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PREFACE 

The MASFLO computer code was developed at Oak Ridge National Labora­

tory (ORNL) to analyze data from the Thermal-Hydraulic Test Facility 

(THTF) and produce a calculated quantity: mass flow rate. The code is 

intended primarily for internal use; its sole function is the combination 

of measured data to produce calculated quantities. This report documents 

the techniques employed in performing this calculation. It is intended as 

a user's guide for those using the code at ORNL and as an account of the 

methods used for those who access data and/or results that are influenced 

by this calculation. 



MASFLO: A COMPUTER CODE TO CALCULATE 
MASS FLOW RATES IN THE THTF 

M. D. White 

ABSTRACT 

This report documents a modular data interpretation com­
puter code. The MASFLO code is a FORTRAN code used in the Oak 
Ridge National Laboratory Slowdown Heat Transfer Program to con­
vert measured quantities of density, volumetric flow, and momen-
ttan flux into a calculated quantity: mass flow rate. The code 
performs both homogeneous and two-velocity calculations. The 
homogeneous models incorporate various combinations of the 
Thermal-Hydraulic Test Facility instrumented spool piece tur­
bine flow meter, gamma densitometer, and drag disk readings. 
The two-velocity calculations also incorporate these instru­
ments, but in models developed by Aya, Rouhani, and Popper. 
Each subroutine is described briefly, and input instructions 
are provided in the appendix along with a sample of the code 
output. 

1. INTRODUCTION - MASFLO CODE DESCRIPTION 

The MASFLO code is a FORTRAN code used in the Oak Ridge National 

Laboratory (ORNL) Slowdown Heat Transfer (BDHT) Program to convert mea­

sured quantities of density, volumetric flow, and momentum flux into a 

calculated quantity: mass flow rate. The code performs both homogeneous 

and two-velocity calculations. The homogeneous models incorporate var­

ious combinations of the Thermal-Hydraulic Test Facility (THTF) instru­

mented spool piece turbine flow meter, gamma densitometer, and drag disk 

readings. The two-velocity calculations also incorporate readings from 

these instruments but use models developed by Aya, Rouhani, and Popper.^"7 

The actual two-velocity quantities used are calculated in the Aya model 

and then applied to the equations developed by Rouhani and Popper. Addi­

tional instruments used to obtain thermophysical properties are spool 

piece thermocouples and absolute-pressure transducers. Models are also 

included to allow for drag disk temperature-dependent zero-shift correc­

tion and Reynolds number calibration to compensate for phenomena that were 

observed for the original drag disk probes. 
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The code is divided into subroutines, each of which is designed to 

perform a specific function. The organization of the subroutines with 

respect to each other is shown in Fig. 1. Input data are read in, and 

certain input flags are examined. These input flags indicate matters 

such as (1) whether only an Engineering Units data tape (EU tape) or 

both an EU and analog data tape (FM tape) are to be mounted and read, 

(2) whether there are corrections or additional calculations that need 

to be performed on the data, and (3) how the vertical inlet and outlet 

instrument spool piece pressures are to be determined. Once these flags 

have been read and examined and the other input data concerning the drag 

disks have been read, the scan table record is read on each data tape that 

has been mounted. A scan table search is then performed to determine the 

scan table entry numbers of interest. If both an EU tape and an FM tape 

are mounted, they are aligned to correspond in time. Data records are 

read and needed signals extracted. A thermophysical property calculation 

is performed. These properties and a quality-weighted viscosity are used 

to calculate a drag disk Reynolds number. Next a calibration factor for 

the drag disk is determined. The drag disk signal is then zero-shift cor­

rected and calibrated.^ This signal is used with the turbine flow meter 

velocity and gaimna densitometer readings to calculate the homogeneous and 

two-velocity mass flow models. The various mass flow model equations em­

ployed in this total calibration/calculation scheme are shown in Fig. 2. 

Once these and several peripheral calculations (such as total bundle power 

and time rates of change of output variables) are performed, the results 

An EU tape is generated using the Computer Controlled Data Acqui­
sition System (CCDAS) and is composed of data records containing 500 in­
strument signals, each data scan being performed every 50 ms. An FM tape 
is generated using the digitized signals from an FM tape recorder and is 
composed of data records containing 24 instrument signals, each data scan 
being performed every 1.25 ms. These methods of data acquisition are 
documented in Ref. 8, and the format of the data record is documented in 
Ref. 9. Future modifications to the CCDAS will entail enlargement of the 
number of instruments monitored and will require modification of MASFLO 
to handle the data or the writing of a new code. 

'The rationale for such a calibration procedure is documented in 
Refs. 10 through 12. 
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F i g . 2 . Flowchart of c a l c u l a t i o n procedure (as d i r e c t e d in FLOCAL). 
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are loaded in a data array and written on an output tape. Selected re­

sults are printed out during time intervals of interest. These calcula­

tions are performed for each spool piece each time a data scan is taken. 

After a data scan has been performed, the process is repeated until all 

the scans have been processed. 
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2. MASFLO SUBROUTINE DESCRIPTION 

MASFLO is divided into subroutines, each designed to perform a spe­

cific function. This modular programming approach was employed to facili­

tate modification as the THTF instrumentation is changed and as approaches 

to combining signals of interest change. A description of the function of 

each subroutine follows. The organization of the subroutines with respect 

to each other is shown in Fig. 1. The actual calculational procedure, in­

cluding equations employed, is shown in Fig. 2. 

2.1 MAIN 

This portion of the code calls the INPUT subroutine and examines the 

input flags to determine if an EU tape only is to be read or if both an EU 

tape and an FM tape are to be read. It then calls the EUTAPE subroutine 

and the FMTAPE subroutine (if needed), which perform scan table searches 

to locate data array entry numbers for signals of interest. Control is 

transferred to the FLOCAL subroutine, which performs the bulk of the re­

maining data manipulation and subroutine calls. 

2.2 INPUT 

This subroutine reads input data necessary to control the tapes to be 

read and also reads calibration information for the THTF drag disks. 

2.3 EUTAPE 

The purpose of this subroutine is to determine the location of sig­

nals of interest (such as instrumented spool piece temperature, pressure, 

fluid density, volumetric flow rate, and momentum flux) within the data 

array on an EU tape. These locations are termed "data array entry num­

bers." This subroutine reads the first record on the EU tape and extracts 

the scan table from this record. The scan table contains the sequence in 

which the channel numbers of THTF instruments are scanned during the data-

taking process; these channel numbers are used to identify the instruments 

of interest. The data array entry numbers are determined by comparing 
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channel numbers of instruments of interest with the channel numbers in the 

scan table. 

2.4 FMTAPE 

This subroutine reads the first record on the analog tape (if there 

is one mounted). From this record the scan table is extracted and com­

pared with channel numbers of interest, just as in EUTAPE. This compari­

son is used to determine the data array entry numbers of the signals of 

interest. 

2.5 FLOCAL 

This subroutine performs the bulk of the calculations and controls 

subroutine calls for the mass flow rate calculation and peripheral calcu­

lations. FLOCAL generates the mass flow tape scan table, which has the 

entry numbers equal to the channel numbers. It aligns the EU tape and FM 

tape if both are being used. It then writes the header information record 

on the mass flow output tape. FLOCAL extracts information of interest 

from the EU tape and FM tape (if there is one). If an FM tape is mounted, 

FLOCAL then performs interpolation of EU data necessary to perform the 

calculations of interest, because the FM tape has much more frequent data 

scans than the EU tape. 

Once the necessary information has been extracted from a data scan, 

the input flags are examined to determine if there is need for correction 

of any data (e.g., erroneous signs due to known polarity reversals in tur­

bine meters or substitutions for failed instruments). Correction is per­

formed by calling the subroutine FIXIT. Once FIXIT has been called and 

control is returned to FLOCAL, the thermophysical properties Pf, p^, Vf, 

IJg, and Tg^j- are determined by calling the subroutine PROP. These prop­

erties are used in the subroutine REYNLD, which is called next and which 

performs a Reynolds number calculation. Next FLOCAL calls the subroutine 

DDCAL, which performs a calibration and zero-shift correction of the 

spool-piece drag disks. Finally, these corrected drag disk readings are 

used in the subroutine call to MASCAL, which actually performs the mass 
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flow calculation. After the return from MASCAL, peripheral calculations 

are performed, and the IFIXIT flag to call FIXIT is checked to determine 

whether postcalibration and calculation corrections are necessary. Such 

a call would be indicated, for example, for temporary use of a flow model 

not currently in the code without major revisions in the code or for tem­

porarily changing the manner in which a calculation is performed. The 

data are then loaded in the data array, where the IFIXIT flag is checked 

again to see if corrections or substitutions are to be made. For example, 

such a call would be used to output an instrument signal not previously 

examined, without changing the output routine of the code. Finally, the 

output data are written on tape, and, for specific time intervals and 

record intervals, the subroutine OUTPUT is called to provide a printout 

of results. Then the process is repeated for each data record until the 

end of the data tape is read. The actual calculational procedure employed 

as directed by FLOCAL is shown in Fig. 2. 

2.6 FIXIT 

This subroutine has all the common blocks that FLOCAL has and thus 

has access to all the data that FLOCAL has. Normally the executable 

statements in this subroutine will be provided by the user, depending 

on what, if any, corrections or substitutions are needed. This sub­

routine can also be used to incorporate temporary model changes into 

the code without other modifications to the code. 

2.7 REYNLD 

This subroutine performs a quality-weighted viscosity calculation 

and then uses this to calculate the Reynolds number that is used in the 

subroutine DDCAL to calibrate the drag disks. The Reynolds number employs 

a characteristic dimension of the drag disk target, usually its diameter. 

If a drag disk having a noncircular cross-sectional area such as a cross 

is used, then the dimension should be consistent with the characteristic 

dimension used in calibrating the drag disk probe. 
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2.8 DDCAL 

This subroutine performs zero-shift and calibration factor calcula­

tions and provides a zero-shift-corrected and calibrated drag disk read­

ing that is used in the mass flow calculation subroutine MASCAL. This 

step was necessary because of the behavior of drag disks that were used 

during the early stages of THTF testing. Details are given in Refs. 10 

through 12. 

2.9 MASCAL 

This subroutine employs the drag disk, turbine meter, and gamma 

densitometer readings along with other thermal properties to perform 

both homogeneous and two-velocity model mass flow rate calculations. 

The equations employed are found in Refs. 1 through 7 and are shown in 

the calculational flow sheet (Fig. 2.). 

2.10 OUTPUT 

This subroutine performs printout of selected quantities of interest 

for each spool piece at specific time intervals. 

2.11 PROP, SATUR8, FIND, THEPY 

These subroutines are standard water property search subroutines used 

in thermal-hydraulic analysis codes at ORNL. The subroutines were taken 

from the computer code BLAST, and the techniques used are discussed in 

Ref. 13. 



10 

REFERENCES 

Izuo Aya, A Model to Calculate Mass flow Rate and Other Quantities 
of Two-Phase Flow in a Pipe with a Densitometer, a Drag Disk, and a 
Turbine Meter, ORNL/TM-4759 (November 1975). 

S. Z. Rouhani, "Appl ica t ion of the Turbine Type Flowmeters in the 
Measurements of Steam Qual i ty and Void," Symposium on In-Core In­
strumentation, Oslo, Norway, June 1974, 

S. Z. Rouhani, Application of the Turbine Type Flowmeters in Measure­
ments of Steam Quality a-nd Void, RPL-683, AB Atomenergi, Studsvik 
(September 1963). 

S. Z. Rouhani and K. M. Becker, Measurements of Void Fractions for 
Flow of Boiling Eea-oy Water in a Vertical Round Duet, AE-106 (Sep­
tember 1963). 

G. F. Popper, Lecture Notes on In-Core Instrumentation for the Mea­
surement of Hydrodynamic Parameters in Water-Cooled Reactors, ANL-
6452 (November 1961). 

G. F. Popper, "The Use of Turbine Type Flowmeters for the Determi­
na t ion of Exi t Void Frac t ion in Reactor Core Subassemblies or Heat 
Transfer F a c i l i t i e s , " i n t r a l a b o r a t o r y correspondence of the Argonne 
Nat ional Laboratory , February 1959. 

G. F. Popper, Proceedings of the Power Reactor In-Core Instrumenta­
tion Meeting, Washington, D.C., TID-7598, pp. 37—47 (Apri l 1960). 

Project Description, ORNL PWR Blowdown Heat Transfer Separate-
Effects Program — Thermal-Hydraulic Test Facility (THTF), ORNL/ 
NUREG/TM-2 (February 1976). 

S. B. Cl i f f e t a l . , Definition of the Engineering Units Format for 
Transient Experimental Data from the ORNL-THTF, K/CSD/INF-78/3 
(January 10, 1978). 

D. G. Thomas and R. A. Hedrick, Quarterly Progress Report on Blow-
down Heat Transfer Program for July-September 1975, ORNL/TM-5117 
(November 1975). 

D. G, Thomas e t a l . . Quarterly Progress Report on Blowdown Heat 
Transfer Program for January-March 1976, ORNL/NUREG/TM-14 ( Ju ly 
1976). 

D. G. Thomas e t a l . . Quarterly Progress Report on Blowdown Heat 
Transfer Separate-Effects Program for Januar-y-Mareh 1978, ORNL/ 
NUREG/TM-205 ( Ju ly 1978). 



11 

13. R. A. Hedrick and J . C. Cleveland, BLAST: A Digital Program for 
the Dynamic Simulation of the High Temperature Gas Cooled Reactor 
Reheater-Stearn Generator Module, ORNL/NUREG/TM-38 (August 1976). 





13 

Appendix 

MASFLO INPUT AND OUTPUT INFORMATION 





15 

A. 1. Input Instructions for MASFLO 

MASFLO requires the input of three flags and then the input of zero-

shift and calibration factors for each of the four spool pieces in the 

THTF-MODI. 

Card Variable Format Remarks 

4 

5 

6 

7 

8 

IFM 

IFIXIT 

IPFLAG 

ZSO, ZSl, ZS2 

CDO, CDl, CD2 

CDO, CDl, CD2 

CDO, CDl, CD2 

110 

110 

110 

3F10.0 

3F10.0 

3F10.0 

3F10.0 

RECl, REC2, REC3, 4F10.0 
REC4 

DDO, DDl, KDRAGE, 2F10.0 
KDRAGF, IZERO 3110 

Flag to indicate if analog (FM) 
tape is to be mounted (0 — no tape, 
1 — tape) 

Flag to Indicate if there are data 
or calculational corrections to be 
made (0 — no corrections, 1 — data 
corrections, 2 — preoutput array 
loading corrections, 3 — postoutput 
array loading corrections) 

Flag to indicate how vertical spool-
piece pressures are to be deter­
mined (0 — spool-piece transducers 
used, 1 — test section transducers 
and DP cell used) 

Drag disk zero-shift correction 
factors'̂  

Drag disk calibration factors for 
first Reynolds number range^ 

Drag disk calibration factors for 
second Reynolds number range^ 

Drag disk calibration factors for 
third Reynolds number ranged 

Drag disk calibration (Re/10^) 
values used to determine Reynolds 
number range 
Range 1 RECl < (RE/10^) < REC2 
Range 2 REC2 < (RE/IO^) < REC3 
Range 3 REC3 < (RE/10^) < REC4 
(If RE/IO^ < RECl, RE/10^ Is set 
equal to RECl. If RE/10^ > REC4, 
RE/10^ is set equal to REC4) 

Drag disk conversion factors, and 
flags determining method of drag 
disk and zero-shift conversion and 
calibration'' 

Cards 4 through 9 are provided for each spool piece in the sequence: 

horizontal Inlet, vertical inlet, vertical outlet, horizontal outlet. 
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A.2. Explanation of Input Constants 

The coefficients ZSO, ZSl, and ZS2 were obtained by fitting equations 

to data taken at different temperatures during calibration runs. Because 

the drag disk zero-shift and calibration have been performed using various 

equation forms, they are explained below. 

urag disk zero-shift correction, ZS (T is spool piece temperature): 

IZERO = 1 (zero-shift coefficients in millivolts) 

ZSO + 
ZS = DDO + DDl 

(ZSl'T) -I- (ZS2'T2)1 
1000 J 

IZERO = 2 (zero-shift coefficients in millivolts) 

ZS = DDl 
ZSO + (ZSl'T) + (ZS2«T2) DDO 

1000 

IZERO = 3 (zero-shift coefficients in Ibm/ft-s^) 

ZS = ZSO + (ZSl'T) + (ZS2'T2) 

IZERO = 4 (zero-shift coefficients in millivolts — for this case, 
KDRAGE or KDRAGF must also be set to 4) 

_ ZSO + (ZSl'T) + (ZS2'T^) 
^^ 1000 

•u 

Drag disk calibration factor Cp (Re is Reynolds number): 

Cj) = CDO + CDl(Re/105) + CD2(Re/105)2 

Note: The rationale for these zero-shift and calibration factors is found 
in discussion in Refs. 10 through 12. 

Drag disk voltage to engineering units (given variable name DRAG 
in code) conversion and/or calibration and zero-shift correction for 
values of the input flags KDRAGE (EU data) and KDRAGF (FM data) (DATA is 
data from EU or FM tape): 

KDRAGE (or KDRAGF) = 1 (data in Ib̂ i/ft-ŝ ) 

„„.„ DATA - ZS _ -.2 
°^^ ° C^ ^ corrected 

KDRAGE (or KDRAGF) = 2 (data in volts) 

r,D Kn DDO + DDl (DATA) - ZS „2 
DRAG ^ PV^corrected 
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KDRAGE (or KDRAGF) = 3 (data in volts) 

_ DD1(DATA)DD0 - ZS _ o 
"^^ C^ PV corrected 

KDRAGE (or KDRAGF) = 4 (data in volts) 

DRAG = DDUDATA - ZS)DDO ^ o 
"'^^ c~ PV corrected 

*̂D 
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Card 
1-10 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

0 

0 

1 

99.6 

0.95 

1.047 

0.66 

0.0 

0. 

-178.0 

1.1 

0.755 

0.72 

0.0 

1.0126 

740.75 

0.9 

2.028 

0.66 

0.0 

0. 

390.73 

1.0 

1.604 

0.67 

0.0 

0. 

.3. Sample Input 

Column 

11-20 21-30 

0.139 

0.0 

-0.053 

0.0 

1.17 

33400. 

-0.954 

0.0 

0.639 

0.0 

1.1 

4100. 

-5.099 

0.0 

-1.263 

0.0 

1.4 

32000.0 

-1.281 

0 

-0.8 

0 

0.9 

34000. 

-0.004 

0.0 

-0.037 

0.0 

2.9 

2 

-0.02 

0 

-0.294 

0.0 

2.3 

3 

0.016 

0.0 

0.335 

0.0 

2.6 

2 

0.0 

0.0 

0.174 

0.0 

2.4 

2 

31-40 50 

100.0 

2 3 

100.0 

2 3 

100.0 

2 3 

100.0 

2 3 
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A. 4 . Sample Output 



EU DATA ARRAY INDICES APE: 

EEE9= 
EEElOs 
E E E I 1 = 
EEE12= 
e i E 9 = 
E I E 1 0 = 
E I E 1 1 = 
E I E 1 2 = 
IFMF22= 
I F E 1 9 = 
IDE20= 
I T E 2 4 = 
IPE26= 
IFM170= 
I F E 1 6 6 = 
l O E i e a ^ 
1TE172= 
I P E 1 7 4 = i 
IFM220= 
I F E 2 1 6 = 
I 0 E 2 t 8 = 
I T E 2 22= 

4 6 2 
4 6 3 
4 6 4 
4 6 5 

4 5 8 
4 59 
4 6 J 
4 6 1 

3 5 4 
3 5 1 
3 52 
3 5 6 
3 53 

3 6 0 
3 5 7 
3 5 8 
3 6 2 

» * * * * 
3 6 6 
3 6 3 
3 6 4 
3 6 8 

I P E 2 2 4 = * « * « * 
IFMF3a= 
I F E 3 4 = 
I0E36=! 
1TE40= 
I P E 4 2 = 
NBLONI= 
NBLDNOs 
I P E 2 0 I = 
I P D 2 1 7 = 
I P 0 2 0 4 = 

STIME = 

3 7 2 
3 6 9 
3 7 0 
3 74 
3 71 

4 0 1 
4 02 
3 76 
3 6 7 
3 5 9 

- 6 4 , -64.«S95eS BDREC= 1301 I3EQeu= 



RECORD 1 3 0 7 
T I M E S I N C E T R A N S I E N T - 0 . 3 0 3 0 5 9 S E C 
B R E A K W I R E V O L T A G E S : I N L E T » 0 . 0 7 0 0 0 O U T L E T = 3 . 7 2 7 5 0 T O f A . B U N D L E P 3 W E R = . 4 5 0 3 3 E 01MW 

H O R I Z O N T A L I N L E T SPOOL P I E C E 
O E N VEL 

0 . 1 3 3 7 E 0 2 
M A S S F L O W l 

0 . 4 1 9 3 E 0 2 
G l 

0 . 6 2 76E C3 
Z R S H F T 
- 0 . 1 5 3 0 E C4 
S R A T I O 

O . I O O O E 0 1 
TOTAL MASS F L 0 * 1 

0 . 1 7 5 0 E 0 2 

DRAG 
0 . 4 6 9 3 E 0 2 0 . 7 4 7 7 E 04 

M A S S F L O t i S M A S S F L 0 t l 3 
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A.5. Output Variable Meaning and Units 

VEL — Instrumented spool piece turbine meter velocity, ft/s. 

DEN — Instrumented spool piece gamma densitometer density, lbj,/ft̂ . 

DRAG — Instrumented spool piece drag disk momentum flux, lbn,/ft-ŝ . 

T — Instrumented spool piece temperature, °F. 

P — Instrumented spool piece pressure, psig. 

TSAT — Saturation temperature for the indicated spool piece pressure, °F. 

AL — Instrumented spool piece void fraction, dimensionless. 

RHOF — Saturated liquid density, Ib^/ft^. 

RHOG — Saturated vapor density, Ib^/ft^. 

MASSFLOWl — Mass flow rate calculated using turbine meter velocity and 
gamma densitometer density, Ibĵ /s. 

MASSFL0W2 — Mass flow rate calculated using drag disk momentum flux and 
gamma densitometer density, Ib^/s. 

MASSFL0W3 — Mass flow rate calculated using turbine meter velocity and 
drag disk momentum flux with sign of turbine meter, Ibjj/s. 

MASSFLOWAYA — Mass flow rate calculated using the Aya model, lbj,/s. 

MASSFL0W5 — Mass flow rate calculated using turbine meter velocity and 
drag disk momentum flux with sign of drag disk, Ib̂ j/s. 

MASSFLOWP — Mass flow rate calculated using the Popper model, Ib̂ j/s. 

MASSFLOWR — Mass flow rate calculated using the Rouhani model, Ibĵ /s. 

GI — Mass flux calculated using turbine meter velocity and gamma den­
sitometer density, lbj„/s-ft . 

G2 — Mass flux calculated using drag disk momentum flux and gamma den­
sitometer density, Ib^/s-ft^. 

G3 — Mass flux calculated using turbine meter velocity and drag disk mo­
mentum flux with sign of turbine meter, Ib^/s-ft^. 

GAYA — Mass flux calculated using the Aya model, Ib^/s-ft . 

G5 — Mass flux calculated using turbine meter velocity and drag disk mo­
mentum flux with sign of drag disk, Ib^/s-ft . 
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GPOPPER — Mass flux calculated using the Popper model, Ib^/s-ft^. 

GROUHANI — Mass flux calculated using the Rouhani model, Ib^j/s-ft^. 

ZRSHFT — Drag disk zero-shift correction, Ib^j/ft-s^. 

CD — Drag disk Reynolds number^based calibration factor, dimensionless. 

RE/100000 — Drag disk target Reynolds number divided by 100000, dimen­
sionless. 

MU — Quality-weighted viscosity, Ib^j/h-ft. 

QUAL — Spool piece quality, dimensionless. 

ISFLAG — Flag to indicate whether data permit use of Aya model. If 
ISFLAG = 1, Aya model used; If ISFLAG is some number other than 1, 
homogeneous model calculations have been substituted for the Aya 
calculation, dimensionless. 

GRATIO - Ratio of GAYA to Gl, dimensionless. 

DVDT — Time rate of change of turbine meter velocity between data scans, 
ft/s2. 

DMDT — Time rate of change of drag disk momentum flux between data scan, 
lbm/ft-s3. 

DXDT — Time rate of change of quality between data scans, s . 

DALDT — Time rate of change of void fraction between data scans, s-1. 

DSDT — Time rate of change of slip between data scans, s-1. 

DRHODT — Time rate of change of gamma densitometer density between data 
scans, Ibj^/ft^-s. 

DPDT — Time rate of change of spool piece pressure between data scans, 
pslg/s. 

DTDT — Time rate of change of spool piece temperature between data scans, 
°F/s. 

S — Slip ratio, dimensionless. 

TOTAL MASS FLOWl — Total integrated mass using turbine meter velocity and 
gamma densitometer density, Ib^. 

TOTAL MASSFLOW AYA — Total integrated mass using Aya model, Ib^. 

TOTAL MASS FLUXl — Total integrated mass per unit area using turbine 
meter velocity and gamma densitometer density, lb,j,/ft̂ . 
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TOTAL MASS FLUX AYA — Total integrated mass per unit area using Aya model, 

RH0V**2 DRAG DISK/RH0VT**2 — Ratio of drag disk measured momentum flux to 
momentum flux, calculated by combining turbine meter velocity and 
gamma densitometer density, dimensionless. 
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A. 6. Output Data Array Locations of Output Variables 

Variable 

Entry number by spool piece 

Horizontal Inlet Vertical inlet 

EU FM EU FM 

and type of data (EU or FM) 

Vertical outlet Horizontal outlet 

EU FM EU FM 

VEL 
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DXDT 
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DSDT 
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DPDT 
DTDT 
S 
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TOTAL MASS 
FLOW AYA 

TOTAL MASS 
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TOTAL MASS 
FLUX AYA 
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RH0VT**2 
ISFLAG 
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22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

51 
52 
53 
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57 
58 
59 
60 
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114 
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123 
124 
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157 
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166 
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194 
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203 
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206 
207 
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229 
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239 
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256 
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259 
260 
261 
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270 
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272 
273 
274 
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280 
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282 
283 
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285 
286 
287 
288 
289 

240 290 

Other variables 

Generator 9 power, kW 
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Generator 11 power, kW 
Generator 12 power, kW 
Total bundle power, MW 
Inlet breakwlre voltage, V 
Outlet breakwlre voltage, V 
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384 
385 
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387 
388 
389 

340 390 

241 291 

242 292 

243 293 

244 294 

Data array 
entry number 

401 
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403 
404 
405 
406 
407 

341 

342 

343 

344 

391 

392 

393 

394 
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