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1.0 SUMMARY

This volume of the Thermal APU/Hyc::ulics Analysis Program (TAHAP)
documentation contains all the User'é Guide}information plus pro-
gram description necessary to run and have a general understanding
of the program. This information consists of'genera1_descriptions
of the APU/Hydraulic System and the TAHAP model, input and output
‘data descriptions, and specific subroutine requirements. Deck set-
ups and input data formats are included in Appendix A while |
Appendices B thru E have other necessary-and/or helpful information
for using TAHAP. Volume II of the TAHAP documentation ;odsists of
the math model destrﬁptions for the driver program and each of its

supporting subroutines.



2.0 INTRODUCTION
McDonnell-Douglas Technical Services Co. (MDTSCO) under the Space
Shuttle Engineering and Operaticns Support (SSEOS) contract is
responsible fur providing support to.the Consumables Analysis
Section (CAS) of the Mission Planning and Analysis Division of
NASA/JSC. The Consumables Analysis Section is responsible for
providing consumables budgets for the electrical, mechanical
(Auxiliary Power Unit (APU)/Hydraulics), and environmental con-
trol systems o% the Space Shutt]e Orbiter. The MDTSCO support
of CAS in this effort includes determining APU subsystem fuel

| (hydrazine) and APU/Hydraulic water consumables requirements,

» and performing various studies to assess the APU and Hydraulic
system'mission requirements compatibiiity with system operationa]l
and performance cbnstraints; This support is partially accom-
plished through the use of the Thermal APU/Hydraulic Analysis '
Program (TAHAP). The TAHAP documentation has been divided into .
two volumes. This document is the USerfs Guide and Programmer's
Mahual'fof TAHAP. The méthvmode1vdescriptions of the driver

prbgram and the supporting subioutines are presented in Vol. II.



3.0 PROGRAM DESCRIPTION

The thermal APU/Hydraulics Analysis Program (TAHAP) is a dynamic
simulation of the Auxiliary Power Unit/Hdraulic (APU/Hyd) System
thermal performance. In the following sections there is a general
description of the APU/Hyd system itself and the TAHAP model along
with some background information on the model. A description of
the basic program structure including reference to the routines
and special variables which control the progress of the program
is contained in Sec. 3.1.4 Tollowed by a brief description of each
of the TAHAP supporfing subroutines.

3.1 General Description

The following sections contain a general description of the
APU/Hyd system and briefly describe the way TAHAP simulates it.
The purpoée and capabilities of the model are also ‘discussed along
with some background information concerning the model's origin
and‘eva1uation:
3.1.1 Purpose and Capabilities of TAHAP
TAHAP 1s deéigned'to simu]até the APU/Hydraulic system to the
1evei of defail requiréd to adequaﬁely determine mission timeline-
dependenf consumption rates for both NpH, for APU power and wafer
for APU and quksystem heatxrejection.' Its primary pukpo§e is to

- compute these APU/Hydrau]ics consumabtes 6equirements; A Secondary
purpose of TAHAP is to evaluate the compatibi1ity of system perfor-

~mance constraints with mission requirements. Two versions of



TAHAP weve developed to run mission consumables analyses for both
Approach and Landing Test (ALT) and Orbital Flight Test (OFT)
missions.

3.1.2 General Description of the APU/Hydraulic system and its
simulation

The Orbiter hydraulic subsystem is comprised of threezessentia11y
parallel fluid circuits which supply hydraulic power to the Flight
Control surfaces, Space Shuttie Main Engine (SSME) controls, SSME,
Thrust Vector Control (TVC), landing gear and other utility aétua-
tors. Eacﬁ‘hydraulic circuit is powered by a constant pressure,
variable displacement, main pump which is driven by one of three
APU's in the APU subsystem. Each APU consists of a 2-stage turbine
which drives the main hydrau1jc pump through a speed reduction

gear box, roughly 19 to 1. The turbine is powered by the catalytic
decomposition of liquid hydrazine (N2Hs) supplied to a gas gen-
erator from a fuel pump—augmeﬁted_b]owdown su§p1y system. A Tub-
ricatioh oil circulation system powered by the APU gearbox is used

to provide active thermal control for each APU.

Heat rejection for each APU lube 0il and hydraulic ¢il loop is
provided by dne of three water boilers for 0V-101 and one of three
water spray boilers for QV-102, Separate heat exchangers are
provfded for each of the fluid loops running through each water

(spray) boiler.



The 0V-101 and 0V-102 APU/Hydrau]ic syétem fluid loops simulated
by TAHAP are illustrated in Figuresé3-] and 3-2 respectively.
These fluid Toops are simulated as fbi]ows: | |

The individual instantaneous actuator flowrate demands are used
for determining the heat loads on the hydraulic system and fhe
main pump power input requirements. APU performance data, normal-
ized to main'pump input power, is used to compute fuel requiremenfs
directly. The water consumption rates are detérmined by computing
the ﬁeat Toads on the watér<boiler. This is accomplished by poh-
:puting the thermal mass respdhse to hydraulic heating at nodes for.
each actuator in the fluid circuit and computing the main pump

and APU gearbox waste heat rejection. The heat sink performance
of the water boiler is computed using predicted heat exchanger
effectiveness for the env{ronmenta1 conditiéns and the fluid con-
ditions at the inlet. - |

3.1.3 FEAR Documentaiion~ ,

 TAHAP is an application of the FORTRAN Environmental Analysis

- Routines (FEAR, Ref. 1) developed by the TRW Systems Division and
modified as required. The routines in FEAR were'crigina11y written
vas utility support for Environmental Control and Life Support
Systéms (ECLSS),consumab1es ana?yéés mode1$. A dr{verkprogram

was written for the APU/Hydrau]ics conSumébTes ahé1yses USing‘FEAR.
Consequently many of;the subrbutines‘have‘1ihe$ of code or Iargek

portions of arrays utilized in ECLSS‘app]ications,on1y.‘ These
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areas have been left in the coding on a non-interference basis

in order to keep from unnecessariiv deviatina from %he general
FEAR application techniques and FEAR documentation. The effort
required to remove such seétions has riot been justified since

they are essentially transparent to the user. Careful deletion
of those sections, however, should not effect the running of
TAHAP. These sections are not addressed in the write-up

except in defining storage allocation. (Appendix D)

3.1.4 Program Structure and Control

The structure of the Thermal APU/Hydraulics Analysis Program
(TAHAP) 1is shown in the diagrams in Figures 3-3 and 3-4. As
shown, the pfogram'cohtroi is hahd]ed primarily by DRIVER, "MAIN
and DRAW. Because of its size the program needs to be overlaid.
The logical place to divide the program is at the end of a mission
when "MAIN" calls DRAW, which controls the use of the Cal Comp plot
~ package. The routine, DRIVER, merely manages the switch from the
first layer which haé'"MAIN“ and all the consumables calculations,
to the second 1ayer‘which contains DRAW and its suﬁportinglsub-
routines. "MAIN", which is consequently a subroutine, functions
as the main'roufine of the fﬁrstf1ayer and is referred to as

the main routine.

Essential to the program control a%e the routines START, PRINT,
and 'PLOOT. kThe model 1is initiaiized by a call to START which 1is

- called on1y once as bne of the first executable statements of




MAINT

DRIVER

START

{

|

RINIT*

PRINT

LILOAD

HYDACT

ZIPIT

FLOPWR

FUNC

LINFLO

LUBOIL

BOUNDT

PASS -

L00P

PLATEC
(PLATOC)

l

|- PLATE

(PLATO)

*THESE ROUTINES ARE CONTAINED IN THE UYILITY LIBRARY RANDIO PACKAGE.

THERMP

THERMR

MIX

HYDFLD

FUNC

BOILP

|

DRAW

TRANS

—

RREAD*

SCAL

' ICNVRT ‘

cepx*

FUEL

 QBAL

PLOOT

RWRITE*

PRINT

PLATEC

T

PLATE

(SELECT)

1..FLIP l

13

- PRTTAB

PLATE

- **THIS ROUTINE AND ITS SUPPORTING ROUTINES ARE ON THE CALCOMP FASTRAND FILE




FIGURE 3-4 TAHAP (OFT VERSION) PROGRAM TREE

DRIVER
_ MAINZ DRAM
START TRANS | RREAD*
— L |
RINIT* PRINT SPRAY
HYDFLD | SCAL
RSTART ' s
FUNC
HYDACT .
BOILP : TCNVRT
FLOPHR | L
- FUEL ‘
| FunC . o
. ————f4 QBAL o . CCp**
LUBOIL | |
PLOOT [
PASS ~ , , | PATEC | | PLATE |
| RWRITE l |
LOOP | PLATE
: | PRINT '
PLATEC o (SELECT)
(PLATOC)
- . —FLIP
PLATE
(PLATO) PRTTAB
MIX
MOD

4

¢

- *THESE ROUTINES ARE CONTAINED IN THE UTILITY LIBRARY RANDIO- PACKAGE
**THIS ROUTINE AND ITS SUPPORTING ROUTINES ARE ON FHE CALCOMP FASTRAND FILE.




| "MAﬁN? START zeroes blank common, reads in the input data, and sets
up the computation and print intervals for the program. Once

the run has been initialized by START and the hydraulic system line
data tape has been read in (for ALT only) it is driven by a

mission timeline which is input on tape. This timeline input
‘1nc1udes time, total system flowrates, actuator f1owrates,bé coen-
figuration flag, vehicle load factor, and APU speed flag. Fof

each time on the tape the distribution of actuators among the

' three systems 1s‘determ1ned from the value of the configuration
flag in conjunétioh with the loss management matrix which is input

on cards.

PRINT, which is called each computation cycle, manages the print
frequency and format while the routine, PLOOT, stores the desired
parameters for plotting on magnetic drum to be retrieved later by

the DRAW Tayer.
The input/output flow is presented in Fig 3-5.

The timing sequence is set up to use thé data on a particular
record until the time stored.in‘UPTIMﬁ, fhe,first word of éach

' record, is reached. The present input tape being received
gives the time at which the rest of the data on the tape record
becomes applicable. ;Cohsequent1y‘$ome Togic was developed for
saving a11;the values bn the tape except UPTIME until the next
UPTIME has been read in.  The‘timeTine data‘is furtherkpr0cessed

in order to average the data'over thevcdmputatiOn cycle.
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HYDRAULIC
[ SYSTEM LINE \

DATA TAPE
\ (ALT ONLY)

MISSION .
| TIMELINE
OATA TAPE

THERMAL APU/

© HYDRAULICS
ANALYSIS PROGRAM

(TAHAP)

SYSTEM
CONFIGURATION
| DATA

PLOT

| REQUIREMENTS

NODE
INITIALIZATION

| DATA

/" NODE COUPLING

{ COEFFICIENTS
MISCELLANEOUS

PROGRAM
;‘CONTROL DATA
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FIGURE 3-5 INPUT/OUTPUT PROGRAM FLOW SCHEMATIC FOR TAHAP

TABULAR DATA PRINTOUT

-

e INPUT DATA PRINTOUT

o NODE THERMAL DATA AND
ACCUMULATED CONSUMABLES
AT SPECIFIED INTERVAL
THROUGHOUT MISSION

e SUMMARY TABLE AT END OF
mIssimon :

MAGNETIC DRUM

DATA FOR PLOTTING

SPECIFIED PARAMETERS

CALCOMP PLOTS

PLOTS OF SPECIFIED
PARAMETERS VS.
MISSION TIME.
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Frequency of data on the input tape often varies due to its
origin i.e. the difference between input data created from simu-
lator output tapes, trajectory tapes or jusf estimates of the way
a2 mission may be run. The averaging and tape record cycling pro-
cess allows the input data to be totally asynchronous with the
computation cycle. Tape record frequencies greater or‘1ess than
the computation cycle can be processed. The logic is, however,
limited to accepting a maximum of 25 data records within one

computation cycle.

Since a particular set of data will be used until the value for
UPTIME is reached it is desirable to keep the program from run-

ning at its constant computation cycle during the on-orbit periods

f’when-the'APU/Hyd'system is shutdown on long missions (i.e. = 163

hours on Baseline Reference Missions 1 & 2.) The program control
designed for this situation 1nVo1ves‘the subroutine RSTART and
the-variab]e, FUDGE. A mission can be réinitia1ized at a pre-
selected time by utilizing one of two oﬁtions avai]ab}e in RSTART.
The component and f]uid‘tempefatures ake refnitia1ized just before
deorbit by either reading in a new set of temperature initializa-
tion cards or def1n1ng all nodes to a predeterm1ned constant The

time value read in from tape is sca]ed by the variable, FUDGE.

“Example: ~If Pre-deorbit checkout begins at 163.46 hrs. insert

an "IF" statement that will Start substacting FUDCGE

A7




with a value of 163. hrs from UPTIME at .4 hrs. This’
will a'tlow a sufficient number of on-orbit solutions

to bring the system to equilib:-ium and the time values
on the plots can be easily altered to reflect the true

mission time.

The value for FUDGE is input on the Summary Table control card
described in Appendix A.1. For all other missions, FUDGE will

default to zéro.

Also integral to the basic program structure are severé] of the
variables in the blank common block. Due to the time dependenée
of the Component and fluid temperatures, P and F, storage. loca-
tions are provided for both current and previous values through
the timing indices, K and L. Until the beginning of the thermal
Toop, "K" refers to the most recent values of P and F. During

the thermal Toop "L" is filled with the present solution and "K"
retains the previous. . At the end of each éydlé through the
thermal Toop "L" is filled With the present so1utioh and "K"
retains the previous."At the end of each cycie‘through the thermal

* Toop thé subroutiné FLIP is called which exchanges thelvalues..

Specific requirements for the control subroutines mentioned are
~ discussed in Sec 6. “Timeline input data is listed and described
in detail in Sec 4.2 and general storage allocation for blank

common is given in Appendix D.
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3.2 0V-101 (ALT) and OV-102 (OFT) Functional Flowcharts

Due to differences between the QV-101 and 0V-102 vehicles and the_
kind of mission involved, the model is split ihto two yersions; |
The primary differences involve heat sink devices (water boiler
for ALT, water spray boiler for OFT), and the difference in flight
environment between ALT and OFT. The 0V-101 vehicle is subject

to atmospheric flight throughout the entire missien, while OFT
missions involve relatively short operating periods in the tenuous
atmosphere. Several subroutines are included in the ALT version
for modeling the hydraulic lines in greater detail than is done

in the OFT version. The lack of insulation on the OV-101 lines
and. the atmospheric environment requires that different methods
for computing heat transfer be employed for QV-107 than those used

for OV 102 on orb1taT missions.

BOILP, the subroutine used to model the 0V-101 water bowleh is
used to mode1 the pool mode of the spray boiler on the OV- 102
vehicle. The spray mode is modeled by the subroutine, SPRAY,
along with several flag checks in the main"foutine'and in MOD.
A]] the present modeling of the cpray boiler is pre11m1nary and
shou1d be changeﬁ as soon as spray boiler des1gn information

~is available.

Most of tne d1fferences are re.lected in the "MAIN" routines.
Funct1onal F]owcharts For MAINI (ALT) and MAINZ (OFT),are shown

in Figures 3-85and73—9 respect1va1y.
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FIGURE 3-6 FUNCTIONAL FLOWCHART  OF MAIMI

( marn )

\

CALL START

READ IN DATA CARDS,

DEFINE PRINT FREQUENCY

Y

C

ALL LILOAD

READ IN LINE DATA FROM

TAPR

y

INITIALIZE NECESSARY ARRAYS, SAVE
INITIAL VALUES, TINIT, IWAT, G(X,I)

4

.FLAGS

/////READ IN FIRST TIME POINT, SET 1N17i£5//

(D—

3
\

- MAINI
1 ofvlo

Y

INITIALIZE TEMP
T(I), TFLWW(I),

ORARY STORAGE
FLWW(I)

VARTABLES

YES

-

TIME ™+ DELT < UPTI

BEGIN TIMING
SEQUENCE

=73

NO

ME?

INTEGRATE TOTAL SYSTEM FLOWRATES AND
ACTUATOR FLOWRATES OVER COMP CYCLE

ISPD1, GRAV, ALTZ

////’READ TN NEXT RECORD ON TAPE
/ UPTIME, TFL, FL, OFTACT, SKIP,

. ‘ :
IFLA%}///// |

/

CHECK TO SEE IF DATA
BEING USED IS
APPLICABLE TO CURRENT
TIMESTEP |

Y

‘ v



AVERAGE TOTAL SYSTE{1 AND ACTUATOR
FLOWS OVER TIMESTEP

/
1F END OF MISSION, ZERO SPECIFIED
PARAMETERS, TFLAW, TFLW, POWER FLAYW, FLY

CALL HYDACT

[ suM HEAD LOADS AND THERMAL CAPACITANCE

BUILD ARRAY OF ACTUATORS FOR EACH
'SYSTEM DEPENDING ON SYSTEM CONFIGURATIOMN.

PER SYSTEM

o/

CALL ZIPIT ,
7ERO PARAMETERS FOR LINE CALCULATIONS
Sy _ DO I =1, NTURBN
Y
CALL FLOPWR

COMPUTE PUMP EFFICIENCY, POWER AND

CASE DRAIN FLOWRATES CONSIDERING

SYSTEM CONFIGURATION, APU OPERATING SPEED,
AWD PUMP INLET TEMPERATURE

/

CALL LINFLO

tOHPUTE THE FLOWRATES IN THE HYDRAULICLINES

\-l
STORE POWER FOR PLOTTING.
G(%, 7) = POWER

l
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MAIN]

1o IS
< APU ON?
1
ZERO HEAD LOAD | YES
AND FLOWRATE SET TURBINE TO
PARAMETERS | RUNNING TEMPERATURE

7

CALL LUBOIL
COMPUTE SPECIFIC HEAT AND DENSITY
OF LUBE OIL, HEAT LOAD ON GEARBOX AND :
HEAT TRANSFER COEFFICIENT FOR LUBE OIL
HEAT EXCHANGER

Y
~SET FLAG FOR TRANSFER VALVE

BOILER

COMPUTE LEVEL OF WATER YES
IN BOILER BH20 AND THERMAL].

TRANSFER V
CAPACITANCE OF WATER ALVE

CLOSED?

NO

COMPUTE LEVEL OF WATER CONSIDERING
AMOUNT USED SINCE LAST TRANSFER

: \
DETERMINE AMOUNT OF WATER TRANSFERRED
THIS TIMESTEP, DWTRAN, AND TGTAL
TRANSFERRED SINCE OPENING OF VALVE, BHZ0F

22
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Mainl
4 of 10

COMPUTE BOILER TEMPERATURE CONSIDERING
ADDITION OF COLD WATER TRANSFERRED

/
RECOMPUTE WATER LEVEL, BH20, ON BASIS |
(OF WATER TRANSFER THIS TIMESTEP

{

\ .
COMPUTE THERMAL CAPACITANCE OF
BOILER AND WATER LEVEL

A

4
b
>

©

scabantikig s O
\ .

CALL BOUNDT

DETERMINE AMBICNT AIR TEMPERATURE.
COMPUTE ORBITER STRUCTURE TEMPERATURE
_AND VEHICLE COMPARTMENT AIR TEMPERATURE

- e e e e

_FOR EACH OF THE BOUNDARY NODES

y

INTERPOLATE FOR ALTITUDE, ALT.

‘COMPUTE AMBIENT AIR PRESSURE, T2

©




DO I =1, NTURBN

—— — ——

MAINT
5 0f 10

SOLVE THERMAL
LGOP

—————

— - — — pt——t

"CALL PASS (TURBINE 1)
COMPUTE TURBINE COOLDOWN

\:J

“GEAR BOX

CALL LOOP (GEARBOX I)

DEFINE STARTING NODE FOR LUBE OIL LOOP

4

CALL PLATEC (GEARBOX I)

| SOLVE HEAT TRANSFER BETWEEN GEARBOX AND
LUBE OIL, GEARBOX AND PUMP, AND GEARBOX

| AND BOUNDARY NODE.

LOQP

HYDRAULIC SYSTEM

CALL LOOP (PUMP 1)

'DEFINE STARTING NODE FOR HYDRAULIC LOGP

CALL PLATEC (PUMP I)

SOLVE HEAT TRANSFER BETWEEN HYDRAULIC
'PUMP AND HYDRAULIC FLUID, PUMP AND GEAR-
BOX, AND PUMP AND BOUNDARY NODE

IS »
PUMP DISCHARGE FLOW
~_ RATE > 07 ,

~NO

S

LOOP



G

DETERMINE HEAT REJECTION DISTRIBUTION
BETWEEN DISCHARGE AND CASE DRAIN.
CALCULATE CASE DRAIN AND DISCHARGE
|TEMPERATURES

\

{
CALL THERMP

COMPUTE HEAT TRANSFER TO BOUNDARY NODES |
FOR THE LINES FROM PUMP TO THE ACTUATORS
SERVICING SYSTEM I. DETERMINE ACTUATOR
INLET TEMPERATURES. PRINTOUT RESULTS.

A 4
DETERMINE NUMBER, JK, AND CHECK ARRAY,
NHYD, OF ACTUATORS TO BE SOLVED FOR
SYSTEM 1

DO J =1, IK

A

CALL PLATOC (J)

SOLVE FOR HYDRAULIC HEATING, HEAT TRANSFErR
FROM FLUID TO ACTUATOR, AND ACTUATOR TO
BOUNDARY NODE

Vo o e

|
CALL THERMR

THE HYDRAULIC RETURN LINES FROM THE ACTUA-

COMPUTE HEAT TRANSFER TO BOUNDARY NODES FOR

TORS TO THE MIXING POINT FOR FLUID FROM
ACTUATORS AND CASE DRAIN. DETERMINE RETURN
LINE MIXING POINT TEMPERATURES. PRINTOUT

RESULTS.

CALL MIK
WIX WYDRAULIC FLUID RETURNING FROM

ACTUATORS WITH SYS T CASE DRAIN TO
DETERMINE WATER BOILER INLET FLOW
RATE AND TEMPERATURE

1

v

A G
| ]

MAIN1
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- | MAIN
(:%:) 7 of 10
s
v
DISCHARGE 0, >{:E:>

WRATE
FL%JU?

YES

IS ™
NO WATER BOTLER™S
« INLET FLOWRATE

\

SEND TOTAL FLOWRATE
THRU HYDRAULIC
HEAT EXCHANGER

GREATER THAN
: 21 GPM?

YES

Y

|

I

SEND 21 GPM THRU HYDRAULIC HEAT EXCHANGER
AND REMAINDER OF FLOW THRU WATER BOILER
BYPASS

'
) 3

Y

DEFINE TEMPERATURE OF FLUID IN HEAT
EXCHANGER AND BYPASS EQUAL TO THE WATER

BOILER INLET FLUID TEMPERATURE

\!
“CALL HYDFLD
COMPUTE SPECIFIC HEAT AND DENSITY OF

HYDRAULIC FLUID AND HEAT TRANSFER
COEFFICIENT FOR HYDRAULIC HEAT
-EXCHANGER

‘~f

"CALL BOILP

DETERMINE WHETHER OR NOT WATER IS BOILING.
IF BOILING, COMPUTE WATER USED. IF NOT,
CALCULATE SENSIBLE HEAT TRANSFER ONLY.
PREPARE WATER USAGE VALUES FOR SUMMARY

TABLE.
_ L

M



CALL MIX

MIX HYDRAULIC FLUID FROM HEAT EXCHANGER
AND BYPASS TO DETERMINE RESERVOIR INLET
FLOWRATE & TEMP

Y

MAINI
8 of 10

Y

CALL TRANS (PUMP TO SPLIT ‘NODE)
(PUMP TO BYPASS NODE)
(PUMP TO BOILER INLET)

DEFINE TEMP AND FLOWRATE OF EACH NCDE UP
TO THE BOILER EQUAL TO PUMP TEMP & FLOWRATE

Y
CALL HYDFLD

COMPUTE SPECIFIC HEAT AND DENSITY OF
HYDRAULIC FLUID AMD HEAT TRANSFER COEFFI-
CIENT OF HYDRAULIC HEAT EXCHANGER

\

~CALL BOILP

SOLVE FOR HEAT TRANSFER BETWEEN FLUID AND
WATER IN BOILER. IF BOILING, COMPUTE WATER
CONSUMED. -~ IF NOT, COMPUTE SENSIBLE HEAT
TRANSFER ONLY.

-

~ CALL TRANS (PUHP I TO RESERVOIR I)

DEFINE TNLET FLUID;TEMP AND FLOWRATE OF
RESERVOIR EQUAL TO PUMP TEMP AND FLOWRATE

4
e
w

. 4

\ 4

TALL PASS (WATER STORAGE TANK 1)

COMPUTE HEAT TRANSFER‘FROM WATER STORAGE
TANK TO WATER BOILER TO BOUNDARY NODE

A




Y.
CALL PLATEC (RESERVOIR T)

SOLVE HEAT TRANSFER BETWEEN RESERVOIR
AND HYDRAULIC FLUID AND RESERVOIR AND
BOUNDARY NODE

R
CALL TRANS (RESERVOIR I TO PUMP 1)

DEFINE FLUID TEMP AT PUMP EQUAL TO
TEMPERATURE OUT OF RESERVOIR

<« — Y
4

CALL FUEL

CALCULATE FUEL AND ENERGY CONSUMED CONSIDER-
ING APU SPEED AND POWER. PREPARE FUEL USAGE

VALUES FOR SUMMARY- TABLE.

v
CALL QBAL

CALCULATE TOTAL SYS HEAT INPUT, AMOUNT
OF HEAT STORED AND AMOUNT OF HEAT DISSI-
PATED FOR THE TOTAL OF THE THREE SYSTEMS

\
CALL PLOOT
PUT APPLICABLE DATA FROM PRESENT COMP

CYCLE ONTO HIGH SPEED DRUM FOR EACH
PLOT DESIGNATED BY PLOT INPUT CARDS TO BE
RETRIEVED BY DRAW AT END OF MISSION

 CALL SELECT (ENTRY TO PRINT)
IF PRINT COUNTER SATISFIED, PRINTOUT
RESULTING NODE DATA AND ACCUMULATED
CONSUMABLES IN SPECIFIED FORMAT.
INCREMENT TIME, | |

T

8
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MAINT
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Y.
CALL FLIP

REVERSE INDICES REPRESENTING PRESENT AND
PAST VALUES OF COMPONENT AND FLUID TEMPER-
ATURE ‘

YES

-
=

‘t

///ERINTOUT NAMELIST////

L

CURRENT TIME

'GREATER THAN
STOP TIME?

TIME » TSTOP

- YES

CALL PRTTAB |
PRINTOUT SUMMARY TABLE

Y .

{ RETURN )
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1

( MAINZ )

Y
CALL START

READ IN DATA CARDS.
DEFINE PRINT FREQUENCY.

A
INITIALIZE NECESSARY ARRAYS, ZAVE INITIAL

VALUES, TINIT, IWAT, G(X, I)

\

/////"TREAD IN FIRST TIMEPOINT, /////
y SET INITIAL FLAGS

/

Y

Y

r

) i | .
FIGURE 3-7 FUNCTIONAL FLUWCHART OF MAIN2

MAINZ
1 of &

INITIALIZE TEMPORARY STORAGE VARIABLES

T(I) TFLWW(I), FLWW(I)

y

BEGIN TIMING
SEQUENCE

Y

@

CHECK TO SEE IF DATA
BEING USED IS APPLICABLE

TO CURRENT TIMESTEP

R

,//////////IS
~ TIME + DELT i;iiiﬁiﬁi/

//

. X
INTEGRATE TOTAL SYSTEM FLOWRATES AND

ACTUATOR FLOWRATES OVER COMP CYCLE

)/////READ IN NEXT RECORD ON TAPE, UPTIME, TFL,
FL, i

OFTACT, SKIP, IFLAG1, ISPD1,GRAV, ALT@/(/

CALL RSTART IF LONG MISSION AND REINITIAL-
'1ZATION REQUIRED, SUBTRACT FUDGE FROM
UPTIME TO SKIP LONG INACTIVE PERIOD

\

A 4




. MATINZ
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AVERAGE TOTAL FLOW AND ACTUATOR FLOUS
OVER TIMESTEP

X
IF END OF MISSION, ZERO SPECIFIED PARAMETERS.

TFLAW, TFLW, POWER, FLAW, FLW

A
CALL HYDACT

BUILD ARRAY OF ACTUATORS FOR EACH SYSTEM
DEPENDING ON SYSTEM CONFIGURATION, SUM
HEAT LOADS AND THERMAL CAPACITANCE PER

SYSTEM
VY _ DO T =1, NTURBN
\r '

CALL FLOPWR |
COMPUTE PUMP EFFICIENCY, POWER AND CASE .
'DRAIN FLOWRATES CONSIDERING SYSTEM '
CONFIGURATION, APU OPERATING SPEED AND
PUMP INLET TEMPERATURE.

- Y
STORE POWER FOR PLOTTING. G(X, 9) = POWER (I)

APU (I) ON?

A

\ . ,
ZERQ HEAD LOAD AND SET TURBINE TO
FLOWRATE PARAMETERS { - | RUNNING TEMPERATURE

(i?:) o CALL LUBOIL _
- COMPUTE SPECIFIC HEAT AND DESNITY OF LUBE

OIL, HEAT LOAD ON GEARBOX AND HEAT TRANSFER
COEFFICIENT FOR LUBE OIL HEAT EXCHANGER




DETERMINE THERMAL CAPACITANCE OF SPRAY
BOILER ON BASIS OF AMOUNT OF WATER IN

BOILER

Y

‘J
INTERPOLATE FOR ALTITUDE AND COMPUTE

AMBIENT AIR PRESSURE, ALT, P2

MAINZ
3¢cf 8

- --®

DO I = 1, NTURBN \7

CALL PASS (TURBINE)

COMPUTE TURBINE COOL DOWN
i

h oY
P

Y

SOLVE THERMAL
LOOP

v
_ CALL LOOP (GEARBOX I)
DEFINE STARTING NODE FOR LUBE OIL LOOP

¥
CALL PLATEC (GEARBOX I)

SOLVE HEAT TRANSFER BETWEEN GEARBOX AND
LUBE OIL, GEARBOX AND PUMP, AND GEARBOX

AND BOUNDARY NODE

GEARBOX
LOOP

v

-HYDRAULIC SYSTEM

Y

CALL LOOP (PUMP I)

DEFINE STARTING NODE FOR HYDRAULIC SYSTEM
1.00P

CALL PLATEC (PUMP 1) ‘
SOLVE HEAT TRANSFER BETWEEN HYDRAULIC
PUMP AND HYDRAULIC FLUID, PUMP- AND

GEARBOX,* ARD PUIMP AND BOUNDARY NODE

LOOP




PUMP DISCHARGE

FLOWRATE > 0?

N

DETERMINE PUMP HEAT REJECTION DISTRIBUTION
BETWEEN PUMP OUTLET AND CASE DRAIN.
CALCULATE CASE DRAIN AND DISCHARGE
TEMPERATURES

4

%

Y
/i

Y
DETERMINE NUMBER, JK, AND ARRAY, NHYD,

OF ACTUATORS TO-BE SOLVED FOR SYSTEM I

‘-/

CALL PLATOC(Y)

SOLVE FOR HYDRAULIC HEATING, HMEAT TRANSFER
FROM FLUID TO ACTUATOR AND ACTUATOR TO

BOUNDARY NODE

‘J
CALL MIX
MIX HYDRAULIC FLUID FROM EACH OF THE|

ACTUATORS ON SYSTEH I

v
CALL MIX

MIX RETURNING HYDRAULIC FLUID HITH SYS 1
CASE DRAIN FLYTD

UMP DISCHARGE ™~ NO

Y e

P
<<f/ FLOWRAIE > 9/,//’

MAINZ
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DEYERMINE HOW MUCH FLOW GOES
THRU BYPASS AND HOW MUCH THRU
BOILER

\

CALL HYDFLD

COMPUTE SPECIFIC HEAT AND DENSITY

« BOILER IN SPRAY MODE? -
CALL MOD | ///////////r

MAIN?Z
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YES

L

Y

CALL TRANS

DEFINE TEMPERATURE AND FLONRATE
INTO BOILER EQUAL TO THAT JUST MIXED
FROM HYDRAULIC ACTUATOR AHD CASE DRAIN

OF HYDRAULIC FLUID AND HEAT TRANS-
FER COEFFICIENT FOR HYDRAULIC HEAT

\

1

CALL SPRAY

EXCHANGER

.

CALL BOILP

DETERMINE AMOUNT OF WATER USED TO COOL
FLUID DOWN TO CONTROL TEMPERATURE

- [ DETERMINE WHETHER GR NOT WATER
| .3 BOILING. IF BOILING, CALCULATE
WATER CONSUMABLES.
SENSIBLE HEAT TRANSFER ONLY.

IF NOT, CALCULATE

PREPARE

WATER USAGE VALUES FOR SUMMARY TABLE

.

1

e
>

4

CALL MIX

MIX FLUID FROM BYPASS AND FROM BOILER

A

\-4

,(:E:> o

>
7

\

CALL TRANS (PUMP TO SPLIT NODE)
(PUMP TO BYPASS)
(PUMP TO BOILER INLET)

|DEFINE TEMPERATURE AND FLOWRATE OF EACH

NODE UP TG BOILER EQUAL TO PUMP TEMPER-

ATURE AND FLOWRATE




- CALL HYDFLD
COMPUTE SPECIFIC HEAT AND DENSITY OF
HYDRAULIC FLUID AND HEAT TRANSFER
COEFFICIENT OF HYDRAULIC HEAT EXCHANGER

¥
CALL BOILP

SOLVE HEAT TRANSFER BETWEEN FLUID AND
WATER, IF WATER BOILING COMPUTE WATER
USED. 1IF NOT, CALCULATE SENSIBLE HEAT
TRANSFER ONLY.

\
CALL TRANS (PUMP TO RESERVOIR)
DEFINE TEMPERATURE AND FLOWRATE INTO
RESERVOIR EQUAL TO PUMP TEMP AND

FLOWRATE

Y

<=

¥

CALL PASS (WATER STORAGE TANK)

COMPUTE HEAT TRANSFER FROM WATER STORAGE
TANK TO WATER BOILER TO BOUNDARY NODE

Y

CALL PLATEC (RESERVOIR)

SOLVE HEAT TRANSFER BETWEEN RESERVOIR AND
HYDRAULIC FLUID, AND RESERVOIR AND BOUNDARY
NODE |

\

CALL fRANS (RESERVOIR TO PUMP)

TEMP OUT OF RESERVOIR

DEFINE FLUID TEMP INTO PUMP EQUAL TO FLUID

CALL FUEL

CALCULATE FUEL AND ENERGY CONSUMED CON-
SIDERING APU SPEED AND POHER,,PREPARE ACCUI

ULATED VALUCS FOR SUMMARY TABLE.

MATH2
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CALL QBAL

CALCULATE TOTAL SYSTEM HEAT INPUT, AMOUNT
OF HEAT STORED AND AMOUNT OF HEAT DISSI-
PATED FOR THE TOTAL OF THE THREE SYSTEMS

Y

CALL PLOOT

PUT APPLICABLE DATA FROM PRESENT COMP
CYCLE ONTO HIGH SPEED DRUM FOR EACH PLOT
DESIGNATED BY PLOT INPUT CARDS TO BE
-RETRIEVED BY DRAW AT END OF MISSION

Y
CALL SELECT (ENTRY POINT TO PRINT)
IF PRINT COUNTER SATISFIED, PRINTOUT
RESULTING NODE DATA AND ACCUMULATED
CONSUMABLES IN SPECIFIED FORMAT.
INCREMENT TIME

\
CALL FLIP .
REVERSE INDICES REPRESENTING PRESENT
AND PAST VALUES OF COMPONENT AND FLUID
TEMPERATURES

WILDS
~PRINT COUNTER
BE SATISFIED NEXT

O NO

s

COMP CYCLE?

PRINTOUT ;///(
ONAMELIST

Y
¥

MAINZ
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CURRENT TIME

NO GREATER THAN STOP

TIME?
TIME > STOP?

CALL PRTTAB
PRINTOUT SUMMARY TABLE

Y

{ RETURN )

37
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3.3 General Description of Subroutines

The following is a brief description of each of the subroutines

calted from either the ALT or OFT versions of the Thermal APU/

Hydraulics Analysis Program (TAHAP)

BOILP

]

1

DRAW

FLIP

FLOPWR

FUEL

FUNC

H

HYDACT

1

HYDFLD

ICNVRT -

Determines sensible and evaporative heat sink
performance of water boiler, computes and integrates
consumption rates. ’ '
Retrieves data to be plotted from high speed drum,
prepares it and calls the CALCOMP routines.

Reverses timing indices,

Computes pump efficiency, shaft horsepower, and case

drain flowrate, converts flowrate units.

Calculates fuel rates, fuel and energy consumed and
accumulates consumables preparing accumulated vélues
for summary table.

Function subprogram which outputs value of polynomial

curve fit evaluated at a given X.

Uses system configuration flag and loss management matrix
to build array of actuator system assignments.

Solves equations for specific heat and density of

“hydraulic fluid, computeé heat transfer coefficient

for water boiler hydraulic heat exchanger.

Converts node numbers to hollerith characters for

plot titles.
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LILOAD
LINFLO

LOOP
LUBOIL

MIX

MOD

PASS

PLATE
PLATO

- PLATEC

PLATOC

1

i

i

Reads in Tine data and constructs necessary arrays.
(ALT model only)

Dafines the_flowrates in the hydraulic lines.(ALT model
only)

Defines current temperature of starting node of thermal
Toop equal to that node's most recent tempe%ature

solution.

- Solves equations for specific heat and density of

lubrication o0il, computes heat transfer coefficient for
lube oil heat exchanger.

Determines resulting flow and fluid temperature from
mixing of flow from several branches,

Solves general eguations to proportion flow split
between two branches in response to prescribed
temperature control location and proportional gains.
Solves heat transfer equations for a passive (external
to fluid loop) componént.

Determines diffusion node heating,

Determines hydraulic and diffusion node heating. (Entry
point to PLATE)

Determiheé diffusion node heating for components
thermally coupled to other Components or bouhdary nodes;
Determines hydraulic and diffusion node heating for

copponents thermally coupled to other diffusion and/

or boundary nodes. (Entry point to PLATEC)
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PLOOT

Puts data for requested CALCOMP plots onto high speed

drum,

PRINT (SELECT) - Provides print-out in specified format and

QBAL

RSTART

SCAL
START

SPRAY

THERMP

THERMR

3

updates time.

Performs a heat balance by computing the total heat’

in, total heat out, and total heat stored in the system
for the purpose of error detection, and numerical error
magnitude assessment.

Reinitializes node data for long missions, (OFT model

only)

Performs scaling for CALCOMP plots, used by DRAW.

Reads input data in specified formats and sets up
coupling data.

Presently used for simulating spray boiler and computing
water consumed.Sth]d be replaced as soon as spray
boiler design data is available. (OFT model only)

Computes the heat Toss in the hydraulic pressure lines

from the pump to the actuators due to conduction,

radiation, and convection ccupling, determines actuator

inlet fluid temperatures, and prints out line data

(ALT model only)
: Computes the heat loss in the hydraulic retufn lines

from the actuators due to conduction, radiation, and

convection coupling, computes fluid branch mixing -

temperatures, and'prinis out Tine data. (ALT Model only)
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TRANS -~ Transfers fluid temperature and flowrates from one
node to another.

. ZIPIT - Zeroes several arrays for line data calculations. (ALT

only)

4




4.0 INPUT DATA DESCRIPTION
. The thermal APU/Hydraulics Program (TAHAP) requires that several
types of daté be input. The data consists of systems data and
mission timeline data, the specific data requi}ed is described in
the following sections along with a note as to the mode of 1nput
(card or tape.) The format and units required for ea;h data item
as well as the input deck Setup is described in Appendix A.

4,1 Systems Data

‘The systems data described here consisting of node thermal data,
node coupling data, and the Toss management and system configura-
tion matrices must be input on cards. The hydraulic line data
described in this section is input on tape and is for the ALT
model only. In section 4.1.6 boundary conditions data which can
be input is discussed brief]yl The format and sequence of these
cards are described in Appendix A.1.

4.1.1 Node Thermal Data

There are six thermal parameters which require definition at each
diffusion node inlet. Four of these paraﬁeters need to be input
while thé remainder are computed within the program.

The parameters which must be input are:

1. bTherma1 capacitance, MCP

2. Heat transfer coefficient, UA
3. Initial component temperature

4. Initial f]uidvtemperaturé




The other two parameters are computed within the program and need
not be assigned values on the node data card. These two paramétersA
are,

1. Dynamic thermal capacitance (referred to as "NCP" or "flowrate")
2. Heat load, Q

Passive thermal rodes need only a value for the thermaf capacitance
and component temperature. Boundary nodes need only component
temperature, and no dafa is requiréd for arithmetic nodes. There
must be a node data card for each node in the monW regardless of
whether or not any thermal parameters need to be specified for that
node. Values will default to zero where a value is not given.

4.1.2 Node Coupling Data |

The node coupling, cards contain the following data:

1. 1, J - the coupled nodes

2. UAij - conduction/convection coupling heat transfer coefficient

3. oe AFij - radiation coupling heat transfer-coefficient.

There is a section of the START routine which rearranges this

data such that one card for each paik of nodes will handle the

- coupling from I to J and conversely. The order of the nodes on.
’the card is insignificant. There are several boundary nodes in
the model strictly for'coup1ing components to the vehicle
kstructure and ambient air, the coupling cards for these node pairs
#izp contain a fiag for in¢1uding heat loss to the structure in
the heat balance equations in the subroutine QBAL.;'l

o
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4.1.3 Loss Management Matrix

The Toss management matrix (LMMTRX) 1is one in which each row
represents an actuator, and the first three columns represent the
actuator's primary, first standby, and second standby systems,
respectively. The fourth column is filled with zeroes for ease of
manipulating the data. Each card has the actuator node number

on it where it won't be read by the computer for ease in 1hserting
or removing cards as the 1is£ of actuators changes. The data in

the matrix for the present 1ist of actuators is on Figure 4-1.
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Figure 4-1 Loss Management Matrix

1st 2nd Column Actuator number
Primary Standby Standby of Zeroes
1 2 3 0 1
1 3 2 0 2
1 0 0 0 '3
2 1 3 0 4
2 3 1 0 5
2 0 0 0 6
3 1 2 0 7
3 2 1 0 8
3 0 0 0 9
1 0 0 0 10
2 0 0. 0 N
3 0 0 0 12
3 2 1 0 13
1 0 0 0 14
2 0 0 0 15
3 0 0 0 16
3 2 1 0 17
3 2 1 0 18
2 g 0 19
1 2 3 0 20
3 1 2 0 21
1 0 0 0 22
2 0 0 0 23
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Loss Management Matrix (cont'd)

Primary
3
2
1

1st
Standby

w o

w W w w

w

B <) o O o o o (an) o o o o o o

2nd
Stanby

0

NP O O o O

o oo oo o o o0 o o o

[}

Column

of Zeroes

OOOOOOOOOOOOOOOOOOOO

* (OFT mode]
only)

Actuator number

24
25
2€
27
28
29
30
31

32

33
34
35
36
37

e

38

40
41
42
43
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4,1.4 System Configuration Matrix

The system configuration matrix, 1PDO, is comprised of each
possible combination of pressurized, depressurized and off systems.

Each row is input on a separate card with the row number in a column

not read by the computer. This row number is used as the system
configuration flag. The three columns represent systems 1, 2, and

3, respectively. After the system configuration flag is read from

the input tape, the matrix is checked for the configuration of each

system and computes the applicable pump efficiency and total system thermal
capacitance and bdi]ds the arrays of actuators.going to each system.

The system configuration matrix is shown in Figure 4-2,
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Figure 4-2 System Configuration Matrix

System 1 System 2 System 3 Configuration Flag

C3 3 3 1
3 3 2 2

3 3 1 3

3 2 3 4

3 2 2 5
3 ] ] "6

3 1 3 7

3 1 2 8

3 1 1 9
2 3 3 i0

2 3 2 11.

2 3 1 12

2 2 3 13

2 2 2 14

2 2 1 15

2 1 3 16

2 1 2 17

2 i 1 18

1 3 3 19

1 3 2 20

1 3 1 21

1 2 3 22

1 2 2 23

1 2 1 24

1 1 3 25

1 1 2 26
1 1 1 27
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4.1.5 Line data (ALT model only)
The line data, which is read from a data tape contains the following
information on each record.

1. the line number

2. a flag to distinguish between forward and reverse flow in
system 1 landing gear circuit .

3. coupling node number (structure node minus 250)

4. complete 1ist of the actuators serviced by this line

5. the Tline number

6. Tline length

7. line diameter

4.1.6 Boundary conditions data (ALT model dn]y)

The model is presently set up with an ambient air temperature vs
altitude table hard coded into the subroutine BOUNDT. This table
includes information for a typical cold day, hot day, and normal

day profile. Another array of coefficients is hard coded in the
routine which is used in the computation of secohdary structure
temperature and the vehicle compartment air temperature. The

input required fof'this computation is a flag on the mission control |
card‘(described'inrAppendix A.1) which tells which type of ambient.
air’ﬁrofile is_desiféd for the mission being analyzed. The computed
structure temperature is stored in the component temperature locations
for thésevsame'stfucfure boundary nodes. Both values are used in
‘determining the‘heat’Woss in the Tines calculated in THERMP and THERMR.
The structure temperatures are also used for the heat transferrsQ1utiohs

e
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for coupling between components and boundary nodes.

If a mission analysis is desired which needs a profile not pro-

vided by the subroutine, BOUNDT, the program can be modifiedy

to accept a timeline namelist of boundary temperétures. Va]ués

for each timestep can be found by interpb]atihg between the

values in therhame1ist in the same manner as the program inter-

polates for each altitude value. The data required in each |

set of the.namélist profile would include:

1. The time at whiéh the temperature values in the namelist
apply ,

2. Theusecohdary structure temperature

3. The vehicle compartment air temperature

4. The ambient air temperature.

4.2 Mission Timeline Data

For any mission aﬁalyzed a mission time]iﬁe input tape is

required. The following data is required on each record.

1. Time, UPTIME

2. Actuator flowrates, FL

3. Total system flowrates, TFL ‘ _ |

4. Pump shaft horsepower, SKIP (not used by TAHAP-power-Va]ues
used are internally generdtéd) | :

System configuration code, IFLAG]

o

6. APU operating speed flag, ISPDT
7. Vehicle load, GRAV

8. Altitude, ALT2 |
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Although the set of actuators for OV-101 does not include some of the
actuators that will be on the 0V-102 vehicle there will be words on

each tape record for all of the actuators. Since the last six actuators
~in the 0V-102 1list are not applicab]e to 0V-101 their flowrates will be
read into a different array and be ignored. Zeroes will be given for
the flowrates of the actuators that are not applicable to the particular
version being used. This procedure allows the input tape to be created

in one standard format.

The specific format, data types, and units for the mission timeline

tape are given in Appendix A.1.




5.0 OUTPUT DAfA DESCRIPTION
- The data generated by TAHAP is output in two forms; tabular data
printout rezeived every time the program is run and plots, from the
CALCOMP plotter, which are only generated if desired. A]though

there is presently no capability in the program for graphic output

via microfilm or microfiche, -the tabular data print0u£ may be out-

put vié microfilm or microfiche through the addition of a control card.
The following sections describe the data generated by TAHAP, along
with reference to the places in the program where the data is
generated. Sample output is shown in Appendix E.

5.1 Tabular Data Printout

Each of the following sets of data, except the initial output is
printed at the print frequency input'on the run control card.
5.1.1 Input Data Printout -

The first set of tabular data brintout is generated by the START
subroutine, and is a printout of the card input data. This set of
printout consists of:

1. the node coupling data as it has been rearranged by START

2. the node thermal data initial values

3. the card iméges of the plot input data cards

4. the system confﬁguratioh matrix

5. the loss maragement matrix

The next svt of tabular data printout is generated by the LILOAD

subroutine, and is a printout of the Tine data 1nput. (ALT model only)
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1. Each Tine nuﬁber, its coup]iné node and the 1ist of actuators
serviced by that line

2. A list of each Vine number with its location in the array of
Tine numbers

5.1.2 Namelist Data

The namelist, UPDATE, is printed to show which timeline values were

used in calculating the data that follows it. Some of this data

is read from the timeline input tape and the rest is calculated

internally. The parameters output via namelist are:

1. UPTIME, time to update information

2. Total system flowrates resulting frpm averaging
3. Actuator flowrates resulting from averaging

4, POWER, computed from averaged flowrate

5. SKIP, power values on the timeline tape

6. ALT2, altitude value read from timeline tape

7. ALT, altitude resulting from interpolation

8. IFLAG, system configuration code

9. ISPD, system operating speed flag.

5.1.3 Line heat Tosses (ALT model on]&)

Following the namelist output is the line heat Toss output from
THERMP and THERMR for each system.

1. The actuator number and the 1ﬁnas attached to them‘k

2. The coupling node number

3. Line length
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4. Inlet, outlet, and boundary temp for each lire

5. Heat loss rates (BTU/min) and flowrate (gpm) in each line

This data for each system is followed by the total heat loss values
for the lines on that system.

5.1.4 Boiler Water Level (ALT model only)

The amount of water (1bm) in the boiler and the amount of water
(1bm) transferred from the storage tank to the boiler is tracked and
is printed out for each system. These numbers are generated in MAINI.
5.1.5 Heat Balance - Error Values

For. the purpose of error detection the total heat input to the
APU/hydraulic system is compared with the sum of the heat stored

and the heat leaving the system. ‘The ya1ues, computed for the three
systems combined, are summed in the subroutine QBAL.

The eight values output are:

1. BTU's in due to main pump shaft power

BTU's in due to turbine heal leak

Total heat in

2 W™

BTU's out by water boiloff

5. BTU's stored in capacitance

6; BTU's out due to coupiing to structure

7. Total heat out

8. Total neat in - Total heat out

The titles for these cd]umns of output are read from input cards.
5.1.6 BOILP Output

To track the operation of the water boiler (OV-101) and the pool
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mode for the spray boiler (0V-102) the following values
calculated in the subroutine, BOILP, are printed.

1. Inside boiler pressure, psia

2. MAmbient air pressure, psia

The pressure difference, psia

B ow

The saturation temperature, °R

5. The boiling rate ( BTU/min)

6. The flag to tell if the steam vent is choked (=2) or unchoked
(=1)

7. The number of iterations required to find a pressure solution.

5.1.7 Actuator Node Number List

Due to the changes in system configuration throughout a mission,

the 1ist of actuators used by each system changes. A list of the

actuators on each system is printed out each print interval. Due

to the use of the loss management matrix without regard to isolation

valves, an actuator wiil appear to be on its primary system even
if it is isolated at the time or not applicable to a particular
vehic]ek(i.e. engine and umbilical retract actuators listed on ALT
miésions.) The actuators have zero Tlowrates and have’no effect
on the system.

5.1.8 Node Thermal Data

The mission time and then the following data is printed out for

each node in the INODES array which is defined in the main program.

1. Node number and name

n

2. Component temperature, °F
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3. Inlet fluid temperature, °F

4. Thermal capacitance, C, BTU/°R
5. Heat transfer coefficient, UA, BTU/hr-°R
6. Dynamic thermal capacitance, wcp, %%*%%gbR

7. Heat load, Q, BTU/hr.

Some accumulated heat loss values are printed out in the "UA"
column of the ALT version next to the structure nodes where

there would ordinarily be zeroes. Following is a list of the
structure node number and the value printed there.

250 ~ APU heat, system 1

251 - APU heat, system 2

252 - APU heat, system 3 .

253 - heat'out by water, system 1

254 - heat out by water, system 2

255 - heat out by water, system 3

256 - line heat loss to air and structure, system 1

257 - line heat loss to air and structure, system 2

258 - 1ine heat loss to air and structure, system 3

259 - component heat loss to air and structure, system 1

260 - component heat loss to air and structure, system 2

261 - component heat loss to air and structure, system 3

5.1.9 Accumulated Consumables

At the end of each set of node th:irmal data,.the following con-
sumables values are printed for each system.

1. accumulated water usage (Tbm).

2. accumulated fuel usage (Tbm)

3. accumulated energy usage (hp-hr)

5.1.10 Summary Table

At the end of the mission a consumables sunmary table which shows
loaded and consumed values for fuel and water along with remaining
margins is printed. The accumulated water values are tracked in -

BOILP and the accumulated fuel values are tracked in FUEL. The
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summary table values are collected and printed out in the sub-
routine PRTTAB. Several constants for the table are input from
cards. The format and definition of these cards is in Appendix A.

5.2 Graphical Output

Several different parameters are available for plotting with no
changes to the program. The parameters which will be stored on
the CALCOMP tape on any given run will be determined by the input
plot cards. The format of those cards is given in Appendix A.].
On these cards there is a space for the plot type number associated
with the type of plot desired. The following is a list of the
available plot types with the type number. (Note: all plots have
- ground elapsed time as the independent parameter). Plot types
6-16 were designed for ECLSS and will not be enumerated.

1. fluid temperature (°F)

2. component temperature (°F)

3. flowrate (gpm)

4. heat rate (BTU/hr)

5. water remaining (1bm)

17. fuel used (1bm)

18. energy used (hp-hr)

19. fuel remaining (1bm)

20. ambient pressure

21. boiler piessure

22. miscellaneous; G(X,3) (boiling rate), altitude

23. miscellaneous; G(X,7) (error heat load values, power)

DUe to the method of storage allocation in TAHAP, a nodewnumber is
required for each plot card. For some type of plots this isn't
applicable (i.e. power, altitude, fuel, and pressure). so these
variables have been assigned to portions of the G-array or C-array
as listed in Table C-1 or assigned an arbitrary number (use 35 for

altitude.) The node number and plot type ave used in PLOOT




along with the value of the plotting variable to put the necessary
information onto high speed drum. Minor changes can be made within
the PLOOT voutine so that new parameters can be plotted as long as

the variable needed is in COMMON.

The plot titles are processed in the subroutine DRAN and are based
on the plot type number. The other support routines for DRAW are

SCAL and ICNVRT.

If it is desired to change graphics routines, the PLOOT and DRAW
routines can be deleted and replaced with a routine which generates
a standard binary data tape with time as the first word on each
record. With such a data tape several of the graphics packages
available on EXEC 2 or EXEC 8 (e.g. STLPLT, TRUPLT) can easily

be implemented.
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6.0 SUBROUTINE REQUIREMEMNTS

This section consists of a detajled description of each subroutine
called by either the ALT or OFT versions of TAHAP. The description

includes each of the following items where applicable.

1. Identification

2. Purpose

3. Supporting Subroutines

4. Argument List Definitions

5.  Common Block Reference
A list of the common blocks used by that routine along with each
variable input or output from the routine by that block

6. Local Variable Definitions

7. Functional Flowchart

8. Subroutine Listing (see Appendix D)
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Subroutine BOILP

Identification
Name . - BOILP » -
Author/Company - T. DeLuna/MDTSCO

Machine/Language - UNIVAC 1108, EXEC 2 System/FORTRAN V

Purpose

To determine sensible and evaporative heat sink performance of

water boiler and to compute water usage.

Argument List Definitijon

M - Inlet node of lube 0il heat exchanger
MI1 - OQutlet node of lube 0il heat exchanger
M2 - Inlet node of hydraulic heat exchanger
M32 - Outlet node of hydraulic heat exchanger
p2 - Ambient air pressure
EA ~ Effective steam vent orifice area
- STVC - Steam - valve closed flag

STVO Steam valve open flag

Common Block Reference/Input-Qutput Variables

Block Name Input - OQutput
ARRAY CG(MT,1) G(M1,I)I=1,6, G(M2,1),1=1,6
| | | ~ G(M1,1)1=8,9, G(M2,1),I1=8,9

FLAG, ITTER

BLANK COMMON p(MT,L), P(M2,L). F(M1,L) p(M11,6), P(M22,L), F(MI1,L)
- F(M2,L), ©(M1,3), C(M2,3) F(Me2,L), c(M11,3), C(M22,3)
IDUM(L), DELT v . :

COMEVP THAT WAT, DN, WATLFT
TYME TINSUM | SUMARY(1,0), I=15,17, J=1,3
| | 60




Local Variable Definitions

‘ﬂgﬂgg Type Units Description

A R Constants derived for conversion from

B ' R pressure to saturation temperature from
C R subvroutine DEWPT in FEAR

COEF R : Constants for deterﬁining heat of

vaporization from temperature

CRTPR R Critical Pressure ratio

DELW R 1bm. Water boiled this timestep

DELTAP R PSIA Pressure difference (ambient-boiler)

FLAG R Flag for type of flow, 1=unchoked, 2=choked
GAMMA R Ratio of specific heats for steam

GRAV R ft-1bm/1bf-sec?  Conversion from 1bf to Tbm |

H : R ' Heat of vaporization

ITTER Number of iterations to get a

pressure solution

PI R PSIA' Boiler pressure

PIDOT R Time derivative of boiler pressure
PIOLD . R PSIA Pressure calculated last comp cycle
TEMPS R °R Saturation temperature

WMDOT R Thm/hr Boiling rate

WNDOT R bin/min Boiling rate

61




FIGURE 6-1 FUNCTIONAL FLOWCHART FOR BOILP BOILP

1 of 3

( BOILP )

Y
DEFINE VARIABLES WHICH WILL NOT CHANGE

DURING THE ITERATION LOOP

Y .
COMPUTE SATURATION TEMPERATURE FROM

AMBIENT PRESSURE

y

DETERMINE HEAT OF VAPORIZATION OF BOILER

. A
DEFINE CONSTANT TERMS OF DIFFERENTIAL

EQUATION

Y
COMPUTE CRITICAL PRESSURE RATIO

IS

vEs " CURRENT PRESSURE

RATIO LESS THAN
NC_CRITICAL PRESSUR

RATIO?

- NO WATER

A

BOILING?
e

YES

e

UNCHOKED
STEAM VENT

FLOW




USE ITERATIVE PROCESS TO SOLVE
DIFFERENTIAL EQUATION FOR UNCHOKED
STEAM VENT FLOW FOR A PRESSURE SOLUTION

< \

BOILP
2 of 3

(

IS
i \\\\?\\\\\
WATER

A4

BOILING?

USE ITERATIVE PROCESS TO SOLVE DIFFERENTIAL
EQUATION FOR CHOKED STEAM VENT FLOW FOR

PRESSURE SCLUTION

\

Y
USE PRESSURE SOLUTION TG COMPUTE

SATURATION TEMPERATURE

Y

COMPUTE WATER USED THIS TIMESTEP, LUBE
OIL HEAT EXCHANGER OUTLET FLUID TEMP,

AND THE HYDRAULIC HEAT EXCHANGER OUTLET
FLUID TEMP ‘

Y
ACCUMULATE WATER CONSUMPTION VALUES FOR
SUMMARY TABLE S
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DEFINE LUBE OIL AND HYDRAULIC FLUID HEAT
EXCHANGER OUTLET FLOWRATES

STORE VARIOUS PARAMETERS (E.G., BOILING
RATE, AMBIENT AIR PRESSURE, BOILER
PRESSURE) FOR PRINTING AND PLOTTING

\
{ RETURN )

‘I

\

CALL PLATEC (LUBE OIL HEAT EXCHANGER)

DETERMINE SENSIBLE HEAT SINK PERFORMANCE
OF HEAT EXCHANGER CONSIDERING COUPLING
TO GEARBOX, AND TO BOUNDARY NODE

Y

CALL PLATE (HYDRAULIC FLUID HEAT EXCHANGER)

DETERMINE SENSIBLE HEAT SINK PERFORMANCE
OF HEAT EXCHANGER

Y

COMPUTE BOILING RATE AND AMOUNT OF WATER
BOILED THIS TIMESTEP

‘.I

STORE VARIOUS PARAMETERS (E.G., SATURA-
TION TEMP, HEAT OF VAPORLZATION, PRESSURES)

FOR PRINTING AND PLOTTING

Y

-( : RETURN )
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. Subroutine BOUNDT (101 only)

Identification
Name - BOUNDT
Author/Company - C. A. Zook/MDTSCO

Machine/Language - Univac 1108, EXEC 2 System/FORTRAN V

Purpose

To determine the ambient air temperature and calculate the structure tempera-

ture and the compartment air temperature at each of the boundary nodes.

Common Block Reference/Input-Output Variables

Block Name Input Output
ALTD ALT
Blank Common ' 1DUM(19), DUM(2),
P(M,K) ,M=250,261 P(M,L) ,M=250,261
F(M,K) ,M=250,261 F(M,L) ,M=250,261

Local Variable Definitions

Name Type Units_: Description
ALTEMP(X,1) R ft Altitude values for table Took-up
ALTEMP(X,2) R °R Cold Day ambient air temp for corresponding
- altitude
ALTEMP(X,3) R °R Hot Day ambient air temp for correspond1ng
' o aTtwtude,
ALTEMP(X,4) R °R Normal Day ambient air temp for corres-
ponding altitude - N
- BTEMP R °R Ambient air temp at current altitude for
o "prcdeterm1ned type of ch1lonmenta1 condition
CFACTK R 1 Coefficients used in determ1ng boundary temps

sec




Subroutine DRAW

Identification
Name - DRAW
‘Author/Company - FEAR/TRW with major modification by G. Steines/MDTSCO

Machine/Language - UNIVAC 1108, EXEC 2 system/FORTRAN V

Purpoce

To retrieve the plot data from high speed drum, rearrange it, prepare

scaling and call CALCOMP routines.

Supporting Subroutines

cCp - CALCOMP routines

CDATE - Chgcks date for plot title

ICNVRT - Converts numeric to hollerith for plot title
SCAL - Performs x and ¥ - axis scaling

Common Block Reference/Input-Output Variables

Block Name o : Input Qutput
Blank Common ‘ DUM(25)
LUMP2 _ TITLE, BIG, WFE
kPSST NPLTS,IPLT,JPLT,TSTP,XAXIS
YAXIS ,NOPLOT ,NPLPTS,NTR,
JWRADR, IRDADR

Local Variable Definitions

Name Type " - Units - Description
 ALPHA R Array of data for 1st trace ia group
BETA R : Array of data for 2nd trace in group
BIG R e - Max value for y-axis (input)
R

DATUM
BRI in the group

DPAR R 66 Delta y value for y-axis

4 Array containing data for all the traces



Name
DTIME
GAMMA
IDIV

IPLT
TRDADR

ISAVAD

IWRADR
KTRL
NIP
NNPLTS
NSET
NSETSV

PARO
PHI
'REST

STIMS
THETA
TITEL

10
YTILE
XMAX

CXMIN

— 2O 20

—

= e T e T o D o R o B |

—

= i o B T~ e

Units

hrs

6l

Description
Detfta x value for x-axis

Array of data for 3rd trace in group

‘Counter for frequency of points

skipped

Node number of parameter being plotted
Location on drum at which to start
rgading data

Storage variable for starting location
of data on drum

Location on drum at which

Flag for direction of plot on paper roll
Counter used to determine whether
Number of plots plus 1 (x)

Number of traces on plot

Total number of traces in this group
of 5 (max)

Starting value on y-axis
Array of data for 4th trace

Array into which to put data from
record of high speed drum just read

Array containing X values
Array of data for 5th trace

Array containing number of y=-titles
to use for current group

First value on X-axis

Hollerith array of y-axis titles
Max value for y-axis (determined)
Min value for y-axis (determined)



FIGURE 6-2 FUNCTIONAL FLOWCHART OF SUBROUTINE DRAW

( DRAW )

A

//////FRINT OUT ESTIMATED PLOTTING TIME%//////

CALL SCAL (TSTP, TSTRT, XAXIS, DTIME, TO, ERR)

DETERMINE X-AXIS SCALING

Y

DETERMINE IF ANY DATA POINTS ARE
TO BE SKIPPED

©

-

Y

DETERMINE NUMBER OF PARAMETERS (NTRC)
TO READ (MAX 5)

///” CALL RREAD
READ NTRC PARAMETERS FROM
HIGH SPEED DRUM INTO DATUM

\

PREPARE Y-SCALING. DETERMINE SCALING IF
SCAL VALUES WERE NOT THPUT.

o Sy

CALL SCAL (XMAX, XMIN, XAXIS, DPAR, PARO, ERR)

- DETERMINE NECESSARY Y-AXIS SCALING VALUES
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A _ DRAU
i 2 of 3

PREPARE Y-AXIS TITLE BY CONVERTING THE
NODE NUMBER TO HOLLERITH AND INSERTING

IT IN THE Y-TITLE ARRAY FOR THAT TYPE PLOT,
YTILE (5, NUL)

@

¥
r4

/

Df 'ERMINE NUMBER OF TRACES ON THIS PLOT
GO TO THE.CALL TO CCP(1) WHICH CORRESPONDS
TO THAT NUMBER OF TRACES (NSET)

\
CALL CCP (1, ETC)

DRAWS THE SET OF DEPENDENT VARIABLE
AXES, SCALES, AND TITLES
DEFINES LEFT BOUNDARY OF PLOTTING AREA

‘I
CALL CCP (2, J, 1) -

PLOTS FUNCTIONS FROM CCP (1)
J = NUMBER OF POINTS ON PLOT

CALL CCP (5, 32767, PLOTIM)

PLOTS INDEPENDENT AXIS, SCALES, AND TITLE
AND POSITIONS PEN FOR NEXT PLOT

ARE THERE
~ ANY MORE PLOTS?
(X-T+NSETSV > NPLTS)?

NO ;{:EZ>

N
FINISHED™ |
-~ WITH NUMBER OF YES -
“S\IRACES IN THIS o B

PLOT
‘\\\gg?upi/////,//’/ﬁ— '




Y

MOVE DATA, SCALING, AND TITLE OF NEXT
TRACE IN THIS PLOT GROUP INTO POSITION
FOR PLOTTING

o REDEFINE PARO, DPAR, NSET

-

DRAW
3 of 3

-

‘J
INCREMENT COUNTER FOR NUMBER
OF TRACES

X = X + NTRC

‘(

Y

Y

s
rd

¥

‘l

CALL CCP(6)

MARK END OF PLOT TAPE TO SIGNAL OPERA-

TOR THAT PLOTTING IS FINISHED

Y

[eaLt exit]
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Subrdutine FLIP

Identification
Name - FLIP
Author/Compary - FEAR/TRW - this routine formerly part of PRINT routine

Machine/Language - UNIVAC 1108, EXEC 2 system/FORTRAN )

PurEose |

To reverse values of timing indices K and L, to update values for cycling

fluid and component temperatures.

Common Block Reference/Input-Output Variable

Biock Name Input Qutput
Block Common , K,L 4 K,L

No functional flowchart necessary
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Subroutine FLOPWR

Identification
Name - FLOPWR
Author/Company - T. DeLuna/MDTSCO

Machine/Language - UNIVAC 1108, EXEC 2 system/FORTRAN V

Purpose

To compute pump effieiency shaft horsepower and case drain flowrate.
Also converts units on flowrate from gal/min to 1bm-BTU/hr-1bm-°R considering

a constant specific heat and density.

Support routine

FUNC - Function subprogram which outputs value of polynominial curve fit

evaluated at a given X.

Argument List Definition

I - System no.

N - Node number counter - used to differentiate between jdentical nodes
on each system.

Common Block Reference/Input-Qutput Variables

BYock Name Input Output
Blank Conmon U F(N+4LK) o C{N+1,3), 1=4,6
HYD ~ IPDO, ISPD, IFLAG POWER
| TFLW o
PRESR PORP

Local Variable Definition

e COEF1 thru COEFS are used to calculate pump efficiency from total

system‘fTGWPate
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_ & COEF6 thru COEF8 are used to calculate case drain flowrate from total

system flowrate

Name

CDFLW
CDH

CDL

COEF1
COEF2
COEF3
COEF4

COEFS
COEF6
CGEF7

COEF8
ICNFIG

M
PEFF
Q

Type
R
R
R

R

Units

gal/min
gal/min

gal/min

gal/min

Description

Case drain flowrate at current
temperature

Case drain flowrate at 240° -
pressurized

Case drain flowrate at 105° -
pressurized

Coeff. for pressurized mode, 100%
speed TFLW < 10 gpm

Coeff for pressurized mode, 100% speed
10 gpm < TFLW < 70 gpm

Coeff. for pressurized mode, 110% speed
TFLW < 10 gpm.

Coeff. for pressurized mode, 110% speed
10 gpm < TELW = 70 gpm.

Coeff. for depressurized mcde
Coeff for depressurized mode

Coeff for pressurized mode, 105°F
fluid

Coeff for pressurized mode, 240°F fluid

Opevrating configuration 3=Pres, 2=Depress
1=off :

Operating speed flag, 1=100%, 2=110%
Pump Efficiency
Total system flowrate



FIGURE 6-3 FUNCTIONAL FLOWCHART FOR FLOPWR

( FLOPWR )

y
DATA IN VALUES FOR

- CURVEFIT COEFFICIENTS
COEF1 THRU COEF8

Y

PART A
COMPUTE PUMP EFFICIENCY AS FUNCTION OF
TOTAL SYSTEM DISCHARGE FLOWRATE

PEFF = f(TFLH)

)

PART B |
COMPUTE POWER AS FUNCTION OF TOTAL
SYSTEM DISCHARGE FLOW, SYSTEM PRESSURE
AND PUMP EFFICIENCY .
POWER = f(TFLW, PDRP, PEPP)

Y
PART C

COMPUTE CASE DRAIN FLOWRATE AS A
FUNCTION OF TOTAL SYSTEM FLOWRATE
COFLW = f(TFLW)

)
[ PART D
{CONVERT TOTAL SYSTEH DISCHARGE FLOW AND
CASE DRAIN FLOWRATE FROM GPM TO HCp.
~|COMPUTE FLOWRATE INTO PUMP AS COMBINATION
OF DISCHARGE FLOWRATE AND CASE DRAIN FLOW.

C(N+4, 3) = C(N+5, 3) + C(N+G, 3)

‘/

. (reTurn )
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Subroutine FUEL

TIdentification
Name - FUEL
Author/Company - T. DeLuna/MDTSCO

Machine/Language - UNIVAC 1108, EXEC 2 system/FORTRAN V

Purpose

To determine accumulated fuel and energy consumed, fuei remaining and

prepare accumulated fuel usage values for summary table.

Argument List Definition

TOTFUL ~‘totaJ fuel loaded or total usable fuel depending on form of
fuel plot &equired (defined in MAIN)
p2 - ambient air pressure

Common Block Reference/Input-Qutput Variabler

Block Name Input Qutput

Blank Common © TIME,DELT c(1,d), 1=275,277, J=17,19
TYME TIMSUM | SUMARY(I,d), I=5,7, J=1,3
HYD POWER, ISPD |

Local Variable Definitions

Name Type Units | Description

BAND R . A Value for creating band around time
value so that summary table values
will anly be computed once.

M

ENERGY R hp-hrs Energy constwed on current comp cycle

FRATEN R 1bm/hy Fuel usage rate at sea level

FRATE? R 1bm/hr Fuel usage rate in space

FURATE R 1bm/hy Fuel usage rate at current altitude
1 | Operating specd flag, 1=100%, 2=110%

PU R 1bm Fuel consumed on current comp cycie

PUWR~ R hp Shaft horsepower for current sysiem
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FIGURE 6-4 FUNCTIONAL FLOWCHART OF FUEL

(o )

y_ DO =1, NTURBN

DETERMINE HORSEPOWER, PWR, AND OPERATING
SPEED, M, FOR SYSTEM I

Y Y

CALCULATE FUEL USAGE CALCULATE FUEL USAGE
RATES AT SEA LEVEL RATES AT SEA LEVEL AND
AND SPACE AT 100% SPACE AT 110% SPEED
SPEED. FRATE1, FRATEZ FRATE1, FRATEZ

tf

% Y.

Y

[
INTERPOLATE TO FIND FUEL USAGE VALUE

FOR CURRENT ALTITUDE, FURATE

\ 4
COMPUTE FUEL, PU, AND ENERGY, ENERGY,
USED THIS COMPUTATION CYCLE BY SYSTEM I

i

| ACCUMULATE FUEL AND ENERGY CONSUMED
AND COMPUTE FUEL REMAINING.
PREPARE ACCUMULATED VALUES FOR SUMMARY TABLE.

Y
s S e e s e e e e
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Function Subprogram FUNG

Identification
Name - FUNC
Author/Company - C. Avis/LEC

Machine/Language - UNIVAC 1108, EXEC 2 system/FORTRAN V

Purpose

To output value of a polynomial current fit at a given X,

Argument List Definition

E - array name for coefficients being used
X - variable at which to evaluate the polynomial
FUNC - the value of the‘po1ynomia1 at X.

No functional flowchart necessary




Subroutine EyDaCT

Identification

Name - HYDACT

Author/Company - T. DelLuna/MDTSCO

Machine/Language -

Purpose

UNIVAG 1108, EXEC 2 system/FORTRAN V

To build the arrays of actuators assigned to each system for specified

system configuration and to compute the resultant total thermal capacitance

and heat load on each system.

COMMON Block Reference/Input-Qutput Variables

Qutput
IDUM{I) 1=17,13

NHYD, NHYOUT,

Block Name Input

Blank Common cix,1), X=1,43,
C(X,4) X=1,43

ACT NACT, FLW

HYD IPDO, LMNTRY, IFLAG

PRESR PDRP |

Local Variable Definitions

~ Units

Name Type
ICNFIG I
ISYS I
3 ' ; ORIGINAL PAGE IS
| OF POOR QUALITY
3K B I
JL

LM o

78

Description

Operating, configuration, 3-pressurized
2=depressurized, 1-off

System numbey found in Toss management
matrix. Final value is system that a
particular actuator is on for current
comp cycle.

Index used for each actuator.

Position of actuator in actuator array
for system just assigned to

Total number of actuators on each system

Column of Joss management matrix being
checked



Name Type Units Description

" LMC I , Operating mode of column of matrix
being directed
NOD 1 Actuator number on sys I
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! |
FIGURE 6-5

( HYDACT )

INITIALIZE COUNTER, JK, OF
ACTUATORS AT ZERO

I 1
FUNCTIONAL FLOWCHART OF HYDACT

INITIALIZE COUNTER OF ACTUATORS FOR
SYSTEM I AND ZERC ARRAY OF ACTUATOR INLET
AND OUTLET NODES ON SYSTEM I

DO J = 1, NACT R

———— i —— p—— e et et o e

¢ t

HYDACT
1 of 2

Y. _ _ __ _ boI =1, NTURBN

T

ANY SYSTEM
PRESSURIZED?

(CHECK PRIMARY, 1ST AND 2ND
STANDBY RESPECTIVELY)

LMC > 3

| SYSTEM ENCOUNTERED
>
AND ADD 1 TO HWUMBER

ASSIGN ACTUATOR
TO FIRST PRESSURIZED

OF ACTUATORS ON THAT

SYSTEM

ANY SYSTEM
DEPRESSURIZED?

~(CHECK PRIMARY, 15T AND'ZNDi:>IE§L
STANDBYS RESPECTIVELY)
2<WMC <3

ASSIGN ACTUATOR TO
FIRST DEPRESSHRIZED
SYSTEM ENCOUNTERED

Ve

ADD 1 TO NUMBER OF
ACTUATORS ON THAT
SYSTEM

Y
ASSIGH ACTUATOR TO ITS PRIMARY

SYSTEM.  ISYS = LMMTRX (J, 1)

o
W

ASSIGN ACTUATOR NODE A POSITION (JK)

IN THE ACTUATOR ARRAY FOR THE SYSTEM TO;:

WHICH ACTUATOR WAS ASSIGNED

Y

ASSIGN INLET NODE OF ACTUATOR J TO Ji'"
POSITION OF INLET NODE ARRAY AND OUTLET
NODE TO k™ POSITION OF OUTLET MODE ARRAY




DO I = 1, NTURBN

RECALL TOTAL NUMBER OF ACTUATORS, JL,
ON SYSTEM I.

v
ZERO VALUES FOR THERIMAL CAPACITANCE AND
HEAT LOAD OF THE HYDRAULIC SYSTEM I
'COMPUTED LAST CYCLE.

v DOND=1,JdL

¥

I e e

DETERMINE ACTUATOR INLET NODE, NOD,
CORRESPONDING TO ND' POSITION IN ACTUATOR
ARRAY. SUM THERMAL CAPACITANCE OF HYDRAULIC
SYSTEM 1.

C(x, 1) = C(X, 1) + c(nOD, 1)

DETERMINE PRESSURE DROP, PDRP, FOR SYSTEM 1
IN ITS PRESENT CONFIGURATION, ICNFIG.

- y

CALCULATE HEAT LOAD OF ACTUATOR, NOD.
C(NOD, 4) = FLW(NOD) * PRDP(ICNFIG) *
CONVERSION FACTOR

Lot miz rbision syt -

v

©SUM HEAT LOAD ON HYDRAULIC SYSTEM I
C(X, 4) = C(X, 4) + C(NOD, 4)

!

CONVERT ACTUATOR FLOWRATE (GPM) TO e,
(LBH-BTU/HR~LBH-°R) ASSUMING CONSTANT
| DENSITY AHD SPECIFIC HEAT

2

oy

L
RETUéa\>

iRl LB i —— sty -

B e

e e s e e i e s e e

HYDACT
2 of 2



_ Subroutine HYDFLD

Identification
Name -~ HYDFLD
Author/Company - T. DelLuna/MDTSCO

Machine/Language - UNIVAC 1108, EXEC 2 system/FORTRAN V

Purpose

To compute specific heat and density of the hydraulic fluid and the heat
transfer coefficient for the hydraulic heat exchanger, |

Support Routine

FUNC - outputs value of a polynomiai curve fit at a given X.

Argument List Definition

I - System number
N - Node number counter -~ used to differentiate between identical nodes
on each system

Comnont Block Reference/Input-Qutput Variables

Block Name Input ' Qutput
Blank Common F(X,K),K,C(X,3) c(X,2)
~ PRESR | SPH, DENS

Local Variable Definitions

Name Type Units Description

CPCOEF R Coeff. for calculating specific heat
_ of hydraulic fluid

RHOCOE R | Coeff for calculating density of
S : hydrauiit_f1uid_

TEMP', R R Fluid temperature

No functional flowchart necessary.
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Function Subprogram ICNVRT

Identification
Name - ICNVRT
Author/Company - FEAR/TRW

Machine/Language - UNIVAL 1108, EXEC 2 system/FORTRAN V

Purpose

To convert an integer number to hollerith characters so that they can be
included in the plot title.

Argument List Definition

IT - Node number of node being plotted.

Local Variable Definition

Name Type Units Descriptioh

T1A 1 Digit holding hundredths place of
node no. ‘

1110 1 Digit holding times place of node no.

I11 I Digit holding units place of node no.

No Functional Flowchart Necessary

83



Subroutine LILOAD (ALT model only)

Identification

Name - LILOAD

Author/Company - J. L. Walker/MDTSCO

Machine/Language - UNIVAC 1108, EXEC 2 system/FORTRAN V
Purpose

To read in line data and construct actuator-time matrix.

Common Block Reference/Input-Qutput Variables

B]ock Name Input Output

LINES - : o ' LINUM, LDGF, KNODE, LTH,
, IBIG, SPACE, NODLIN, NLCNT
SHAPE,  EMISS .

Local Variable Definition

Name Type Units | Description
LINODE 1 ‘ Array of actuator nodes serviced by
; o line, LLNUM
LLNUM 1 Line number
LNCNT ro Index for LINODE array
LN 1 Actuator node in LNCNT
: of LINODE array
NLCNT , 1 Counter for number of lines serV1c1ng

a particular actuator

NL B | ‘ Column number in actuator-line
: : matrix of the Tline index number
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FIGURE 6-6 FUNCTIONAL FLOWCHART FOR LILOAD
(" LLoAD )

¢ INITIALIZE DATA FOR SHAPE, EMISS, SPACE
e ZERO LINE COUNTER LINDEX

. Y
) {
:9 ZFERO COUNTER FOR NUMBER OF ACTUATORS
IN LINODE ARRAY FOR A GIVEN LINE
e ZERO LINODE ARRAY

o INCREMENT LINE COUWTER LINDEX

y

READ IN LINE DATA FROM TAPE, LINUM
LDGF, KNODE, LINODE, LLNUM, LTH, IBIG,

FOR ONE LINE
/S

2
ADD 250 TO KNODE TO AGREE WITH BOUNDARY
NODE. SCHEME IN MAIN PROGRAM

Y.
DETERMINE WHICH ACTUATORS THIS LINE
SERVICES FROM LINODE ARRAY. INCREMENT
EACH CORRESPONDING ACTUATOR ROW OF
NLCNT FOR EACH ACTUATOR ENCOUNTERED

y

FILL THE CORRESPONDING POSITIONS OF THE
=ACTUATOR LINE MATPIX NODLIN, WITH THE
LINE INDEX LINDEX, FOR EACH ACTUATOR

ENCOUNTERED

/ PRINTOUT LINE DATA FOR THIS LINE,Ik/////

LINUM, KNCDE, LINODE ///

|
OF

LILOAD

Y of 2



THERE ANY MORE
LINE DATA TO READ FROM
THE féisi’///'

NO

il YES
Q)

PRINTOUT THE TOTAL NUMBER OF LINES, |
THE LINE NUMBERS AND THEIR INDEXES

‘(
(RETURN )

Loabtr e
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Subroutine LINFLO (ALT model only)

Identification
Name - LINFLO
Author/Company - J. L. Walker/MDTSCO

Machine/Language - UNIVAC 1108, EXEC 2 system/FORTRAN V
Purpose
To compute the flowrate in each of the hydraulic lines,

Argument List Definition

IS ~ System number

Common Block Reference/Input-Output Variables

87

Block Name Input Qutput
Blank Common IDUM |
JACT NHYD,FLW
LINES LDGF ;L INUM ,NLCNT FLOWL
NODLIN
Local Variable Definition
Name Type | Units Description
INTET I First two digits 6f Tine number
~INTG2 I First digit times 10 |
INTG3 I 2nd digit of line number. Line is
pressure line if off, return if even.
KEYT I System flag for pressure lines
KEY2 I System flag for return lines
JK I Number of actuators on system IS
CLLL I Number of lines servicing actuator NN
NN I Actuator node on system IS



FIGURE 6-7 FUNCTIONAL FLOWCHART FOR LINFLO

( LINFLO )

Y

o DEFINE SYSTEM FLAGS, KEY1 AND KEY2
e DETERMINE NUMBER, JK OF ACTUATORS ON
SYSTEM 1S ’

‘\F_ - DO ND =1, JK

e RETREIVE NODE NUMBER, NN, OF
ACTUATOR IN ACTUATOR ARRAY NHYD

o DETERMINE TOTAL NUMBER OF LINES,
LLL, ON ACTUATOR NN

Y_ DO LL, 1, LLL

L

RETRIEVE LINE NUMBER OF LINE CONNECTED TO
ACTUATOR, NN, COMPUTE FLAGS WHICH TELL
SYSTEM HUMBER AWD WHETHER IT IS A PRES-
SURE OR RETURN LINE FROM THE LINE NUMBER.

-

Y
ADD ACTUATOR FLOWRATE TO THE FLOWRATE

FOR ALL LINES SERVICING THAT ACTUATOR

N _

R4

(‘ReTURN')
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Subroutine LOOP

Identification
Name - LOOP
Author/Company - FEAR/TRW

Machine/Language - UNIVAC 1108, EXEC 2 system/FORTRAN V

Purpose

To define starting node of thermal loop with most recent fluid temperature,

Argument List Definition

N - node to be updated

Common Block Reference/Input-Output Variables

Block Name Input Qutput
Blank Common F(N,K) F(N,L)

No Functional Flowchart Necessary
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Subroutine LUBQIL

Identification
Name - LUBOIL
Author/Company - T. DeLuna/MDTSCO

Machine/Language - UNIVAC 1108,'EXEC 2 system/FORTRAN V

Purpose

To compute specific heat and density of the lubrication oil, the flowrate,
WCP, through the gearbox assuming constant flowrate in gal/min and the heat
transfer coeffibient of the lube 01l heat exchanger,

Argument List Definition

I -~ System number

N - MNode number counter - used to differentiate between identical nodes
for each system.

Common Block Reference/Input-Output Variables

‘Block Name Input Output
Blank Common ' K, F(NT,K) C(N+2,2), C(N+1,3), C(N+1,4)
HYD ISPD, POWER

Local Variable Definitions

DENSL R 1b/ft? Density of lube o0il
SPHL R BTU/1b °R i Specific heat of lube 01l
TBAR R °R Average of temperature across gearbox
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FIGURE 6-8 FUNCTIONAL FLOWCHART OF LUBOIL

LUBOIL

COMPUTE THE TEMPERATURE AVERAGE ACROSS
GEARBOX, SPECIFIC HEAT AND DENSITY OF LUBE
OIL TBAR, SPHL, DENSL

YES

/////;;u AT 110%

SPEED, ISP?/i/EZQ/””

! NO ‘ \

CALCULATE HEAT REJECTION RATE AWD LUBE
OIL FLOWRATE FOR 100% SPEED

Y I

'CALCULATE HEAT REJECTION RATE AND LUBE
0IL FLOWRATE FOR 110% SPEED

1
{

CONVERT TBAR TO °F

‘$-

COMPUTE HEAT TRANSFER .COEFFICIENT,
- C(X, 2), FOR LUBE OJL HEAT EXCHANGER
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Subroutine MIX

Identification
Name - MIX
Author/Company - FEAR/TRW

Machine/Language - UNIVAC 1108/EXEC 2 system/FORTRAN V

Purposes |

To determine resultant fluid flowrate, WCP, and temperature when mixing
fluid flow from two or more branches.

Argument List Definition

N - Node resulting from mix
NODES - Number of nodes to mix into N
INDEX - Array of nodes to be mixed

Common Block Reference/Input-Qutput Variables

Block Name : Input Qutput
Blank Common ' F(INDEX(I),6) F(N,L), C(N,3)
: C{INDEX(I),3)

Local Variable Definitions

Name Type Units Description
SUMT | R BTU/hr | Sum of the flowrate in each branch

v times its fluid temperature
o R 1bm-BTU/hr-Tbm=°R ~ Sum of thé‘f1owrate in each branch

No Functional Flowchart Necessary

Note: The DIMENSION of~lNDEX must;be defined in MAIN. The values

for iNDEX and the flowrate at each hode in INDEX must also be

4

supplied.
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-

. Subroutine MOD

Identification
Name - MOD _
Author/Company - FEAR/TRW, modified by J. L. Walker and T. Deluna/MDTSCO

Machine/Language - UNIVAC 1108, EXEC 2 system, FORTRAN V .

Purpose

To solve equations for proportioning Tlow sp]if between two branches in

response to prescribed temperature, lTocation and proportional gains.

Argument List Definition

N
I
J
M .
TC
R
MAX
MIN

Node to split
Split N into I, Flow XM

~ Split N into J, Flow 1-XM

Control node |

Control temperature

Desired gain, XM change per degree
Max value of XM

Min value of XM

Common Block Reference/Input-Qutput Variables

Block Name ~ ‘ Input ‘ ' o Output
Blank Common FINLLY, FLOI#1,1), FM,L)  ©(1,3), ©(3,3)
- CC(N,3) o F(I,L), F(a,L)

Local Variable Definition

Name

XM

66

-HH
FOD

Type ~ Units _'~{" o Description

R | ~ Fraction of flowrate at N to assign to I
R R Max;Va1ﬂé'of YM minus a bias
R ‘ ~ Min value of X4 plus a bias

R 93 Adjustment to ¥M for desired gain



[}

FIGURE 6-9 FUNCTIONAL FLOWCHART FOR MOD .

COMPUTE RATIO OF TEMPERATURES AND
ADJUST RATIO FOR DESIRED GAIN RESULTING
I XM, FRACTION OF SPLIT NODE FLOWRATE
TO USE FOR COMPUTING FLOWRATE AT I.

1

CALCULATE MAXIMUM AND MINIMUM VALUES
FOR FLOWRATE CONSIDERING A BIAS OF
.005 LB/HR. ‘

MOD
1 of 2



, FLOWRATE AT I EQUALS XM TIMES
FLOWRATE AT N
. C(I, 3) = XM*C(N, 3)

Y

FLOWRATE AT J EQUALS REMAINDER OF
FLOWRATE AT N
C(J, 3) = C(N, 3) - 3(I, 3)

]

Y |

-ASSIGN FLUID TEMPERATURES
" AT I and J EQUAL TO FLUID
TEMPERATURE AT N

(_reTurn )

MOD
2 of 2



Subroutine Pass _

Identification
Mame - Pass
Author/Company - FEAR/TRU.

Machine/Language - UNIVAC 1108, EXEC 2 system/FORTRAN V
Purpose

~To solve equations for heat transfer from a passive component.

Argument List Definition
IT - Node number of passive component.
See FEAR USER's GUIDE for further documentation

No Functional Flowchart

96



Subroutine PLATE

Identification

Name -
Author/Company -

Machine/Language -

Purpose

PLATE (PLATO, GPLT(ECLSS on]y)) modifications for PLATO

by T. Deluna/MDTSCO

FEAR/TRW

UNIVAC 1108, EXEC 2 system/FORTRAN V

To determine diffusion node heating (PLATE) or to determine hydraulic and

diffusion node heating. (PLATO)

Argument List Definition

M - Inlet node of component

N - OQutlet Node of componént

Common Block Reference/Input-Output Varijables

B]oék Name

Blank Common

InQUt
C(M,3), C(N,4),
c(M,2), P(M,K),

DELT

Local Variéb1e Definitions

Name ~ Type
 CMTRM3 R
PMLMK R
(1] SRR
SAVEQ R
SWET R
TORL R
AP R

Units’

BTU/hr-°R

°R

BTU/hr

°R

°R

Qutput

F(M,L) FN,L), C(N,3)
cM,1)  P(M,L)

Description

Therma1 capac1tance

Sum of the present and past values of _

component temperature:

'Flag to signal that PLATO has been called.

Hcat 1oad of 1n|et saved to be retr1eved '
later

Fluid temp of 1n1et saVed to be retrieved
vg1ater

Twice the f]uid temperature of the inlet
Ratio of the heat transfer coefficient

" of the inlet to the mass flowrate of the

inlet,



FIGURE 6-i0 FUNCTiONAL FLOWCHART OF PLATE

( PLATE )

‘ * DEFINE OUTLET FLOWRATE EQUAL TO INLET
1 ' FLOWRATE |
{ -

( PLATO ) P ‘ "%

o DEFINE OUTLET FLOWRATE EQUAL TO INLET

FLOWRATE. ,
o SAVE INLET FLUID TEMPERATURE AND HEAT

LOAD. SET ICUP = 1 Y

REDEFINE INLET FLUID TEMPERATURE AND HEAT
LOAD TO PUT HALF OF THE WORK HEAT INTO
THE FLUID,

COMPUTE COMPONENT TEMPERATURE AND OUT-
LET FLUID TEMPERATURE

~ RESET INLET FLUID TEMPERATURE AND HEAT

- LOAD TO ORIGINAL VALUES. ' N
UPDATE OUTLET FLUID TEMPERATURE TO

INCLUDE HALF OF THE WORK HEAT

,@

( RETURN )
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Subroutine PLATEC

Identification
Name - PLATEC (entry PLATOC, GPLTC(ECLSS only))
A uthor/Company - FEAR/TRW

Machine/Language - Univac 1108, EXEC 2 system/FORTRAN v

Purpose ‘

To determine diffusion node heating for components thermally coupled

to other components or boundary nodes (PLATEC), or to determine hydraulic
and diffusion node heating for components thermally coupled to other
components or boundary nodes, (PLATOC)

Supporting Subroutine

PLATE (PLATO) - Computes the heating after PLATEC (PLATOC) has factored
the thermal coupling intoc the heat load.

“Argument List Definition

IT - Inlet node of component
JJ - Outliet node of component.

Common B1ockrReference/Input~0utput Variéb1es

Block Name Input : : OUtQUt
Blank Common C(II,4), P(ILI,K), P(NOW,K) , c(11,4)
GLOB - KEEP,IBIG,VAL

LEEP, JBIG, RVAL

Local Variable Definitions

~Name . Type Units ' Description

M R BTU/hr .Variable for saving heat load on
: ‘ : ‘ component e
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Name Type Units Description
Icup I . Flag to signal that PLATOC has been called

NSTRT I Firsc position in IBIG array that contains
node that node II is coupled to

NTRY I ’ Last position in IBIG array that contains
node that node II is coupled to

SUM R | Sum of the products of con]ing value
and temperature difference for each node
that II is coupled to

TEMP R °R Temperature difference between
' node 1I and node which 11 is coupled to
for conduction/convection coupling. ,
Difference of temperature values to the
4th power for node II and each of the
nodes which I1I is coupled to for radia-
tion coupling

Note: Coupling values for node Il to structure nodes or other components
should be input through subroutine START. See Sec. 4.1.2 Node Coupiing
Data and Appendix AT, - |
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FIGURE 6-11 FUNCTIONAL FLOWCHART FOR PLATEC

PLATEC

SAVE INLET HEAT LOAD
iA

PLATEC
1 of 2

w

( PLATOC )

Y

Y

SAVE INLET HEAT LOAD
SET ICUP =1

Yy

A

v

DETERMINE POSITIONS IN ARRAY OF COUPLING
NODES (IBIG), IN WHICH NODE NUMBERS |
FOR NODES COUPLED TO NODE II FOR CON-
DUCTION/CONVECTION COUPLING ARE STORED

DO I = NSTRT, NTRY

COMPUTE TEMPERATURE DIFFERENCE BETWEEN
COMPONENT TEMPERATURE OF NODE II AND
- COMPONENT TEMP OF NODE COUPLED 70
IBIG(I) FOR CONDUCTION/CONVECTION
COUPLING ‘

Y

SUM: THE PRODUCTS OF THE COUPLING VALUES

AND THE TEMPERATURE DIFFERENCE.
: : v :

A

SUBTRACT HEAT LOSS TO COUPLED NODES
~FROM INLET HEAD LOAD |




PLATEC

2 of 2
DETERMINE POSITIONS IN ARRAY OF COUPLING
NODES (JBIG) IN WHICH NODE NUMBERS FOR
NODES COUPLED TO NODE II FOR RADIATION -
COUPLING ARE STORED, IF ANY.
'y DO I = NSTRT, NTRY
L

y

COMPUTE DIFFERENCE OF COMPONENT TEMP

PONENT TEMP OF THE NODE COUPLED TO NODE II
TO THE 4TH POWER

|
|
l
OF NODE II TO THE 4TH POWER AND THE COM- |
I
|
I

SUM THE PRODUCTS OF THE COUPLING VALUES AND

: I
THE TEMPERATURE DIFFERENCE. : : ]
|

A

SUBTRACT HEAT LOSS TO COURLED NODES
FROM INLET HEAT LOAD

YES

Y

CALL PLATO(II, dJ)

NO

CALL PLATE(II, -0J)

RESET ICUP = 0.
REoET INLET HEAT LOAD TO ORIGINAL VALUL

- H“m*ﬂ\-
( RETURN—/)
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Subroutine PLOOT -

Identification
Naine - PLOOT
Author/Company - FEAR/TRW, modified by T. DelLuna/MDTSCO

Machine/Language

Univac 1108, EXEC 2 system/FORTRAN V

Purpose |

To put data for plotting on high speed drum for each plot defined bj the

plot input cards. (See Sec. 5.2 and Appendix A.1)

Supporting Routine | '

RWRITE -_Subroutfne fn RANDIO ufi]ity routines for accessing high speed drﬁm.
| Arguments defined in local variable definitions

Common Block Reference/Input-Output Véfiab]es

Block Name ‘ Input , Qgﬁﬁgg
ALTD OALT
ARRAY G(MUG,1), 1=1,2,3,7
“BLANK COMMON TIME, F(MUG,L) "
, P(MUG,L), C(MUG,I)I=1,19
COMEVP . WATLFT
PSST - IPLT, JPLT, NPLTS ~NPLPTS,IWRADR

Local Variable Definitions

Name  Type Units ~ Description

ISTAT 1 ' v Status word for utility package

IWRADR , I,vv .‘ | | Address on drum at which to write datav
NIX T ~ Counter for nunber of plots

}NNPLTs~. | I i | Nmeer‘of‘p1ots:p]Qsierarameter

NUG 1 g ~ Plot type . |

MUG , I | | Hode number being plotted
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Name Type Units Description

PLANET R . Array containing value of each plot
parameter at this time point

XX R : , Value to be placed in PLANET array

Note: The PLOOT routine must be called prior to the ‘call to PRINT or
SELECT so that the value of TIME will agree with the data being pliotted.
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FIGURE 6-17

" FUNCTIONAL FLOWCHART FOR PLOOT

PLOOT

OF RECORD ON DRUM

INITIALIZE COUNTER FOR NUMBER OF PLOTS (NIX)
o ASSIGN VALUE FOR TIME AS FIRST WORD

()

0

(NIX)

DETERMINE MODE NUMBER BEING PLOTTED,

MUG, AND PLOT TYPE (NUG)

© INCREMENT COUNTER FOR NUMBER OF PLOTS

;

GO TO NUG
(COMPUTED GO T0)

PLOOT
1 of 2

NUG = 6 THRU 16
Xizrrnsd

_NUG =1 »| YX = FLUID TEMP (F(MUG, L)).
NUG = 2
> XX = COMPONENT TEMP (P(MUG, L))
NI = 9 . , )
NG = 3 s~ XX = FLOWRATE (C(MUG, 3))
e = 2 sl XX = HEAT RATE (C(MUG, 4))
NUG - 5 v
" 5]

XX = WATER REMAINING (WATLFT)

XX = ECLSS PARAMETERS
| (NOT APPLICABLE TO APU/HYDRAULICS)




° ‘ PLOOT
ug = :
NuG 7 pei XX = ACCUM FUEL USED (C(MUG, 17))
|
l
f
l
|
|
|
[
|
I
|
|
l
|

NUG = 18 I
=~ XX = ACCUM ENERGY (C(MUG, 18))

NG = 19

x| XX = FUEL REMAINING (C(MUG, 19))

NUG = 20

1

swd XX = AMBIENT PRESSURE (G{MUG, 2))

NUG

2] ! XX = BOILER PRESSURE (G(MUG, 1)

NUG

1]
N
)

¥

><
>
]

MISCELLANEOUS (G(MUG, 3))

NUG

It
[
W

)

><

>
]

MISCELLANEOUS (G(MUG, 7))

bohbd b

(O %

ASSIGN XX TO (NIX+1)™ POSITION OF
PLOTTING DATA ARRAY (PLANET) |

IS THERE
MORE PLOT DATA
TO PUT ON DRUM FOR

THIS TIHE STEP?

NO

CALL RWRITE 5
WRITE DATA IN PLANET ARRAY 0¥ MIGH SPEED
DRUM '

¥

* INCREMENT WRITING ADDRESS ON DRUM

RETURN

sbwny
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. Subroutine PRINT

Identification

Name

Author/Company

Machine/Language -

Purpose

- - PRINT (SELECT)

FEAR/TRW, medified by T. Deluna/MDTSCO

Univac 1108, EXEC 2 system/FORTRAN V

To printout node data of interest at specific time intervals.

Argument List Definition

" Note: There are no arguments in the call to PRINT.

arguments are in the call to the entry point (SELECT)

The following

NP - Total number of nodes to print out
NMP ~  Number of nodes to 1isf as component nodes (less than NP)
IPARI -~ Array of node numbers to be printed

10 - Flag to signal that SELECT has been called.

node number-in INODES array.

“Common Block Reference/Input-Qutput Variables

Block Name
ACT

ALT

ARRAY

BLANK COMMON

COMEVP
PRT

Input
NHYD, NHYOUT

‘BH20, BH20F, IALT

FLAG, G(I,7)I=1,8
G(I,J)J=232,3,8,9)I=102,152,202>

ITTER

L,BELT, TIME, TSTOP ,NNODES
P(300,L), F(300,L), IDUM

- (300,0), J=1,2,3,4,17,18,20

TWAT, HWAT, WAT _
'AERROR, ANAME, ICNT, IPRNT
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Must not equal any

Qutput

TIME

ICNT.



Local Variable Description

Name

IHR
IMIN
SEC
Ip

ISKP

IEND

JM
NAD
NADE
NMP1

NMP3

VMP4

NMP6

NUP

Type
I

I

Units

hrs
min.

sec.
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Description
Current mission time

Flag =1 if PRINT called
=2 if SELECT called

Flag to restrict print of certain
data on first call to the subroutine

Flag to designate amount of C array
to print out. =4 for APU/Hydraulics

Total number of actuators on a system
Array of inlet nodes on a system
Array of outlet nodes on a system

Start of loop for printing node number
connected with fuel used.

End of Yoop for printing node numbers
connected with fuel used.

Start of 1oop for nrinting node number
connected with energy used

End of loop for printing node numbers
connected with energy used.

Counter used for incrementing TIME



" FIGURE 6-13 FUNCTIONAL FLOWCHART FOR PRINT PRINT
1 of 3

ACCUMULATE ECLSS
CONSUMABLES

]

I INCREMENT PRINT
FREQUENCY COUNTER
1CNT = ICNT + 1

IS TIME YES
WITHIN COMP CYCLE OF
STOP TIME? Yom

ABS (TIME-TSTOP) < DELT

IS IT TIME
TO PRINTOUT DATA?

.

1CNT/IPRNT > 1

IS THIS
AN ALT MISSION?

NO

IALT = 1

v YES
/" PRINTOUT WATER BOILER
/"LEVEL AND AMOUNT TRANSFERRED
BH20, BH2OF |




- PRINT
B , 2 of 3

PRINTOUT HEAT BALANCE
VALUES ( OUTPUT FROM QBAL)
AERROR, G(I, 7), I =1, 8
PRINTOUT OUTPUT FROM
BOILP, P1, P2, TEMPR,
WNDCT, FLAG ITTER .
PRINTOUT LIQT OF INLET AND
OUTLET NODES FOR EACH HYDRAULIC
SYSTEM, NAD, NADE

PRINTOUT CURRENT TIME IN
DECIMAL HRS AND HRS:MIN:SEC
///' TIME, IHR, IMIN, ISEC

CHECK
PRINT/SELECT FLAG.

SHOULD EVERY NODE BE
PRINTED? IP = 2

/ PRINT THERMAL DATA FOR
SELECTED NODES, INODES
P, R, C(X, DI=1, 4

PRINT THERMAL )
DATA FOR ALL NODES |
1, NNODES |

P,F,C(x, I)I=1,4  /
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PRINTOUT WATER (WAT),

FUEL (C(X, 17)),
AND ENERGY (C(X, 18)) CONSUMED

#

SKIP OVER PRINTING OF
ECLSS CONSUMABLES

.

INCREMENT COiPUTATION
CYCLE COUNTER, NUP,
AND UPDATE TIME

RETURN :>

RN

PRINT
3 of 3




Subroutine QBAL

Identification
Name - QBAL
Author/Company - T. DeLuna/MDTSCO

Machine/Language - UNIVAC 1108/EXEC 2 system/FORTRAN V
Purpose
To perform-a heat balance for accuracy assessment and error detection by

comparing total system heat input to total heat dissipation.

Common Block Reference/Input-Qutput Variables

Block Name Input Qutput
ACT B NACT
ARRAY TINIT, G(X,4), G(X,5) 6(1,7), I=1, 8
BLANK COMMON L C(X,1), C(X,4), P(X,6) c(1,2), 1=250,262
| DELT
EXTRA - 1C0UP
 6LoB : KEEP, IBIG, VAL

LEEP, JBIG, RVAL

Local Variable Definitions

Name Type - Units DesCfiptigg
DUMMT | R ~ BTU Total heat stored in component capacitance
, ~by one system counting boiler capac1tance
’ twice
DUMMZ2 R BTU ~ Heat stored in capacitance Of boiler
NSTRT 1 : First structure node that node (N+N1) s
, coup]ed to ;
NTRY I ~ Last structure node that node (N+N1) is
; coupled to , ' ‘
sum R BW/hr Total BTU/hr out via conductton/convect1on

- for node (N+NT) for one comp cycle

12




SUMR

Tccup

TOTCUP

N1

Units

BTU/hr

BTU/hr

BTU/hr

BTU/hr

T e

Description

Total BTU/hr out via conduction/convection
for node (N+N1) for one comp cycle

Total BTU/hr out via radiation for node
(N+NT)

Total BTU/hr out via coupling to structure
for one system for one comp cycle

Total BTU/hr out via coupling to structure
for all three systems for one comp cycle

Index for looping through major components
on each system. _ :




FIGURE 6-14 FUNCTIONAL FLOWCHART FOR QBAL

QBAL
1 of 3
QBAL
7ERO STORAGE LOCATION FOR HEAT
STORED IN CAPACITANCE
6(5, 7) = 0.
DO M =1, NACT
S e
) |
SUM HEAT STORED IN CAPACITANCE OF l
ACTUATORS | ';
R LR J

DO I =1, NTURBN ____4::::>

SUM APU HEAT FOR SYSTEM I AND FOR
TOTAL OF ALL THREE SYSTEMS G(1, 7)

SUM TURBINE HEAT IN FROM COUPLING ONLY

G(2, 7)
v

~ ADD APU HEAT AND TURBINE HEAT FOR
TOTAL HEAT INTO SYSTEM.
G(3,.7) =G (1, 7) +6(2, 7)

\‘f

~ SUM HEAT OUT VIA WATER BOILOFF FOR
© SYSTEM I AND FOR TOTAL OF ALL THREE
. SYSTEMS. G(4, 7) |

N




ZERO TEMPORARY STORAGE LOCATION FOR

HEAT STORED IN CAPACITANCE OF MAJOR
COMPONENTS.  DUMM1 = 0.

SUM HEAT STORED IN CAPACITANCE OF
"MAJOR COMPONENTS ARQUND LOOP OF
SYSTEM I, DUMMI ' '

T

COMPUTE HEAT STORED IN CAPACITANCE OF
WATER BOILER, DUMM2, AND SUBTRACT IT FROM
DUMM1 SINCE DUMM1 ADDS THE WATER BOILER
HEAT TWICE. .

~_ADD THIS TO HEAT STORED IN CAPACITANCE

OF ACTUATORS ' |
G(5, 7) = G(5, 7) + DUMM] - DUMM?

. E

~ DETERMINE POSITIONS IN COUPLING ARRAY
WHICH CONTAIN NODE NUMBERS AND COUPLING
VALUES FOR NODE (N + NT)

$_fdyiifhﬁiF:§mY 5

SUM HEAT LOST TO STRUCTURE DUE TO ,
CONDUCTION/CONVECTION COUPLING BETWEEN

 NODE (N + N])'AND/NODE~IN POSITION J

s i el |

QBAL
2 of 3




DO M = NSTRT, NTRY

SUM HEAT LOST TO STRUCTURE DUE TO
RADIATION COUPLING BETWEEN NODE (N + N1)
AND NODE IN POSITION M

‘l

e SUM TOTAL HEAT LOST TO STRUCTURE VIA
CONDUCTANCE FOR SYSTEM 1

o SUM LINE LOSS AND COMPONENT LOSS FOR
SYSTEM 1 : .

o SUM TOTAL HEAT LOST TO STRUCTURE
FOR ALL THREE SYSTEMS G(6, 7)

SUM TOTAL HEAT OUT THROUGH WATER
CAPACITANCE AND CONDUCTANCE
G(7, 7) = G(4, 7) + G(5, 7) + G(6, 7)

4 .
SUM TOTAL BTU'S ERROR

TOTAL HEAT IN - TOTAL HEAT OUT
6(8, 7) = &(7, 7) - 6(3, 7)

<y

: ;'
( RETURN )
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QBAL
3 of 3
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Subroutine RSTART (OFT model only)

Identification
Name ‘ - RSTART
Author/Company - T. DeLuna/MDTSCO

Machine/Language - UNIVAC 1108, EXEC 2 system/FORTRAN V

Purpose

To provide the capability for reinitializing the component and fluid

temperature after a particular mission ana]ysis'has been started. A flag

in the main program determines whether a new set of node data cards is to be

read in or the temperatures are to be set to a constant temperature.

Argument List Definition

ICHECK - Flag set so that routine will only be called once

Common Block Reference/Input - Qutput Variables

Black Name
ARRAY
BLANK COMMON

TYME

Local Variable Definition

| Name Type
IRST 1

Input Output
TINIT
IDUM, NNODES CP(X,1), P(X,2)
' F(X,1), F(X,2)
AMSNTM

Units

Description

Flag for type of temperature

.reinitialtization

117

1= define as constant

2 = vead in new values

Equivalenced to IDUM(14). Defined in MAINZ



FIGURE 6-15 FUNCTIONAL FLOWCHART FOR RSTART

RSTART
1 of 2
RSTART
:::: NO
" YES
| ARIERTS DEFINE ACTUATOR
' TEMPERATURES
DO M =1, 50
"""""" ]
SET "CURRENT" AND "“PREVIOUS" l
TEMPERATURE VALUE OF 'NODE M EQUAL l
TO CONSTANT. SAVE THIS INTIAL :
VALUE ' l
e ] |
Y DEFINE MAJOR

COMPONENT TEMPERATURES

DEFINE NODE NUMBER STARTING
AND STOPPING PLACES FOR DO-
LOOP INDEXING, I AND ITI

Y DO N =1, NTURBN

vV o

VALUES OF NODE M EQUAL TO CONSTANT.
SAVE THIS INITIAL VALUE.

oy

~
| !

SET "CURRENT'" AND "PREVIOUS" TEMPERATURE :
l

I

I

J

REDEFINE I AND III FOR NEXT SYSTEM
NODE NUMBERING




SET ICHECK EQUAL TO 1 TO
PREVENT ROUTINE FROM BEING
CALLED AGAIN

Y

{ RETURN )

Y

v

RSTART
2 of 2

ot

Y DO I =1, NNODES

READ REINITIALIZATION|
CARDS

READ IN "CURRENT" VALUE FOR rLUID .
AND COMPOMENT TEMPERATURES
IN DEGREES FAHRENHEIT

CONVERT "CURRENT" VALUE FROM °F TO °R

DEFINE "PREVIOUS" VALUE FOR FLUID AND
COMPONENT TEMPERATURES EQUAL TO
"CURRENT" VALUE

SET ICHECK EQUAL TO 1 TO PREVENT
~ | ROUTINE FROM BEING CALLED AGAIN

( RETURN )
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 Subroutine SCAL

Identification
Name - SCAL
Author/Company - FEAR/TRW

Machine/Languate - UNIVAC 1108, EXEC 2 system/FORTRAN V

Purpose '

To provide scaling for the x or y-axes. Support routine for DRAW

Argument List Definition

XMAX - Maximum value of parameter being scaled (input)
XMIN - Minimum value of parameter being scaled (input)
XI - Axis length desired (input)

DX - Change in parameter per inch (output)

X0 - Starting value pf'parameter (output)

XE - Error value used in iteratingkfor best scalina.

Local Variable Definitions

This routine consists of a mathematical process which uses the maximum
vand minimum values along with é desired length and iterates for a

solution for the change of the parameter per inch which will be some power
of 10 times 1, 2_6r 5 and result in the C]osest possible to the desired
length. The Tocal variab]es, A, B, C, D, E, dnd W are merely terms in
‘the equations used in this process. |

No Functional Flowchart Necessary.
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Subroutine SPRAY (OFT model only)

Identification
Name - SPRAY
Author/Company - T. Deluna/MDTSCO

Machine/Language - UNIVAC 1108/EXEC 2 system/FORTRAN V

Purpose

To determine the amount of water used to keep the hydraulic fluid and
Tubrication o0il at or under their control temperatures. This subroutiné
was written from preliminary information and should be rewritten as soon
as spray-boi1er design data becomes available.

Argument List Definitions

M1

- Inlet node of lube o0il heat exchanger
M2 - Inlet node of hydraulic fluid heat exchanger
M11 - Qutlet node of Tube oil heatvexchanger
M22 - Qutlet node of hydraulic fluid hesat exchanger
ISPRAY "~ F1ag set fo show the SPRAY routine has been called

Common Block Reference/Input-Output Variables

Block Name Input . Qutput
Blank Common P(M1,K), DELT CF(ILK),  I=M11,M22
F(I,K), I=M1,M2 C(1,3), I=M11, M22.

| C(1,3), I=M1.,M2
COMEVP | C INAT, WAT WAT
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‘Local Variable Definitions

Name Type Units Description

BTUH R BTU/hr Heat loss rate used to bring hydraulic
fluid down to control temperature ‘

BTUL R BTU/hr Heat loss rate used to bring lube oil
down to control temperature

COEF R Coefficients for compﬁting heat of
vaporization at current temperature

DELW R | ~ Tbm Water used to bring fluid to control temp.

DIFFH R °R Temperature diff between hydraulic fluid
and control temp.

DIFFL R °R Temperature diff between Tube 0i1 and

‘ control temp.

H ' R Heat of vaporizatidn

TCH R °R Control temp for hydraulic Fluid

TCL R °R : Control temp for Tube oil

122




FIGURE 6-16 FUNCTIONAL FLOWCHART FOR SPRAY

{ SPRAY )

SET ISPRAY EQUAL TO 1

N
COMPUTE HEAT OF VAPORIZATION FOR STEAM
AT PRESENT TEMPERATURE

\

COMPUTE DIFFERENCE BETWEEN LUBE OIL
"TEMPERATURE AND CONTROL TEMP
F(M1, K) - TCL = DIFFL

IS LUBE
OIL HOTTER THAN
CONTROL TEMP?

A

DETERMINE AMOUNT OF WATER NEEDED TO
BRING LUBE OIL TEMP DOWN TO CONTROL TEMP

‘(

COMPUTE DIFFERENCE BETWEEN HYDRAULIC
FLUID TEMP ‘AND CONTROL TEMP

| F{M2, K) - TCH = DIFFH

. IS\ ,
“HYDRAULIC FLJEB\‘\
TEMP HIGHER THAN

CONTROL TEMP?

NO

®
A

SPRAY
1 of 2




DETERMINE AMGUNT OF WATER NEEDED TO BRING
HYDRAULIC FLUID TEMP DOWN TO CONTROL TEMP

‘1

a

ADD TOTAL AMOUNT OF WATER USED TO AMOUNT

USED SO FAR IN MISSION

\

DEFINE QUTLET FLOWRATES EQUAL TO INLETY
FLOWRATES

‘ B

DEFINE OUTLET FLUID TEMPERATURES FOR
LUBE OIL AND HYDRAULIC FLUID

\
{ RETURN )
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Subroutine START

Identification
Name - START
Aithor/Company - FEAR/TRW with major modifications by T. DelLuna/MDTSCO,

Machine/Language - UNIVAC 1108, EXEC 2 system/FORTRAN V

Purpose

To initialize data, read in block of input cards, consolidate array of
thermal coupling values, and define print frequency

Supporting Subroutines

CLOCK - Utitity routine which outputs time of day

PRINT - Increment print frequency counter, Initialize TIME 1ncremenehting
counter,

RINIT - RANDIO utility routine for acquiring starting address on high speed drum

Common Block Reference/Input—Outpuf Variables

Block Name o Input Output
ACT , | ~ NACT

Blank Common : Al

Extra L 1COup

Glob A1

HYD ‘ , IPDO, LMMTRX

LuMp2 | | | A

PRT | A

PSST | AT o
WE s | © TINSUM, AMSNTM, FUDGE

SUMARY(1,J) I=1,4, 3=1,3
SUMARY (T ,d) I=11,13,14,3-1,3 =
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Local Variable Definitions

Name

CLICK

ICoupPL

TERROR

IWORK
IZERO

Jd
LL

LOCK
MOREV
NCON

NJ
NK
NODE

NRAD

NSC

NSYSUP
WORDS

WORK

~ Type

R

—t

1
I

R

e

Units

R (hollerith words)

126

Description

 Argument in call to CLOCK routine. Ysed

for greeting printout

Flag for restricting addition of heat
losed through coupling to certain
components =1 if shoud be considered.

Index for reading in error calculation
titles _

Node number pair for cbup]ing

Array equivalenced to all of blank common
for ease in initializing at zero

Counter used for assigning each conduction
coupling node and value a position in
arrays being created, IBIG, VAL

Counter used for assigning each radiation
coupling node and value a position in
arrvays being created, JBIG, RVAL

Variable used in greeting printout
Variable from original version-use unknown

Counter for number of conduction coupling
values read

First node of coupling node pair
Second node of coupling node pair

Node number on input card and
subsequent position in blank common array

Counter for number of radiator coupling
values read

- Number of coupling data cards to be read

Index for reading loss management matrix

Array of words to choose from in
creating greeting. Greeting has no
bearing on run- ignhore

Array of coupling values read

(1) - conduction/convection
(2) - radiation



FIGURE 6-1? FUNCTIONAL FLOWCHART FOR START

( START )

\
ZERO ALL OF BLANK COMMON

[
READ IN TITLE FROM FIRST DATA CARD
PRINTOUT GREETING AND TITLE

[

READ IN DATA FROM NEXT THREE DATA
CARDS: RUN CONTROL, PLOT CONTROL AND
SUMMARY TABLE CONTROL CARD

Z///READ IN NODE COUPLING CARDSJ///7

NO

IS THERE
ANY CONDUCTION
COUPLING?

A

REARRANGE CONDUCTION/CONVECTION COUPLING
NODES FOR EASE 1IN RETRIEVING COUPLING

INFORMATION LATER. CONSTRUCT IBIG AND VAL
COUPLING ARRAYS. '

— P
L

V\
NO //;g/;FERE ~
' ANY RADIATION >

COUPL{?EZ/////

O,
A
A

START
1 of 3



<}; START
: 2 of 3

REARRANGE RADIATION COUPLING NODES FOR
EASE IN RETRIEVING COUPLING INFORMATION.
LATER. CONSTRUCT JBIG AND RVAL COUPLING
L_éRRAYS

O :

7

\
PRINTOUT NUMBER OF NODES, DELTA TIME,
START TIME, STOP TIME, PRINT INTERVAL
NNODES, DELT, TIME, TSTOP, PRNT

////VPRINTOUT TITLES FOR NODE DATA////

Y(DOI=1, NNODES__ _ __ _
v i

READ IN NODE NUMBER, APPLICABLE
PARTS OF C-ARRAY, INITIAL COMPONENT

AND FLUID TEMPS AND NODE NAME
///// AND PRINTOUT SAME DATA

Y
CONVERT TEMPERATURE VALUES FROM
FAHRENHEIT TO RANKINE

\

READ IN PLOT INPUT CARDS CONTAINING:
IPLT, JPLT, BIG, WEE, NTR, AND - ,

PRINTOUT THE SAME TIME

CALL RINIT

ACQUIRE HIGH SPEED DRUM ADDRESSES
FOR SAVING PLOT DATA




START
3 0of 3

READ IN HEAT BALANCE VALUE TITLES
AERROR

/

READ IN AND PRINTOUT SYSTEM ////
CONFIGURATION MATRIX, IPQQ/////'

READ.IN AND PRINTOUT LOSS MANAGEMENT
MATRIX, LMMTRX

, \
- READ IN CONSTANT LOADING AND RESERVES

VALUES FOR FUEL AND WATER FOR SUMMARY
TABLE, SUMARY

INITIALIZE K AND L, COMPUTE NUMBER OF
COMP CYCLES BETWEEN PRINT INTERVALS FOR
PRINT FREQUENCY COUNTER.

SET IDUM(8) =1

CALL PRINT
INITIALIZE TIME INCREMENTING COUNTER,
INCREMENT- PRINT COUNTER :

‘I
SET 1DUM{8) = 2

X

( RETURN )
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Subroutine THERMP (ALT model only)

Identification
Name - THERMP
Author/Company - J. L. Walker/MDTSCO

Machine/Lahguage - UNIVAC 1108/EXEC 2 system/FORTRAN V

Purgose‘ _

To determine the heat loss and resultant {luid temperature in the hydraulic
pressure lines from the pump to the actuators due to conduction convection

and radiation coupling to vehicle structure and compartment air.-

Argument List Definition
IS - System number

N1 - Node number counter - used to differentiate between jdentical nodes
on each system _ o

PAMB - Ambient air pressure

Common Block Peference/Input-Output Variable

Block Nane © Input . Output
ACT ‘ NHYD, FLW
Blank Common IDUM, F(X,L), P(X,L) c(I,4), 1-251, 263
: - ‘ F(X,L) ‘
LINES | | FLOWL, IBRIG, KNODE, TEMPIN, TEMPOT, QbOTL

LDGF, LINUM, LTH,
~ NLCNT, NODLIN,
SPACE, TEMPOT

PRT - ICNT, IPRNT

130
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‘ Local Variable Definitions

Name Type Units : Description
AREA R in? Area of the 1ine segment being solved
BASE R BTU/hr-ft2-°F Convection coefficient base factor for
current temp
ILTH I in. Length of Tine segment to use in line
solutions
1D I Line index of line being solved
INN | Number of 1ine segments in line ID
INTG3 1 Second digit in line number
JK i Number of actuators on system IS
KEY1 I Flag to determine if line ID is a
pressure line for system IS.
KEY2 I Flag to determine if present line being
solved is first line downstream of pump.
K1 ‘ I Number of 16ths of an inch in diameter
: of line
K2 I Structure node coupled to line ID
LASTID I ' Line index for the previous line solved
LTHEND I in. ~ Line segment shorter than ILTH remaining
, at end of Tine or length of line shorter
than ILTH
NAL ’ I , ' Number of T1ines to be solved for actuator NN
NN I Actuator inlet node number
T2 R °R ' Temperature of structure node that 11ne
: ID is coupled to.
TI R °R Inlet fluid temperature of line segment
TC R °R ' Predicted center temperature of line segment
TO | R R ‘ Outlet fluid temperature of line segment
TEMPZ R °R3 Coefficient computed using boundary
: temperature and tewmperature at center
point of line segment to 11near1ze
7 radiation coupling.
,TFILMk ; R R , Convection film temperature
TBEFF R °R - Effective boundary temperature
UACOND R BTU/hr-°"R Condugtion coupling coefficient
UACONY R BTU/hr-°R ~ Lincarized convection coupling coefficient
UARAD R BTU/hy-°R  Linearized radiation coupling coefficient
UA R BTU/hr-°R
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FIGURE 6-18 FUNCTIONAL FLOWCHART FOR THERMP THERMP

1 of 3
( THERMP )

¢ COMPUTE FLAG TO CHECK IF LINES ARE
PRESSURE OR RETURN LINES

o RETRIEVE DATA FOR NUMBER OF ACTUATORS,
JK, ON SYSTEM IS

‘l

DETERMINE ACTUATOR NODE NUMBER, NN, OF
NDTH ACTUATOR ON SYSTEM IS

\

DETERMINE NUMBER OF LINES, NAL, SERVICING
ACTUATOR, NN

DETERMINE LINE INDEX AND WHETHER LINE IS
A PRESSURE OR RETURN FOR SYSTEM IS

Y

DEFINE INLET FLUID TEMPERATURE EQUAL TO
PUMP QUTLET TEMP IF FIRST LINE TO ACTUATOR,
OR TO OUTLET TEMP OF LAST LINE SOLVED

OTHERWISE. . ,

DETERMINE AREA AND CONDUCTION COEFFICIENT
OF ILTH INCH LINE SEGMENT, CONVERT |
FLONRATE OF LINE ID, AND DETERMINE NUMBER
OF LINE SEGMENTS, INN, IN LINE ID.
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THERMP
2 of 3

—— e et e am ea s ettt o e e e e

YES -~ -
> LINE SEGMENT ILTH
INCHES LONG?

NO

DETERMINE AREA AND CONDUCTION
COEFFICIENT OF SMALLER LINE SEGMENT |

COMPUTE INLET AND PREDICTED CENTER TEMP-
ERATURE OF LINE SEGMENT, IN.

- ‘t
CALCULATE LINEARIZED RADIATION COUPLING
COEFFFICIENT FOR LINE SEGMENT, IN, USING
TEMPERATURE AT CENTER OF LINE SEGMENT

v
CALCULATE LINEARIZED CONVECTION COUPLING
COEFFICIENT FOR LINE SEGMENT, IN

» B . . _

o ADD UP TOTAL COUPLING FOR LINE SEGMENT, IN.

o COMPUTE EFFECTIVE BOUNDARY TEMPERATURE &
OUTLET TEMPERATURE OF LINE SEGMENT, IN

o SUM HEAT LOSS RATE IN LINE |

. —_—
W
o




THERMP
3 of 3

ACCUMULATE HEAT LOSS RATE IN LINES

PRINT OUT LINE DATA FOR LINE 1D
PRINTING TEMPERATURES IN FAHRENHEIT

\

SET FLAGS TO SIGNAL THAT LINE CALCULATIONS
WERE NOT FOR FIRST LINE IN PATH FROM PUMP

TO ACTUATOR
\

'SET ACTUATOR INLET TEMPERATURE EQUAL TO
OUTLET TEMPERATURE OF LAST LINE IN

LINE PATH
Y ; ‘

Y

(' RETURN )
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Subroutine THERMR (ALT model only)

Identification
Name ~ - THERMR
Aithor/Company - J. L. Walker/MDTSCO

Machine/Language - UNIVAC 1108, EXEC 2 system/FORTRAN V

Purpose
To determine heat loss and resultant fluid temperature in hydraulic return
Tines from the actuators to case drain mix node due to conduction, convection

and radiation coupling to vehicle structure and compartment air.

Argument List Definition

IS - System number

N1 = - Node number counter - used to differentiate between identical nodes |
on each system |

PAMB - Ambient air pressure

‘Common Block Reference/Input-Output Variables

Block Name |  Input Output

ACT | NHYD, FLW

Blank Common | IDUM, F, P, DELT, c(1,4), 1=251, 263
| | C(1,4) 1=251,263 C(X,3)

LINES o NODLIN, NLCNT,” LINUM QOOTL

FLOWL, SPACE, LTH, LDGF
- TEMPOT, KNODE, 1IBIG

HYD | ~IPDO, IFLAG
CPRESR  PDRP
PRT | . ICHT, IPRNT




L.ocal Variable Definitions

Name Type Units Description

AREA R in® : Area of line segment being solved

BASE R BTU/hr-ft2-°R Convection coefficient base factor for
current kmp .

CAPHR R BTU/min System capacitance heat soak rate.

ICNFIG I Present system configuration
3=pressurized, 2=depressurized, 1=off

1D Line index of line being solved

ILTH I Length of line segments to use in line
solutions

INN 1 Number of 1ine segments in 1ine ID

INTG3 I Second digit in line number

JK I Number of actuators on sys IS

KEY1 I Flag to determine if line ID is a return

Tine or system IS.

KEY2 I Flag to determine if Tine ID is first ‘
' line in actuator's return line path

KEY3 I Flag used in determining total flowrate
in return Tines
K1 I Number of 16th of an inch in the line's
_ diameter
K2 I Structure node coupled to line ID.
LASTID ‘ : ' Line index for the previous line solved
'LTHEND 1 in Length of remainder of 1ine after line
: : ; divided into segments of length, ILTH
NAL ; 1 Number of lines to be solved for actuator,M4
NN I , Actuator node number ,
T2 R °R o Temperature of structure node that line
, ID is coupled to.
TI ' R °R : Intet fluid temperature.
TC R °R Predicted center temperature of Tine segment
T0 ' R °R ; - Out1et fluid temperature of line segment

TEMPZ R °R , ~ Coefficient computed, using boundary
p
; : temperature and temperature at center of
Tine segment to linearize radiation coupling

TFILM R °R Convection £ temperature
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Narme
" TBEFF
UACOND
UACONV

UARAD
UA

-

1ype
R
R

R

Units
°R
BTU/hr-°R
BTU/hr-°R

BTU/hr-°R
BTU/hr-°R

137

Description
Effective boundary temperature

Conduction coupling coefficient

Linearized convection coupling
coefficient

Linearized radiation coupling coefficient
Combined coupling coefficient




FIGURE 6-19 FUNCTIONAL FLOWCHART FOR THERMR THERMR

]

( THERMR )

\

.¢_ COMPUTE FLAG TO CHECK IF LINES ARE
RETURN LINES FOR SYSTEM IS

¢ RETRIEVE NUMBER OF ACTUATORS, JK, THAT
ARE ON SYSTEM IS

DETERMINE ACTUATOR NODE NUMBER, NN,
OF NDTH ACTUATOR ON SYSTEM IS

DETERMINE NUMBER OF LINES, NAL, SERVICING
ACTUATOR NN '

DETERMINE LINE INDEX AND WHETHER OR NOT
LINE IS RETURN LINE FOR SYSTEM IS

DEFINE INLET FLUID TEMPERATURE AND FLOW-
RATE IN LINE ID BY MIXING THE FLUID
COMING FROM BRANCH LINES.

DETERMINE AREA AND CONDUCTION COUPLING
COEFFICIENT OF ILTH INCH SEGMENT; CONVERT
FLOWRATE OF LINE ID, AND DETERMINE NUMBER
OF LINE SEGMENTS, INN, IN LINE ID.

¢
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YES

A

-~ LINE SEGMENT ILTH ~
INCHES LONGz/////:>

NO

DETERMINE AREA AN CONDUCTION
COEFFICIENT OF SMALLER LINE SEGMENT

\

Iy
I

DETERMINE INLET AND PREDICT CENTER TEMP
OF LINE SEGMENT ID

Y

CALCULATE LINEARIZED RADIATION COUPLING
COEFFICIENT FOR LINE SEGMENT, IN, USING

TEMPERATURE AT CENTER OF LINE SEGMENT.

CALCULATE LINEARIZED CONVECTION COUPLING
COEFFICIENT FOR LINE SEGMENT,’IN,

¥

o ADD UP TOTAL COUPLING FOR LINE SEGMENT, ,

IN :
o COMPUTE EFFECTIVE BOUNDARY TEMPERATURE
AND OUTLET TEMP OF LINE SEGMENT, IN.
& SUM HEAT LOSS RATE IN LINE ID

THERMR
2 of 3



0 THERMR
3 of 3

ACCUMULATE HEAT LOSS RATE IN LINES

PRINTOUT LINE DATA FOR LINE ID
PRINTING TEMPERATURES IN FAHRENHEIT

SET FLAGS TO SIGNAL THAT LINE CALCULATIONS
WERE NOT FOR FIRST LINE IN PATH FROM
ACTUATOR TO MIX NODE

v

e (3)

ACCUMULATE CAPACITANCE HEAT SOAK RATE
FOR ACTUATORS ON SYSTEM IS

‘L~;,_______~___;

ACCUMULATE TOTAL HEAT LOSS RATE, AND
CALCULATE ACTUATOR COUPLING HEAT LOSS RATE

: v
PRINTOUT, LINE AND ACTUATOR
HEAT LOSS RATES, THE CAPACITANCE
HEAT SOAK RATE AND TOTAL HEAT
DISSIPATION RATE.

; Yo : .
DEFINE TEMPERATURE AND FLOWRATE AT CASEL
DRAIN MIX NODE. '

Y. o

( RETURN )
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Subroutine TRANS

Identification
Name - TRANS (GTRANS (ECLSS only))
Author/Company - FEAR/TRW

Machine/Language - UNIVAC 1108, EXEC 2 system/FORTRAN V

Purpose

To transfer flowrate and fluid temperature data from node II to node JJ.

Argument List Definition

IT - Node with known flowrate and fluid temperature

JJ - Node to which to transfer data

Common Block Reference/Input-Output Variables

Block Name Input | Output
Blank Common " OF{1I,L), C(11,3) F(Jd,L),  €(33,3)

No Functional Flowchart Necessary
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Subroutine ZIPIT

Identification

Name - ZIPIT

Author/Company -~ J. L. Walker/MDTSCO

Machine/Language - UNI VAC 1108/EXEC 2 system/FORTRAN V

Purpose

To zero 1ine flowrate, heat rate, and temperature arrays and to zero line
heat loss rate arrays.

Common Block Reference/Input-Qutput Variables

Block Name Input Qutput
Blank Common | | C(1, 4), 1=251,253
Lines | FLOWL, TEMPIN, TEMPOUT,

FLACUM, FLOWT, QDOTL

No Functional Flowchart Necessary
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APPENDIX A. PROGRAM USAGE

" This appendix presents the information necessary to execute TAHAP
successfully. An overall deck sétup, the sequence of the input data
cards, and the specific data card requirements and the format of those
cards are listed and described. Differences between the ALT and OFT

versions are noted where they occur.

Deck setup for TAHAP is illustrated in Figure A-1. The input data deck
card sequence is summarized in Figure A-2. Data format requirements
for data cards are suimmarized in Section A.1 and for data tapes in

Section A.2.
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?
i

FIGURE A-1 DECK SETUP FOR TAHAP

r//—7/8 FIN

r/’7/8 B PMD

r/’7/8 EOF

. : | v/ ,
rfﬁ'INPUT DATA DECK

((// 7/8 XQT APUHYD

o / .
/#~ PROGRAM CHANGE CARDS

’(/’ T0C

(/’ RITA

r// IN A

/" TR A
[

'(//’7/8 XQT CUR -

/"7/8 ASG P= CCP1
/" 7/8 ASG D= LINE DATA TAPE NO.
(ALT MISSIOM ONLY)

778 ASG B=  MISSION TIMELINE INPUT
TAPE NO.

e S e a4 o K 8wy bmm - Lt amarkia s o Fod © ,‘......_._..__.-.-....‘]

/" 7/8 ASG A= PCF TAPE NO.

(/'7}8 RUN
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FIGURE A-2 INPUT DATA DECK SEQUENCE

TAHAP REQUIRES THAT THE INPUT CARDS BE IN THE FOLLOWING ORDER:
1. TITLE CARD

2. MISSION CONTROL CARD

3. PLOT CONTROL CARD

4. SUMMARY TABLE CONTROL CARD

5. NODE COUPLING CARDS

NODE THERMAL DATA CARDS

PLOT INPUT CARDS

HEAT BALANCE TITLE CARDS

o N Oy

SYSTEM CONFIGURATION MATRIX

[a»)

VLOSS MANAGEMENT MATRIX
11. .SUMMARY TABLE CONSTANTS
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A.1 INPUT DATA CARD FORMAT REQUIREMENTS
The following lists summarize the card formats for each of the cards

identified in Figure A-2. A1l integer values must be right justified.

1. Title card
FORMAT COLUMNS . DATA
A 1-72 Any title

2. Mission run control card

FORMAT COLUMNS DATA

I 1 -5 Number of nodes

F 11 - 20 Time computation increment (hrs)

F 21 - 30 Mission start time (hrs)

. F 31 - 40 Mission staop time (hrs)

F 41 - 50 Print interval (hrs)

I 51 - 55 Number of CALCOMP plot traces

I 56 - 60 Number of Coupling Data cards

I 66 - 70 Flag for type of Ambient Air Temp

- profile '

2 = Cold Day, 3 = Hot Day, 4 - Nominal
(ALT Only)

3. Plot control card

FORMAI. COLUMNS DATA
1 1-5 PLTSEQ (input the value "1")
F 11 - 20 Mission stop time
F 21 - 30 . X-axis Tength (inches)
F 31 - 40 Y-axis length (inches)
I 41 - 50  NOPLOT (ignore)

4. Summary Table control card

FORMAT COLUMNS DATA
F 1 -10 Time at end of Pre-Launch Phase (hrs)
F 11 - 20 Time at touchdown (hrs)
F 21 - 30 Time at end of Post touchdown (hrs)
F 31 - 40 Length of Mission from Takeoff (hrs)
F

41 - 50 Fudge time for long missions



5. Node Coupling cards (one card for each pair of nodes)

FORMAT
1

I
F

NOTE :

COLUMNS

1
6
11

21

50

5
10
20

30

DATA

I} coupled nodes

J

Conduction/ convection coupling heat
transfer coefficient from I to J and
conversely BTU/hr - °R

Radiation coupling heat transfer
coefficient from I to J and conversely
BTU/hr - R4 |

Flag for including heat transfer in
heat balance equations in QBAL

1 = coupled to structure, 0 = internally
coupled

Input only one card for each pair of coupled nodes.
The order is insignificant.

6. Node Thermal Data cards (one card for each node)

FORMAT

I
I

F

b T .

COLUMNS
1-5
7

1 - 20
21 - 30
31 - 40
4 - 50
51 - 60
61 - 70
71 - 80

7. Plot Input cards

~ FORMAT

T bt =

COLUMNS
S 1-5
G -
1 - 20
21 - 30
31 -

10

35
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DATA

Node number, I

Indicator defining number of additional
cards (used for ECLSS only)

C(I, 1) - Thermal capacitance, MCP
BTU/°R

C(I, 2) - Heat transfer coeff., UA
BTU/hy - °R

C(I, 3) - Dynamic thermal capacitance,
WC

1bh-BTU/hr-1bm-°R

€(I, 4) - Heat load, Q

BTU/hr

P(I, X) - Initial component temperature
o] F :

F(I, X) - Initial fluid temperature

°F

- Component or node name

DATA

Node number '
Type of plot desired (see Sec. 5.2)

‘Max value of dependent variable if
‘machine scaiing is not desired

Min value of dependent variable if
machine scaling is not desired
Number of traces on this plot. This
number must be on the plot card for
each of the traces



10.

(continued)

One card is roequired for each trace. The cards for the traces on
q

the same plot must be kept together.

Heat balance title cards (8 cards)
Titles for each value output as described in Sec. 5.71.5.

FORMAT COLUMNS DATA

A 1 -12 Title of heat balance value

System Configuration Matrix (27 cards)

FORMAT COLUMNS DATA

1 1 -5 Number representing configuration of
System 1] o

I 6 - 10 Number representing configuration of
System 2

1 1 - 15 Number representing configuration of
System 3

I 71 - 72 System configuration number

(optional - written on card to help
keep cards in order, not read.

3

i

Pressurized, 2 = Depressurized, 1 = Off
Cards must be in numerical order for configurations 1 - 27.

Loss Management Matrix

FORMAT COLUMNS DATA
I 1 -5 Primary system for node I

I 6 - 10 1st standby system for node I
1 11 -~ 15 2nd standby system for node I
I 20 : Input a zero
I 71 - 72 Node number (1)

(optional - written on card to keep

cards in order, not read)
Cards must be in numerical order for nodes 1 - total number of
actuators, NACT. Pfésent1y there are 37 actuators for ALT

model, 43 actuators for OFT model.  The variabie, NACT, defined

by data statement in MAIN determines number of cards to be read.
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P A Lt T AP R

1.

Summary Table constants

FORMAT

T ™M

-n

TTm M T mTmmm m

CoLUNS
1-10
11 - 20
21 - 30
31 - 35
36 -
41 - 45
46 - 50
51 -~ 55
56 - 60
1-10
11 - 20
21 - 30
31 - 40
41 - 50

40

DATA

Loading value for fuel, system 1 (1bm)
Loading value for fuel, system 2 (1bm)
Loading value for fuel, system 3 (1bm)
Loading and in-flight measurement error
for fuel, system 1 (1bm)

Loading and in-flight measurement error
for fuel, system 2 (1bm) :

Loading and in-flight measurement error
for fuel, system 3 (1bm) '
Residual quantity for fuel, system 1 (1bm)
Residual quantity for fuel, system 2 (1bm)
Residual quantity for fuel, system 3 (1bm)

Loading value for water, system 1 (1b
Loading value for water, system 2 (1b
Loading value for wate,r system 3 (1b
Residual quantity for water, system ]
Residual quantity for water, system 2
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A.2 INPUT DATA TAPE FORMAT REQUIREMENTS
Dafa tape inputs include both mission timeslines and fine data.
A.2.1 Mission Timeline Input Data Tape Format
Each record of the timeline input tape must contain each

of the following 56 words:

Word #  Type Units Description
1 R hrs Time
Flowrates for:
2 R GPM SSME 1 TVC Pitch
3 R GPM SSME 1" TVC Yaw
4 R GPM SSME 1 Engine Controlier
5 R GPM SSME 2 TVC Pitch
6 R GPM SSME 2 TVC Yaw A
7 -R GPM SSME 2 Engine Controller
8 R GPM SSME 3 TVC Pitch
9 R GPM SSME 3 TVC Yaw
10 R GPM SSME -Engine Controller
1a R GPM Rudder Motor #
12 R GPM Rudder Motor #2
13 R GPM Rudder Motor #3
14 R GPM Rudder Servo
15 R GPM Speed Brake Motor #1
16 R GPM Speed Brake Motor #2
17 R GPM Speed Brake Motor #3
18 R GPM Speed Brake Servo
19 R GPM LO Elevon
20 R GPM LI Elevon
21 R GPM RO Elevon
22 R GPM RI Elevon
23 R GPM Body Flap Motor #1
24 R GPM Body Flap Motor #2
25 R GPM Body Flap Motor #3
26 R GPM LO Brake Module
27 R - GPM LI Brake Module
28 R GPM RO Brake Module
29 R - GPM RI Brake Moduie
30 R GPM L MLG Uplock
31 R GPM R MLG Uplock
32 R GPM L MLG Strut
33 R GPM R MLG Strut
34 R GPM - NLG Uplock
35 R GPM NLG Strut
36 R GPM NLG Steering
37 R GPM NLG Restrictor
38 R GPM RLG Restiictor
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A.2.1

(continued)

Word #  Type Units
32 R GPM
40 R GPM
41 R GPiM
42 R GPM -
43 R GPM
44 R GPM
45 R GPM
46 R GPM
47 R GPM
48 R HP
49 R HP
50 R HP
51 1 -

52 I -
53 ] -
54 I -
55 R G
56 R FT

Description
OFT

LHZ ET Umbilical Retractor
LHZ ET Umbilical Retractor
LH2 ET Umbilicail Retractor
L02 ET Umbilical Retractor
L0Z ET Umbitical Retractor
102 ET Umbilical Retyactor

W N = WO -

Total System Flowrates for:
System #1
System #2
System #3

Pump Shaft Horsepower tor:

System #1 not used, read and
System #2 written out for
System #3 compariscn only

System Configuration Flag

APU Speed Flag for:
Svstem #1
System #2
System #3

Vehicle Load Factor

Altitude

ALT

OFTACT (1)
OFTACT (2)
OFTAC. (3}
OFTACT (4)
OFTACT (5)
OFTACT (6)



A.2.2 Line Data Input Tape Format (ALT Model only)
Each reccrd of the line data input tape must contain each of the

following 53 words.

Word # Type Units Description
1 I - Line number I
2 I - Landing gear flag to identify
: reverse flowlines
3 I - CoupTing mode number (Structure
mode minus 250)
4 I - Complete list of actuators whose

Tine path includes Line I. Zeroes

50 -1 = .. will be read if no more actuators
51 - Line number I

52 I in. Length of line I
- 53 I 16th in.  Diameter of line I in number of

16th of an inch




APPENDIX B. COMMON BLOCK VARIABLE DEFINITIONS

This appendix presents definitions for each of the variables appearing
in each COMMON block in either the ALT or OFT version of TAHAP including
the blank COMMON. Several arrays which are large general storage arrays
are defined in more detail in Appendix D. For each COMMON block, each

variable name, type, units and definition is provided.

Table B-1 presents a referénce table for each of the COMMON blocks.
On the left is a Tist of the COMMON blocks. -On the right is a list of
each of the routines, main program or subroutines, from which that

COMMON block is referenced.
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TABLE B-1
COMMON BLOCK REFERENCE TABLE

Common Block: Routines
| Blank Common: BOILP, DRAW, DRIVER, FLIP,  FLOPWR, FUEL
HYDACT,  HYDFLD, LILOAD, LINFLO, LOOP, LUBOIL,
MIX, MOD, PASS, PLATE, PLATEC,  PLOOT,

PRINT,  QBAL, RSTART,  SPRAY, START, THERMP,
THERMR,  TRANS, ZIPIT, MAINT, MAINZ

ACT:  HYDACT, LILOAD, LINFLO, PRINT,  THERMP,  THERMR,
MAINT,  MAINZ

ALT: PRINT,  MAINT

ALTD: PLOOT,  MAINT,  MAINZ

ARRAY: | BOILP,  PLOOT,  PRINT,  QBAL,  RSTART, MAINI,
MAIN2 S |

COMEVP: BOILP,  PLOOT,  PRINT,  SPRAY,  MAINT,  MAINZ

DAMMIT: PLOOT,  PRINT

EXTRA: ~ QBAL,  START

GLOB: PASS,  PLATEC, QBAL,  START

HYD : | FLOPHR, FUEL,  HYDACT, HYDFLD, LUBOIL, START,
THERMR, = MAINT,  MAINZ '

LINES:  LJLOAD, LINFLO, THERMP, THERMR, ZIPIT

LumMp2: DRIVER, DRAW,  START

PRESK: © FLOPHR, HYDACT, . HYDFLD,  THERMR |

PRT: PRINT,  START,  THERWP, THERWR, MAINI,  MAINZ

PSST: DRIVER, DRAW,  PLOOT,  START

TYME: BOILP, ~ FUEL, . PRTTAB, RSTART, START,  MAINI
MAINZ - . |
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Block Name

Variable Name

Blank Common

AT

C
DUM

F(N, X)
IDUM

1

NNODES '
P (N, X)
TIME
TSTOP

FLW

NACT
NHYD (1,

NHYOUT (I, X)

X)

TABLE B-2

COMMON BLOCK VARIABLE DEFINITIONS

Units

Type

R Variable
R Variable
R °F or °R
1 | Variable
1 Z

I Z

I -

R °F or °R
R hrs

R ‘ hrs

R GPM

I Z

1 -

I Z

Description

Storage array for node thermal
properties. Described in detail

in Appendix D.

Storage array for miscellaneous

real values. Described in detail

in Appendix D

Fluid temperature of node N

Storage array for miscellaneous
integer values. Described in detail
in Appendix D

Most recent or previous value index
for F and P

Current va}ué index for F and P
Number of nodes

Component temperature of node N
Current time in miss{on‘(G.E:T‘)

Mission stop time (G.E.T.)

Array of actuator flow rates to be
used in solution

Total number of actuators

’yArray of actuator inlet node numbers
on System T,

I=1,3

Array of actuator ocutlet tode numbers
on system I, I.=1,3




Block Name

Variable Name

ALT
BH20

BH20F (1)

IALT

ALTD

ALT
ARRAY

FLAG

ITTER
TINIT{N)

COMEVP

Dv(1)

TWAT(I)

WAT(I)

WATLFT(1)

TABLE B-2
(Continued)

“1bm

ft

Variable

°R

1bm

1hm

1hm
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Amount of water currently in water
boiler, system I, I =1, 3

Amount of water that has been
transferred from system I storage
tank, I =1, 3

Flag for type of mission
1 = ALT, O = OFT

Current altitude

Flag For type of flow 1in boiler
1 = unchoked, 2 = choked

Storage array for miscellaneous
real values. Described in detail
in Appendix D :

Number of iterations required to
find a pressure solution ‘

Array for storage of injtial

component temperature of node N,
N -1, 300 :

Amount of water consumed in one

-computation cycle by system I,

I=1,3

Node number of heat exchanger

system I, I =1, 3

Amount of water consumed by
system I, I =1, 3.

Amount of water remaining 1in
systewm I, T =1, 3



TABLE B-2

(Continued)
Block Name
Variable Name Type Units Description
DAMMIT
DH R - BTU . Values used for
ERG R BTU ECLSS Heater energy consumables
IERG I -
EXTRA
ICOUP(N) I - Flag for determining if component N's.
coupling value should be used in
error calculations 1 = yes, 0 = no.
GLOB
IBIG 1 - : Array of nodes involved in conduction/
» convection coupling
JBIG 1 - Array of nodes involved 1in radiation
coupling , :
KEEP(N) I - Array which connects node number N
. ' to positions of IBIG array which con-
tain the node numbers for the nodes N
is coupled to
LEEP(N) I Array which connects node number N to
' positions of JBIG array which contain
the node numbers for the nodes N
is coupled to.
RVAL R BTU/hr-°R Array of radiation coupling coefficients
VAL R BTU/hr-°R Array of conduction/convection
coupiing coefficients
HYD
IFLAG | 1 I System configuration flag
1PDO - 1 - System configuration matrix
ISPD(I) ‘ 1 - . APU speed flag for system I, I -1, 3

LEMTRX I - - Loss Management matrix



Name

Block

Variable Name

HYD (continued)

LINES

POWER

TFLW

EMISS

" FLACUM

FLOWL
FLOWT

IBIG(I)
KNODE (1)

LINUM(Ij
LDGF(I)
LTH(I)

NLCNT(N)

NODLIN.

QOTL(T)
SHAPE

~ SPACE ~

TEMPB
TEMPIN(I)
TENPOT(T)

TABLE B-2
(Continued)
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Type Units
R HP
R GPM
R -
R GPM
R GPM
R . GPM-°R
I 16th in.-
1 -
I -
1 -
-1 in.
! -
I
R BTU/min
o :
R
R ~°R
R °R

Description

Current pump shaft horsepower for
system I, I =1, 3.

Total system flowrates for system I,
I1=1,3

Emissivity of the Titanium alloy
(T1 3A1-2.5V) hydraulic lines

Return Jine solution flowrate accumulator
Array of line flowrates

Return 1ine solution flowrate x temp. -
accumulator

Diameter of Tine I in number of 16th
of an inch

'Coupling node (structure node number

minus 250) for line I

Line -number of Jine I

Landingbgéar flag for line I

Length of 1ine 1
Number of line connected to actuator N

Actuator-line matrix containing each
actuator connected to each line

Heat loss rate in Tine I

Radiation form factor

~ Array containing line support spacing

Not. used

InTet fluid temperature for line I

Cutlet fluid tewmperature Tor Tine i




TABLE B-2

(Continued)
Block Name
Variable Name Type Units Description
LUMP?2
BIG(J) : R Variable Maximum value for Y-axis for
plot J (input)
TITLE A - Title to be used for run and plots
WEE(J) R Variable Minimum value for Y-axis for
plot J (input)
PRESR
DENS(I) R Tbm/ft Density of hydraulic oil at the heat
exchanger inlet for system I, I =1, 3
~PDRP(J) R psid Pressure drop for system in configuration J
J = 1= off, 2 = depressurized,
3 = pressurized
SPH(I) R. BTU/1b-°R Specific heat for hydraulic oil at
the heat exchanger inlet for
system I, 1 =1, 3
PRT |
AERROR A - Titles for heat balance - error .
values
ANAME(N, 2) A - Name of node N, § = 1, 300
ICNT ; I - Counter for printing at desired
interval
IPRNT . 1 - Number of comp cyc1es between each
printing '
PSST |
IPLT(3) RS - Node number for plot (trace) J ,
IWRADR 1 - High speed drum address at which to
start hVTt]ﬂQ plotl data
JPLT(J) : U I s Type of plot for plot J
NOPLOT (R R ~ Not used

NPLPTS 1 - Numhey of points on each plet
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Block Name

Variable Name

PSST {(continued)

TYME

NPLTS
NTR
PLTSEQ
TSTP
XAXIS
YAXIS

AMSNTM

FUDGE

SUMARY

TIMSUM

Type

=~ O

TABLE B-2
(Continued)

Units

hrs.
in.

in.

hrs.

Tbm

hrs.

Description

Total number of traces
Number of traces on plot J

Not used

‘Stop time to be used as limit of X-axis

X-axis length

Y-axis Tlength

Length of mission from takeoff
(used for reinitialization capability)

Time value to subtract from UPTIME
to avoid long period of no APU/
hydraulic activity

Storage array for consumables values
for summary table. Described in
detail in Appendix D.

Time values at which to divide
consumables usage per mission phase
on summary table.




APPENDIX C. GENERAL STORAGE ALLOCATION

In the Thermal APU/Hydraulics Analysis Program (TAHAP), several

arrays are used for general data storage. This appendix presents a
detailed definition of the contents of these general storage arrays.

Since this method of data storage was originally defined by FEAR (Ref. 1)
large portions of the C, DUM, and IDUM arrays are used only in ECLSS
consumables analyses. These areas are pointed out where they occur. The
following is a 1ist of the array names, and the COMMON blocks in which the

arrays are located, whose contents are defined in Table C-1.

Array Name ' Common Block Name
P Blank COMMON
F : ~ Blank COMMON
C Blank COMMON
DUM . : é]ank COMMOCN
© IDUM : Blank COMMON
G | ARRAY
SUMARY TYME
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TABLE C-1
GENERAL STORAGE ALLOCATION

P-array description

P (I, X) - Component Temperature at node I, I = 1, 300

F-array description

F(I, X) - Fluid Temperature at node I, I =1, 249

Vehicle Compartment Air temp at node I, I = 250, 261

Ambient Air temperature for I = 262

C-array description

For a11 I, I =1, 300

C(I, 1
c(I, 2
c(I, 3
c(I, 4
C(I, 5
C(I, 6
c(L, 7
C(I, 8
C(I, 9
C(I, 10
c(I, 1
c(I, 12
C(I, 13
C(I, 14
C(I, 16

L}

t

1

Thermal capacity

Heat transfer coefficient
Dynamic thermal capacitance
Heat rate or heat flux

Specific heat 1

Concentration of H,0

Concentration of Na Used only in ECLSS
Concentration of O - Consumables analyses

Concentration of C
(varies in differen% routines)
Partial pressure of H,0
Partial pressure of N
Partial pressure of 05
Partial pressure of CO,
Heater energy

In the following, only the specified portions of the array are full. The

node numbers assigned for 1 are used for the node number requirement on

the plot input card if the parameter is to be plotted. The three values

for I correspond to systems 1, 2, and 3, respectively.

¢(1, 17) - Accumulated Fuel used, I =
C(I, 18) - Accumulated Energy used, I

275, 216, 277
= 275, 276G, 277

Cc(1,19) ~ Fuel remaining, 1 = 275, 276, 277 -

Q
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DUM Array Description

DUM(

PO AT DO PO DO PO P ot ot cod and o imd e ond emd i g o i o e o,
AT PDPLWUN—=OWONOOTOUTRWMN—OWR~NOOT2WNN —
e e S Mt Nt et et Vil N et Seeait?® N et Nt vt S et et sl oot e ot sl N po® Wi o N ®

A T~ P P P PN P PN, S P P, s, I, P T

1

i

TABLE C-1

(Continued)
DELT/2
Ambient air temperature
not used
not used
Accum consum (ECLSS) 1
Accum consum (ECLSS) 2
Accum consum (ECLSS) 3
Accum consum (ECLSS) 4
Accum consum (ECLSS) 5
not used
not used
not used
not used
not used
not used
Mol. weight of HZO (ECLSS)
Mol. weight of N5 (ECLSS)
Mol. weight of 05 (ECLSS)
Mol. weight of CO2 (ECLSS)
not used

Specific heat of H,0 (gas)
Speicfic heat of COyp (gas)

not
not

used
used

start time

not
11

not

used

used

(ECLSS)
(ECLSS)

A consumable Tst condensing subl

!

- No.

inlet node
- inlet node
- dinlet node
- inlet node
-inlet node

no.
no.
no.
no.
no.

Ist
2nd
3rd
~4th
5th

of boilers

- Flag used in THCAP
- Fla? te prevpnt summing of consumab]cs for st call to
- PRINT
- Fiag to set first auess on
~ No. of turbines

- No. of actuators on system
- No, of actualors on system #
- Mo. of actuators on sVstcm
. .1aq for {%TART to signal 1f it

evaporator

evaporator
evaporator
evaporator
evaporator ¢

called (ECLSS)
called (ECLSS)
called (ECLSS)
called (ECLSS)
called (ECLSS)

to properly call EVAP (ECLSS)

outiet temperature on CONSUB (ECLSS

read in new cards - OFT only
- not used
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TABLE C-1
(Continued)

IDUM Array Description (continued)

IDUM(16) ~ No. of heaters called (ECLSS)

(17) - Time step counter

(18) - not used

(19) - Flag for BOUNDT for type of ambient air temp. 2 = Cold Day,
" 3 = Hot Day, 4 = Nominal (ALT Only)

(20) - Counter for number of plots to supply plot routine

(21) - not used

(22) - MNo. of condensing sublimators (ECLSS)

(23) -~ Node no. of 1st condensing sublimator called (ECLSE)

(24) - Node no. of 2nd condensing sublimalor called {ECLSS)

(25) - Node no. of 3rd condensing sublimator called (ECLSS)

(26) - Node no. of 4th condensing sublimator called (ECLSS)

(27) - Node no. of 5th condensing sublimator called {ECLSS)

(28) - Flag to prevent summing consumables when THCAP is in

sensible heat region {ECLSS)
(100) - Flag set to zero when PRINT or SLEECT have written
data that timestep

G Array Description

For the G-array also, only the specified portions of the array are full.
The node numbers assigﬁed for I are used for the node number requirement
on the plot input card if the parameters are to be plotted. The six
values for I correspond to the lube 011 heat exchanger, system 1, 2, and 3,

and the hydraulic heat exchanger, system 1, 2, and 3, réspective]y.

G(I, 1) - Initialization and manipulation of boiler pressure (psia)
‘ where I = 102, 152, 202, 110, 160, 210
G(I, 2) - Ambient pressure (psia)
where I =-102, 152, 202, 110, 160, 210
G(I, 3) - Boiling rate (1bm/min)
where T = 102, 152, 202
G(I, &) - Boiling rate (Tbm/hr)
where I = 102, 152, 202

G(I, 5) ~ Heat of vaporization
whare 1 = 102, 152, 202 ;
G(I, 6) - Time derivative of the boiler pressure
wvhere 1 = 102, 152, 202 o
G{1, 7) - Power heat in for total of the three systems (BTU)
- G(2, 7) - Turhine heal in for total of the thwee systens (BTU)
G{3, 7) - Total heat in for total of the three systems (BTU)
G(4, 7) - Heat out by water for total of the threo systems (BTU)
G(5, 7) ~ Heat stored™in capacitanee for total of the thres systoms (BTU)
G{G, 7) - Heal out via coupling to structure for iotal of the threc

systems {(B14)
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TABLE C-1
(Continued)

G Array Description (continued)

Total heat out for total of the three systens
Total BTU's error, heat in minus heat out

- Power, System 1 (hp)

- Power, System 2 (hp)

- Power, System 3 (hp)

Pressure difference between the ambient and boiler
pressures (psia)

where I = 102, 152, 202

Saturation temperature (deg)

where 1 = 102, 152, 202

SUMARY Array Description

For each of the following definitions, J = 1, 3, representing systems

1, 2, and 3 respectively.

SUMARY (1,
SUMARY (2,
SUMARY (3,
SUMARY (4,
SUMARY (5,
SUMARY (6,
SUMARY (7,
SUMARY (8,
SUMARY (9,
SUMARY (10,

 SUMARY(I,

Ta

Present loading value for fuel

Loading and in-flight measurement

Residual quantity for fuel

Minimum usable quantity for fuel

Prelaunch requirement for fuel

Flight requirement for fuel

Post-landing requirement for fuel

24-hr. Taunch hold recycle requirement for fuel
10% Dispersion factor for fuel '

Usable margin for fuel

L.

CoCuCe CaCyCy €y G
S e S e S e e S S M S
O A T DU T A LA (R | S

[l
=

= 11, 20 store the water quantities which correspond
to Il =1, 10
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APPENDIX D. SUBROUTINE LISTINGS

The following are subroutine listings for the subroutines discussed

in Section £.0
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APPENDIX E. SAMPLE OUTPUT

The following are examples of the tabular data printout and plot
output from TAHAP.
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