
128.2485
129.2483
128,2483
125.4592
125.4592
125.4592

e

PAGE

DATE 05 APR 79
TINE 12:17:51

CASE

L S e

FUS CRYOUPANEL CIRCUIT

DELTA-P
{KPA)

000000
< 090165
. 005989
~000127
-000195
.000382
»000159
00181 1
-0001949
«0D2541
-.000192
.000116
.000127
-000728
.000192
.000218
«0D0192
.0014a5%7
. 000192
001312
.000194
« 000029
. 002440
« 000039
+000000

- ZONE 1

VELOCITY
(M/HR)

.0000
903.7705
903.7705
9¢3.7705
903.7705
503.770%
503.7705
903.7705
903.7705
903.7705
8903.770%
903.770%5
903.7705
903.770%
903.7705
903.7705
903.7705
903.7705
903.7705
903.7705
903.7705
903.7705

1193.3851
1239.2070
1239.2070

o

DENSITY
(KG/CU-M)

.00000
123.57685
123.71977
123.71229
123.,70888
123.70788
123.95203
123.95103
123.90260
123..90160
125.42096
125.42001
125.41699
125.41604
125.39717
125.39621
125.25779
125.25683
125.2y891
125.2179S
124.33178
124.33080

93 .ATAT1
93.A74AT
93.47471

REYNOLOS
NUMBER

-000
9979.966
£992.25%9
9991.989
9991.812
9958.958
9976.711
9983.377
9979.574
977%.218
9895.182
989%.400
9895.25%
9897.013
989%.519
9913.92%8
9903.076
9906 .690
99023.784

10021.289
9950.463
9950.480

10629.452

10629.452

10629.452




LEQ

CODE

HE-LID
Cc5=302
Cv-143
CS-303
F5=-304q
CS-305
F5=306
C5-307
F5-304-
C5«303
FS-310
C5-311
F5~3312
€5-333
F5-314
€5-~315
FS-316
CS5-317
F5-318
CS5-319
TP=320
CS-321
CYP-23
CR-300
FR-3G1
CR=-302
TP-103

D2

wes SUMMARY OF COMPUSED

G G5 DIAWK,

T L L L L L L g Y

NORNRUNOMRNRURNNVNNNRDNNRONRUONONN

(™)

-.000
-051
.051

USER NAME

WDOD¥ -1
{KG/HR)

481,389
481.389
481.389
481.389
4B1.389
481.389
4B1.13R9
481.389
481.389
481. 388
481,389
481.389
481%.389
481.389
4a81.389
481.389
481.389
481,389
4681.339
481.359
300.868
300.868
300.868
300.868
3a0.868
300.868
300.868

- % e 0

IR N ]

.
TEST CA

- LI A

CRYQGEN $Y¥5T:'As ANALYSIES

.- »
5t FD

MFTF

» e ¥

L B I I N A

-
R THE MFIF CR/DPANEL SUPPLY SYST

SYSTEM CONFIGURATION PARAMETERS -

wWDDT-L
tRG/HR)

481.38%
481.385
4/1.389
481.383
4Kt . 389
481.389
4p1., 203
481.389
481.389
451 . 388
481.383
481.389
481.389
481.389
481,389
4R1.3A89
481.388
4qa1.389
481.369
481 .389
300.868
agQo.868
273.161
271.988
27t.988
271.988
271.988

wDDT-G
(KG/HR)

000
.00
000
.D00
.000
600
.000
.D00
. 000
600
. 000
000
000
.00D
.000
. 000
.0b06
. 004G
000
.000
.0bo
.u0a
27.707
26.880
24.88q
28.880
28.880

GuAL-
51Y

. 00000
. 00000
. 00000
. 00000
.0o0OoD
. 00000
. 00000
. 00000
.00000
. 00000
. 00000
.00G000
. 00000
.0DQ00
. 00000
. 00000
. 00000
+ Q0000
.+ 00000
.0800Q
. 00000
.00000
+ 09209
. 09599
. 09599
. 095939
. 09599

TEMP,
iH)

4.350
4.350
4.350
4.350
4.350

“« % 4+ @

LI

[
*
-
.

PAGE
DATE 05
TINE 123
CASE

EM (CVI1}

18
APR 79
18:10
1

. 8 B b

FOR CRYOPANEL CIRCUIT -~ 2ZO0ONE 3

PRESS.
LKPA)

15,5727
$117.3048
117.3376
117.3365
117.3356
120.49743
12¢.4734
120.4570
120.4561
142.0005
141.9596
144.9986
141.9980
141.9M4
141,9906

138.1355

DELTA-P
(KPA)

.060000
. 0014949
+027147
.0D1153
. 000882
» 003456
.ooopB1
.016402
.000831
023678
. 000870
. 001054
. 000576
006587
.000B70
.0019786
000871
014510
.001207
. 000330
. 001006
.000103
.004556
.000152
2000496
007514
.000600

VELOCLTY
{M/HR)

.0000
1924.2490
1924.2490
1924.2490
1924.2490
1924.2490
1924.2490
1924.2490
1924.2490
1924.2490
1924.2490
1924.2490
1924,2490
1924.2490
1924.2490
1924.2490
1924,2490
1924.2490
1924.2490
1924.,2490Q
1202.6551
1202.6551
1745.6239
1727.605%
1727.6055
1727.6055
1727.6055%

LEX

DENSITY
(KG/CU=-M)

.00000
t23.576856
123.71994
123.71444
123.71115
123.71015
123.95465
123.95366
+23.9670)
123.90604
125,.4690)
125.46809
125.46519
125.46427
125.44616
125.44522
1295,30745
125,30651
125.26647
125.26549
125,24236
+25.23933

85.03681
85.9237)
85.9237]
85.92373

6%5.92373°

REYNDLDS
NUMBER

-.000
10634.799
10647 .769
10647 644
10647 .468
10612.429
10533.511
10G38.338
10634 .4942
10410,.558
10541 .589
10542, 210
10542 ,064
10543.882
10542,459
10561.898
10550,399
10554,.508
10551 .,239
10554.427

6595.495
6596.999
7322.677
7322.33%
7322.335
7322.338
7322.335



IAHE USER NAME

€ 4 ¢ 8 & % B E & B k + ¥ % * = e ¥ & & = PAGE 19
DEPT * CRYOGEN SYSTEAS ANALYSIS * DATE GS APR 79
EXT. - * TINE 12:19:04 i
BLD. . WMFIF * CASE 1 i
> & L L = & ® ¥ v & ® * e * » » % B a2 5 2 & @ - " & ¥ ° L L I ] . 9 .
TEST CASE FOR THE MFTF CRYOQPANEL SUPPLY SYSTEM (CV¥I)
+es SUMMARY OF COMPUTED SYSYEM CONFIGURATICN PARAYETERS - FOR CRYOPANEL CIRCUIT - 2ZONE 4 *rew
¥ CODE 10X G GS OlAM, wDDT-T wWhOT-L wDOT-G QUAL- TEMP . PRESS. DELTA-P Vel OCLTY DENSITY REYNDLDS t
(M) (KG/HR} ({KG/HR) {KG/HR) ITY (K) {KPA) InPA) (M/HR) (KG/Cu-~-M) NUMBER é
GAS HE-LIZ B9 1 2 .000 180.521 1B0.521 .000 .00000 4.358 139.8183 .DD0000 «G000 .000co -000 3
LIN CS5-40) a2 1 2 . 051 180.521 1BG.521 .000 . 00000 4.361 139.81864 .001858 721.5939 125.23933 3960.495
ELBR FS-402 @83 1 2 <051 180.521 180.521 -.000 - 00000 4.362 139.8163 -000123 T21.5939 125.14437 3957.984
tIN CS5-403 84 1 2 .051 1B0.5231 t80.521 .000 .00000 4.362 139.5708 -000037 721.5939 125.14200 3958.940
CRY CYP-24 85 1 2 . 051 180.521 187.521 13,000 + 07202 4.583 138.214% «.001534 979.9352 90.88915 4345.292
LIN CR-401 86 11 2 .051 180.521 166.752 13.769 .07628 4,570 138.0362 . 000051 978.3976 91.03199 4344 .840 ~
ELB FR-402z 87 1 2 .054 180,521 166.752 13.769 .07628 4,570 138.0360 .000169 978,3976 91.0319% 4344 .840
LIN CR-4a03 g8 1 2 .051 180.521 166.530 13.991 - 07750 4.567 137.58B95 .000128 982.5068 90.64204 4344.723
TAP TP-1803 895 t 2 .05t 180.521 186.530 13.98¢ - Q7750 4,567 137.585% -03¢aad 982.6068 20.84204 4344.723

8tq




6¢a

CODE

HE-LIQ
TP—103
CR 104
FR 105
CR 106
FR 107

CR 108

FR 103
chk tio0
R 111
CR 112
cv-144
CR 113
FR 114
CR 115
HE-SVi

10X

NAME
DEPT
EXT.
8LD.

- »

USER NAME

L I

4+ % g2 e

. w

-

* & B = % & o o e b

I g .

LI I

» » * 3 @

CRYODGEN SYSTEAS ANALYSIS

MFTF

AR L I I I I I A A
TEST CAEE FOR THE MFTF CRYOPANEL SUPPLY SVSTEM {cvl)

»
+ee SUMMARY GF COMPUTED SYSTEM CONFIGURATION PARAVETERS -

G GS Olam,
(M)

600
-152
<152
- 152
.152
-152
~152
«152
-152
-152
. 152
-152
152
<152
<152
-.000

[ N gy
NURRBURRBURNRORSONR

wbor-1
(KG/HR)

2406.947
2406.947
2406.947
2406.947
2406.947
2406.947
2406.947
2406.947
2406.947
2406.947
2406.947
2406.947
2406.,947
2406.947
2406.947
2406.949

WOOT-—-L
{KG/HR)

2230.996
2230.996
21B4.631
2189.6
2160.395
2160.395
2160,395
2160.395
2147.998
2147.998
2147.998
2147.998
2147.998B
2147.998
2141.081
2141.081

wboT-G
(KG/HR)

175,951
175.951
222.318
222.316
246.552
246.5%2
246.552
246,552
25B.949
258.343
258.949
258,949
258.549
258.949
265.866
265.866

QUAL-
ETY

.Q07310
.07310
. 09236
.092236
. 10243
- 10243
+ 10243

«11046
. 00000

TOTAL PRESSURE DROP IN THE CRYOPANEL LDOP =
{CRYDOPANELS INCLUDED)

TGTAL FLUID VOLUME IN THE CRYOPANEL LQOOP «
(CRAYDPANELS IHCLUOED

TENMP . PRESS.
[L9] (KPA)
4.521 131.6632
4.52¢ 131.66208
4.504 130.3292
4.504 130.3289
4.468 126.3426G
4,468 126.3924
4.469 126.3398
4.469 126.3394
4.449 124.252%
4.44g9 124.2521
4.449 124,2520
4.449 124.23%90
4.q49 124.2386
4,449 124,2381
4.438 123,072
4.438 113.7873

. 19384493+00
60712414401

FOR CRYOPANEL CIRCUIT

2enae

PAGE

OATE 05 APR 79
TIME 12:19:33

CASE

= » % % s 38w

OELTA-P
{KPA)

.000000
.000344
.0pD282
.000261
.001449
000272
.002555
0004911
» 000537
,000420
.000113
» 012930
.000469
000420
.000314
-000000

KPA

CUBIC METERS

RETURN LINE

vELQCLTY
{M/HR }

.0000
1457.6252
1544,4739
1544,4739
1608.4369
1(:08.4369
1608.4369
1608.4369
1643.7034
1843.7034
1643,7034
1643.7034
1643.7034
1643.7034
1664.16765

«0000

(

PR T

DENSITY
{KG/CU-M)

. 00000
90.64204
a5.54512
85.54512
82.14323
82.14323
82.14323
82.14323
80 .38080
40 . 38080
80.38080
80 .3B080
80.38080
60.3a8080
79.391 41

123.42882

REYNOLDS
NUMBER

.000

.000
19268,.530
t9268.530
19207.560
15267 .560
19267.560
19267 .560
19267.813
19267.813
19267.813
19267.813
19267.6143
19267.813
19268.1863

.000

6071.24 LITEAS)
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NAME USER NAME

DEPT
EXT.
BLD.
* % & @

-
-
-
-
-

-« =

= % & 3 & b e e s

CRYOGEN SYSTE'4S ANALVSIS

MFTF

LRI B R T A

* ¥

. s & & 8 x

- s ® " 0

.
-
-
-

PAGE 21

DATE 0S5 APR 79
TIME 12:20:049
CASE 1

LI L L B B

TEST CASE FOR THE MFTF CRYOPANEL SUPPLY SYSTEM 1cve)

wav o+ CRYOGPANEL SUPPLY TANK DATA wesee

NOMINAL VOLUME OF HELIUM IN TANK = [(LITERS)

TANK OUTFLCW OF

LIQUID HELIUM IN RETURN FLOW
LIQUID HELIUM MAKE-UP REQUIRED

HELIUM

RETURN FLULD QUALTTY

{KG/HR }
(KG/HR )
(KG/HR )
(DECIMAL FRACTVION)

4000 .0QQQ
2406 .9490
2141 .0807

265.8664

1108




USER NAME

* * 3 b @ » T

™

TEST CASE

LI B I T * a2 % * e & & w + = PAGE 22

- CRYQGEN SYSTE'JS AMALYSIS * DATE 0S APR 79 :

- * TIME 123 20 o4

- MFTF - CASE .

- L N R N R I I I B B L] ¢ s @ t - s :
FOR THE WFTF REFRIGERATOR-LIQULFILER SUBSYSTEM (cvl) : {
®%s YOU HWAVE CALLED FDR THE REFL!Q SYSTEM X




e

NAME USER NAME
DEPT

EXT.

BLD.

s s 8 8 %+ 2 a0

*4» REF R IGERATOR -

-
-
L]
*

REFRIGERATOR-LIQUIFIER WEAD-END CONDITIDNS:

- . -

LI I I L I T T )

CRYOGEN SYSTEAS ANALYSIS

MFTF

LI B I N I O B L )

= s 0w

»

L1QUIFIER

* PAGE
* DALE
* TIME
+* CASE

L I B R ]

23
0S5 APR 79
12:20:04

L A I

L]
TEST CASE FUR THE MFTF REFRIGERATOR-LIQUIFIER SUBSYSTEM (CV1)

COMPRESSOR N2-VENT MAKE-UP
N
TEMP. PRESS. FLOW ENTHALPY cc N ¥6
(DEG.K} (RFA) {GM/SEC) {J/MOL ) [ c N P3 v E
UPPER HEX-LN2 BOILER ASSY.: C N A Ve
HHHHC CHHHHHHHHHHHHHHHHHHHHHHHHHHHH L HHH
WARM HELIUM INLEY (¥1,p1,wWt) 300.00 1215.9 474.1 6310.4 H c C N *h Yo
™ H ccC N T4 H v E
WARM HELIUM OUTLET (72,P1,W1) 80.00 1215.9 a74,. 1 173t.6 P1 H cc N P2 H
w1 HHHHH NNNNN W2 HHHHH
COLD HELIUM INLET (T3,P2,W2) 80.00 113.9 TBD 1727.6 H N H
HHHHHHHHH HNNMNNNNN HHHHHHHHH
COLD HELIUM ODUTLET (74.P2,%2) 290.00 113.8 TBD €088.1 H N H
) HHHHHHHHH NNNNNNNNN HHHHHHHEH
LN2-BOILER 1NLET ({(T75,P3,wW3) 77.35 101.3 TBD -3504.3 H N H
HHEHHHHHH NNNNNNNNN HHHHHHHHH
GN2 TOP-HEXK OUTLET (76,P3,W3) 290.00 101.3 T80 8426.2 H N H
HHHHH NNNNN HHHHH
TURBINE EXPANDERS? H N H T3
H P2
wARM TURBINE INLET 38.00 1215.9 72.6 B45.8 exsesrrrHr Y v *ep s vateNe s H w2
N . H N - H
WARM FTURBINE DUTLET 23.006 113.8 72.6 53a4.8 * HHHHH * H
- H - H
COLD TURBINE JIHNLET 13.00 1215.9 155.1 277.3 * HHHHHHHHH LN2 - H
* H BOLILER * H
COLD TURBINE OUTLET 7.00 113.8 t155.1 191.9 - HHHHHHHHH L] H
- H TS = H
REF~L1Q BOTTOM-END CONDITIONS: - HHHARH P3 » H
- H W3 = H
J=T VALVE — INLET 4.80 1215.9 <46, 4 66.4 D e PP PP H
H b
J-T VALVE =~ QUFLET 4.35 113.8 246.4 a1.5 T2 H A
Py W H
COLD HE-VAPOR INLET 5.00 113.8 TBD 142.0 w1 H H
H H
COMPRESSOR-PURIFIER ASSY:
LOW-PRES. HELIUM IN._ET 290.00 113.8 474, 1 Go88. 1%
HIGH=PRES. HELIUM SUTLET 306.00 1215.9 474.1 6310.49

4+ TBD VALUES ARE COMPUTED 1IN PROGRAM =+
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NAME USER NAME % 4 4 % A 3w o% % Akt R s e s s s ow e PAGE 24
DEPT . CRYOGEN SYSTEAS ANALYSIS * DATE 05 APR 79
EXT. - ¢ TIME 12:20:05
BLD. . MFTF * CASE 1

" e * * s = » L T T T O O I T T R * & x5 ® e 8 w3

LI I I T P
- YEST CASE FOR THE MFTF REFRIGERATOR-LIQUIFIER SUBSYSTEM {(CVI)

sevee S Y S TEM CONF I AGQURATIOQN*resrn

COwpP COMP FUNC. NUMB. NHEAD WMATRL. FLOW FRICTIDN LINE LENGTH LINE INSULATIDN INSULAT :aN NO. LAYERS
NAME CDDE TYPE OPER. (M) TYPE CDEFICIENT DR L-OVER-D DIAMETER TYPE THICKNESS INSULATION
GAS HE-BGAS ] 1 ~.00 1 ~. 00000000 -.00 -.00 ] -.00 -.0
TANK HE-SV1 a t .00 6 . 00000000 GO .00 [+ .0G .0
LINE CGv30n 10 1 .00 6 +60000000-02 .91 .08 10 .00 .0
ELEBOW FGV302 31 1 «00 6 . 70000000-02 13.00 .00 10 .00 .0
LINE €GV3ao3 10 1 .00 6 . GOC00000-02 .46 .08 10 -00 .0
ELBOW FGY30a 31 ] .ao 6 . 70000000-02 13.00 .00 1a .00 .0
LINE cGv205 10 1 .00 6 . G000000Q-02 .05 .a8 10 .00 .0
VALVE AV-121 a1 1 .ao 6 L100C0002 -0t 400.00 .00 10 .00 .0
LINE C3v306 10 1 .00 6 .G0000000-02 .08 .08 10 -00 .0
ELBOw FGV307 31 1 .00 6 . 70000000-02 13.09 00 i0 .00 .0
LINE cGv308 10 1 .00 6 .60000000-02 .61 .08 10 .00 .0
FITING FEGv309 a1 -1 .00 6 .G0000000-02 a.00 .00 10 -00 -0
LINE CGv3io 10 1 .oc 6 .60000600-02 .61 + 06 10 .00 .0
ELBOW FGV3tt 3t t .00 6 .70000000-02 13.00 .00 10 .00 .0
LINE CGV3aI2 10 t .00 6 .60000000-02 5.94 .08 10 .00 .0
GAS HE-GAS 1 1 -.00 2 ~.00000000 -.00 -.00 o ~.00 -.0
TANK HE-S5V2 o 1 -.00 6 -.00000000 -00 .a0 ] .00 .0
LINE M3Va01 10 1 .00 ] .60000000-02 .91 .08 10 00 .0
ELBOW FGVA02 31 1 .00 6 .70000000-02 13.00 .00 10 .00 .0
LINE MGV403 10 1 .00 6 .60000000-02 -46 -08 10 .00 .0
ELBOW FGVa04q 31 1 .00 6 .70000000~02 13.00 .00 10 .00 .0
LINE M3V405 10 1 .00 6 .60000000-02 .05 .08 10 .00 . .0
VALVE AV—122 a1 1 .00 6 .10000000-01 400.00 .00 10 .00 .0
LINE M3V406 10 1 .00 6 .60000000-02 .08 T 10 .00 .0
ELBOW FGVA07 31 1 .00 [ .70000000-02 13.00 .00 10 .00 .0
LINE MGVa08 10 1 .00 [ .60000000-02 .61 .00 i0 .00 .0
FI1TING FGV409 41 1 .00 6 .70000000~02 8.00 .00 10 .00 .0
LINE MGV4 10 10 1 .00 6 .60000000~02 .61 .08 10 .00 .0
TEE FGY313 3] 1 .00 6 - 70000000~02 $0 .00 . .00 10 *.00 .0
LINE MGV 10 ] .00 6 . 6000000002 1.83 I o.oH 10 .00 .0
ELDOW FGVA12 a 1 .00 6 . 7000000002 13.00 .00 10 . .00 .0
LINE M3va13 ) 1 .00 6 .60000000-02 3.96 .od 10 .00 .0
GAS HE-GAS ] 1 -.00 3 ~.0000c000 -.o00 -.00 0 -.00 -.0
TANK HE-5v3 o 1 -.00 [} ~.00000000 .00 .00 o .00 .0
LINE SGVED1 10 1 .00 [} .60000000-02 .91 .08 10 .00 .0
ELBOW FGvs02 31 ] .00 6 .70000000-02 13.00 . 0Q 10 : -G0 .0
LINE 5Gv500 10 1 .00 6 .60000000-02 . 0% -0a8 10 .00 .0
VALVE Cy-123 a1 1 .00 6 . 10000000-01 400.00 00 AL ) .00 .0
LINE SGv504 10 1 .00 [} .60000000-02 .08 N7 19 -QQ 0
ELBOW FGVS0S 31 1 .00 6 .70000000-02 13.00 ) «Q0 10 .00 .0
LINE 58v506 10 1 .00 51 . 60000000~-02 -61 L) 10 N1} .9
FITING FGVS0? 41 ] .00 6 . 70000000~02 a.00 © .00 10 .00 .0
LINE savsos 10 1 .Qa [ .G0000000~02 81 .08 10 .00 «0
ELBOW FGV509 31 1 .00 6 .70000000-02 13.00 .00 10 .00 .0



NAME USER HAME e v 3 7k k mos okt & ks % s s s e+ PAGE 25
DEPT - CRYDGEN SYSTEAS ANALYSIS * DAYE 05 APR 79
EXT. i = TIME 12:20:06
aL0. = MFTF * CASE 1

L T N I S S Y L L I I ST B B

- x
TEST CASE FDR THE MFTF REFRIGERATOR-LIQUIFIER SUBSYSTEM (CVI1) *

N ®=4dne S ¥ S TEM CONFIGURATION < esxs

Cowp comp FUNC. NumMg., NHEAD MATR! FLOW FRICTION LINE LENGTH LINE INSULATION INSULATION NO. LAYERS
NAME CODE TYPE OPER. {Mm) TYPE CDEFICLENT DR L-QOVER-D D1AMETER TYPE THICKNESS INSULATION
LINE SGV510 10 1 .00 5] . 60000000=02 6.09 .08 10 .00 .0
ELBDW FGv511 k3] 1 .00 S - 70000000-02 13.00 .00 10 - .00 .0
LINE S5v512 10 1 .00 k3 .60009000-02 1.22 .08 10 .00 -0
TEE FGvS13 a 1 .00 & » 7000000002 15.50 <00 10 .00 N
LINE cB1109 10 1 .00 6 «60000000-02 1.22 .oy 10 .00 .0
GAS HE-GAS ] 1 .00 a =.00000000 ~.00 ~.00 [+] -.00 -.0
REFLIQ FRF-LQ? o ! <00 & . 70000000-02 .00 .00 10 .00 +0
LINE Cpo101 10 1 .00 =3 -90000000-02 -61 .10 10 -00 .0
FITING FBD102 a1 1 . .00 s «90000000-~02 8.00 .00 10 .00 .0
LINE cooi103 10 1 .00 S .90000000-02 -61 10 10 00 0
TEE FesD10A4 kA 1 .00 & +10000000~01 60.00 . <00 10 -00 .0
GAS HE-GAS ] 1 .00 5 =.00000000 ~.00 =.0C o -.c0 -.0
REFLIQ RF-LQ2 o 1 <00 & «.70000000-02 100.00 <03 10 .00 -0
LINE SHPGO T 10 1 .00 3 +.90000000-~02 1.22 10 10 .00 .0
ELBDA FHPGO2 a1 1 .00 ] «.90000000~02 13.00 .00 i .00 .0
L FHE SHPGO3 10 1 <00 & . 90000000~02 5.79 - 10 1o .00 0
ELODW FapGoa a 1 .00 S +90000000~02 13.00 .00 10 N .00 .0
g LINE SHPE0S 10 1 .00 S . 90000000-~02 .61 .10 10 .00 .0
& FITING FHPGOG a1 1 .00 S -90000000-~02 8.00 .00 10 .00 .0
L INE SHPEO7 10 1 .00 S .90000000~02 -61 « 10 10 -00 .0
ELBOW FHPEOR a 1 .00 & .90000000~02 13.00 .00 10 00 .0
L1NE SHPGO9 10 R .00 & -90000000-~02 .30 <10 10 .00 .0
VALVE Cv-104a 51 1 ~00 6 +.80000000~02 422.00 .00 10 .00 -0
LINE SHPGtO 10 1 .00 6 »70000000-02 - 15 .10 10 .00 .0
ELDOW FHPE 1 8 3 1 « 00 -] +~ 7060L600~02 13.00 -~ 00 10 .00 .0
LINE SHPG12 10 1 .00 3 «70000000~02 2.44 10 10 .00 .0
TANK HE-SV3 ] 1 .00 S -00000000 .00 .00 o .00 .0
GAS HL-GAS 1 1 .00 S =.00000000 -.00 -,00 o -.00 -.0
LINE CHP701 10 1 .00 ] .90006000~02 4.26 .10 10 .00 .0
ELOOW FHP702 ai 1 .00 & .90000000~02 13.00 .00 10 .00 .0
LINE CHP703 10 1 .00 (<] .90000000~02 1.22 10 10 .00 .0
TEE FHP704 <] 1 <00 6 .90000000~02 60.00 .00 10 00 .0
L INE CHP705 10 1 .00 6 «90000000~02 .81 .10 10 .00 .0
FITING FRP706 41 1 .00 6 .90000000~02 8.00 .00 10 .00 +0
LINE CHP707 10 1 .00 S .90000000~02 -61 .10 10 00 .0
ELBOW Fyp708 a1 1 .00 6 +.90000000~02 13.00 .00 0 -00 .0
1 INE CHP709 10 L] .00 6 .90000000~02 .05 .10 10 .00 .0
VALVE Cv=-105 a1 1 .00 6 .90000000~02 400.00 .00 10 - .00 .0
LINE CHP710 10 1 .00 6 +90000000~02 .05 <10 10 .00 .0
ELBOW FHP711 3 ) .00 6 -$0000000~02 13.00 .00 10 .00 .0
L1INE CHP712 10 1 .00 6 .90000000~-02 - 60 <10 10 .00 .0
VALVE AV=-129 51 1 .00 6 +90000000~02 422,00 «00. 10 .00 0
L INE CHEZ713 10 1 . Q0 (] . 70000000~02 -2 .10 10 .00 X
TANK HE-SV1 o 1 .00 6 .00co0o00 .00 .00 [+] .00 0
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NAME USER NAME % & kg kR Bow o s+ w4 ow s o * PAGE 26
DEPYT L4 CRYOGEN SYSTZAS ANALYSIS * DATE 05 APR 79
EXT. - * TIME 12:20:08
BLD. - MFTF * CASE 1

- e e s L L R I O N R I R I T I R N R T T R R R T I}

TEST CASE FOR THE MFTF REFRIGERATOR-LIQUIFIER SUBSYSTEM (CVI)

«ases 5 Y S T EM CONFIGURATI1ION #tenxa»

coap conp FUNC. NUMB. NHEAD MATRL. FLOW FRICTION LINE LENGTH LINE INSULATION INSULATION NO. LAYERS
NARE CODE TYPE OFER. iM) TYPE CUEFICIENT OR L-OVER-D DIAMETER TYPE THICHKNESS INSULATION
GAS HE—-GAS 1 1 .00 7 -~.00000000 -.00 ~-.C0 Q -.00 -0
LINE MHPUD1 10 ] « 00 1] + 9000000002 6.249 -t0 10 -0 .0
ELBDW FHPBO2 31 1 P le] =] -900095000-02 13.00 - .00 10 .00 .0
LINE MHPHO3 10 1 .00 6 -90000000~-02 .61 <10 10 .00 « 0
FITING FHPBO4 41 1 « 00 6 +~©0000000-02 8.00 .00 10 .oc .0
LINE MHPROS 10 1 .00 6 .90000000-02 -61 .10 10 -00 -0
ELBOW FHPROG a 1 .00 6 + 9000000002 13.00 0N i0 -00 0
LINE MHPROT 10 1 .00 6 .90000000-02 .05 .10 10 .00 .0
VALVE Cv—-108 q1 1 .00 6 +90000000-02 400.00 .00 10 - .00 .0
LINE MHpaoca 10 1 .00 6 - 90000000—-02 .05 10 10 -00 .0
ELBOW FHPBOS 31 1 .00 6 .20000000~-02 13.00 .00 10 ] -0
LINE MHPEB10 10 1 .00 6 .30000000-02 .60 <10 10 <00 .0
VALVE AvV-128 51 1 .00 6 «90000000-02 422.00 .00 10 .00 .0
LINE MHEB1 Y 10 1 .00 6 -90000000-02 .91 .10 10 .00 .0
TANK HE-Sv2 4] 1 .00 ] -0000000L0 - 00 .00 o +00 .0
GAS HE~GAS 1 1 .00 8 ~-.00QC0000 -.00 -.00 o =.00 -.0
REFL1Q RF-LQ3 Q 1 .00 6 -70000000-02 -00 .00 10 .00 .0
LINE CLP101 10 1 .00 6 . 60000000~-02 - .30 <15 10 +00 .0
ELBOW FLP102 a1 1 .00 6 «60900000-02 13.00 .00 10 -00 .0
LINE CLP103 10 1 .00 6 . G0000000-02 7.92 .15 10 .00 -0
ELBOwW FLP104 a 1 .00 6 . &600000600~02 13.00 00 10 <00 .0
LINgE CLP105S 10 1 «0Q 13 . GQ000000-02 3.95 .18 10 .00 -0
ELBODW FLP106 31 1 .00 6 .60000000-02 13.00 .00 10 .00 -0
LINE CLPIO? 10 1 .00 6 -G0000000~02 9.74 + 19 10 .00 -0
ELBOW FLP108B 31 1 « 00 6 -G0000000—-02 13.00 .00 10 .00 .0
LINE cLP109 10 1 .00 6 .60000000-02 a.22 .15 10 .00 -0
ELOOW FLP11O a 1 .00 6 +60000000~02 13.00 .00 10 .00 .0
LINE cLP111 10 1 .+ 00 6 -.60000000-02 8.00 .15 10 .00 .0
ELBOW FLP112 a1 1 .00 6 . 60000000-02 13.00 .00 10 .00 -0
LINE CLP113 10 1 .00 6 . G0000000~-02 7.00 .15 10 .00 .0
ELBOW FLP114 an 1 .00 6 . 60000000~02 13.00 .00 10 .00 .0
LINE cLP115 10 1 .00 6 -60000000-02 &.00 £15 10 .00 «0
ELBOW FLP116 31 1 + 00 5 . G0900000-02 13.00 .00 10 .00 -0
LINE CLP117 10 1 .00 B .60000000-02 -50 «15 10 .00 .0
COMPUR  CPU-OT [+] 1 .00 5] .60000000-02 -.00 -.00 10 .00 0
LINE CHP10O1 10 1 .00 6 .80Cv0000-02 .50 .08 10 .00 .0
ELBOW FrAP102 31 1 -00 6 .80000000-02 13.00 .00 10 .00 .0
LINE CHP103 10 1 -00 8 .B0O0O000OO0D-02 6.00 .Q8 10 .00 .0
ELBOW FHAPr104 B 1 <00 S -80000000-02 13.00 .00 10 .00 .0
LINE CHP10S 10 1 - 00 =] .80000000~02 €.00 .08 10 00 .0
ELBOW FHAP106E a1 1 -00 -] .80000000-02 13.00 .00 10 .00 0
LINE LHP107 10 1 .00 B . B80000000-02 8.22 .08 10 .00 .0
ELBOW FHP10B 31 1 .00 8 -80000000-02 12.90 .00 10 .00 + 0
LEINE CHP109 10 1 - 00 6 - 80000000-02 9.74 .08 10 .00 -0



NAME USER NAME PAGE 27

L R O T T T e

DEPT . CRYDGEN ~“YSTEAS ANALYSIS * DATE 05 APR 79
EXT. . » TIME 12:20:10
BLD. * MFYF * CASE ]

LI I I R I A L]

L L L L I I I R I O A A L L Y I Y

TEST CASE FDR THE MFTF REFR1GERATOR-LIQULFIER SUBSYSTEM (Cv1)

msesx 5 ¥ S T EM f OKNFIGURATI1 QN *+ees

covp camp FUr'&. NUmB. RHEAD MATRL. FLOW FRICTIOQN LINE LENGTH LINE INSULATION INSULATION NO. LAYERS

HAME CQDE TYPE QPER. tm) TYPE COEFICIENT OR L~OVER-D DOIAMETER TYPE THICKNESS INSULATEON
ELBOW FHP110 31 1 .90 6 »80000Q006-02 13.00 .00 ¢ 10 .00 .0
LINE cHP111 10 ] .00 6 . 80000000-02 3.96 .08 © 10 .00 -0
ELBDW FHP112 N 3 .00 ] +80000000-02 13.00 .00 10 .00 . -0
LINE CHP113 10 1 .00 &6 .80000000-D2 7.92 .08 - 10 .00 .0
VALVE AV-0D41 a1 1 .00 ;3 .80000000~02 422.90 « C0 10 00 .0
LINE CHP114 10 1 .00 6 .80000000-02 .05 .CB 10 -00 -0
ELBOW FHP115 a 1 .00 [ .80000000-02 13.00 .00 10 . .00 ~0
LINE CHP116 10 1 <0G 6 - 80000000~02 .36 .08 10 .00 .0
REFLIQ RF-LOA4 o 1 .00 6 .70000000~02 .00 .00 . 10 .90 .0
END o [} -.00 o -.00000060 =00 -.090 1] -.00 -.0

940

—
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[ e T VR -

NAMWE
DEPT
EXAT.
BLD.

* v 4 ® B & * 9 = a

USER NAME -

LR ]

TEST CASE FOR THE MFYF REFRIGERATOR-LIQUIFIER SUBSYSTEM (CVI)

»

+ % % & 4 ok om oy omom oo

CRYDGEN SYSTEWS ANALYSIS

"MFIF
LI T T R

PAGE

* s

CASE

" « & ¢ s a

28

ve* CHARACTERIZE REFRIGERATOR-LIQUIFIER INPUT AND OUTPUT CONDITIONS »=a«

** REFRIGERATOR-LIQUIFIER PARAMETERS »=»

ZERG MAKE-UP FLOW CONDEITIONS:

CURRENT

INLET TEMPERATURE ( DEG.K )
INLET PRESSURE ( KPA )
INLET FLUID DENSITY (KG/CU.M)
INLET FLOW RAYE { KG/HR )
OUTLET TEMPERATURE ({ DEG K )
QUTLET PRESSURE { &ea )
OUTLET GAS DENSITY {KG/CU.M)
OUTLET FLOW RATE - { HC/HR )
ENERGY TRANSFER € J/HR )
HEAT LOAD:

LN2 BOILER { Ww }
MAHKE-UP FLOW CONDITIONS:
INLES TEMPERATURE { DEG.K )}
IHLET PRESSURE { KPA )
IHLET FLUID DENSLITY {KG/CU.M)
INLET FiOw RATE { KG/HR }
OUTLET TEMPERATURE ( DEG.K }
QUTLET BRESSURE ( wPA )
QUTLET GAS DENSITY (KG/CU.M}
DUTLET FLOW RATE { KG/HR )}
ERERGY TRANSFER ( J/HR )
HEAT LOAD:

LN2 8DILER ( KW )

WARM HE - UPPER
HEX & LN2 BOILER

+300000+03
.121590+04
.1935%91+04
«170676+04

.800000+02
121590404
- 7TVT032404
L170876+049

.542350+03 +

WARM HE - JPRER
HEX & LN2 BOILER

.300000+03
«121590+04
-193924 404
«170676+04

.800000+02
«121590+04
.717032+04
-170676+ 049

.5423504+03 +

COLD HELIUM THRAU

UPPER HEX

«BOY000+02
. 113768403
+ 7170324034
+B819720403

«.290000+03
«113788+03
.200637+04
.B19720+03

.249653+03

COLD HELIUM THRY

WPPER HEX

.800000402
-113784+03
«717032+04
«1187874Q4

- 290000+03
»113788+403
.200637+04
+118707+04

.360325+03

DATE 05 APR 79
TIME 12:20:14
1

- %

LNZ BOILER AND
UPPER HEX

2 773480+02
.101325403
+B04A102+06
+24B2B1404

+290009+03
«101325+03
17760404
«248261+04

. 293697+03
« 139669403

LN2 BOILER AND
UPPER HEX

. 773480+02
«101325+03
.804102406
+ 1530862404
+290000+03
~101325+403
«117760404
+153862+04

«3$82021+4032

.865610+02



8%Q

1AS
TAN
LIN
ELn
LN
L8
1in
VAL
LEIN
EL8
LIN
FITY
LIN

LIN

ConL

HE~GAS
HE-%y1y
CGV30:
FGVID2
CGVvain3
FGV30a
CGv3os
AV=-121
CcGV30G
FGV307
cGvaone:
FGvI0y
CcGvaito
FGV3114
CcGv312

10%

CL L ]
AWN=QIONON SN =

5

X T

G GS
1 1
1 1
) 1
1 1
1 1
1 1
1 1
k] 1
] 1
1

1 1
L] ]
1 1
3 1
1 1

NAML
oBrpt
ERT.
BLD.

SUMUARY OF

DIAM.
im

. 000

»

USER NAME

. e

TEST CAS

-

LI T ]

-

FOR TH

CRYDGEN SYSI1EAS ANALYSIS

- -+ »

-

* = = o

-

MFTF

. s & 3

. &

« 4 o e

. % »

L]
WFTF REFRIGERATOA-LIQUIFIER SuBSY

COMPUTED SYSTEM CONFIGURATION PARAVETERS -

whOT-T
(KG/HR)

. 000
102.287
102. 287
102.287
102.287
102.287
102.287
102.287
102.287
102.287
102.287
102.287
102.287
102.287
102,287

wWDDT-L
{KG/NR)

. 000
. 000
. 000

wbuT-G
{KG/HR)

. 000
102.287
102,287
102,287
102 .287
102.287
102.287
102.287
102.287
102,287
102,287
102,287
102.287
102.287
102.287

QUAL-
1Ty

« 00000
-0000D
. 00000
« 00000
.00000
~00abo
« 00000
< 00000
. 00000
.0G000
-~ 00000
« Q0000
. 00000
- 00000
« 00000

TEMP .
1K)

-
.
-
-

PAGE

29

DATE 05 APR 79
TIME 12:20:14
1

CASE

* v s 0w

STEM (CVI}

FOR MAGNET DEWAR OFF~GAS LINE

PRESS.
(KPA)

. 0000
3.7879

3.78%2

DELTA-P
{KPA)

.000000
.000000
.opogaz
000053
. 000021
.0000%3
.000002
. 002337
.000004
. 000053
.000028
«000028
.000028
. 000053
.000274

VELOCITY
{M/HR)

-0000

»D000D
1221.3203
1221.4210
1221.G036
1221.7042
1221.7245
1222 .2989
1222.3293
1222.4300
1222.6735
1222.7737
1223.0172
1223.1178
1225.4887

e

DENSITY
tKS/Cu-M)

-000D00
18.41883
19.41333
18.41181
18.40906
18.40754
18.40723
18.39858
18.39813
18.39661%
18.39295
18.39144
18.38778
18.38627
18.35069

REYNOLDS

NUMBER

.600
-000
3622.298
3622.247
3622,153
3622.102
3622.09t
2621.837
3621.821
3621.770
3621.645
3621.593
68




NAME USER NAME * 8 4 % 2 A B & % A m % A & & & & & & w & PAGE 30
DEPT . CRYOGEN SYSTZWS ANALYSLS + DATE 0S5 APR 79
EKT. . *« YTIME 12:21:09
BLD. - MFTF * CASE 1

LI T R S I L R I R e O I I O R e . L I IR S A T I N I I A L )
TEST CASE FUR THE MFTF REFRIGERATOR-LIQUIFIER SUBSYSTEM (Cvl)

=ne SUMWARY OF COMFUTED SYSTEM CONFIGURATION PARAJAETERS - FOR CRYOPANEL DEWAR OFF-GAS LINE L]

F CODE IOX G GS Olam, wooT-T WDOT- wogT -G Qial— TEMP. PRESS. DELTA-P VELQCITY DENSITY REYNOLUS
M) {KG/HR) (KG/HR)Y {KG/HR) try (.8 (KPA) {KPA) (M/HR ) { KG/CU-M) NUMBER

GAS HE-GAS 16 1Y ] . 0ol . 000 -0D00 . 000 »boGoC .000 . 0000 . 300000 .0000 - 0DDOO -00Q
TAN HE-SVZ2 17 1 1 .000 255.B6G6 .0D0 265.866 .oo000 4.438 113,787 -000000 o000 18. 08592 .000
LIN NGVSDYT 18 1 1 .07G 2G5.86G .P00 265.8B66 . 00000 4.4389 113.7876 .000289 3232.3208 18.08381 93ga.q82
€18 FGVaD2 19 1 1 .076 265.866 -000 265.866 . 00000 4.438 113.7872 -000366 3232.4384 18.08315 9384.43%
LIN MGVan3 20 1 1 .076 265.866 -000 265.866 . 00000 4.438 113,7871 .03C145 3232.6277 108.08209 9384.2339
ELB FGVAD3 21 1 % .076 265.866 .000 265,866 . 00000 4.438 113.7867 000366 3232.7454 18.08143 9384.292
LIN MGV3IDS 22 1 1 .076 265.B66 -000 265.866 00600 4.438 113, 7867 .000016 3232.7662 18.08131 g93B4.281
WAL Av-122 23 1 1 .076 265.8E66 .000 265.866 .boooo 4.439 113.7706 .016073 3234.0886 18.07392 9384.322
LIN MGVA06 24 1 1 076 265.866 <000 26G5.866 . 00000 4.439 113.7706 000024 3234.1200 18.07375 9384.307
ELB FGV4AC7 25 1 13 .076 265.866 -000 265.866 00002 4.43% 113.7703 -000366 3234.2377 18.07309 9384.260
LIN MGV408- 26 1 19 .D76 265.866 .05 265.868 00000 4.439 113.7701 .D00193 3234.4901% 18.07168 $384.132
F1T FGVAD9 27 t 1 - .076 26%5.866 .000 7ES5.866 . 00000 4.439 113.7698 . 000225 3234.6009 18.07106 9364.081
LIN MGV4i0o 2B + 3 076 26%.866 000 2b5.866 . 00000 4.439 113.7695 .000193 3234.8534 18.06965 9383.953
YEE FGV3IY3 29 1 1] .076 368.154 .000 36B.154 .0QDCO 4,435 113.76R00 .0016B9 4479.7263 18.D6B34 12994.189
LIN MGVaY1 30 3 9 .076 368.154 .000 2368.154 00000 4,439 113,7669 «001111  44BD,.5306 18.06510 12993.823
ELB FGVar2z 391 1 1 .076 368.154 .000 368.154 » 00000 4.439 113.7662 « 000702 44B0.6782 18.06450 12993.780
LIN MGV413 232 1 1 .076 236B.154 .000 368B.154 .00000 4.440 113.7637 .002408 4482.416 18.05748 12992.994

64q
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0Q0000°
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INYMN HASH
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14741
IWVYN
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<O0SADS
L05ADS
CAS -3
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CODE

HE—GAS
RF—-LOM
C€CBO01
FBO102
CB801013
80104

1DX

NARE
DEPT
EXy.
BLD.
* w

eeses SUMMARY OF

G GS DIAM.

-t oat b

(K}

.000
.000
- 101
-101
- 101
- 101

USEF NAME

LI

.
TEST CASE FOR THE

LY
L]
.
.

-

- o e

+ 2 e 4

. e @

. o - a

CRYOGEN SYSTZAS ANALYSIS

+ L]

MFTF

. . -

+ -
MFTF RAEFRIGERATOR-L

COMPUTED SYSTEM CONFIGURATION PARAVETERS -

wWDoOT-T
{KG/HR)

. 000
|87, 040
887.04a0
a887.04a0
887 .040
BB7.040

WOOT~L
{HG/HR)

WDDT-G
(KG/HR}

.G00
687.040
e87.040
887,040
887.040
8a7.040

QUAL-
vy

00000
09000
. 0Q0co
« 90000
. 00300
«90000

TEMP.
{K)

.000
4.800
4.800

L S
1QUIFIER

FOR REF-LIQ HP-COLD HELIUM ODUTLET

. »
suasy

PRESS.
(KPA)

-0000
1215.9000
1215.8999
1215.0893P
1215.8597
1215.8987

.
L]
r
*

*

PAGE
DATE 0%
TINME 12:
CASE

* s s @

STEM (CvI)

DELTA-D
[1-F-9]

- 000000
«00G000
.000091
000122
000091
«Q01015

32

APHR 79

21334
]

.« * & ¥ =

VELDCITY
{M/HR)

.0000C

.0000
725.5076
725.5098
725.5151
725.5197

ses

DENSITY
{HG/CU-M)

.000Q00
151.10625
151.10515
151.1047C
159.10360
151.,10264

REYNOLDS
NUMBER

G244.427
6244.510



F cOobE

GAS HE-GAS
REF RF-1Q2
LIN  SHPGO1
ELH FHPGD2
LIN SHPGO3
ELl FAPGO3
LIH  SHPGOS
Fl7 FHPGOG
LIN sHPEO7
ELB FHPEOA
LIN  SHPEDD
VAL Cv-104
LIN SHFGLOD
ELD FHPB1Y
LIN SHPEY2
TAN HE-Sv3

4411

4% SUMMARY

10X

NAME
oeeld
EXY.
LD,

G G5 Dlam,

-l b b ph b b wb b d ih oh ok

MR AR = b s w20 o8 0 w0 o ol s

.

(1]

000
025
101
101
101
101
101
101
101
101

USER NAME

TCLS5Y CASE FOR

wDOT-T
(hG/HR)

.000
518.886
S518.4U6
S518.886
S518.8U6
518.08U6
518.886
518,886
518.886
518.8R6
€18.886
518.886
5168.8H86
S$18.886
518.886
S18.8856

* .
.
.
-

woO07T-L
{HG/HR)

. 000
. 000
.D0OD
. 00D
. 000
518.8886
510.885
518,886
518.8866
518.0886

»
THE

LI

-
CRYO3EN SYSTESS ANALYS

. a4

WwDOT-G
{ KG.'HR}

.000
S519.886
518.886
518.886
518.8886
518.886
S18.886
518.886
L1d.286
518,886
518.886

.000

. Q00

.000

.000

s 000D

MFETF

LR T Y

QuUAL-
LTy

. 00000
.00000
- Qo000
- 00000
- 00000
. 00002
-« 00000
.00000
.00000
+ 00003
- 00000
-00000
. 00000
- 00000
- 009000
+ 00000

-

* -

TEMP .
(KD

.000
4.800
4.8
4.801
4,803
4.803
4.803
4.804
4.804
4.804

L Y

1s

s v e @

MFTF REFRIGERATOR-LIQUIFIER SUBSYSTE
OF COMPUTED SYSTEM CONFIGURATION PARAWETERS -

PAGE

33

DATE 05 APR 79
TIRE 312:2)133B

CASE

.- . o o

tcvi)

)

. s 2 0

FOR STO-DEWAR HP-COLD HE SuPPLY

PRESS.
{HPA)

. 0000
1215.9000
1215.899'
1215.48999
1215.8996
121%.8995
1215. 89585
1215.09585
1215.89594
1215.68994
1215.8994

113.7875
113.7875
113,.7878
113.7877
113.7877

DELTA-P
{KPAY

. 000000
.Q000000
.0000G3
«C000G8
.000297
000068
. 0000631
.000Cc4a2
000031
000068
000916
.000000
.QDC007
. 0009064
000119
+Q00300

VELOCITY
(M/HR)

.0000

.0000
424.,4¢233
424,4055
424.4557
424,4579
424.4631
424.4653
424,4706
424.4728
424.4754
519.5577
519.5577
519.5622
$19.569%

+0000

DENSITY
(KG/Cu-Mm}

. 00000

. 00000
151.10249
151.10072
151.08384
151.08307
151.08118
151.08041
151.07853
151.077768
151.07681
123.428802
123.42882
123.42776
123.42603
123.42603

REYNOLOS
NUMBER

.goo

.00Q
2652.820
3652.860
3653.758
3653.797
3653.891
3653.934
3654.024
3654.063
654,111
5843.895
5587 .902
5597.936
5598.024

000




F CODE

GAS HE-GAS
LIN CHP7OH
ELB FHP702
LIN CHP703
TEE  TuP704d
LIN CHP705
FIT FHPI0G
LIN CHF707?
ELEB  FHP7OQ-
LIN CHP70D
WAL Cv-105
LIN CHP710
ELB FHPZ¥)
LIN CHP?12
VAL AVW-123
LIN CHEZ?1D
TAN HE-5Vt

1D

NAME
DEPT
EAT.
BLD.

USER NAME

TEST CASE FOR THE

.
-
.
.

- s » s

- s " b @

* 3 &

LI

* ® ®= 2 »

CRYDGEN SYSTEAS ANALYSIS

. v+ v .

MFTF

* s a

. s .

sss SUMWARY OF COMPUTED SYSTEM CONF LGURATION PARAVETERS -

G GS
1 1
1 1
1 1
1] 1
1 *
t 1
¥ 1
1 1
A 1
3 1
1 1
% 1
1 1
1 1
T 2
+ 2
1 2

OlAM,
m)

+ 000
- 101
.103
~10%
+101
<10t
+ 101
<101

wopt-t
({KG/HR)

-000
36B.154
368,154
268,159
102,287
102,287
102.2a7
102,297
102.287
102.287
102,287
102,287
102.237
102.287
102.267
102.287
102,227

wooT-L
{KG/HR)

. 000
.00q

102.287

WoQT-G
(KG/HR)

-000
JER. 154
368.154
368.1549
102.287
102.287
102.287
102.287
102.287
102,287
102.287
102.287
102.287
102.287

.000

000

-QQ9

QUAL-
Ity

. 00000
. 00000
. 00000
. 00000
. 00000
. 00000
. 00000
» 00000
-.QpooC
« 00000
.00000
. 00000
. 00000
» 00000
.00000
« 00000
- GQoQa

TEMP .
(K}

.00D
4.803
4.803
4.801
4.802
4,801
4.802
4.801
4.802
4.800
4.804
4.800
4.801%
4.801
4.350

> 3 % e 9

.

PAGE

TIME 32:
CASE

-
METF REFRIGERATOR-LIQUIFIER SUBSYSTEM (CVvL)

39
DATE 05 APR 79

2

¥:51
]

FOR MAGHET DEWAR HPA~COLD HE-SUPHLY &«

PRESS.
LKPA)

» 0000
1215.8000
12415.8000
1215.7999
1215.7998
1215.7998
1215.7998
1215.7998
1295.79398
1215.7998
1215.7997
1215.7997
1215.7597
1215. 7997

113.7879
113.7879
1$3.7879

DELTA~-P
{(KPAa)

000000
-000g0Q
.000034
+ 000031
.000157
+000001
000002
+000001
.000003
+000000Q
000081
.000000
.000003
000001
.000000
«D00002
.3040000

vELOCITY
(M/HR)

.0000
301.1498
J0t.1519
301.1233

83.G6681
83.6659
B3.6681
83.G659
83,6681
82,6611
83.6765
83.6611
83.6633
B83.6659
162.4195
102.4195
23900

DENSITY
tKG/CU-M)

. 00000
151.08610
151.08501
15t.09936
151.09117
159.09512
151 .09120
151.09512
154.09120
15t.10386
151.07609
151.10386
151.09995
151,095
123.42882
123.42882
123.42662

REYNOLDS
NUMBER

.000Q
2592.302
2592 .34
2591 .830

720.191
T20.159
720.190
720.151
720.190
720.065
720,340
720.065
720.103
720.151
1151.096
1108.771
«090



CODE 113 3

ME-GAS ag
MiPHO1 90
FHLE02 9%
WHPEO3 932
FHPL0A Q3
MHBH0S 94
FHPBOG 95
MHPED7 96
Cv-10G 97
MHPADS 93
FHPEDD 98
MHPB1O 100
AV=128' 101
MHEB11 102
HE-SV2 103

G GS
1 1
1 1
v 1
1 1
t 1
1 1
1 )
1 1
1 1
1 1
1 1
1 \J
1 2
T2
1 2

NAME
DEPT
EXT.
8LO.

DTAM.
tN)

-000
101
101
101
- 101
-101
PR 1L

USER NAME

.- e

-
TEST CASE FOR TH

wDOT-F
{RG/HR)

.000
265.866
265.0866
265.68G6
265.866
265.8G6
265.966
265,U536
265.066
265.866
265.8B65
265.666
265.B66
265.866
265.866

. a
LY
-
.

.- . v

woor-—-L
{HG/HR)

265.8066
2685.868
265.8L6

. s =

" e e a

.

« 4+ @

CRYOGEN SYSTEZ A5 ANALYSIS

wDOT-G
tKG‘HR)

.000
265.0686
265.866
265,866
265.8606
265.866
265 . 466
2695 ,.866
265.866
265.866
265.066
265.866

MFTF

*« s s v ®

QuAL-
1Y

. 00000
« 00000
. 00000
« 00000
. 00000
. 00000
. 00000
« 00000
.00000
+000CGH
. 00000
«0Q00Q0
. 00000
. 00000
.000G0

-

-
MFTF REFRIGERATO!

* s »

-
-~LIQULFLER SuUBSY

TEMP.
K1

.0a0
4.805
4.005
4.801
4.801
4.001t
4.0101%
4,800
4.802
4,864
4.800
4,801
4.350
4.350
4.350

PRESS.
{HFAY

. 0000
1215.8000
1215.8000
1215.8000
$215.8000
1215.8000
1215.8000
1215.8000
1215.79394
1215.75994
1215,7994
t215,7994

113.7879
113.7879
113.7879

-
.
-
.

PAGE 35

DATE N5 APR 79
TIME 12:22:06

CASE

STEM (Cvi)
sse SUMAARY DF COMPUTED SYSTEM CONF IGURATION PARAVIETERS ~ FOR CRYPAN DEW, R HP=COLD HE-SUPHLY s=#

DELTA=P
{KPA)

.0000C0
+ 000000
.00G018
. 000008
-Q00011
.Qqoogoa
.000018
- 00000
.000547
+ 000001
.000018

-000000

1

* » & @

VELOCITY
{M/HR )

.0000
217.5063
217.508%
217.4574
217.4596
217.4574
217.4596
217.4526
217.4679
217.4528
2%7.4547
217.4574
266.2104
266.2104

.000C

DENSITY
(HG/CU-M)

. 00000
151.06701
15t . 06550
151.10099
151.09948
151.10099
151.09948
151.1043%
151.09367
t51.10435
151.102849
151.10102
123.42882
123.42882
123.42882

REYNDLDS
NUMBER

-000
1872.553
1872.592
1871.678
1871.717
1871 .678
IB7TY. 717
1871.592
1871 .867
1871.592
1871.60
1971.677
2994.208
29514.583

.000




£sq

CODE

HE-GAS
RF-LQD
CLPYD?Y
FLPI102
CLe10d
FLP1O3
CLPI105
FLPI1DG
CLP107

FLPI1GB

CcCLP1DY
FLP110
CLPIT1

FLP112
CLP113
FLP114g
CLPI11S
FLPUIG
CLP117
CPU-01

CHP101

FHPI102
CHP103
FHP104
CHP10%
FHP106
CHP107

FHUP103-

CHP109
FHPI11D
[MIL RN
FHP112
CHPI113
AV--04&1
CHPiIA
FHP1§S
CHP116
RF-LQq

IDX G GS

it b b b Sk b b s b ok b b b b b s e b b mp o M mb Al A m e R P N et AP A W

N N L L L L L I T T T Y P N ]

HAME
otet
EXRY.
BLO.
LR

DilAM,

USER N

» b o

TEST

wDoT~-7T
{KG/HR)

.Q00
929.420
929,429
929.420
929.420
929.420
529.420
929,420
929.420
929.420
929.420
529,420
929.420
929.420
52a,.420
529.420
929.420
929.420
929.420

17056.760
1706.7650
1706.760
1706. 760
1706.760
1706.760
1706.760
1706.760
1706.760
1706.760
1706. 760
1706. 760
1706.760
1706.760
1706.760
1706.760
1706.760
1706.760
1706.760

AME .

.
LY
-
.
- .

- .
CASE

WeaT -1
{KG/HR

. G00
. 000
-050
.000
« 000
.000
.000
«000
-.000
.000
.00
. 000
.000
. 000
-000
.000
.00
. 000
. 000
. 000
000
.Q00
. 000
.000
. 000
. 000
.Q00
. 000
.000
.000
. 000
. 000
. 000
.Do0
000
. 000
.000
. 000

- s s 0w

wDDT-G
LKG/HR)

. 000
929.420
829.420
929.420
929.420
929.420
929.420
929.420
929,420
929.420
529.420
929,620
929,420
©29.4920
929.420
929,420
029,420
w29.420
929.420
170G.760
1706.760
1706.760
1706.7€60
1706.760
1706.760
1706. 760
1706.760
1706.7G0
1706.76G0
1706.760
1706.760
1706.760
1706.760

1706.760
1706.760
1706.760
1706.760
t+706.760

. & b e

MFFF

L .
FOR THE MFTF REFR1GERATQ

QUAL-
1T

. 00000
. 00000
00000
«00000
. 00000
. 00000
. 00000
. 00000
.00000
. 00002
.20000
. 00000
. 00000
.00000
» 90000
. 00000
. 00000
« 00009
. 00000
.00000
« 00000
. 00000
. 00000
. 00000
. 000090
. 00000
. 00000
+ Q0000
. 00000
» 00000
. 00000
« 00000
00000
. 00000
00000
. 00000
.60000
. 00000

4 e m ow

-
CRYOGEN SYSTENS ANALYSILS

- »
R-LIQUIFIER

FEMP .
{K}

.000
290.000
290.0480
290.000
290.002
290.0072
290.4003
290.003
290,005
290.005
290,006
290.006
250.003
290,008
290,010
250.010
290.011"
290.011
290,011
300,000
300,000
300.000
300.000
300.000
300.00%
300.001
300.001
300,001
300.002
300.002
300,002
300.002
300.003
300.003
300.0G3
300.003
300.003
300,003

PRESS .
{KPA)

. 0000
101.3250
191.3210
101.2954
101.1926
101. 1669
101. 1155
101.0897
100 .9631
100.9373
100.8303
100.8045
100.7002
100.67449
100.5830
100.5571
100,4787
100.4520
100.4463

1215.9000
1215.8189
1215.6584
t214.6846
1214.5240
1213.2245
1213.0636
t211.7268
1211.,.5657
1209,9797
1209.8185
1209.1727
1209.0113
1207.7150
1202.4732
1202.4648
1202.3026
1202.2526
1202.2526

IR X

PAGE 36

DATIE 0S APR 79
TIME t2:22:42

CASE

LI

L
SUBSYSTEM (Cvi)
ese SUMVARY OF COMPUTED SYSVEM CONFIGURATION PARAVMETERS - FOR COMP-PURIFIER CIRCUIT

DELTA=-P
{HPAY)

. 000000
. 000000
.a03951
-~ 025660
. 102750
.025712
+ 65144990
.025732
. 126619
JO25771
+ 107021
.02580%
. 164295
.025839
.031376
. 025369
-0734%4
.€25896
.006541
. 000000
081127
. 160529
<973721
160678
1.299501
. 160871
1.336038
«161069

1

1.585989 -

. 161300
.645744
. 161308
1.292346
S.29%5818
.008318
.162303
049979
» 000000

* & & »

VELOCITY
tM/SEC)

54.3383

{LP=HP])

-

DENSITY
{ KG/Cu-M)

. 00000
16812
. 16811
16807
- 16790
. 16786
216777
. 16772
. 16752
« 16747
« 16729
-16725
. 16708
. 16704
. 16688
. 16684
«1667¢
. 166G7
. 16666
1.93991
+.92979
1 .923953
%.93798
1.93773
1.93565
1.93%41
1.93329
1.93303
1.93051
1.93025
1.92923
1.92897
1.92692
1.91860
1.91858
1.91833
1.91025
1.94823

REYHDLDS
NUMBER

-000

.000
11008.3%54
1108,.354
1108.350
1108,3%50
1108.348
1108.348
1198.34a3
1108.343
1108.339
1108.339
11008.33%
1108.335
1:108.30
1108.331
1108.328
1108.328
1100.328
3972.413
3972.413
2972.414
3972.418
3972.419
3972.424
3972.425
A972.430
3972.431
3972.437
3972.438
3977 .440
ag72.44y
3972.44§
397z2.401

3972.482




9%q

NAME USER NANME 4 8 % 8 4 T & 4 4 % ok + L o A s oaw % @ s PAGE 37
DEPT b4 CRYOGEN SYSiEAS ANALYSIS * DATE 05 APR 79
ErY. - + TINE 12:22:54
BLD. . MFTF .

CASE 1

LI T T ) " ® & B % S S S S X BT S S E L LS B PN

L] LI
TEST CASE FOR THE MFIF REFRIGERATOR-LIQUIFJIER SUBSYSTEM (Cvl)

s & & > v B

TOTAL PRESSURE DROP 1N THE REFRIGERATOR-LIQUIFIER LOOP = -31114243-01  KPA
{REF-L10. INCLUDED) ty-T VALVES EXCLUDED)

TDYAL FLULID VOLUME IN THE REFRIGERATOR-LIQUIF1ER LOOP = .45255086+0% CUBIC METERS ) 4528.59 LITERS)
{REF-1L1Q INCLUDED)}

TOTAL PRESSURE DROP IN THE COMPRESSOR-PURIFIER LOOP = «14526250+02 HKPa
(CMP~PUR. EXCLUDED}
TOTAL FLUID VOLUME IN THE COMPRESSOR ~ PURILIFIER LOOP = -42315506+01 CUBIC METERS { 4231.55 LITERS)
{CWMP=-PUR 1NCLUDED

-

P L e e




L5a

NAME
DEPT
EXT.
8LO.

USER NAME

LN ]

6213 Te
30235 .
104 .

L] L ] - - w = L] L]

TEST CASE F

_h e

+ % B % % B & k2 s * k 3 % e 8+ 8 & % PAGE aa
CRYOGEN SYSTEAS ANALYSIS * DATE 05 APR 79
= * TINE 12:22:54
MFTF » CASE 1

- ® 4 4 & F R * " R PR E SR

-
OR

¥YOU HAVE CALLED FOR THE LN2SUPPLY SYSTEM

-
THE MFTF LIQUID N1TRDGEN SUPPLY SYSTEM (Cvi1)

. e



8sa

NAME USER NAME * T Y e * F W R OB OA T S ok %k ® ¥ & %k % & PAGE 39
DEPT 6213 . CRYOGEN SYSTE'AS ANALYSIS * DATE OS5 APR 79
EXT. 30235 4 *« TIME 12:22:54
BLD. 104 - MFTF « CASE 1

LI I I B I R T I I I N T I T T SR R T AN I T B

TEST CASE FOR THE MFTF LIQUID NITROGEN SUPPLY SYSTEM (CVi)
«ssx L 1 QU I D N1 TROGEHSN SY S TEM seen

DISPLAY OF INPUT PARAMETERS

VOLUME FLOW RATE = 0013890 METER**3/SEC -
INLET PRESSURE = 30B110.71 NT/METER+**2
QuatL = . 000000

THOT = 293.150
TCOLD = 88.196

=%

INITIAL DIAMETER INPUT

DIa(1) = -t0160 M
DIA{2} = -02540 M
DIA{3) = -05080 M
DIA{4) = -050BO M
DIA(S) = -050B0 M
DIA(6) = 10160 M
RNLAYR = 10,000
CONMLL = .40028435-06

FLOW LOST AT END OF LINE 1
TO OPEN LOOP NITROGEN USERS = + 1000000 KG/SEC




LINE

SECTION LENGTH
HUMBER (METER}

WN=QUBNRVELN=

- b

650

3.06

INLET
HEIGHT
(METERY

2.06
-1.060
-1.00
-1.00
-1.00
-1,00
~1.00

6.90

6.90

6.90

6.90
15.40
15.40

NARE
DEPT

" USER NAME
6213

-

* 8RS

L T B L T I I

EXIT
HE IGHT
(METER)

-1.00
-1.00
-1,00
~1.00
-1.00
-1,00

6.90

EFFECTIVE HEAT

L/D RATE
{WATTS)
-0 3.47
al.o -00
.0 . 20.492
31.0 .00
-0 61.83
31.0 - 00
-0 B8.96
31.0 -00
.0 20.99
31,0, .00
.0 9.64
31.0 .00
0 29.50

» s " & s s e

. CRYOGEN SYSTE®AS ANALYSIS

MFTF

- s e e

® & W % 4k o E N F F Y A

-
TEST CASE FOR THE MFTF LIQUID NITROGEN SUPPLY SYSTEM (CVI)
LINE DESCRIPTION FOR LINE NUMBER

LINE

xoxX X ox X x X

-LINE TYPE—
ELBOW

X X X X X X

-
-
-
-
-

VALVE BAYDNET

PAGE qQ

DATE 0S5 APR 79
TIME 12:22:57
CASE 1

LA L L I B A )

-T=

i
P




09d

LINE

INLET

SECTION LENGTH HEIGHT

NUMBER (METER) (METER)}

Q@ADL =

12

.00
2.00
.00
1.00
.co
68"
.00
.50
-00
.00
.36
.00
.50
.00
.0Q
8.72
.00
1.37
«00
-00
.50
.00
.72
.00
-390
.00
-00
17.37
.00
2.73
.00
.0
.50
«00
12.72
Q0
.50
.00

ot

15.40
15.40
15.40
15.40
15.40
15.40
16.08
16.08
16.08
16.08
16.08
16.08
16.08
16.08
16.08
16.08
17.45
17.45
16.08
16.08
16.08
16.08
16.08
16.08
16.08
16.08
156.08
16.08
18.81
18.81
16.08
16.086
16.08
16.08
16.08
16.08
16.08
16.08

NAME USER MNAME

* T 2 s ek & B xRN X e e o k% s w o e PAGE 41

CEPT 6213 . CRYOGEN SYSTEWS ANALYSIS = DATE 05 APR 79
EXT. 30235 - * TIME 12:22:57
8LD. 104 hd MFTF » CASE 1

L L L DL I I B L L L L I B L R I I T T T T SR R IR N 2 IR TR TR R T A

TEST CASE FDR THE MFTF LIQUID N1VROGEN SUPPLY SYSTEM (CVI)
LINE DESCRIPTLION FOR LINE NUMBER 2

EXIT EFFECTIVE HEAT —LEINE TYPE-

HEIGHT L/D RATE LINE ELBOW VALVE BAYONET ~7T-
(METER) {WATTS)

15.40  340.0 .00 X

15.40 .0 .57 x

15.40 .0 2.72 X
15.40 .0 .28 X

15.40 a1.o .00

16.08 .0 .19 x .
16.08 3t1.0 .00

16.08 .0 L14 x

16.08 .0 2.72 x
16.08 31.0 .00 X

16.08 .0 10.05 X

16.08 31.0 .00 X

16.08 .0 .14 X

16.08 .0 2.72 X
16.08 31.0 : .00 - X -
17.4S .0 288.00

17.45 3.0 .00

1€.08 O .35 X

16.08 31.0 .00 x

16.08 .0 2.72 x
16.08 .0 .14

16.08 31.0 .00

16.08 .0 20.10

16.08 3t.o0 .00 x

16.08 .0 .14 ’

16.08 .0 2.72 X
16.08 31.0 .00

ta.s1 .0 576.00

18.81 31.0 .00

16.08 .0 .77 X

16.08 31.0 .ag X

16.08 .0 2.72 X
16.08 .0 EE X

16.08 ai.o . Ou X

16.08 .0 20.10 P

16.08 31.0 .00 x

16.08 .0 .14 x

16.08 «0 2.72 X

-

e




190

LINE

- 00
17.37
.00
2.72
.00
.Qo
.50

30.28*

46.44
14.00
-00D
2.00

5.00
.00
.00
.50
.00
.68*
0D

1.00
.00

2.00

INLEY
SECTION LENGTH HEIGHT

NUMBER {METER) (METER)

16.08
16.08B
18.81%
tg.81
16.08
16.08
16.08
16.08
16.08
14.08
14.08
14.08
14.08
-4.72
-4.72
-4.72
~-q.72
=-2.62

9.32
14.08
14.08
14.08

NAME

EXT.
BlLD.

L

USER NAME
DEPT 6213

30235
104

.

. *

L
-
.
.

s .

. »

- »

-

L A

* w k * w3 oa

CRYOGEN SYSTENS ANALYSIS

MFTF

* k8w o os

LINE DESCRIPTION FOR LINE NUMBER 2

EX1T
HE | GHY
I{METER)

16.08
18.81

18.81
16.08
16.08
16.08
16.00
16.08
$3.08
14.08
14.08
14.08
-q.72

16.0c8
16.08
16.08

EFFECTIVE HEAT

L/0

RATE

{WATTS)

« 00
576.00
.00
6.77
.00
8.72
G.14

LINE ELBOW VALVE

WM e M X ox X X X »

x x> X X

-

> & o kYN

—~LINE TYPE-

x =

x ®x X X x

-
L]
L]
»
L

BAYONET

PAGE az

OATE 05 APR 79
TIME 12:22:57
CASE

* T YT e s R

»
TEST CASE FOR THE MFTF LIQUID NITROGEN SUPPLY SYSTEM (CVI)

—Tw



29q

LINE

INLET

SECTION LEMGTH HEILIGHT

NUMBER (MEYER)} {(METER}

-
N=OYDNOEAUN-

.00
2.00
.00
1.00
.00
1.32
.00
14.00
.00
5.08"
.00
3.04-
.00
1.00
.00
.50
.50
.00
50
6.30
1.50
1.00

15.40
15.40
15.40
15.40
15.40
15.40
14.08
14.08
14.08
14.08
9.00
9.00
9.00
9.00
8.00
a.00
7.50
7.00
7.00
6.50
+20
-1.30
~-2.30
-2.30
-2.30
-2.30
9.00
9.00
14.08
14.08
14.08
14.08

.

NAME USER NAME
DEPTY 6233

EXT. 30235

BLD. 104

LN N ]

L T e . L T U T T R TR I Y

LI N L T I R I B R I

CRYOGEN SYSTEWS ANALYS1S

MFTF

LI

» v & w
.
»
-

* & 5

PAGE a3
DATE 05 APR 79
TIME 12:22:57
CASE 1

= » * B 8 ¥ & *

TEST CASE FOR THE MFTF LIQUID NITROGEN SUPPLY SYSTEM (CVI)

LINE DESCRIPTION FOR LINE NUMBER
EXIT EFFECTIVE HEAT
HE IGHT L/D RATE LINE
(METER) (WATTS)
15.40  340.¢ .00
15.40 -0 1.13 X
15.40 .0 . 6.39 :
15.40 -0 .57 'Y
15.40 31.0 . 00
14.08 .0 .75 x
14.08 31.0 .00
14.08 .0 7.94 x
14.08 ar.o .00
9.00 .0 2.88 X
92.00 31.0 .00
9.00 .0 1.75 X
3.00 at.g .00
9.00 .0 .87 X
8.00 .0 6.39
7.50 -0 .28 x
7.00 .0 .28 x
7.00 9d.0 .ao
6.50 . .28 X
.20 .0 7500.00 x
~1.30 .0 .85 x
-2.30 .0 .57 X
-2.30 31,0 .00
-2.30 .0 1.75 x
-2.30 31.0 .00
9.00 .0 6.a1 X
9.00 31.0 .00
1a.08 .0 2.88 X
14.08 31.0 .00
14.08 .0 7.94 X
14.08 31.0 .00
15.40 .a .75 x
15.40 3t.0 .00
15.40 .0 .57 H
15.40 .0 6.39
15.40 .0 1.13 Y

3

—LINE TYPE-
ELBOW VALVE

x x X X X

x

x x %

BAYONET

-l




£9a

NAME USER MNAME * 4 5 B s e W ke e e E W s A noa s s PAGE a4

DERT 6213 - CRYOGEN SYSYEAS ANALYSIS * DATE 05 APR 79

EXT. 30235 - * TIME 12:22:59

BLD. 104 - MFTF * CASE 1

L N I N L A N N I B A O D R R N U I I I T I I I I
TEST CASE FOR THE MFTF LIQUID KITROGEN SUPPLY SYSTEM {CVI)

LINE DESCRIPTION FOR LINE NUMBER 4

LINE INLET  EXIY EFFECTIVE HEAT ~LINE TYPE-

SECTION LENGTH HEIGHT HEIGHT L/p RATE LINE ELBOW VALVE BAYONET ~T-
NUMBER (METER) (METER) {(METER) {WATTS)

1 .00 15.40 15,40  340.0 .00 x

2 2.00 15.40 15.40 .0 1.13 X

3 .00 15.40 15.40 .0 6.39 x

4 1.00 15.40 15.40 .0 -57 X

5 .00 15.40  15.40 31.0 .00 x

6 1.32 15.90 14.08 .0 .15 x -
7 .60 14.08  14.08 31.0 -on x

a 14.00 14.08 14.08 -0 7.94 X

9 .00 14.08  14.08 3.0 .00 x

10 5.08- 14.08 9.00 .0 2.88 X

11 .00 S.00 9.00 31.0 .00 x -

12 3.08 9.00 5.00 .0 1.75 x

13 -00 9.00 9.00 ai.o .00 . x

14 9.70 9.00 5.00 .0 5.50 x

15 .00 9.c0 5.04a 3at.o .00 . x

16 1.00 9.¢0 8.00 N -57 x

17 .00 8.00 8.00 .0 6.39 x

18 +00 8.00 a.0a 90.0 .00 X
19 1.00 8.00 7.00 -0 .57 X

20 -00 7.00 7.00 31.0 .00 x

21 00 7.00 7.00 N 320.00 X N

22 -00 7.00 7.00 31.0 -00 x

23 1.00 7.00 8.00 N .57 x

24 .00 a.oo 8.00 .0 6.3g9 X —_—
25 1.00 8.60 9.00 - .57 X o~
26 -00 9.00 9.00 31.0 .00 x

27 9.70 g.00 5.00 .0 5.50 x

28 .00 9.00 2.00 31.0 +00 x

29 3.08 9.00Q 9.090 .0 175 X
30 .00 9.00 9.00 31.0 .00 x
31 5.08; 9.00 14.08 2.88 X

32 .00 14,08 14,08 31.0 100 X
33 14.00 14.08  14.08 . 7.94 3
a4 .00 14.08 14.08 31.0 .00 X
a5 . 1.32 14.08 15.40 .0 .75 X
36 .00 15.40 15.40 31.0 .00 X
a7 1.06 15.40 15.40 .0 <57 X

38 .00 15.40 15.40 .0 6.39 X



g

LINE

INLET

WAME
OEPT
EXT.
8Lo.

USER NAME
6213

30235
104

LI B I
TEST CASE FOR THE MFTF LIQUID NITROGEN SUPPLY SYSTEM (CVIl)

-
-
-
£

-

.

.

L]

CAYOGEN SYSTE'AS ANALYSIS

* % & @

L L ]

-« * @

MFTF

LINE DESCRLIPTION FQR LINE NUMBER 4

EX1TY

SECTION LENGTH HEIGHT HEIGHT

NUMBER (METER) (METER) (METER)

1]

2.00

15.40

$.490

EFFECTIVE HEAT
RATE

L/0

-0

[P —

{(WATTS)

13

LINE

=LINE TYPE~
VALVE

ELROW

- & W

»
*
-
-
-

v " =

BAYONET

PAGE 45

OATE 05 APR 79
TIME 12:22:59
CASE’ 1

* * r e e

-T=-




590

L1NE

INLET

SECTION LENGTH HEIGHT

NUMBER (METZR) {(METER)

LU= 0OPANORAUN =

-

.00
2.00

14.00

1.32
<00
1.00

15.40
15.40
15.40
15.40
15.40
15.40
14,08
14.08
14.08
14.08
9.00
9.00
9.00
9.00
9.00
9.00
3.50
3.50
3.00
3.00
2.50
2.50
2.50
2.50
3.50
3.50
9.00
9.00
9.00
9.00
a.0¢
2.00
14.08
14.08
14.08
14.08
15.40
15.40

HAME
DEPY
EXT.
8lLD.
- -

LINE DESCRIPTION FOR LINE MUMBER

EX1T
HEIGHT
{METER)

15.40
15.490
15.40
15.40
15.40
t4.08
14.08
14.08
14.08
9.00
9.00
g.c0
2.00
9.00
9.00
3.50
3.50
3.00
3.00
2.50
2.50
2.50
2.50
3.50
3.50
2.00
9.00
5.00
9.00
9.00
2.00
14.08
14.08
14.08
14.08
15.40
15.40
15.40

USER NAME

6213
30235
104

MR L T T T T I I T I O S T RS

-
»
-
-

LI R I R . T R .
CRYOGEN SYSTEYS ANALYSIS

MFTF

-
-
-
-
-

PAGE a6

OATE 05 APR 79
TIME 12:22:59
CASE 1

LA S B R N R )

TEST CASE FOR THE MFTF LIQUID NITROGEN SUPPLY 3YSTEM (CVIE)

EFFECTIVE HEAT

L/D

RATE
(WATTS)

.00
1.13
. 6.39
.57
+00
.75
.00
7.94
-00
2.88
«090
1.13
.00
5.50
-00Q
3.12
6.39
-28
.00
-1
200
.00
.00
«57
6,39
3.12

LINE

XXM OX oM oM OX X X X X X X X X N M X X X

3

=LINE TYPE-
ELBOW VALVE

X oo O x x x X

X oM X X X X

BAYONET

-1~



NAME USER NAME ® % = & 3 F % % ¥ & & F x 3 % 3 3 s 8 & » PAGE a7
DEPT 5213 - CRYOGEN SYSTEAS ANALYSIS + DATE 0% APR 79
EXT. 30235 . * TIME 12:23:00
8LD. 104 * MFTF » CASE 1

L R R N L T T O B N N A I I N I A I
TEST CASE FOR THE MFTF LIQUID NITROGEN SUPPLY SYSTEM (CVI)

LINE ODESCRIPTION FOR LINE NUMBER S

LINE INLET EXIT EFFECTIVE HEAT ~LINE TYPE-
SECTION LENGTH HEIGHT HEIGHT L/0 RATE LINE ELBOW VALVE BAYONET ~T-
NUMBER (METER) (METER) (METER) (WATTS)
39 ] 15.40 15.40 -0 5.39 X
40 2.00 15.40 15.40 -0 1.13 n

93q




NAME USER NAME

* % e s 2 8 sk ks A F %o e & a v PAGE Q8

DEPT 6213 - CRYOGEN SYSTEAS ANALYSIS * DATE 05 APR 79
EXT. 30235 L BN « TIME 12:23:00
8LD. 104 - MFTF *= CASE 1

L L L I N I R I R I A L R T R

TEST CASE FOR THE MFTF LIQUID NITROGEN SUPPLY SYSTEM (CVI)
LINE DESCRIPTION FOR LINE NUMBER 6

LINE INLEY EXIT EFFECTIVE HEAT -LINE TYPE-
SECTION LENGTH HEIGHT HEI1GHT L/0 RATE LINE ELBOW VALVE BAYONET -7~
NUMBER (METER) (METER) {METER) (WATTS}

] .00 15.40 15.40 80.0 340.65 X

2 26.00 15.40 15.40 -0 29.50 x

3 .00 15.40 15.40 31.0 . 00 X
- 8,50 15.490 6.90 .0 9.649 X
s .00 6.90 6.90 31.0 .0a x
6 18.50 6.90 6.90 N 20.99 x
7 .00 6.90 31.0 .00 x

-] 7.90 ~-t.00 .0 8.96 x

9 .00 ~3.00 31,0 .00 X
10 54.50 -1.00 N 61,83 X
11 .00 ~1.00 31.0 .00 x
12 18.00 -1.00 N 20.42 X
13 .00 ~1.00 3.0 .00 x

181

.




INDEX DIam
(%)

-
WN=CQONONIWN=

89q

» 1016
- 1016
1016
1016
41016
»*016
- 1016
1016
-1016
+ 1016
-1016
.1016
<1016
-.1016

woaT-L
{KG/S)

1.0463
1.0463
1.0462
1.04361%
1.04561
1.0457
1.0457
1.0as57
1.0457
1.0455
%1 .0455
1.0455
1.0455
1.0453

NAME USER NAME
DEPT 6213

Exr, 30235

BlLD. 104

ok = kw2 s o

WDOT-V QUALITY

(KG/S)

.0000
0000
0000
.0002
U002
.G005
.Q0CH6
.0006
.0006
-0007
.0008
Q008
.0008
~Q010

-0000
-0000
-0G00
.0C01%
0001
-0005
.Q005
Q006
.0006
.0007
. 0007
.0008
.0008
. 0010

-
»
*
-

ko=

CR

.- s oo

.
TEST CASE FOR THE

TEMP
(K}

88.196
BB.209
u8B.209
BB.208
88.208
8B.203
8B6.203
8B.i67
88.167
88.165
BA.165
88.126
88.126
88.124

ANALYS

PRESSURE
{KPA)

308.11071
308.47935
308.473067
30B.43544
308.492854
308.30538
308. 29821
307.30139
307.29421
307 .24928
307 .24195
306.19458
306.18731
306.12237

= & & 2 % s T o

YOGEN SYSTEZS ANALYSIS
WFTF

® & k& % x  * ¥ ox &

-

.- =

%y

e b .

PAGE a4
DATE Q5 A
TIME 12:2
CASE

- s & ¢ >

MFTF LIQUID NITROGEN SUPPLY SYSTEM (CVI)

1S OF LINE NUMBER 1
PR GRAD FRICTION
(KPA/M) FACTOR

01769

-, 12048 .01769
. 00000 -01768
» 00209 .01768
. 00000 -.01768
. 00227 .01768
. 00000 01769
- 12618 01769
< G0000 -017609

. 002343 + 01769
. 90000 - 01769
.12322 .01769
.000040 -01769
.00261 .017C9

REYN
NUWMBER

112751.2
112751.2
112796.2
112796. 2
112790.9
112790. 9
112775. 6
112775.6
112651.4
112651.49
112644.5
112644.5
112514,
112514.1

VAPOR VE
iM/S)

.0000
.0R04
.@803
-@203
.0863
.0804
.0904
.0805
.0808
.0806
-0806
.0808
0809
. Y809

2

PR 79
3:00
1

* * & >

L VAPOR MACH
HNUMBER

-0000
-00049
.0004a
-00049
.0004
«0004
.0004
«0004
.0004
«0004
« 0094
-0004
<0004
-QQ04a

DENSITY
(KG/M-3)

753.2565849
752.778290
752.240799
749.572090
T46.921005
739.048058
731.333733
730.222572
729.11434%9
726.465660
723.836319
722.641563
721 .44860%
717.902872

S




INDEX

690

QANDNHWN -

DTAM
(M)

.0254
.0254
.0254
.0254
.0254
.0254
.0254
.0254
.0254
.0254
.0254
.0254
.0254
- G252
.0254
-0254
.0254
.0254
.0254
.0254
.0254
.0254
.0254
.Q254
-02%4
.0254
.0254
.0254
.0254
-0254
.0254
.0254
.0254
. 0254
+02594
.02549
. 0254
. 0254
. 0254

MNAME USER
DEPT 6213
EXT. 30235
BLD. t04

WDOT~-L WOOT-V QUALITY

(KG/S)

.090S
.0008
.000s
.0o00s
.0005
.Goos
.000s
.000S
.000S5
.0005
.D00S
.0004
.co04q
. 0004
.0o04q
.00n%4q
.GoD0D
.0000
.0000
.0000
.3000
-0900
.0000
.0000
.000Q
.0000
.0000
-.00C0
~.0000
~-.0000
~.0000
—.0000
-.0000
~.0000
—=.0000
~-.0000
-.0020
-.0000
~.0000

(KG/S)

.0000
.0Q00
.0000
-0000
-0000
.000D0
. Q000
.0000
.0000
-0000
-0000
.0001
-0001
-0001
.0201
.3001
-0005
-0005
.000s
-9005
-0005
-0005
0005
-0005
-.0005
.Q005
.0C05
-0G05
-0G605
.0005
+ 0005
-000S
-0005
. 0005
.000S
.0005
-0005
.200%
-Q005

.00%0
.on10
.0070

L1792

1792

. 1807

.2097

.2097
1.0000
1.0000
1.09¢C0
1.0000
1.0000
1.90C0
1.00060
1.0000
t.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.06000
1.0000
1.0000
1.0000
1.0000
1.0000
1.00060

NAME

= W oa %

*
TEST CASE FDR THE MFTF

TEMP
{K)

a6, 124
BB.124
8B.124
as.124
8B8.124
as.124
88,121
8B.121
as. 121
86,121
BEB.121
BB.121
8s.121
88.121
8Be.121
BB.121
892.928
92.928
92.97¢0
82.970
SR . 195
28.150
98.150
a8.4a15
98.41%
98.456
103.59%
103.595
109,537
109.537
109.589
109.589
114.729
t14.776
114.776
115.094
115.034
115.141
120.280

-
-
»
»

-

-+ & g

o
* . o

ANALYS

PRESSURE
(KPA)

306.12217
306.12178
20G6.12177
306.12177
306.12176
30G.12175
306.03877
306.03876
306.03a76
306.03876
706.03874
306.03B54
306. 03850
306.03548
30G.03B4aB
306.03B44
305 .82656
405 .82635
30%.98760
305.98739
305.93739
305.98724
205 . 98701
305 .93328
305 .98305
305.98231
305 .98291
305.98766
305.70353
365.70326
795. 96655
305 .96628
305.96628
305.96610
355 . 96581
305.96315
305.96086
305.9G05B
305.96068

LR N R L I L I I I B I I
YOGEN SYSTZAS ANALYSIS .
-

METF -

L O T B T

1S GF LINE NUMBER 2

PR GRAD FRICTION REYM

{KPA/M] FACTOR NUMBER
.G8a71 219.2
.00000 .09471 219.2
. 00000 . 09471 19,2
. 90000 .09471 19,2
. 00001 .99471 219.2
. 00000 . 09471 219.2
.12203 . 08471 219.2
.00000 .09a71 219.2
. 00001 . 08471 219.2
.0C000 .09471 219.2
.00000 .08471 219.2
. 00003 . 09471 21g.2
. 00000 .09471 219.2
. 00004 .08471 219.2
. 00000 . 09471 219.2
. 00000 .09471 219.2
.02430 .04034 4159.3
. .00000 .04a0a7 3969.0
- 41770 .04087 3969.0
.N0000 .04087 ascs7. 4
.00000 .04087 3967.4
.00023 .04141 3783.6
.00000 .24142 3782.2
. 00029 .0a142 3782.2
. 00000 .041449 3773.3
.00029 .04144 3773.3
. 00009 . 04145 ar71.9
. 00000 .0a197 3606.5
.01607 .04197 3606.5
. 00002 .04254 3433.4
—-.09641 .04254 3423.4
.C0000 .04a255 3432.0
. 00000 .04256 3432.0
. 00036 .04303 3296.1
.00000 .05303 2224.5
.00037 .04303 3294.9
. 00000 .04306 3286.9
.00037 . 04306 3288.8
.00C00 .04307 3285.7

PAGE S0

DATE 05 APR 79
TIME 12326300

CASE 1

LA I B A B A

LI1QUID NITROGEN SUPPLY SYSTEM (CV1)

VAPOR VEL VAPGR MACH

M/s)

.0000
.0009
.00¢0Q
. 0000
.0000
.2000
-0000
.0000
.0000
.0000
.0000
-0000
-0000
. 0000
.0000
.0000
.0000
.07 00
.0000Q
.00C0O
<0000
.0000
-g0G0
«000Q0
.0000
.G0GQ
.0000
.00090
.0000
0000
.0000
.0000
.0001
.0001
.0001
-0001
.0001%
0001
.0001

NUMBER

. 0000
. 0000
. 0000
.0000
.Gooo
- 0000
.Q000
. 0000

DEMSTTY
(KG/M-3}

55q.264549
714.253443
613.325798
337.199629
238.916925
232.520553
228.350868
224.3203286
221.452778
176.111158
147.422716
S2.034881
66.898682
66.641541
61.850571
57.894579
12.0407486
12.033546
12.026637
12.033569
11.257551
11.251873
11.251864
11.214871
11.214862
11.209215
10.546261
10.546252
g./881538
9.872240
9.866748
9.875706
9.37220%
9.367823
9.3678143
9.338B406

9.338357 .

£.334037
8.8B7696



INCGEX DI4&w

0

a9
40
a1

42
43

NAME  USE
DEPY 6213
EXT. 3023
aLD. 104
LI T I )
WDOT—-L WDDT-V QUALETY
e {rRG/S) {KG/S)
<0254 -.Q000 * .0005 1.0000
.0254 =,0cG00 .0005 1.0000
.0254 ~.0000 .0005 1.0000
«0254 -.0000 .0005 1.0000
-0254 -,.0000 .0005 1.0000
.0254 -.0000 .0005 1.0090
.0254 -.0000 +0005 " 1.0000
-0254 -.000C .000S 1.0000
«02%4 ~,0000 .Q005 1.90G0C
-0254 =.0000 .0005 1.0000
.0254 -.0000 -000S 1.0000
. 0254 -~ .0000 .0035 1.0Q00C
.0254 -_0000 .0005 1.0000
.0254 ~.0000 .000S 1.0000
. 0254 -.0000C «.0005 1.0000
.0254 -_0000 .000% 1.0000
.0254 -.0000 .Q005 1.00006
.0254 -.0000 .0005 1.0000
.0254 -.0000 .000S 1.0000
.025%54 -,0000 .Qo@5 1.0000
~0254 -_0000 .DOO5S  1.00DD
.0254 - _DOOD .0005 1.0000
+0254 -.,0000Q -.000S 1.0000
.0254 = _.0000 .000S 1.0000
.0254 -—_.D000OD -0005 1.0000
.0254 -.0000Q +.0005 1.0000
.0254 -~ _,00DO .0005 1.0000
«0254 -.00Q0 .0005 1.0000
~0254 -_.0000 .0005 1.0000
.0254 -.0000 ,0005 1.,0000
» 0254 ~-,0000 .0005 71,0000
.0254 -_.0000 .0005 1.0000
-0254 -.0000 .0005 1.0000
0254 -.0000 -000C5 1.0000
.0254 -_.0000 .00G5 1.0G00
WFLOW = » 00050

EIC I ]
-
-
-

E)

PAGE

DATE QS APR 79
TIME 12:26:02
CASE 1

s T x4 & s 9

LIQUID NITRDGEN SUPPLY SYSTEM 1cvly

R NAME L T I B I L T T U T
s - CRYOGEN SYSTEAS ANALYSES
™
* MFIF
- x r e - L T T I I T T T Y
TESY CASE FOR THE MFTF
ANALYSIS OF LINE NUMBER 2
TEMP PRESSURE PR GRAD FRICY ION
tK) (Kpa) (KPA/M) FACTOR
120.280 305.96037 200000 .Ca353
127.3249 305.72270 .01368 -04353
127.324 395.72237 .00000 - 04415
127.866 305.,943%5 ~. 08117 -04415
127 .866 305.94362 - 00000 .04419
144.342 305.94352 -« 00000 «04419
146.6852 305.94337 + 00050 - 04883
146.852 305.94257 - 00000 .04573
1497.287 30G.07662 ~.0G105¢ . 04573
147.267 30G6.07622 - 00002 - 04876
147.687 306.03067 . 00051 .04576
147 .687 306.03027 . 00000 « 04579
148.108 307.27841% =-.01044 . 04579
148.108 307.27801 + 00000 . 04582
148.528 307.25418 . 00051 . 04582
148.528 307.25378 . 00000 . 04586
1t48.947 307,10089 .01144 . 04586
149.022 306.26543 . 06989 .Q0a589
149.4486 305.92200 .01137 . 04589
t49.446 305.92160 - 00000 .04593
149.872 305.89737 . 00052 . 04593
149 .948 305.89005 -00052 - 04596
149.948 305.88964 .00000 . 04597
150.020 305.75t39 -06913 . 035397
150.02Q 305.75098 » 00000 -D4597
150.095 305.74836 -00052 - 045971
150.085 305.74795 .00000 -04598
155.239 305.74795 « 00000 -04598
155.295 305.74768 - 00055 -04836
155.295 305.74725 + 00009 - 04637
155.361 305.79181 -.06553 -04637
155.361 305.79138 «.00000 .0a837
155.431 305.79084 « 00055 - 04637
160.570 305.79064 - 00000 .04638
160.647 305.78970 ~ Q0057 . 04675
OBEXIT = 332.4727

REYN
NUMBER

3161.6
3161.6
3006.9
3006.9
2995.7
2995.7
2692.1
2651.5
2651.5
2644.9
2644.9
2638.3
2634.3
2631.7
2631.7
2625.1
2625.1
2618.6
2617.5
2610.9
2610.9
2604.4
2603.2
2663.2
2602.1
2602.1
2601.0
2603.0
2524.9
2524.0
2524.0
2523. 1
2523. 1
2522.1
2450.8

VAPOR VEL VAPOR MACH  DENSITY
tM/S) NUMBER (KG/M-3)
.0001 .0000 8.887687
.0001 .0000 8.345835
.0001 .0000 8.339335
.0001 .0000 8.300625
.0001 .0000 8.306851
.0G01 .0000 7.288052
.0001 .0000 7.155524
~0001 . 0000 7.155514
.0001 .0000 7.133936
.0001 .0000 7.137257
10001 .0000 7.114629
0001 .0000 7.114619
.0001 .0000 7.091684
.0001 .0000 7.122606
.0001 .0000 7.100664
L0001 .€000 7.100654
.0001 . 0000 7.079342
.0001 .0000 7.071981
.000} .0000 7.030994
.0001 .00u0 7.023300
.0001 .0000 7.001584
.000} .0000 6.997646
.0001 .00D0 6.997636
.¢0ot 6000 6.994063
.0001 .0000 6.990859
.0001 .0000 6.987103
.0001 .0000 ©6.987093
.€001 .0000 6.743051
.0001 .0000 &.740230
.0001 0000 6.740220
.0001 .0000 6.737216
.0001 .0000 &.738213
.0001 .0000 "6.735023
.0001 .0000 6.508737
.D001 . 000D $.505449




INDEX DIAM wDOT~
(m)

TiQ

‘ A
CUTDNANMWN =

KG/S)
0252 6179
.0992 .5179
-0992 6179
.0992 .6179
. 0992 «6179
.0u92 .6179
.0992 6179
.0992 .5179
.0992 .6178
.0892 .6178
.0992 .B178
-0992 5178
.0992 .6178
.0992 .6178
.0992 .6178

.0992 .6178
.0992 .6178
.0992 .6178
.0992 ;1544
.0992 L1549
.0092 L1138

.0892 1136
.0992 .1136
.0992 « 1136
.0992 .1138
-0992 . 1135
.0992 -1135
.0992 .1135
.0992 -1135%
.0992 .1135
.0992 -1135

.0892 . 1135

.0992 «1135
.0892 .1135
. 0992 +1135
.0992 «11349
. 2992 .1134

WFLOW =

L WDDT-V QUALITY

NAME WUSER NAME
13

DEPTY 62

ExXT. 30235

8LD. 104

* % ¥ % 4 F * w o

tKG/5)
.0006 .0010
.0006G .00%0
.0006 .0030
.00C6 .0010
.0007 .0011
Q007 L0011
.0007 0011
.0007 L0011
.0007 .0011
.0007 .0011
.0007 .0012
.0007 .0012
.0007 .00t2
.0007 .0012
.0D07 .00%2
.0008 .00t3
.0008 .0013
.0008 .0013
.0002 .0013
.0002 L0013
0411 . 2656
.0a .2656
.04a11 .2656
0411 . 2657
-0411 . 2657
.0411 .2657
.04 . 2658
-04t; . 2658
.04a11 « 2659
-0311 . 2659
.Da12 . 2662
0412 . 2662
.0412 .2662
.0412 . 2662
0412 2662
.0a12 2665
.0412: . 2665
. 618535

TEST CASE FOR THE MFIF

TEMP
M)

as8.124
88.122
88.122
as. 122
88,122
88.122
88.128
B88.128
88.127
as.127
86,149
a8. 149
86. 149
8B.149
B8B. 153
B8.153
88.155
88.158
88.158
88. 160
88.188
88.194
88.196
BB.198
88.197
88.198
88.146
88.146
B8.123
B8.123
B8.121
B88.121%
88.115
88.115
88.115
88.118
80.115

DPEXIT =

-
»
.
-

L

* ¥ & & & 5 3 ¥ ek
CRYDGEN

MFTF

L I A

ANALYS1IS OF LINE NU

PRESSURE
{KPA)

306.12217
306.08376
306.08156
306.08153
306 .08032
306.G7639
306.23886
306.23573
306.21974
306.21652
306.82096
Jo6.81688
306.81330
306.80927
306.93112
306.93109
306.99241
307.054970
307 .05381
327.11523
307.87375
308.05399
30B.17507
30&2.168249
303.16280
308.156635
A306.73061
306.724496
306.09758
306.091490
306.06332
3068.05714
305.891865
305.88549
305.688348
305.88348
305.879486

242.7070

PR GRAD
(HPA/M}

- 00000
« 00110
- 00009
-.00121
. 00000
=-.12309
.00000
-00114
« 00000
—« 11899
. 00000
-.00118
. 00000
—.12185
«90Q00
—. 12263
-. 12457
.00000
-. 12282
-. 12040
-. 120493
~. 32059 -
- 0000¢
.c0tag9
« 00000
< 12620
« 00000
» 123430
00000
- 00201
. 06000

. 00201

* w 2 ¥ 3

LIOUID NITRDGEN SUPPLY SYSTEM [CVI)

MBER 3

FRICTION

FACTOR

.01380
.01980
.01980
-.Q1980
-01980
.01980
- 01980
-01980
« 01980
- 01980
- 019380
. 01980
. 01980
. 01980
. 01980
«G+t9B80
- 01980
. 01980
-.02772
02772
. 02772
. 02772
-02772
. 02772
-02772
. 02772
.02772
.02773
.02773
-02773
-.027%3
.02773
- 02773
02773
.02773
-02773
-02773

FOE B IR Y

SYSTEVS ANALYSIS

L]
-
.
-
»

LA N )

REYN
NUMBER

68106.8
68106.8
581049, t
68104.1
68104.1
€8104.1
€A402.9
68115. 4
68115, 4
68113.7
68113.7
68159.2
68159.2
68159, 2
68158.2
68167, 2
GB167.2
68172.1
170449.2
17054, 2
17045, 3
17059.7
17062.9
17065. 1
1706%. 1
1706%., 1
17064.9
17038. 1
17038. 1
17026.3
17026.3
12025.6
17025.6
17022.4
17022.4
17022.1
17022. %

PAGE 52

DATE 05 APR 79
TIME 12:26:0%

CASE

1

T a2 r e & F A

YAPCR VEL VAPOR MACH

{M/5)

-0000
.0478
0478
Q478
.0478
.0478
.0478
0478
-0478@
.0478
.0478
0477
0477
0477

NUMBER
- 0000

-0002

<0002
- 0002
. 0002
. 0002
- 0002
<0002
0002
. 0002
. «0002
0002
- 0002
-+ 0002
.0002
.0002
0002
- 0002
~.000"
+ 0001
« D001
.0001
. 0001
. 0001
- 0001
.Q001
« 0001
. 0001
. G001
.0001
- 0001
« 0001
20001
. 0001
. 0001
- 0001
- 0001

DENSITY
(KG/M-3)

6.505249
713.933502
713.400208
712.102409
710.911507
710.770996
710.%596458
710.428505
708.930054
707.439316
706.869911
706.292351
705.93690%
705.583023
705, 444008
704.276726
703.165802
703.062218
703.004143

“702.808479

B87.622153
A48.731894
46.746180
46.751908
46.744975
46.737358
46.630512
46.525410
46.476139
45.428023
46,402472
46.375764
A46.363101
46.350384
46.346511
48.325051
48.303708

v

[P

A & 325



i

INDEX DIAM
L }]

DONONAED-

- 0508
. 0508
.0508
.0508
.0508
. 0508
.0508
.0508
.0508
.0508
.0508
.0508
.0508
.0508
.0508
.0508
.0508
.0508
. 0508
.0508
.0508
.0508
.0508
.0508
. 0508
.0508
0508
.0508
.0508
. 0508
0508
.0508
. 0508
.0508
.0508
.0508
-.0508
.0508
.0508

-

WDOT-L

(KG/S)

-1781
» 1761
.1781
« 1761
1761

-0862
.0862

0BGt
-o8st
0BG}
.0061
.0B61
.0861
» 00861
.0861
.0851
.0861
.08gQ

NAME USER NAME

WEDT~V QUALITY

{KG/S)

.0002
0002
.0002
.0002
.0002
.0002
0002
L6002
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0004
L0002
.0002
.0002
L0019
.0019
.0019
.0020
.0020
.0020
.a020
.0020
.0020
0020
.DD20
L0020
.0021

.0021

-0021
.0021
.0021%
.0021

L0010
0010
.0010
J0012
.0012
.0012
.0013
.0013
.0015
.0015
-0016
.0016
.0017
0017
.0019
.0019
.0019
.0021
0021
.0021
.0021
.02t9
.02t9
.0219
.0223
.0224
.0224
.0227
. 0227
.0228
. 0228
.0230

»0230:

.0235
« 0235
.0236
. 0236
.0236
+ 0240

o« * *

TEMP
(x)

a8.124
a8.122
e8.122
BB.122
B88.122
68.121
88,127
B88.127
88,125
88.125
88.147
ag.147
88.146
BEB. 146
88.145
88.14%
68.149
88.149
B88.149
88.153
88.153
88.153
B8B.153
8£.148
£88.148
88.144
868.144
e8.143
88.143
88.143
88.143
EB.319
88.118
88.118
88.118B
e8.112
88.112
88.112
865.112

L
-
L
L

»

LI I

* b

-

WMFTF
- W P P = o

L L T A

CRYODGEN SYSTEWAS ANALYSIS

- * % =

ANALYSLS QF LINE NUMEBER 4

PRESSURE
[KPA)

306.12217
305,07058
306.06462
306G . 06450
306.06143
306.0%707
306.21357
306,20835
306.16451
30G. 15914
306 - 75954
306.75538
306.74554
306.74033
306. 70867
306.70446
306.82232
306.68222Q
406.81743

306.53938°

306.93806
306.93522
306.93170
30G-8B0GB2
306.806577
30G6.€608174
305.67797
306.65597
306.65221
30G.€4518
30G.649145
305.00544
305.00189
30%.96955
305.96589
305.80369
305.,80001
305.79770
305.79764

PR GRAD
LKPA /M)

. 00000
. 00298
« 00000
. 00307
« 00000
=~.1185%6
. 00000
.00313
. 00000
-. 11819
» 00000
. 00322
« 00000
. 00326
. 00000
-. 11786
« +00002
. 00000
-.12196
. 00000
00000
. 00000
. 12488
. 00000
. 12502
.Q0000
.00227
. 00000
.00223
. 00000
. 12520
.00000
. 00231
+ 00000
.12288
+ 0000
00231
« 00000

FRICYTION

FACTYDR

.02273
+ 02273
-02273
.02273
- 02273
- 02273
-02273
.02273
.02273
.02273
. 02273
02273
.02273
. 02273
.02273
-02273
.02273
.02273
-02698
-02698
. 02698
. 02698
.02698
. 02698
.C2698
-02898
. 02698
. 02698
-02R9B
-02698
.02698
.02E698
.02698
.02698
+ 02698
. 02693
. 02699
. 02699
< 02699

-
.
-
-

REYN
NUMBER

37914.2
37914.2

37912.1

37912.1

«7912.1

37912.1,
37911.5

ar917.p

37917.8 "
37915.8
37915.8
37940.9
37940.9
3794¢9.3
37940.3
37938.7
37938.7
37943. 4
18974.7
18971.7
1897a4.1
18974.1
¥8974.1
18974.1
18971.3
+8971.3
18968.8
18966.08
“$1B968. 3
t168968.3
18967.9
i0967.9
18954.6
18954.6
18953.9
18953.9
18950.3
16895H.3
18950.3

PAGE 53

DATE 05 APR 79
TIME 12:26307

CASE

1

* & A & " e

TEST CASE FOR THE MFTF LIQUID NITROGEN SUPPLY SYSTEM (CVI)

VAPOR VEL VAPOR MACH

iM/5)

- «0000
.0136
.0136
.0136
.0136

0068
.0068

0068
.0068

NUMEER

.0000
.0001
. 00014
. 0001
.00014
. 0001
L0001
L0001
.0C01
.0001
.0001
. 000t
.0001
«0001
.0001
.0001
.0001
. 0001
.0000
. 0000
. 0000
. 0000
+0000
.0O00
.0000
. 6000
.0000
. 0000
.0000
0000
L0000
. 0000
.0000
.0000
0000
.0000
+Q000
. 0000
N-11.0]

DENSITY.
(KG/M—2)

46, 303708
713.823845
712.66323%2
708. 149292
704.046394
703.656281
703.151871
702.639297
697 .E65024
692.760178
6€90.9572198
689.201881
688.319713
687 .033859
683.713326
6£0.432632
690.070175
676.3294960
672.848007
672.205514
671.591141
446.690927
334.614456
334.421268
332,.569565
330.7491779
330.558605
329, 101006
327.655178
327.196133
326.735199
325,828629
324.932800
322.508218
320.908054
320.672676
320.431332
320.285004
318.615562




R NAME USER NAME * ® x % & 4 ¥ w
DEPT 6213 - CRYOGEN
EX¥. 30235 .
BLD. 104. -

a & % & & & B o s ok F A ow oW

TEST CASE FOR THE MFTF

ANALYSIS OF

* PAGE 549

* DATE 05 APR 79
= TIME 12:26:10
-
-

& ® & + % a4 e s 4 % 8w
SYSTENS ANALYSIS

MFTF CASE 1
LI S B T T I R L I I I

LIQUID NITROGEN SUPPLY SYSTEM (CVI)
LENE NUMEBER 4

INDEX DLAWM WOOT=L WDOT~V QUALLTY TEMP PRESSURE PR GRAD FRICTION REYN VAPOR VEL VAPOR MACH DENSITY
[} {KG/S) (KG/S} (H) (KPA) {KPA /M) FACTOR - NUMBER {m/5) NUMBER (HG/M=-3)
39 .0508 . 0860 «0021% 0241 8s.112 305.79293 .00235 . 02699 18950.3 .0068 .0000 316.81755%1

WFLDW = «1765297 DPEXIT = 329.2344

£



INDEX DIAM

9T

CONOUILN -

(M)

0508
.0508
.0508
.0508
«0508
.0508
0508
. 0508
.0508
-0508B
.0508
.0508
. 0508
. 0508
.0508
.0508
.0508
.0508
.0508
<0506
.0s08B
.0508
<0508’
.0s508

WOOT~L

(KG/5)

-1501
-1501
« 1501
-1501
-1501
-1501
- 1501
-1501
- 1500
- 1500
« 1500
-1500
.1500
-1500
. 1500
-1500
. 1500
« 19499
.t4a99
«.0500
-0500
-0500
-0S00
»0%500
-0500
. 04993
.0499
. 0499
. 0499
.0499
.0499
.0493
.Q499
-0499
.0498
-04a98
.04986
0498
+.04q98

NAME USER NAME
DEPT 6213

EXT. 30235

BLD. 104

LI I I )

TEST CASE FOR THE MFTF

‘

WDOT-V QUALITY TEMP

(KG/S) {K)
.0po1 .0010 88.124
.0001 .0010 B898.122
0002 0010 Ba.122

0002 <9013 88.122
0002 .0013 88.122
. 0002 .0013 BB .122
.0002 .0013 68.127
.D00D2 .0013 8B8.127
.0002 -0016 88.126
.0002 .0016 8B8.126
.oQ03 .0017 a8a.148
.0003 Q017 88.14B
.0003 0018 88.148
.0003 .0018 B88.148
.0003 .0020 B88.147
.0003 . 0020 88.147
.0003 .0021 a8.1714
«0004 .0023 86.171%
.0004 .0023 88.173
. 0001 - 0023 88.173
.0001 -0024 88.175

»

0001 0024 a8.175
.0001 -0024 88.175
.0001 . 0024 88.175
-0001 .0024 88.170
.0002 <0031 88.170
.0002 .0035 88.146
.0002 <0035 a88.146
o002 -0Q41 88.146

.0002 . 0041 B86.146
.0002 .0042 BB, 146
.0002 .0042 88.146
<0002 .004% 88.123
.0002 . 0045 88.123
.0003 .0054 58.123
.0003 .0054 88.123
L0003 0055 68.117
0003 . 0055 88.117
.Q003 . 0059 a8.137

L R N

= 3 % e

CR
LI Y

ANALYS

PRESSURE
(KPA)Y

306.12217
305.08303
306.078%4
306 .078aas
306-07608
306.071898
30G.22822
306.22500
306.19170
306.19750
J0G.79?77
306.79464
306.7897S
30G.78%527
306.76119
30G.757930
307.40973
307.40964
307 .47163
367 .47097
307.53228
307.531a3
307 .53183
“LT.53139
207.407aS
307 .40742
306.732a0
306.73197
366.727849
3665.72767
306.72680
30&.72565
306.109a4q
306.10810
306.10168
306.10118
305.949141
305.93011
305.93964

L A )

YOGEN SYSTEAS ANALYSIS

MFIF

» - ¥ =

4888

L I N L I I

IS OF LINE NUMBER 5

PR GRAD
(KPA/M)

. 00000
.00224
008090
.00237
. 00000
~.118449
. 00000
00238
.00000
~. 12013
. 00000
. 00245
~00000
. 00298
. 00000
~. 1185
.00000
-.12398
.00000
-. 12261
. 00000
-.00000
. 00000
. 12394
+00000
. 12273
00000
.00043
009002
.00043
. 00000
. 12130
. 00000
.000465
. 00000
«12103
.Q0900
«00047

FRICTION

FACTOR

.02363
.02363
.02363
.Q23863
. 02363
. 02383
-02363
.02363
.02363
.02363
- 02363
. 02362
. 02362
.02362
. 02362
. 02362
-02362
-02362
- 02362
- G327
03121
03121
.03121
- 031214
-03121%
033121
-03129
«»03122
-03122
- 03122
. 03122
.03122
.03122
03122
.03122
.03122
03122
.03122
.03122

REYN
NUMBER

32320.2
32329.2
32318.8
3231a.8
32318.8
32318.8
32318.3
32324.0
32324.0
32322.4
32322.4
32344.1
32364.1
32364.1
32344q. 1t
32342.9
32342.9
32366. 1
3236641
10789. 4
10789.4
10790. 1
10790. 1
10790. 1
10790.1
10788, 6
10788.6
10760.6
10786.6
10780.6
1078Q.6
10780.6
10780.6
10773.2
10773.2
10773, 2
10773.2
10771.2
10771.2

PAGE =1
DATE 05 A
TIME $2:2
CASE

. 2

-’
LIQUID NITROGEN SUPPLY SVS[EM (cvny

VAPOR VEL VAPOR MACH

(M/S}

.coo0
L0116
.ot16
avlg
L0116
L0116
.0116
.0116

-0116
_0116
LOi16
_0118
0116
0116
.0118
.0116
.G116
.0118
0115
.0039
.003g
.0039
.0033
.0039
.0039
.0039
.0039
.0039
.0039
.0039
.0039
.0039
.0039
.0039
.0039
.0039
.0039
.0039
.0039

5
PR 79
6310
1
* & &

NUMBER

.0000
Q001
Qo001
0001
-0001
. 0001
. 0001
.0001%
-0N0%
. 0001
«Q00Tr
.Q001
.0001
. 000
« 0001
-.D0O01
- 0001
.Q001
«-0001
- Q000
-0000
« 0000
0000
+ 0000
. 0000
+ 0000
-0000
+ 0000
.Q000
.Q000
- 0000
+ Q000
- 0000
- 0000
-.DDO0
« 0000
.0000
. &0ao
« Q0G0

DENSITY
{KG/M-3)

316.817551
713.927582
712.766823
707 .49956%5
702-712013
702.271263
701.699829
701.138412
695.519005
689.98025S
6B87.970917
665.983345
665.185394
684 .380836
680.635651
676.93B202
674.866020
6668.879944
664.798279
664.614708
664.094708
663.579552
663.576797
663.572784
662-533363
630.179932
633.963478
628.771416
619.896210
611.268837
609.519348
607 .775063
603.320473
598.933495
587 .349236
576.20621%
575.148476
574.0808593
5373.309715

——r




o

NAME USER NAME

- W % N w e s ¢ ks s b om o4 v or r ok owm * PAGE 56

DEPT 6213 - CRYOGEN SYSTE'AS ANALYSIES * DATE 05 APR 79
EXY. 30235 - * TIME 12:26:12
BLD., 104 - MFTF * CASE 1

LEENE B R R T I B T I O I T B L L B )

-
TEST CASE FOR THE MFTF LIQUID NITROGEN SUPPLY SYSTEM (CVI)
ANALYSIS OF LINE NUMBER S

1NDEX DI1AM WODT—~L WOOT-V QUALITY TEMP PRESSURE 5 GRAD FRICTYION REYN VAPOR VEL VAPOR MACH DENSLETY

(L} ] (KG/S) (RG/S) TH} (KPA)} PMPASMY FACTDR NUMBER (M/S) NUMBER (KG/M-3)
392 .0508 - 0498 + QD03 «0DE2 BBE.117 305.93951 . 000G .02122 10771.2 -0039 - 0006 564.001686
40 .050B .0age <0003 . 0063 88.317 305.93B63 . 00049 . 03122 10771.2 .0039 +0000 554.2064549

WFLOW = -150285 DPEXIT = 183.5430
- -

=]
-~
in

T e

a7



INDEX DIawm

N OOBNBRWN -

13

9.

-.1016
+- 1016
.1016
10186
1018
-1016
-.1016
106
<1016
-.1016
-.1016
-1016
~.1016
<1016

wWOOT-L WOOY-V QUALITY

{HG/S)
.7758
. 7739
<7734
«7734
- 7732
~7732

WFLOW(
WFLOW(
WFLOW(
WFLOW(
WFLOW(
WFLOW{

NAME

USEF NAME

DEPT 65213

(KG/S}

[ T I N~ I ]

«1704
-1724
.1728
-1729
-1731

-1731

«1734
«1734
«17386
.1736
-1746
«1746
+1749
«1749

)= 1
b=
y=
y=
1=
V=

EXT.
BLD. 104

302as

L T T B )

.1801
. 1822
.18286
. 1827
. 1829
» 1829
. 1832
.1833
. 183S%
- 1835
-1845
» 1845
. 1848
. 1848

. 04627349
.D005096
-6185346
» 1762970
- 1502864

-9462734

TEST CASE FOR THE MFTF

TEMP
i)

88.113
ag. 104
as8.077
a8.073
aa. 102
88.099
88.079
88.076
ag.103
a8.o099
a8.042
88.038
88.019
88.015

KG/SEC
KG/SEC
KG/SEC
KG/SEC
KG/SEC
KG/SEC

L L I B L ] L L I B A O
- CRYOGEN SVSTEWS ANALYSIS *
- L]
- MFTF .
* & T @ A & B B % ¥R L L -

ANALYS1S5 OF LINE NUMBER 6

PRESSURE
{KPA)

305.B5018
305.5867S5
304 .83749
304.74648
305.53384
305.449293
309.90750
309.81611
305 .55808
305.46675
303.883149
303.78931
303.26194
303.16949

P
(

D1SPLAY QF

DIA{
DIA{
DIA(
DIA¢
DIA({

DiAl

AMBIENT TEMP = 293.150

R T = P

o 0 s W N

Jm
I=
)=
Y=
}=
}s

R GRAD FRICTICN
KPASM) FACTOR
.01809
. 00040 .01809
. 02882 . 01809
. 0000G .01810
-.09263 01810
. 00000 - 01609
. 028924 . 01809
.00000 .01810
-,.09392 .01810
. 00003 . 01809
.02909 - 01809
. 00CG00 .01810
02930 -21810
. 00000 .D1810

REYN
NUMBER

101729, 0

t01721.0
101692.5
101608.0

101597.5
1016686.2

101675.3
101614.9

101604.6
101688.7
101677.7
$01500.6
101488.9
101429.3

FINAL FLOW PARAMETERS

-10160
. 02540
.08922
.050680

.05030

T 2 2 32 2=

»101560

EXIT TEMP = 8B

S TLEAREMY T e e

QEX1T(
QERITI
QEXIT(
QEXIT(
QEXIT(
QEXIT(

015

[~ N~

PAGE

57

DATE 05 APR 79
TIME 12:265:12
CASE

*+ * e w * & = @

-
LIQUID NITROGEN sSUPPLY SVSTEH {cvly

VAPOR VEL VAPOR MACH

im/s)

“Lo13z2

.0733
0734
.0735
.0734
L0733
.0734
.0735
Q734

. 000396
1.00000
. 28649
.02408
- 00634
- 1848S

1

NUMBER

. G001
00904
» 0009
.0004q
.0004
- 0004
. Q004
+ 00049
Q004
. QUO4
.Qo004g
. 0004
«0004
«0004

DENSITY

(KG/M-3)

554.264549
€6.166949
€5.656142
€5.304113
65.520137
65.545472
65.428081
65.310872
65.334363
65.358314
65.039374
£4.722890
64.609149
64.498052

s



&

HNAME USER NAME -
DEPT -
EXT. -
BLD. -
+ % % & 4 os koW ok

LI T I S T L T BT I R T I N R
CRYDGEN SYSTE4S ANALYSIS -

-

MFTF »

@ ¥ or d w MW KT R RS MR S EFT N LW

PAGE
DATE
TINE
CASE

17
05 APR 79
12:27:25
1

TEST CASE FOR THE MFTF GASEQUS HELIUM SUPPLY SVSTEM (cvi)

e

YOU HAVE CALLED FDR THE GHE 4ECDV SYSTEM

LT



NAME USER NAME &k k& X 4 ® B S ke E A YT S w s s s+ PAGE 78
DEPT hd CRYOCEN SYSTEWS ANALYSIS * DATE 05 APR 79
EAT. - »* TIME 12:27:25
BLD. - MFTF * CASE 1
¥ W P ® W F R W F ¥ * ® & ® 5 B & bR E R PR NS S TN A A e E S

TYEST CASE FOR THE MFTF GASEOUS HELIUM SUPPLY SYSTEM (CVI)
4vses G HE RECOVERY DATA senve
10w PRESSURE SECTION®: LINE LENGTH NUM, —ELBOWS L/D OF COMP. MAJOR COMP.
48.000 . . 1.0 .0 -.0
.000 -0 : 340.0 -.0
5.000 2.0 «0 «0
.Qo00 0 340.0 -.0
1.000 «0 - -.0
. 000 -0 .0 1.0
1.000 .0 «0 -. 0
. 000 .0 340.0 -.0.
12.000 Z.0 .0 -.0
» 000 -0 340.0 =-.0
1.000 -0 . -.0
HIGH PRESSURE SECTION:
1.000 +.0 -0 ~.0
. Q00 -G 340.0 -0
1.000 .0 .0 -.0
. 000 -0 77.0 -.0
3.000 4.0 -.0
7.000 3.0 .0 -.0
g -000 -0 170.0 -.0
-] 2,000 1.0 «0 -0
.000 .0 .0 2.0
2.000 1.0 .0 -0
.ooo0 .0 .0 3.0
2.000 .9 -.0
Q00 -0 170.0 -.0
5.000 3.0 .Q -.0
000 .0 340.0 -.0
1.000 1.0 .0 -. 0
. 000 .0 .0 a.0
1.000 1.0 ~-.0
. 000 .0 340.0 -.0 .
1.000 1.0, . -.0
. 000 «0 A40.0 =-.0
2.000 2.0 0 -.0
. 000 +0 340.0 -.0
99.000 5.0 . -.0
000 0 340.0 -.0




6.1

NAME USER NAME 4 v F R R Kk E & om* 2 b e & w » PAGE 82
DEPT - CRYOGEN SYSTEAS ANALYSIS « DATE 05 APR 79
ERT. b * TIME 12¢ 27-27
B8LD. - MFTF * CASE
LR A N T R L T T T e e I R L L ) o . e .
TEST CASE FDR THE MFTF GASEDQOUS HELIUM SUPPLY SYSTEM (Cvi)
PDIA(METIER)} . 040 MDOTI{KG/SEC) . 050 REYNDLDS NUMEER 83379 F-FACTOR .004676
TGx 273.1%5 PBAG= 101.32S PCOMP= 16542 86
LINE END NOBES OP DP/L({GEOM) MACH NO. PRESSURE DENSITY
(KPA) {KPA/M) (HKPA) {KG/M*»*+3)

LOW PRESSURE LEINE ANALVSIS

AT RECOVERY BAG EXIT « 22931 101.3250 178

L 1 9 - 10 FLOW 1S CHOKED IN THIS LINE SECTIDN FOR THI1S FLOW RATE AND DIAMETER

HIGH PRESSURE LINE ANALYSIS

AT COMPRLKSSDR EXIT -Q0155 16542.,.860 1 26.374
H 1 21 - 22 -.0000 =.0000 -00155 16542.8¢601 28.374
H 2 22 - 23 -1909 +G0155 16542.66u4 26.374
H 3 23 - 24 -.0000 -.0090 -00155 16542.6694 26.374
H 4 24 -~ 25 -0432 . -00155 16542.626:2 26.374
H 5 25 ~ 26 —-.0000Q -.0000 « 00155 16542.626G2 26.374
H & 26 ~ 27 =-.0000 -.00800 -0015% 16542.62G2 26.374
H 2 27 - 28 -0954 - 00155 16542.5310 26.374
H 8 2 - 29 -.0000 ~.0000 . 00155 16542.5310 26.374
H 9 29 - 30 172.0000 -.0000 - 00157 16370.5310 26.125
H 10 30 - N -.0000D =.0000 . 00157 $16370.95310 26.125
H 11 31 - 32 172.0000 -.0000 00158 . 16198.5310 25.875
H 12 32 - 33 ~.0000 ~.0000 .00158 16198.5310 25.875
H 13 33 - 34 -0973 .00158 16198.4338 | 25.875
H t3 39 = 38 —-.0000 -.0000 -.00158 16198.4338 25.875
H 15 a5 - 36 + 1945 .00158 16198.2393 25.875
H 16 36 - 37 =.0000 =-.0000 .00158 16198.2394 25.875%
H &7 37 - 38 172.0000 ~-.0000 - 001860 16026.23949 25.625
H 18 as: - 39 -=.0000 -.0000 - 00160 16026.2394 25.625
H 19 39 = 40 - 1964 +00160 16026.0430 25.624
H 20 40 - 4) --0000 =.0000 + 00160 16026.0430 25.624
H 21 41 - A2 - 1964 " . . 00163 16025.84GG 25.624
H 22 42 - 43 -.0000 - ~.0000 + 00160 16025.8466 25.6249
H 23 43 - 44 . 1964 .00160 16025.6%50¢% 25.624
H 24 44 - 45 1.6738 -0159 - 00160 16023.9763 25.621
H 25 45 - 46 . 1985 = 00160 16023.7799 25.621



o - NAME

* W ok e kW e e % sk w s v s s s s PAGE a3
DEPT - CRYOGER SYSTEWS ANALYSIS ¢ DATE 05 APR 79
EXT& 7Y - - * TIME 12:27:27
_BLD. - MFTF » CASE 1

R I O R R R I I I T I TR Y R O T Y

TEST CASE FOR THE MFTF GASEUUS HELIUM SUPPLY SYSTEM {cvri)

DIA{METER) .0S0 MDOT{KG/SEC) .0S50 REYNOLDS NUMBER 66703, 2 F-FACTOR .004905
TG= 273.15 " PBAG= 101.325 PCOMP» 16542.86

LINE END NODES opP DP/L(GEOM) MACH NO. PRESSURE DENSITY
) (KPA) (KPA/M) - (KPA) (HG/Me+3)

LOw PRESSURE LINE ANALYS1S ~ . X
AT RICOVERY BAG EXIT . 14676 ..104 .3250 ) .178
Lo g - 10 50.4149 1.017% . .29198 - S0.9101 Q90
L 2 10 - 11 24.1250 . 55480 26.7851 .047

L 3 1T - 12 FLOW 1S CHOKED IN TH1S LINE SECTION FOR .THIS FLOW RATE AND DIAMETER '

HIGH PRESSURE LINE ANALYSIS

AT COMPRESSOR EXIT .. Q0099 185428601 26.374
H ot 21 - 22 -.0000 -.00d00 .Q0P99. . 16542 .6601 26.374
H 2 22 - 23 .0820 . DR : L . 00099 . 16542 .7783 26.374
H 3 23 - 24 -.0000.""" -.0000 ) . 00099 16542. 7703 26.374
H a 2q ~ 25 . 0186 . .00099 16542. 7598 26.374
H 5 , 25 — 26 -.000N0 -.0000 . 00059 15542, 7598 . 26.374
P2 H 6 26 - 27 ~.0000Q : -.0000 . . 00099 16542, 76598 26.374
o H 7 27 - 28 .0430 ’ . + 00099 16542. 7190 - 26.374
H B 28 - 29 -.0000 -.0000 .00099 - 16542: 7190 .26.374
H 9 29 - 30 172.0000 -.0000 .00100 ", . 16370, 7490 26.125
H 10 30 — 9% -.0000 -.0000 ,OBI00 | - S1637D.7190 26.125
H 11 31 — 32 172.0000 -.0000 .00801 +16198.7190 25.87S
it 12 32 - 33 -.0000 ~.0000 .00101 16198. 7150 25.875
H 13 32 - 34 .04q18 .00101% 16198.6772 25.875
H 15 3q - 35 -.0000 -,0000 .00101 16198.6772 25.875
H 15 35 - 36 .0836 .00 01 16198.5937 25.875
H 16 36 - 37 -.0000 ~.0000 .00101 16190.5937 25.875
H 17 a7 - 38 172.0000 ~.0000 .00102 16026.5937 25.625
H 18 38 - as ~.0000 -.0002 .00102 16026.5937 25.625
H t9 39 « 4o .084a .00102 16026.5094 25.625
H 20 40 - a1 -.0000 -.0300 .00102 16026 .5004 25.625
H 21 41 = 42 .0Baq ' .00102 16026.4250 25.625
B 22 42 - 43 -.0c0o0 -.0Q00 .00102 16026 .4250 2%5.625
H 23 43 - 44 .0B44 . .00102 16026.3407 25.625
H 24 44 - 45 -.Q000 ~.0000 00102 16026.3407 25.625
H 25 45 - 46 . 0844 .00102 16026.2563 25.625




CIA{METER) . 060
T

NANME
DEPT
EXT.
BLD.

USER NAME -
-
.
-

L N I I T I )

TEST CASE FOR THE MFTF GASEQUS HEL!UM SUPPLY SYSTEH {Cvi)

G= 273.15

LINE END NODES DP
{KPA)

LOW PRESSURE LI1INE ANALYSIS

L- 9 - 10 16.5509
L 2 1i0 - W 7.2738
Lt 3 11 — 12 3.5948
L 4 12 - 13 8.3429
L S 13 = 14 .4811
L &6 14 - 5 —13.7BE0
t 7 15 - 16 -3947
Lt 8. 16 - 7 7.8576
L 9 . 17 — 18 7.3958
L 10. 18 = 19 9.7522
L1t 19 - 20 . 6028

) HIGH PRESSURE LINE ANALYSIS

=1

"o 21 - 22
H 2 22 « 23
H 3a 23 - 24
H 4 29 - 25
H S 25 = 26
H 68 26 - 27
H 7 27 - 28
H 8 28 - 29
H 9 20 - 30
H 10 30 - 3t
H 11 31 - 32
H 12 32 - 33
H 13 A3 - 34
H 14 34 - 35
H 1S 35 - 36
H 16 36 - 37
H 1?2 37 - 38
H t8 38 - 39
H 19 39 - 40
H 20 40 - a1
H 21 41 = a2
H 22 a2 - a3
H 23 43 - a4
H24 a4 - 45
H 25 45 - 48

MDOT({HG/SEC) .05

0
PBAG= 101.325

DP/L(GEUM)
{KPA/M}

AT RECOVERY BAG EXIT
319

.4123
.4811
3947
<4705
. 6028

T
AT COMPRESSOR
216000

-~.0000
-.0000

=.0000 -

-. 09000

LT ~.0000 -

-.0000
~.0000
~. 0000
-.0000
, -.0000
: -.0000
~.0000
-.0000
-.0000

- =-.00%0

LR NN I T I
CRYDGEN SYSTEWS ANALYSIS

LANE I T I I I )

MFTF

L T L B R A )

. =

-
*
*
-

" x & % &

PAGE a4
DATE 05 APR 79
TIME 12:27:28
CASE

- s e s h e e

REYNOLDS NUMBER  555B6.0 F~FACTOR .005105
PCOMP= $6542.86

MACH ND. PRESSURE DENSITY
{KPA) (KG/M»+3)
. 10192 101.3250 .178
R .12180 84.7741 189
. 13322 77.5Q02 136
. 13970 73.9054 -130
. 15747 65.5625 115
~15863 65.0815 <115
. 13092 . 78.8675 139
. 13157 ‘- 7q.4728 . .t13a
. 18621 6152 o124
<16330 63.2194 IR
.« 19307 2. 83,4671 .094
#19527 ¢ .+ 52.8643 R .093

: ' L -

vy [RRRE .
EXIT . 00069 lh‘16542 8501 26.374
¢ . 00069 . 16542.8601 26.374
- .00069 16542.8191 26.374
. 00063 16542.8191 26.374
. 00069 16542.8098 26.374
.00063 16542 .8098 28.374
. , .. 18542.8098 26.374
R -16542.7893 26.374
. ,16542.7893 '26.374
© . Q0070 . }6370.7893 '26.125
. 00070 16370.7993 26.125
.00070 16198.7893 25.875
.00070 16198.7892 25.875
.00070 16198. 7684 25.875
.00070 16198. 7684 25.875
.Q0070 161908. 7266 25.875
.00070  .a. 16198.726G6 25.875
00071 . 16026.7266 25.625
00071 16026.72G66 25.625
L0007 16026 .6842 25.625
.Go071 16026.6942 25.625
.00071 16026.6418 '25.625
L0007 16025.64918 25.825
' . 0007y . 16026.5995 *25.625%
s s 00071 . 16026.5595 25.625
+00071 16026.5571 25.625

T T
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MHAME USER NAME * % O & w &  ® % b 8t v e * v uww e s 5 PAGE 9R

DEPT . CRYOGEN SYSTE#S ANALYSIS * DATE 05 APR 7@
EXT. hd * TIME 12:27:38
BLD. . - MFIF * CASE 1
N T 4% % B F E P E E D E S SR E S E SR

TEST CASE FOR THE MFTF GASEDUS HELIUM SUPPLY SYSTEM {CvI}

DIA(METER} .040 unor(xs/szc\ .050 REVNOLDS :NUMEER  79602.1° ~ . F-FACTOR, .004722
TG= 293.1S BAG= 101.325 “zwica PCOMP= 16542, 86" . :

LINE  END, NODES e DP/L(GEOM) ' . pnzssunt . 7 DENSITY

: AKPA) ~[KPAZM) ; v {KPA): ixa/u--a\

e
1913250 U7
IS FLOW RATE'AND’ mﬁuersn N

LOUW PRESSURE LINE ANALYS!S

.. AT RECOV av aAG EXIT W.a:z:r?
(U | 9 - 10 .;FLOH\IS CHOKED IN THIS UINE SECTION FOR.IH

HIGH anssunE LINE Amwer sk
AT cuuPREsson EXLT

¢ CiE5RZY 5601

B 21 - 22 ‘+. 0000 ‘16542 8601
N 2 22 ~ 23 {2088 16542 . 6545
" 3 23 - 24 -.0000 MBS
" 24 - 25 . 0466
M5, 25 - 26 -.o0oo0 20’160
6. 26 -, 27 -.0000 ,..Qolso,

H 7 27,28 -1028 sAeseR N
H B 284,29 —-.0000 - -..p00)80"

H 977,29 - 30 172.0000 - 5 2 BOPEN

H 10 . 30 - 31 . =.Q000 - L 09181 :

I R T ] 172.0000 </ 00163 - 4

wH -.0000 - .. 200163 118 OB 5054'
L] .t048 : et . .00163 16196.4006
H o —.gcoo .00163 | 16198.4006"
‘H .2096 .06163 ! 16198.1910
H -.0000 RPN T 1Y -1 SR »”-rsws_ﬁ":lsm

-H 172.0000 00163 16026. 1910
H -.0000 001843 16026.19:0
H L2017 00164 | . ... 16025.9794
H ~.0000 .00164 © 7' 16025.9794
" .2117 .00164 16025.7677
H -.0000 .00164 16025.7677
H 2117 .00164 168025.5560
H 1.7937 09104 16023.7623
H 2117 00164 16023.5507

.

Lt

* v v ot ek




NAME USER NAME L L T R Y * = » » 2 e & PAGE 9y
DEPT - CRYDGEN SYSTE AS ANALVSIS * DATE DS APR 79
EXT. - * TIME 12327335
aLp. L MFTF * CASE 1

L L O O I L T R O R I I A A N

TEST CASE FOR THE WFTF GASEOUS HELLUM SUPPLY SYSTEM (CVI)
MDOT (KG/SEC)

£60.

DIA(METER) .0S0 .050 REYNOLDS NUMBER 63681, 7 F-FACTOR .00495S
_TG= 293.15 PBAG= 101.325 PCOMP= 16542.86
LINE  END NODES oP DP/L{GEOM) MACH NO. PRESSURE DENSLITY
(KPA) (KPA/M) (HPA) (KG/M+s3)
LOW PRESSURE LINE ANALYSIS
AT RECOVERY BAG EXIT .15203 109.32506" " Y-1
L o1 9 - 10 s8.7721 1.1861 q2,5529 .070
L2 10 - 11 FLOW 1S CHDKED IN THIS LINE SECIION FOR m-ls FLOW RATE AND D[AMETER L
._. .gu . P T
HiGH PRESSURE LINE ANALYSIS T LR s
o . AT COMPRESSOR EXIT ._oom: 5 16543, dsol
8yt 2y - 22 -.0000 -.0000 . 200102 . ¢ 16942 [a6071
TH 2, 22.- 23 10884 R .00102 16542 . 17407
H 3’ 23 24 ~.0000Q -.0000 “ 220102 - téza2. 7717
H "4 | 243~ 25 .0200° : et .00102 16542. 7520 -
W & /25— 26 -.0009 .- : 00108 o~ © vE5a2.75200
H 6 |26 - 27 o -.0000 .00102 - - 16542, 7520 -
H 7 27 - 28 - . D942 U .00102, 16592. 7978
H 8 ,28°- 29 -.f000 ¢ 00142, 1. 165412, ¥078 -
H B 29 - 30 172.0000-: - L. 00103, . 16370, Y070
H b 30 ~. 31 . - . 0000 .00103 - . 16370.707'3
H 1l ~ 31 =322 172.0000 . 00104, 16198.7678 7"~
H. 12 32 -, 33 - -.0000 . , .,00104:- 16198.7078 !
H. 13 33 - 234 .0450 00104 16198.6627
H 314 34 - 35 . ~.0000 .00104 16198.6627
H t5 35 - 36 -0901 .00104 16198. 5726
H t& 3s - a7 —-.0000 - ‘oooo s, oBAIGA. - v 161988726 ¢ -
H 17 - 37 —.38 ;. 172.00L00" v % . 00105, 4 | 16026:8%26 " - -
H 18 238 - a3a -.0000Q o doo s .0Q105 16026.5726 -
H 19 * 39 - .40¢ ;i .091Q.'" .0010S ., ., 16026.2817
H 20 40 — 41 * « =.0000 - * . ' -.=_0ag0 "' Tt ,00105 16026.4817
H 21 41 -~ a2 .0910 : .00105 16026.3907
H 22 42 - a3 -.0000 +: - d0c0’", L0Q105. ., 16026.3507
H 23 43 - a4 . 0910 . * .00105 16026.2994
H 23 49 ~ as -.0000 -.0000 . L00105 3 1 16026.2958
H 25 45 -~ 46 . ,0910 o e v »09405 “e 7 16026,2089 &




PAGE 100

NAME = USER NAME L A A A L I T L R I R

DEPT - CRYDGEN SYSTEAS ANALYSIS » GATE 05 AP T®
EXT. L4 = TIME 12:27:38
BL0. - METF . + CASE 1

L IEE T T S B N LA L I L T T D RO TN R DT TN R R RN BN BN RN BN Y RN B W )

*
TEST CASE FOR THE MFTF GASEOUS HELIUM SUPPLY SYSTEM .(CY¥1)

DIA(METER) .060 MDOT(KG/SEC) .0S0 REYNOLDS NUMBER 53068.1 F-FACTOR .0051589
- TG= 203.15 PBAG= 101.325 © PCOMP= 16542.B6 :
LINE  END NODES R DP/L{GEOM) MACH NO. PRESSURE DENSITY

IXPA) (KPA/M) ¢ {RPA} {HG/ Mo )

LOW PRESSURE LINE AMALYSIS S . .
AT RECOVERY gAG EXIT . 10558 1013250 . 1608
.3837

(S| 9 - 10 18.§336 . 12857 B3.1914 .138;
[T 10 - 1y - a.0367 . ’ 14234 ° 75.4547 -123
L 3 e - t2 4,052 4649 15042 71°. 1008 117
[ 2 - 13 9.402% +17334 61.6981 <101
L 5 13 - 14 .5583 . 5593 17492 61.1388 100
L 6 14 - 15 -13, 7660 14275 74.9248 .123
[ 15 ~ 18 .4530 . 4530 14362 74.4718 - 122
L a 15 - 17 8,9771 . 16329 65.4947 107
L 9 17 - t8 B.B8935 - .5657 . 18894 56.6012 -093
L 10 18- - 19 $1.8097 .23873 44.7915 .073
L1 19 - 20 .B175 .B175 2436 43.9740 072
=3 , ..
8 ML PRESSURE LINE ANALYSIS - i )

AT COMPRESSOR EXIT 0007y 16542 . 8604 24.719
H 1 1 - 22 -.0000 ~. 0000 + 0007y 16542 .8B601 24.71 9
H 2 22 - 23 .044a . 0007} 16542 .8159 24.719
H 3 23 - 24 ~.0a000 ~-.0000 . 00071 16542 .8159 24.719
H a 24 - 25 .0100 R .0007Y 16542.0059 24.719
H 5 28 - 26 ~.0000 -.0000 00071 16542 . 8059 24.719
H B 26 ~ 27 -.0000 =-.0000 00071 16542 .8059 24.7v9
H 7 27 - 2a .0222 . 00071 16542.7839 24.719
H B 28 - 29 ~-. 0000 -.0000 .00071 16542. 7839 24.7t9
H 9 29 - 30 172.0000 -.0000 .00072 16370 . 7839 24.aB4
H 10 30 — 31 -.0000 ~-.0000 .00072 | 16376 .7839 24.434
H 11 3t - 32 172.0000 - —~. 0000 .00072 16198. 7839 2d.2a9
H 2 32 - 33 ~.0000 ~.0D00 .00072 16198.7839 24.2q99
H 13 33 - 34 .0226 .00072 16198.7614 24.249
H 14 34 - 35 -.0000 ~-.0000 . 00072 16198.7614 . 24.3249
H 15 35 - 36 .0453 00072 16198.7162 24.249
H 16 36 - 37 ~.0000 -.0000 Q0072 1619@.7462 24.2a9
H 37 37 - 38 172, 0000 ~. 0000 .00073 16026. 7162 24,013
H 18 38- - 39 -.0000 ~.0000 .00073 16026 .71G2 24.013
" s 39 - 40 . 0457 .00073 16026.6705 24.013
H 20 40 - a1 -.00600 ~.0000 : .00073 16026.6705 - 2a4.013
H 21 41 - 42 . 0457 . 00073 16026.6249 24.013
H 22 42 - a3 ~.0000 -.0000 .00073 16026.6249 24.013
H 23 43 - aaq .04a57 .00073 16026.5792 24.013
H 24 84 - a5 -.0000 -.0000 .00073 16026.5792 24.013
H 25 a5 - a6 . 0457 .00073 16026.5336 24.013




