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FOREWORD

The work described in this report was nerformed by the
Biotechnology Départment of the Vehicle, Energy and
Biotechnology Subdivision, Engineering Division, McDonnell
Douglas Astronautics Company - West, Huntington Peach,
California. Mr. J. R. Jaax of the Crew Systems Division,
National Asronsutics and Space Administration, Johnson
Space Center, Houston, Texas, wes the contraect monitor.

S, W. Nicol was the project manager for McDonnell Douglas
at Huntington Beach. The G189A computer program configuration
control effort was performed on-site at WASA/JSC and was
directed by R. L, Blakely with major assistance being
provided by R, E. McEnulty.
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SUMMARY

This final report documents the work performed during Phase I of contract
NAS9-148TT, Generalized Environmental Control end Life Support System

Computer Program {C189A) Configuratijon Control. TPhase I of this contract
covers the period from 15 lovember 1975 to 14 November 1976, During this

period the following items of significance were accomplished:

1. The G189A simulation of the Shuttle Orbiter ECLSS was upgraded in the

following areas:

a. The G189A component model confipguration was changed to represent
the current PV102 and subsequent vehicle ECLSS configuratiors
as cefined by baseline ARS (5/27/76) and ATCS (7/16/76) schem “ir.
provided by RI (Reference 15), The diagrammatic output schematics
of the gas, water, end freon loops were also revised to agree with

the new ECISS configuration,

b, The accuracy of the transient analysis was enhanced by incorporating
the thermal mass effects of the equipment, structure, and fluid
in the ARS gas and water loops and in the ATCS freon loops.
The source and approximate date of the data used to upgrade the

simulation are listed below:

ATCS freon loop line sizes Reference 32 2/10/75
and lengths

ARS water loop line sizes Reference 33 2/24/76
and lengths

ARS water loop and ATCS freon Reference 3% 11/2/75

loop component and equipment
velights
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3.

d.

ARS cabin and avionics bay Reference 35 1/30/76
thermsl capacitance and

conductance values

Two new subroutines were developed, REDDER & RITER, vhich select
and store key parameter phase averaged data at the end of each
phase and print out a summary comparison table of these data,
listed by mission phase, at end of each simulation run. This
summary comparison table provides a useful printout which can ve

?

used for "quick look" run assessments and for study report docu-

mentation, Figure 1 presents an example of this output.

The logic in subroutines ARSGAS, ARSH2@¢, FCL, and QPHAVG was
modified to allow the data tapes, which contain phase averaged
heat flux and temperature data from two previous analyses, to

be automatically updated with the results of the current run.

The special Shuttle simulation mester program library version
which accepts phase average heat load data as table card input
vas modified to provide the option of running either a simulated
transient (steady state solutions for each mission phase) or a

true transient analysis of the input mission data.

A single Gl39A combination master program library tape was generated

which contains all of the master program libraery versions which were

previously maintained on separate tapes.

the use special Univac 1108 Exec II system capabilities available at

JsC.

The details of this procedure are described below in Section 2.1,

A new component subroutine, PIPETL, was developed and incorporated

into the G189A master program library. This subroutine is used to

simulate the thermal mass effects and/or fluid transport lag effects

for liquid flow in pipes, tables, and/or liquid loop circuits. (This

subroutine was developed as a replacement for subroutine PIPE,)

-De

This was made possible through
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5.

Twenty-four of the existing G1B9A standard library version subroutines
were revised during this report period. Revisions were made to the
plot package subroutines to allow negative values of component V array
data to be mlotted and to provide a tabular printout of off-scale plot
data when the plot limits are predefined on the plot renuest cards.
Revisions were made to the format of the restart tape wiih "change case"
runs. The new tape format stores the original basic case card image
data and K and V array data at the beginning of the change case restart
tape. (This allows recovery of the original basic data from a change
case restart tape.) The other subroutine revisions were made to:

(1) increase amount of storage available for simulation mrdel data,

(2) improve the error diagnostic capabilities of the program, (3) provide
additional component subroutine capabilities, and (4) correct logic

determined to be erroneous c¢r inefficient,

Approximately 1T different G189A Shuttle Orbiter ECLSS simulation model
configurations were generated during this report period (Table 1j.
Eleven study reports (References 16-2h, 28, & 29) and two technical
notes (References 25 & 31) were published,



1.0 INTRODUCTION

The G189 Generalized Environmental Control and Life Support System Cormputer

was initially conceived and developed by MDAC-W in 1964, An initial version

of the program was delivered to NASA/JSC in 1965 under contract NAS9-L090.
Since 1965 a number of program additions, revisions, and new develovments

have occurred as a result of in-house work and subseouent NASA contracts.

The Crew Systems Division (CSD) of NASA/JSC has been instrumental in

developing this program into a valuable FCLSS simulation analysis tool., This
contract, NAS9-1L8TT - Generalized Environmental Control and Life Support
Sy#tem Computer Program (G189A) Configuration Control, provides NASA/JSC

w’th Fouston based personnel who can maintain, update, and utilize the G189A
computer program effectively and efficiently. The contract effort also
includes: (1) providing instruction and consultation services for others
regarding the use and application of the G189A program, (2) developing new
subroutines or modifying existing subroutines to provide additional capabilities
required for current or new simulations, (3) maintaining and improving existing
G189A simulation models developed for Shuttle ECLSS and payload ECLSS analyses,
(4) developing new simulation models as required, (5) supporting special study
analyses requested by CSD, and (6) conducting studies to define and understand
the design and off-design performance characteristics of the Shuttle ECLES, .
its interaction with proposed payload ECLSS designs, and the effects of
suggested ECLSS confipguration changes., This contract continues the effort
begun in April 1973 under contact NASG-13u4Ck. The foliowing section describes
in detail the propress made under the various tasks described in the Phase I
portion of contract NAS9-1u4877T.

2.0 REPORT OF PHASE I PROGRESS

The Phase I progress on tasks 1-13 as described in contract NAS9-13h0L is

reported below.

oy



2.1 Task ), Formulate Master Programs

Four unique G180A master program library versicns were prepared and maintained
on the NASA/JSC, Univac 1108, Exec II computer system under Phase III of

the prrceeding configuration control contract (Reference 12). Each library
version was stored on a sepa:sgte uasier program library tape. A standard
library version of the G189A program containineg all of the generalized
subroutines listed in the vrogram manual (Reference 13) was maintained by
general use and application. Three specirl Shuttle master program library
versions were maintained for specific Shuttle simudation applications:

(1) a shuttle Orbiter ECLSS simulation model which reads a Mission Ferformance
and Analysis Division (MPAD) generated electrical power profile data tape

to determine the transient electrical heat loads imposed on the Shuttle
ECLSS, (2) a Shuttle Orbiter plus payload FCLSS simulation which reads a
MPAD eiectrical power profile data tape, and (3) a Shuttle orbiter ECLSS
simulation model which uses card inputs to define phase averaged heat load
data such as those generated by RI for the Power Statusing Mission Profile
(PSMP) or the Typical Sortie Day (TSD) mission analysis. These four master
program library version tapes were maintained and updated spearately for

the first ten months of this contract period. However, this method of file
maintenance rroved to be inefficient, time consuming, and error prone because
the contract effort generally required the use of one particular library
version for an extended time period or for a special study analysis. This
resulted in subroutine modifications being generated for one particular
library version. Many library routines a.= identical for all versions, some
are similar but not identical, and others are applicable only to a varticular
version; therefore, it wes necessary to halt operations periodically and
update each library version tape to reconcile it with the all subroutine
modifications generated since the last library version tape update, An
investigation of methods to be used for combining the various master progrem
library versions onto a single library tape was initiated in October 1976
and resulted in the gen-ration of a single G189A combination library tape
which is described in the following paragraphs.



A single G1l89A combination master propram library tape was generated on
October 15, 1976, which contained all of the master program library versions
discussed above, The creating of the G189A combination library tape
utilized the Univac 1108 Exec II system capability to specify a subroutine
symbolic set of code as an element NAME/VERSION and its corresponding
relocatable element by a NAME/VERSION (FLAG), These features are described

in detail on pages 19:30.02 and 19:60.03 of the NASA/JSC IDSD Procedw:es Manual

(Reference 14). They provide a technique whereby many library subroutine
versions can be maintained on a single PCF (master prograsm library) tape
and a flag (specified for the relocatable elements) can be used at execution
time (on the XQT card) to select the subrcutines that are to be allocated
and run for a particular library version. The combination library tape
greatly simplifies the update procedure because: (1) routines that are
common to all versions can be modified by & single update process, (2) modi-
fications to similar version-dependent subroutines can be easily accomplished
by referencing a single PCF tape. listing and by generating the required

modi fications for all element versions of a particular subroutine at the
same time, and (3) version peculiar modifications can be generated and
included in the current run deck without affecting its capability to execute

any library version.

The element NAME/VERSION (FLAG) parameters used for the Gl89A combination

master program library tepe are defined heiow:

NAME The Fortran name of the subroutine or function; e.g., ANYHX,
GPPLY1l, GASMIX, etc,

VERSION A lable consisting of 1-6 alphanumeric characters which is
appended to the element name and preceeded by a slash (/).
The addition of unique version labels allows the PCF tape to
cornitain more than one element with the same name; e.g.,
GP@LYL/M, GPPLY1/Q, GPPLY1/A., The version labels used for the

combination tapes and their meanings are described below,

6=



Version
Label

(no label)

C@DE
A

Al

Ml

Ql

81

FLAG

&

Meaning
A symbolic element that is used in all library versions,

A relocatable elemen: that is used in all library versions.
A symbolic element in the ctandard library version.
A relocatable eiement in ihe standard library version.

A symbolic element in the Shuttle FTULSS simulation version
library that reads the MPAD power profile data tape,

A relocatable element in the Shuttle ECLSS simulation version
library that reads the MPAD power profile data tape,

A symbolic element in the Shuttle ECLSS simulation librery

that vses phase averaged heat load table input cdats.

A relocatable element in the Shuttle ECLSS simuletion library
that uses phase averaged heat load table input data,

A symbolic element that may be used in either Shuttle ECLSS
simulation librery version (M or Q).

A relocatable element that may be used in either Shuttle
ECLSS simulation library version (Ml or Ql).

A string cousisting of from one to 26 unique alphanumeric
charecters which is enclosed by parentheses and appended

to the relocatable element version; e.g., GPPLY1/S1 (M),
QLOAD/M (M), etc. One of these flag-letters may be specified
on the XQT card of a 1un deck which causas all relc-atable
elements containing that flag letter to be loaded together

with those relocatable elements which contain no VERSION (FLAG)
appendages (See page 19:60.02 of Reference 1L) to form an
executable library version of the G189A proeram. The following



Version
Label Meanin

tlags were c.0ose by library version selection from the G1l89A

combination master program library tape,

Flag Applicable Library Version

(no fleg) All library versior-

A Standard C189A library

M Special Shuttle simulation library that read the MPAD power

profile data tape.

Q Special Shuttle simulation library that uses phase averaged
heat load table input data.

The shu!.le orbiter plus payload ECLSS library version was not retained as s
separate library., However, an option was added to the M and 0@ flag versions
which allows the simulation of the payload FCLSS to be included with the
basiec Shuttle orbiter ECLSS simulation if desired. The option cods for the
payload ECLSS simulation was placed in KK(h, 17) and is specified as follows:

Kk(k, 17) = 0 Shuttle orbiter ECLSS simalation, Q flag library.
=1 Shuttle orbiter plus payload ECLES simulation, Q flag
library.
=2 Shuttle orbiter ECLSS simulation, M flag library.

- Shuttle orbiter plus payload ECLSS simulavion, M flag
library.

The G189A combination master program library for the NASA/JSC, Univac 1108
Exec II computer system is stored on two identical JSC library tapes (X11286
and X16%59) and were created on 10/15/76. Each tape contains two identical
files of “he conbination library. A complete listing of the G189A combination
master program library is maintained at WASA/JSC, Building TA, Crew Systems
Division,
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An Exec 8 version of the G189A master program librarv was created and
maintained for several months dwring this contract effort; however, this
library could not be maintained because of system problems eacountered and

because of manpower limitations (Refererces 8 and 10).

2.2 Task 2, Mairtain Tape Library

A v2w format for documenting the tapes currently being maintained in the
JSC tape library for GL89A simulation model usage was established in Aupust
1976 (Reference 9) and is enclosed herein as Table 1 - Shuttle Orbiter ECLSS
Models,

Each G189A simulation model requires a particular confipuration of a master
program library tape, a simulation model data tape, and a MPAD power profile
date tape or phase averaged heat load table card inputs. Table 1 lists all
of the simulation models currently being maintained at NASA/JSC, Column 1
of Table 1 spec.fies an item number which is assigned secuentially for every
simulation model developed and/or for every MPAD SEPS nower profile data
tape that is generated for G189A s.mulation usage. Column 2 contains the
model description. Column 3 sperifies the master program library tapes
which must be used to execute the model, column U specifies the o rational
date of the library tapes, and column 5 specifies the drop date ul the
library tapes. (For simulation models created after October, 1976, the
flag-letter that denotes the library version to be with the combination
library tepe at execution time is appended to the tape number in column 3.)
Colums 6-8 contain the simulation model data tapes, their operational date
and their drop date. A code is added after the tape number in cclumn 6 to
indicate if the data tape was created from a steady state analysis (SS) or

a transient (7Tr) analysis, If multiple tapes were generated notes are added
under colurm 6 to indicate the time span or phase span of the data contained
on the tape, Columns 9-11 specify the MPAD power profile data tape to be used
for the model, its operational date, and its droo date. The MPAD source data
base tape number that was used to generate the power profile tape is also

listed in colum Y in parentheses just below the power profile data tape



number., For the models that utilize phase averared heat load table date
inputs, a note indicating "card inouts" has been specified in colum 9 in

place of a tape number; e.g., item 16, Table 1.

It may be noted under item 1 of Table 1, that the master program library
tanes were dropped because they were obsolete or damaged, This model can
still be run by using the most recently generated master program library
tape; however, some modifications may be required for the new library tape
and for the existing simulation data tape to insure compatatility. If a
simulation model data tape is damaged or if the model is invalid, obsolete
or replaced by a more recent data set the item is crossed out and the reason
indicated; e.g., items 5-T7. Table 1 is revised veriodically and the revised
pages with revision dates and marks are published in the monthly progress

reporis,

In addition to the tapes noted in Table 1, & number of special purpose data
comparison tapes are maintained. ‘rhese tapes contain the computed results
from two prior G189A simulations that utilized RI vhase averaged heat load
data table inputs, The data from these tapes ar» extracted and used to
provide a three column comparison set of heat load and temmerature data
(Figures 1-3, Reference 12) for each missiun vhase., Columns 1 and 2 contain
the results of the previous analyses carried on the data tape and column 3
contains the current simulation results. The comparison data tape numbers,
creation date, mission, number of phases, and column 1 and 2 data descriptions

are listed in Table 2 - Special Purpose Comparison Data Taves.

2.3 Task 3, Provide Recommendations

Contact has been maintained between Karl Houck, NASA/JSC; Bill Ayotte, HSD;

and Stuart Nicol, MDAC-W during this report period to provide them with
recommendations regarding the use of master program library tapes, the use

o simulation model data tapes, the modification of program subroutines to
verform specific tasks, and peculiarities and limitations of selected subroutines.
These personnel were the only identified active users of the G189A program

during this report period.

=10



2.4 Task 4, Provide Instruction

Consultation services have been vrovided for the on-site users of the G189A
program and telephone :ommunications have beer maintained with the off-site
users to movide them with informetion regurding new orogram features and

oprtions, svcroutine revisions, program manual changes. This data has also

been documented in the monthly progress rerorts (References 1-11).

2.5 Task 5, Provide Program Modifications

Dur’ ¢ this report period modifications were made to 21 of the subroutines
tha ~.re used by all of the library versions, to L of the subroutines that
are used only in the standard library version, and tc 24 of the subroutines
used for the Shuttle library versions. The modifications made to each sub-
routine have been documented in the monthly progress reports and are referenced

below for each subroutine name/version (Section 2.1).

Subroutine Reference Document,

NAME /VERSION Reference No. (Section)

ANYHX 1 (1.5)

ARSGAS/S 1 (1.5), 3 (1.5.1)

ARSH2¢ /S 3 (1.5.1), 9 (1.4), 11 (1.k,1)

ARST/S 1 (1.5), 3 (1,5.1, 1.5.3), 9 (1.4), 10 (1.L)
ATCST/S 1 (1.5), 3 (1.5.1, 1.5.3), 5 (1.b), 9 (1.b4), 20 (1.b)
CABIN/S 11 (1.k.1)

CABINT/S 10 (1,4)

CMAN 3 (1.5.2), b4 (1,k.1)

CMSPL/S 6 (1.3.1), 11 (1,4.1)

ECLST/A 1 (1.5), & (1,b4.1), 5 1.4}, 6 (2,3,1}, 9 (1.3)
ECLST/S 1 {1.5), 9 (1.b4), 11 (i k.1)

ELINT/M 3 (1.5.1), 10 (1.4), 31 (1.4.2)

EL@AD/M 3 (1,5.1), 11 (1.k.2)

EFFCP 9 (1.3)

ELC@QL 10 (1.4), 11 (1.3.2)

FAN 10 (1.4)

- ll—



Subroutine Reference Document,

NAME/VERSION Reference No. (Section)

FCL/S 3 (2.5.1, 1.5.3), 9 (1,b4), 11 (1.b4,1)

FL@SUM 9 (1.3)

F21/S 1 (1.5), & (1.b.1)

GP@LY1/A b (1.k4.1)

GP@LY1/M 3 (1.5.1), b4 (1.4.2), 10 (1.4), 11 (x.b.2)
GPPLY1/Q 3 (1.5.3), b (1.k.4), 6 (1.3.2), 9 (1.k), 11 (1.L,.3)
GPALY2/A b (1.4.1)

GPgLY2/M 3 (1.5.1), 4 (1.b.2, 1.4.3), 6 (1.3.1), 11 (1.Lk.2)
GPPLY2/Q 3 (1.5.3), b (1.4.4), 6 (1.3.2), 9 (1.4), 11 (1,4.3)
G189 9 (1.k)

IEDIT b (1.k4,1), 9 (1.3)

KVRFAD 5 (1.b4), 6 (1.3.1)

MAINPL b (1.k.1)

MFRGEC 4 (1.b4.1)

PIPETL 6 (1.3.1), 11 (1.32.2)

PLEDIT 4 (1.b.1), 11 (1.3.2)

PLAT89 1 (1.5), & (1.b4.1)

PUMP 10 (1.4)

QLPAD/M 3 (1.5.1), b (1.4.3), 10 (1.k), 11 (1.b.2)
QPHAVG/S 3 (1.5.1), 4 (1.4.3), 5 (1.b4), 9 (1.b4), 10 (1.b), 11 (1.4,1)
QTAVG/S 1 (1.50, 3 (1.5.1), & (1.k4.3), 9 (1.b4), 11 (1.k.1)
REDDER/S 5 (1.4), 9 (1.14)

RITER/S 5 (1,4), 9 (1.4), 11 (1.b.1)

RT18/S 1 (x.5), b (1.4,1)

SCRUP 6 (1.3.1)

SEGPRG/S 11 (1.k.1)

SHIRTS 3 (1.5.2), b (1.4.1)

STYPIT 5 (1.4)

TABLRD 10 (1.4)

TAPEIT/A b (1,h.1), 10 (1.b)

TAPEIT/S 3 (1.5.3), 4 (1.4.2), 9 (1.b4), 10 {1.4), 11 (1.b.1)
UWIN b (1.4.1), 9 (1.3)

VARPRT 1 (1.5), 4 (1.k.1)

-]l2-



2,6 Task 6, Esteablish System Sc..ematics
Specific G189A program system configurations are generally prepared for each

G189A sinulation model. These configurations consist of a master program
lidbrary tape; a simulation basic case data tape; and, in the case of Shuttle
Orbiter ECLSS simulations, special purpose data tapes such as the MPAD

pover profile data tapes and the phase averaged heat load and temperature
comparison data tapes. The system configurations currently maintained under
this contract are listed in Table 1 wvhich was discussed in Section 2.2, This
task also requires the preparation of Gl89A system configurations for other
users, This was done for Karl Houck, NASA/JSC, for the Shuttle EMU model
and for Bill Ayotte, HSD, for the RLSE model. '

2.7 Task T, Provide Digital Computer Program Requirements

Program listing - of the G189A master prcgram library tapes (Table 1) and
card decks for thc sxecution of current simulation models are maintained at
NASA/JSC, building TA, CSD. The master program library tapes, simulation
model data tapes, MPAD electrical power profile data tapes, and phase
averaged comparison data tapes are stored in the NASA/JSC Institutional Data
Systems Division (IDSD) magnetic tape library in building 12. The G189A
ETC/LSS program manual (Reference 13) updates, prepared during this contract
effort, are included as Attachment A of this report.

2.8 Task 8, Support Special Analyses

The following special study analyses were made or supported during this contract
effort:

1. A Gl89A transient simulation of a captive flight test of the OV10l
Shuttle Orbiter ECLSS was prepared and run (Table 1, item 1) and
the resuits of the case were documented in a study report (Reference

16).

2. A G189A transient simulation of the OV102 Shuttle Orbiter for the
OFT-6 Mission was prepared and run (Table 1, item S5) and the results
vere transmitted informally to J. R, Jaax.

-13-
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A G189A transient simulation of the OV103 Shuttle Orbiter ECLSS
was run for the Baseline Reference Mission 2 with a 29,000
Btu/hr payload (Table 1, item 6) and the results were documented
in a study report (Reference 17).

The item 3 model listed sbove was modified to study the effects of
a high cabin wall leak in combination with a LO°F radiator outlet
temperature during the Sortie operations day 1 and 2 phases, The
results of the study were documented in Reference 18,

A G189A steady state simulation of the OV103 Shuttle Orbiter ECLSS
was prepared and run using the RI 11-5-T6 Power Statusing Mission
Profile (PSMP) heat load data and the results were transmitted
informally to J. R. Jaax,

The item b model listed above was modified to study the effects of
using an OV10l interchanger and/or cabin heat exchanger design on
OV103. The results were compared to the item L data in a study
report (Reference 19).

A G189A steady state simulation of the OV103 Shuttle Orbiter ECLSS
was prepared using RI 1-16-T6 Seven Dey Mission Power Profile heat

load data, This simulation was run for a series of cases to determine
the OV103 critical cabin air condensing heat exchanger design con-
ditions (Referance 20), to access the current performance status of
the Orbiter ECLSS for all mission phases under RI meximum heat load
conditions (Reference 21), and to study the effect of repositioning
one freon loop flow diverter valve to provide maximum payload cooling
during all mission phases (Reference 22),

A G189A steady state simulation model of the OV103 Shuttle Orbiter
ECLSS was prepared using RI 1-16-T6 Case 8 Typical Sortie Day (TSD)
heat load data, The simulation was run for a series of cases to
determine the ECLSS performance for the 1l new subphases provided
by the RI TSD data, to study the effect of using OV1Ol interchanger

=1k



10.

11.

i2.

and cabin heat exchanger design on OV103, and to evaluate the
effects of using HS-C as a replacement for LIOH to remove carbon
dioxide from the cabin air., The results of these cases were
transmitted informally to J. R, Jaax and Dave Kissinger,

A G189A transient simulation of the 0V103 Shuttle Orbiter ECLSS was
prepared for reading a special 6 hr OV102? simuls‘ion MPAD power
profile data tape (Table 1, item 12). This simulation was used to
run 8 series of cases to study the effect of repositioning one
Freon loop flow diverter valve to provide maximum payload cooling
during all mission phases (Reference 23) and to compare the MPAD
power profile data and analyses to the RI 1-16-76 dats and analysis.,
The results of the latter runs were transmitted informally to

J. R, Jaax,.

A study of the history and effects of the Shuttle Orbiter heat loed
growvth upon the ECLSS performance was made beginning with the ECLSS
proposal data and using the results of G189A simulations for sub-

sequent performance. The results of this st“dy were documented in

Reference 2h,

A technical note (Reference 25) was prepared describing the ramifi-
cations of changing the RI Electrical Equipment List (EEL) component
numbers for each vehicle and for each update of the RI power data
because these numbers are used in the MPAD source data base to
generate the MPAD power profile tapes which are ready by the G189A
program,

A G189A steady state simulation of the OV103 Shuttle Orbiter ECLSS
vas prepared to evaluate two emergency return power profiles:

(1) a 24 hour emergency return - nominal ARS heat loads with single
string avionics developed by RI, and (2) a 24 hour minimum power
return - nominal ARS heat loads developed by NASA. Both single Freon
loop and dual Freon loop operation cases were run for both power
profiles and the results were trasmitted informally to J. R. Jaax,
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1k,

A set of equations were developed for the Wang computer which
would determine the cabin condensing heat exchanger inlet dew
points for selected test conditions representative of the Shuttle

Orbiter cabin heat loads and water temperature and flow at the

heat exchanger inlet,

A €sbin and ECLSS Cooled Equipment Study (Reference 26) was initiated
by CSD in June 1976, The following tasks have been completed in
support of this study.

(1)

(2)

(3)

The RI June 21, 1976, Typical Sortie Day (TSD) electrical
equipment utilization data were modified to agree with
the JSC MPAD electrical equipment utilization notes
(Reference 27) and a new set of ARS heat load data were
generated (Reference 28).

The RI June 2, 1976, Rev, 2 Power Statusing Mission Profile
(PSMP) electrical equipment utilization data were also
modified to agree with the JSC MPAD electrical equipment
utilization notes and a new set of ARS heat load data were

also generated (Reference 29).

A G189A simulation of the OV103 Shuttle Orbiter ECLSS was
prepared which could utilize the heat load data generated
under items 13(1) and 13(2) above and was capable of per=
forming both steady state and transient analyses, The
Cabin ané ECLSS Cooled Equipment Temperature Study data
(Reference 26) defined eight cases to be run and a G189A
model simulation was developed for each of these (Table 1,
items 21 and 23-29). All eight of these ceases have been
run using the steady state phase analysis technique and
tvo of the cases (Case 6 - TSD and Case 8 - PSMP) were run
using a transient analysis technique. The computed results
from these runs have been transmitted to J. R. Jaax and to
RI (Reference 30).
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15. A G189A transient simulation of the Spacelab 1 Shuttle Orbiter
ECLSS was prepared which reads an MPAD power profile data tape
prepared specifically for the Spacelab 1 mission (Table 1, item 30).
This model was run and the computed results have been transmitted
to J. R. Jaax,

16. G189A simulations of the OV103 Shutile Orbiter ECLSS are currently
being prepared for analyzing two new sets of phase averaged heat
load data received from RI: (1) Powered down entry - single string
(design baseline) 9-27-76 and (2) Power down entry - single failure
tolerant (study only) 9-27-T6.

2,9 Task 9, Shuttle Orbiter ECLSS Model

Numerous Shuttle Orbiter ECLSS models have been prepared during this contract
effort to perform special studies, analyze new sets of RI phase average heat
load data, analyse new MPAD power profile data, and to reflect changes in the
Shuttle Orbiter ECLSS configuration. The simulation models that are currently
being maintained under this contract are listed in Table 1,

2,10 Task 10, Provide Shuttle Electrical Load Data Base

The master program library subroutines ELINT/M, ELAD/M, ani QLPAD/M were
modified for each simulation model which utilized a MPAD power profile data
tape, These modifications were required becauvse of EEL component number
changes which occurred between vehicles and power profile data tape releases
(Reference 25), The current MPAD version of the EEL dictionary and the
associatad heat load summing *quations are incorporated in the master program
combination library tape routines listed above and some of the older versicus
are maintained as card decks. The MPAD power profile deta tapes which are
currently available for analysis are listed in Table 1,
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2.11 Task 11, Provide Study Reports

Eleven study reports (Refersnces 16-24, 28 and 29) and two technical notes
(References 25 and 31) were prepared during this contract effort. The study
analyses which generated these reports are discussed above under Section 2.8.

2.12 Task 12I Provide Monthly Progress Report

Eleven monthly progress reports (References 1-11) were provided under this
contract effort,

2,13 Task 13, Final Report

This document is furnished to setisfy the requirements of Task 13,

3.0 CONCLUSIONS AND RECOMMENDATIONS

The G189A program configuration contr:l contract has proved to be an efficient
method of organizing and controlling the use and modification of the G189A
program and the G189A simulation models, The program users have been identified
and communications have been maintained with these users to provide consulta-
tion, determine program errors and deficiencies, identify new requirements,

and define system configurations to be used for specific problem solutions.

This effort has resulted in the orderly development of the G189A program and
has establithed a central authority who can assess proposed program changes

and their effects upon the program's generalized applications. Specific simu-
lation model requirements are accommodated by creating specisl versions of

the standard G189A master program library (Section 2.1). As these modifications
are cnecked out and used and if they are determined to be applicable to other
simulations or to the standard master program library their solutions are
prepared as generalized logic blccks which can be added to other library
versions and/or to the standard library version. The generation of special
master program library versions has complicated the program maintenance and
updating procedures but it provides more efficient simulations that minimize
core storage requirements and it prevents simulator peculiar logic from being
erroneously incorporated into the standerd library version used for generalized
applications. A technique was developed during the latter portion of this
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report périod whefeby all of the various master program library versions could
be placed on and accessed from & single master program combination library

tape (Section 2.1)., This development slleviated many of the problems encountered
and the man hours required previously for the maintenance of separate tapes

for each library version,

The G189A Shuttle Orbiter ECLSS simulatioh models developed undér Phase III
of the previous contract (Reference 12) were modified and upgraded to provide
new simulation mode) configurations réquired for the studies pérformed under
this contract (Section 2.8). A simulation bodel 1og was developed (Table 1)
which identifies the various simulation model configurations developed and
their current status. This log provides a cohvenient method of assessing
the current GL89A Shuttle ECLSS analysis capability.

The Shuttle sifulation models were used exténsively during the past year to
provide total system performance assessments for the Shuttie Orbiter ECLSS,
Steady state mission phase analysis using phase averaged heéat load data generated
by RI or NASA were used to provide quick tufh=aréund results for various study
efforts. The steady state missién phase analysis models vere modified this
year to provide a transient analysis capability so that studies could be per-
formed to evaluate the transients which occur at the start of each nev phase
and the transient performance effects 6f short duration phases which do not
reach steady state, RI has begun to publish phase average heat load data for
& typical Sortie Day (TSD) which subdivides & Power Stetusing Mission Profile
(PsMP) 24 hour sortie day phase into 11 subphases, The new trahsient anslysis
capability incorporated into the phase averaged heat load data simulation
models provides more realistic system performahce responses for TSD subphase
data and also for the short duration aséent and descént phases of the PSMP,
This capability has also been useful in resolving the differences which had
previously occurred between the transient analyses of the MPAD electrical
pover profile data and the steady state anaiyses of the RI phase averaged
heat load data,
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The simulation models which utilize the MPAD electrical power profile data

as input provide & true transient ECLSS performance analysis tool that

responds to the instantaneous power level changes which occur in ar actual
mission. These models and those discussed above have been revised this

year to include the liquid loop transport lag effects and the thermal mass
effects of the fluids, equipment, and structure assocliated wita the ECLSS.

These revisions have resulted in more accurate transient performence predictions;
however, the simulated mission time to computer execution time ratio has
decreased to a value of v 33/1. This ratio is still very aitractive considering
the capabilities of the model and the fact that the entire ECLSS can be simu-
lated with a single run that uses transient electrical power data,

The phase averaged heat load input models have been used for most of the study
efforts peirformed this year because of the availability of date, the quick
response capability, and the minimization of computer time, These models are
usually run to provide steady state solutions for each phase and require

~ 15 minutes of Exec II computer time for & 11 phase TSD mission analysis

and v 20 minutes for a 23 phase PSMP mission analysis, These analyses appear
to be adequate for investigating the OV103 Shuttle Orbiter ECLS design and
off-design performance for the generalized mission model that is currently
avajlable, The transient capabilities of these models can be used to study
particular problems observed from the TSD and PSMP steady state analyses
results and/or long duration phases can be subdivided further to provide a
more reglistic simulated transient analysis. Specific mission analyses

(e.g., Spacelab 1, Table 1, item 30) will require the use of the MPAD pover
profile data iurut models because trajectories, mission timelines, and payload
pecularities greatly influence the ECLSS boundary conditions and an sccurate
transient analysis is required. Therefore, as vehicle configurations and
mission timelines tecome better defined the G1l89A simulation model usage will
shift more towards the use of the MPAD power profile data tape models which
require more preparation but are much more accurate for detailed transient
analysis.
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The G189A Shuttle simulation models have proven to be a very cost effective
method of studying overall ECISS perforrance under a variety of conditions,
Problem areas can be quickly identified and determinations can be made as to

the necessity of performing additional analyses requiring the use of the
detsiled thermal analyzer models which sre prepared and maintained by RI, The
ease and speed with which special ECLSS reconfigurations, failure modes, and/nr
boundary conditions can be incorporated in the various models has been thoroughly
demonstrated, The present set of Gl89A Shuttle Orbiter ECLSS simulation models
provides a varied data base which can easily be upgraded and/cr modified to
accept hardv-are development and acceptance test data as they become available,

The following recommendations are made with regard to desired improvements
for the G1l89A program and the Shuttle simulation models:

1. Modifications should be made to the G189A plot package routines to
provide the capability of generating a plot tape that could be post-
processec by a separate program and/or an option should be provided
vhereby plots would automatically be generated for every 500 data
records saved, (The current plotting package is limited in the
number of data reccrds that can be plotted due to drum storage
limitations and raster count resolution of the CRT unit used for
the plot display). The plot tape/post processer program would
allow (1) recovery of the plot data for run terminated by systems
errors, (2) the tabular results to be verified before plot data
processing, (3) the seiection of a specific range or group of data
noints to be plotted for detailed problem area studies and would
not require a rerun of the simv.ation model and (L) eliminate the
loss of data records because of storage limitations., The automatic
plotting option would process the plot data during the simulation
model execution and would prevent the loss of data records caused
by storage or CRT limitations.
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2,

3.

5.

A new subroutine should be developed that allow a component's

K array data to be printed out. (The G1l89A library currently
contains subroutines which print out component A, B, R, and V array
data,) This routine would be useful for model debugging.

All obsolete, undocumented and unused subroutines should be elimi-
nated from the Master Program Library and their documentation
should be deleted from the program manual,

The advantsges and disadvantages of maintaining the G189A program
and simulation models on the Exec 8 system should be studied
further, If the file management, system reliability, manpower,
and tape drive limiation problems can he solved; then the program
and models should be convertead.

The transient G189A simulati * models should be analyzed to determine
vhat improvements could be made to decrease computer time require-
ments, One possibility may be the creating of a new subroutine

to sinulate the heat transfer characteristics of the avicnics

bay air cooled equipment. (The CABIN subroutine is presently used;
however, the detailed gas constituent calculations performed in

the CABIN subroutine are not required for present analysis.)

The program that generates the EEL component number dictionary

for the Gl89A simulation models that access MPAD power profile

data tepes should be modified to operate on the MPAD source data
base which is applicable to ail vehicles and missions. (The present
program operates on a MPAD SEPS data tape which is valid for only
vne particular mission. Therefore, an EEL dictionary must be

generated for each new power profile data tape.)
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T. The thermal mass, heat transfer conductance, fluid line size
and length data incorporeted into the Shuttle Orbiter ECLSS
models this year should be updated and, if possible, the predicted
trarsient responses of the water and freon loops should be verified
by test data,

REFERENCES

1. First Monthly Progress Report, Generalized Environmentzl Control
and Life Support System Computer Program (G189A) Configuration
Control, Contract NAS9-1L87T, December 1975.

2. Second Monthly Progress Report, G189A Configuration Control,
NAS9-14877, January 1976.

3. Third Monthly Progress Report, G189A Configuration Control,
NAS9-1L4877, February 1976.

L, Fourth Monthly Progress Report, G189A Configuration Control,
NAS9-1L8T7, March 1976.

Se Fifth Monthly Progress Report, G189A Configuration Control,
NAS9-14877, April 1976.

6. Sixth Monthly Progress Report, G189A Configuration Control,
NAS9-1L487T, May 1976.

T. Seventh Monthly Progress Report, G189A Configuration Control,
NAS9-1L48TT, June 1976.

8. Eighth Monthly Progress Feport, G189A Configuration Control,
NAS9-1U87T, July 1976.

9. HNinth Monthly Progress Report, G189A Configuration Control,
NAS9-1LBT7, August 1976.

10. Tenth Monthly Progress Report, GlB83A Configuration Control,
NAS9-148TT, September 1976,

11 Eleventh Monthly Progress Report, G18GA Configuration Control,
NAS9-1 4877, October 1976,

-23-



12,

13.

1k,

15.

16,

17.

18.

19.

200

21,

Phase III Final Report - Generalized Environmental Control and
Life Support System Computer Program (G189A) Configuration
Control, MDAC Report No. MDC G6123, November 1975.

G189A Generalized Environmental/Thermal Control and Life Support
Systems Program - Program Manual, R, L, Blakely, et. al.,
MDAC Report No. MDC-G2LLh & September 1971,

IDSD Procedures Manual, JSC-09609, Part 19, Exe: II System,
Rev, LB, May 1976.

Data Package for Cebin and ECLSS Cooled Equipment Temperature
Study, NASA/JSC memo EC2-T5-137, 31 August 1976.

G189A Simulation of Shuttle ALT (OV101) Mission Profile 1,
Study Report No. 75-MDAC-W-AJCO-1, R, L, Biakely to J. R, Jaax,
15 December 1975.

Case 15 - G189A Simulatior 'f OV103; Baseline Reference Mission
(BRM) 2; 29,000 Btu/hr Payioad, Stud- Report No, T5-MDAC-W-AJCO-2,
R. L. Blakely to J. R. Jaax, 15 January 1976.

Case 15A - G189A Simulation of OV103; BRM 2; 29,000 Btu/hr
Payload - Maximum Nominal Conditions, Study Report No. T5~MDAC-W-
AJCO-3, R. L, Blakely to J. R. Jaax, 19 January 1976.

OV103 ARS Performance as Affected by Use of OV10_L Interchanger
and/or Cabin Heat Exchanger, Study Report No. T5-MDAC-W-AJCO-4,
R. L. Blakely to J. R. Jaax, 17 February 1976.

0V103 Cabin Temperature Desipgn Condition Analyses Based on RI
1/16/76, Orbiter Seven Day Missior Power Profile Heat Loads,
Study Report No., T6-MDAC-A-AJC0-5, R. L. Blakely to J. R, Jaax,
1 March 1976.

G189A Simulation of OV103 Using RI 1/16/76 Orbiter 7 Day Mission
Power Profile, Study Report No. T6-MDAC-W.-AJCO-6, R. L., Blakely
to J. R. Jaax, 2 March 1976.

=2k



22,

23.

2k,

25.

26,

27.

28,

29.

Effect of Repositioning One Freon Loop Flow Diverter Value to
Provide iaximum Payload Heat Exchanger Freon Flow During All

Mission Phases - Steady State Analysis, Study Revort No. T6-

MDAC-W-AJCO-T, R. L. Blakely to J. R, Jaax, 3 March 1976.

Effect of Repositioning One Freon Loop Flow Diverter Value

to Provide Maximum Payload Heat Exchanger Freon Flow During All
Mission Phases - Transient Analysis, Study Report No. T6-MDAC-
W-AJCO-8, R. L. Blakely to J. R. Jaax, 12 March 1976,

Chronological History and Effects of ¢<he Shuttle Orbiter Heat
Load Growth Upon ECLSS Ferformance, Study Report No, T6-MDAC-W-
AAJO-9, R, L, Blakely to J. R. Jaax, 10 April. 1976.

Impact of Component EEL Number Changes Upon G189A Computer Pro-
gram's Shuttle ECLSS Simulation Data Base, Technical Note No.
TN-MDAC~W-AAJO-1, R. L. Blakely to J. R. Jaax, 29 April 1976.

Data Package for Cabin and ECLSS Cool2d Equipment Temperature
Study, NASA/JSC Memo EC2-76-13T, 31 sugust 197T6.

Orbiter Electrical Equipment Utili'.ation Baseline, JSC Internal
Note No. T6-FM- , 16 JUly 1976 (c-aft copy)

Modification of RI June 21, 1976, Ty,(ical Sortie Day Heat Loads
by Application of JSC MPAD Electrical .‘quipment Utilization Nctes,
Study Report No. T6~-MDAC-W-AAJO-10, R. L. Blakely to J. R. Jaax,
20 July 1976.

Modification of RI June 2, 1976, Rev. 2 Power Statusing Mission
Protile (PSMP) Heat Loads by Application of JSC MPAD Electrical
Equipment Utilization Notes, Study Report No., T6-MDAC-W-AAJO=-11,
R. L. Blakely to J. R, Jaax, 20 August 1976.

Transmittal of ECLSS Analytical Data to Support the Cabin and
ECLSS Cocled Equipment Temperature Study, NASA/JSC memo EC2-T6-159,
September 1976.

-25-



31.

33.

3h‘

35.

Quarterly Status - Contract NAS9-14877, Technical Note TN-MDAC-
A-AAJO-2, R. L, Blakely to J. R, Jaax, 16 September 1976.

Informal data transmittal, Elton Kincaide (RI) to Al Behrend (EC2),
2-10=-T5 (ATCS configuration with GSE bypass line and proportioning
flow control valve,)

Informal data transmittal, Joe Chamblis (LEC) to R. L. Blakely (MDAC),
Computer printout of RI OV103 water loop model for THAP (Wilkinson's
model) run on 2-2L-76,

RI Control Book Mass Properties Orbiter 0V103, 11-2-76 tab rum,
Shuttle Operation Data Submittal S-227, Ray Hischke to R, ".. Blakely,

Informal data transmittal - Summary of Capacitance & Conductance
Values from Simplified Cabin ECLSS Program (Ref. IL SEH-ITA-T6-026,
30 January 1976), Maury Upthagrove (RI) to R. L. Blakely (MDAC).

=26



-L2~

-
TABLE | SUMMARY COMPARSION OF PHASE AVERAGED DarTa
rTeecet s es R et oe e TeesteeTntestTasefassssse"Saan e PR p— v Whe] | o > &7
Y GI1BYA SHUTTLE ECLSS =SINGLE FAILURE TOLERANT "/27/% DATE O%1176
§ MISSION PHASF: 18 19 20 2 22 23

DESCHRIPTION: ODEORAT PREP FINAL PREP - -DEQRBT BURN - EgNTaY - GSCENT FINAL APPRCH

CURATION: 0ZH CTH S OlH COM DOS COW %3M 23S CSw g™ 125 COK 23N 145 OOH O2M 39S

,—espeaSSgeaw eeTsteveosnas® L L L DL L AL Ll ] et asaegTesaw ceoTareSoaves cTeesensTesSSe

7 ? Kol degets A 7 DR . 7 -

k0 GF MEm IN CABIN 7 7

1=MEAT LCADS (BTU/WP)
CADIE #1% SCASIBLE

AVe HAY LEARK 240, 351, aSl. 351 381 - - == _2Sle -
WALL LG&D 774, 775, 15:5. 1871, 1571, SNC0e.
BLYaRCL IS 2245, 213}, 1842, 11=7, 1791, S9R,
ELECTRICAL 352C. 1353, 1464, 124, “hs, 1944
-—————e omeeee - e%Sswese ccssse sTeooesw™
TCcTAL 4280, 4612, 5248, S12%,. 5177, 7413
CAGIN W/ 12160, 12910, 1329, 13852, 13823, 17227.
275 INTERCHANGER 25953, 29293, 31318, 31367, 32053, - - 35442
PAYLOLD p/X 520D, 52990, 5200, $29n, €200 s:gs.
FuEl CELg MW/ 22361 26589, 29484, 248907, 28570 28999,
ECLSS HEAY SINMK 5y0C2. 66989, 67549, 70229, Te423, BOB17.
2=FLFCTwICAL PULSER (xXw)
PrYL Sal 1.0 10 1e9 1.0 «0
TRkl YER] 1’.’ 14,0 '302 !3-3 . 1.0 15,0
iVAILe F/F n 0 (LB/hK) I Ted —-— —-- 9 —- 02 — s e B9 P e e P g e P8 e
A-TEMFERATURES (F)
CARInN=-DORY BULR 70e9 719 759 771 Téeb ’;.l
- -GFR POINT - 50,4 - B S i okttt WA . e s e P ISR AR, < e e TR T 90—
COND hi=g P CUT §7.2 5645 48.7 4842 47,8 9,8
A% IM 124,11 1275 11le? 1130 112.49 1297
ARS 1/C=H20 OUT T ST~ 7 T Ty s T AL 4145 BERERL T o T s R
“n20 IH 76.0 78.7 79.9 8c.3 80.7 80.7
IMU M/R=alR OUT - .- - . Til.8 —em - Th ek SEPIBNEERRG . © ( [SECSE TSRl & & O e e TR [ R 7503 ——
“LIR IN 114.) 114.¢C 1145 11546 115.1 118.1
AVe BAY JeAjpsx Su=iLY " 7847 73.0 73e2 73.3 73.4 739
=AIR RETURN R - B9.6 e 99e& —ocm——0 IBle] --m--mm— I1Cle} - ————— 01 ¢ I} Gl 4} ——
«C/7% K20 O0UT Ela.? Bbe2 Bbe2 Bbe2 B4.7 8008
aVe BAY 2=a)R SuppLY 7C.7 72.8 730 73.9 73.2 73.2
s )% KRETURL EB,9 - 98,6 —-— - 1004 - 10G.5 - — - 0% b ———100 b ———
=C/P r20 OUY 80,4 a4.8 8946 84.7 85.4 85.4
AVe BAY 3=AJR SUPPLY 66.0 6642 6640 6640 *bbel 6601
-a|R PETURN e immeeame BT gl e = T ol = = @Y s o f e e §T ¢ = §T D -
=3 C/P W20 OUT 00.; 693 692 692 £9.3 693
-3 C/P W20 oUT 1. 721 Tie8 71.9 72.7 72.8
P/ Wir=psL FLUID SUPPLY 42,5 41,5 - - #0e% 42.8 - 81,9 - --——— W2,1
=psL FLUID RETURN 103,2 102,3 BYeb 8é.2 65.5 85,7
FCL=AFT pODY C/P OUT 68,2 659 6Te7 626 60,8 62.9
=#]D BODY C/P OUT- — —— -7%.2 ~— 79,2 ———— 77l 7946 79.6 ‘8703
«HEAT SINKS In 87,9 93.3 RBed og.u 92.9 94.0
*HELAT SINKS OUT %0.0 39.0 3%.0 3%.0 ar.0 37.0

FIGURE 1 - SAMPLE OF SUMMARY COMPARISON TABLE FOR PHASE AVERAGED DATA



-8e-

TABLE 1 - BNUTTLE ORBITER ECLSS MODELS

Page 1

MASTER PROORAM LIBRARY

SIMULATION DATA

BEPS POWER DATA

Item Oper. Drop Oper. Drop Oper. Drop
No. Sisulation Modsl Description Tape No, Date Date Tape No. Date Pate Tape No, Date Date
1 CASE 16 -0V101, POD PROFILE -NGII55 10-2k-75  10-20-T6  VOOk69 11-11-75 viLkh3T 6-25-75
1 (Captive ~ Active, 2 Abort), H23He5 (v09279)
Transient Orbiter ECLSS
2 0V101, FOD PROFILE 2 (2-Flare, Vik3sh 6-24-75
Manual) (v092719)
3 ov101 FOD PROFILE 3 V01615 6-25-T5
o5 Den-ee Offset, Auto) (v09279)
4 OV101, 3 Hr Active Captive V1899 6-25-75
Mission {v09279)
5 CAST 1L = OVIOZ,ori-6y-ga60 V09955 10-24-T5  10-20-76 V06936 10-22-15% W
1-rop, + XV, 36° RAD, Transient VIIILS e (v10553) °
Orbiter ECLSS, 7-17-75 EEL,

—(Am“__'}w_-"-

OBSOLETE

10-24=75 &lgzm_—uu&m

3 CASE 15 = OVIOZ, “BRr— 502 4-15-T6 V10630
Y-POP, + XV, 38° RAD 7-17-15 / X11105
£EL, April 15 U OBSOLETE — (v1k123) 8-20-75
—
7 evi02, OFT-1, 1-17-13 FEL, TP LACHIBY— BN VIE03S T T 11-12-T5
o rn '75 Cae Notes i ” (¥10553)
8 ov102, 07T-2, T-1T-T5 EEL, V1629 11-12-T%
Azril '7€ Use lotes (v10553)
9 ovicz, OFT-3, 1-11-15 FEL, S — V02136~ T11-12-75
Anril '75 Use Notesa i i {¥10553)
10 0v102, OFT-4, 7-17-75 EEL] TEPTACED DA—1PES. 28 ~-'y09813 T T 11-12-T5
Arril '75 Use Notes T (¥19553) o
11 ovio2, OF?=5, 7T-17-75 EEL, V03120 11-12-75
April '75 Use lotes (v10553)
12 CAZZ 15 - OVIOY, 6 RrRscemt; 107501 5-6-76  10-20.76 X098l 5616 aooe—— IO —FIETE
Jan *76 OV102 EEL, April '75 X0753k J‘u}lo'r
Use ‘iotes, Trapsient Oubiser—ECISS™ OBSOLETE V19553
—— _____’;
13 ovic2, OFT-1, Jan '16 FFL; e e e X11431 3-26-T6
TTREPMACEDRY_ITEM 29 (%11237)

April '75 Use Notes (Updute—_—‘/————

to Item 7} _ e — "

- ——— e —

REVISED 11-3-76
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TABLE 1 - SHUTTLE ORBITER ECLSS MODELS

Page 2

© - it~ w

MASTER PROGRAM LIBRARY

BIMULATION DATA

SEPS POVER DATA

Iten Oper. Drop Oper. Drop Oper Drop
Ko. Sirulation Model Description Tape No, Date Date Tape No. Date Date Tape No. Date Date
1k ov102, OFT-2, Jan 'T6 EEL, X11238 3.26=T6
Apr '75 Use lotes (Update {x11241)
to Item 9)
15 ov102, OFT-1k, Jar '76 EEL x106853 h=12-T6
Apr '75 Use liotes, (Update (x09863)
to Iter 10)
16 RASA 2h ¥R CASE - 0V103, *05083- 5-13-76 10-20=-76 X12021 5=12-76 (Cara
Winimun fover Return, 4-8-76 %32078- Inputs)
Heat Load Data, Steady
State Orbiter ECLAS
17 RI 24 ¥P CAZE - OV173, Minimm “%65983 5-13-76 10-20-T6 v136T1 12-9-15 8-1-76 (Card
Tover (Cingle htrine) Return, *310638— Inputs)
4-15-T6 lieat Load Lata, Steady
State Orbiter ECLTC
18 FT 7L L B = OVINY, Max X05983 5=13-TC X02L48 5-2L=76
Fee: Losds, 1-1€-70, T Day X12078 - Inputs)
M{-sion, Steady State
Orbiter :CLLS REPLACFD BY ITE®S 2b, 27, 29
19 P1 CAZE § = OVIDS, Mex—teat X05983 5-13-T6
Toeds, 1-15~-T6, Typical X12078 Inputs)
Sortie Day, Steady State
Orbiter ESLLS — REPLACED BY ITEMS 21, 23, 25, 26
——
20 ov102, CFT-1, Jan '7f EFL, X09089 7T-13-76
July 'T€ Use liotes (Upcate (x09110)
to Item 13)
21 CATF 2 - CARIN & FCLSC Cooled ¥3818 1-27-16 10-20-T5 {Card
Faulprent Temp, Study, RI TSD N al x15318(s5) 8-18-76 Inputs)
vaximum €-21-T6 Heat Load
Data, 'lo Chades Cteady State
and Transient Orbiter FCLSS
ety
22 CV103, Sracelab-l, Jan 'T6 TSR $agaT6 X13271 8-heT76
ov102 EFL, July ' 1ce Notes o aaas REPLACED BY ITEM 30 (x11761)
23 CACE 6 ~ Cabin & ECLSS Cooled %213818 1-27-7T6 10-20-T6 (Card
Equip. Temp. Study, RI TSD s 2 cind X15347(ss) B8-18-T6 Inputs)
(vax) f=21-T6 Heat Losd Data, x08533(Tr) 10-21-76
Top Shades, 5SS or Transient
Orbiter ECLSS
24 CASE 4 - Cabin & ECLSS Cocled 21010~ 7_21.16 10-20-T6 (Card
Equip. Temp. Study, R1 PSMP 20N~ x15108(s8) 8-19-T6 In'plnl)

{Max) 6-1-T6 Rev 2 Heat Losd

Data, No Shades, E6 or Trausient
ECL8S

Orbiter
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TABLE 1 = SHUTTLE ORBITER ECLSS MODELS

Page 3

MASTER PROCRAM LIBRARY

SIMULATION DATA

SEPS POWER DATA

Item Oper. Drop Oper. Drop Oper., Drop
No. Simulstion Nodel Description Tape No. Date Date Tape llo. Date Date Tape No. Date Date
25 CA”T 5 o Cabin and ECLSS Cooled 213018 17-27-16 10-20-76 X11750(Ss) 8-21-76 (Cara
Equirnent Temnerature Study, R Input)
gy Tn (liom.) €-21-76 JTC
Vodified lleat Load Data, All
chades, T Men, TS or Tr
Orbiter LCLGS
26 CASE 1 - Cabin & ECLSS Cooled —*%33838- 1-27-16 10-20-76 X0159L(ss) B-2L-76 (Card
Equiprent Temperature Study, e — Ioput)
pI 7D (Hom.) 6-21-T6 J5C
Modi fied lieat Load Data,
All Chaces, & tlen, S5 or Tr
Orbiter HCILTO
217 CASL £t - Cabir &k ECLGS Cooled HFIRTE- 7-27-76 10-20-T6 ¥oaCeT(a8) 9-9-T6 (Card
Tquirrent Terpersture Study, %30T~ (Phases 1-25) Input)
RL ¢*P (tax) 6-1-7G Rev 2 X170L5{Tr) 10-18-T6
{jeat lLoad Data, Top Thades, {Fhases 1-8)
7 Men, €5 or Tr Orbiter FCLSS x17013(Tr) 10~19-T6
(Phases 9-12)
x17032(Tr) 10-19-7T6
(Phases 16+25)
28 CASL 3 - Cabin & ECLST Cooled H*1IRT8- 7-27-76 10-20-T6 x1k0BL(SS) B-30-T6 {Card
Equipment Terperature Study, *3Lo37- Input)
Al KoM (liom,) 6-1-T6 Pev 2
JSC todifind leet Load Dala,
All Chades, 4 Men, GS or Tr
Ortiter :CLTO
29 CAuE T - Cabin & ECLCT Cooled -X338FA— 1-27-16 10-20-T6 x035€01£S) 8-10-T6 (Card
Fquiprent Termmerature Study, —¥+e 37 Input)
R1 FOMP (lom.) 6-1-TG Rev 2
JSC Modified lieat Load Data,
All trades, T Men, SS or Tr
Urbiter ECLSS
30 0V103, SPACELAB 1, x0u9s52(M)  10-5-76 X0L291 (Tr) 10-8-76 X07896 8-4-T6
Jan ;TG Ovi02 EEL, X16607(M) {Phases 1-9) X13271 8-h=T6
July '76 MPAD Use Notes X04668 (Tr) 10-13-76 (x11761)
(Phases 10-12)
X11286(M)  10-15-T6 x019k0 {Tr) 10-15-T6
X16459(M) (Phases 13-19)

REVIEED 13~3-T6
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TABLE 2 - SPECIAL PURPOSE COMPARISON DATA TAPES

Number Colurm 1 Data Column 2 Data
Tape No. Creation Date Mission of Phases Description Description
X0T365 & T-2T7=-T6 Power Statusing 23 RI Baseline PSMP RI PSMP Date -
X12656 Mission Profile Heat Load Data - January 1975
(psMp), 8 April 19Tk
Panel Radiator
X01799 B-19-7T6 PSMP, 8 Panel 25 RI PSMP 6-1-T6
Radiator Rev., 2 Heat Load
Data Modified to
Case 4, Cabin and
ECLSS Cooled Equip-
ment Temperature
Study (Reference 15)
X15316 B8-2L.76 Typical Sortie 11 RI TSD (Max.)
Day (TSD), 6-21-T6 Heat Load
8 Panel Radiator Data Modified to
Case 2 (Reference 15)
X096 32 9-7-76 PSMP, 8 Panel 25 RI PSMP T-1-T6
Radiator Rev 2 Heat load
Data Modified to
Case 8 (Reference 15)
X0T7950 10-21-T6 TSD, 8 Panel 11 RI TSD (Max)

Radiator

6-21-T76 Heat Load
Data Modified to
Case 2 (Reference 15)



