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The work described in this revort was performed by the
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Engineering Division, McDonnell Douglas Astronautics
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contract technical monitor. R. 5. Barker was the project
manager for McDonnell Douglas. R. L. Blakely was respon-
sible for performing the Gl89A computer program configuration
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SUMMARY

This final report documents the work performed during Phase I of contract

NAS9-13404, Generalized Environmental and Life Bupport System Computer Pro-

gram (G189A) Configuration Control. Phase I of the contract covers the
period from 2 April 1973 to 31 October 1973. During this period the

following items of significance were accomplished:

1.

A G189A simulstion of the Shuttle Orbiter EC/LSS was prepared and
used to study payload support capabilities. (The current status
of this simulation is documented in Attachment No. 1 of this reyport.)

Two master program libraries of the Gl89A computer program were pre-
pared for the NASA/JSC computer system. An Exec 8 version of the
program library is available as an operational SECURE file on the
NASA/JSC UNIVAC 1110 computer and an Exec 2 version is available on
magnetic tape for use on the NASA/JSC UNIVAC 1108 computers. Both
program libraries have been checked out and are operaticnal. A
copy of the Exec 8 program library was sent to NASA/MSFC end is
operational on their UNIVAC 1108 computers. A copy of the G189
program library Fortran symbolics was sent to NASA/Ames Research
Center where it is intended to be made operaticnal on their IEM
360/67 computer. '

Several new component subroutines were added to the Gl89A program
library and many existing subroutines were revised to improve their
capabilities. (Addendum No. 1 of this report contains the required
changes to the G189A Program Manual, Reference 1, which document the

component subroutine additions and revisions.)

A number of special analyses were performed in support of a NASA/JSC
Shuttle Orbiter EC/LSS Payload Support Capability Study.



1.0 INTRODUCTION

The G189 Generalized Environmentsl Control and Life Support System Computer
Program was initially conceived and developed by MDAC in 196k. It was
initially delivered to NASA/JSC in 1965 under contract NAS9-4090. Since
this time a number of program revisions and developments have occurred as

a result of work performed in-house and in conjunction with other NASA
contracts. The Crew Systems Division of NASA/JSC has been instrumental in
the development of this program into a valuable EC/LSS simulation tool.

This contract, NAS9-13404 - Generalized Environmental Control and Life
Supoort System Computer Program (G189A) Configuration Control, provides

a method for updating and maintaining the G189A program library and docu-‘
mentation for all program users, The effort also involves (1) providing
instruction and recommendations for the use and application of the pro-
gram, (2) developing new subroutines and logic required for new simulations,
and (3) supporting special analyses required by NASA/JSC. The following
section describes in detail the progress made, during Phase I of the contract,

under the various tasks described in contract NASO-13k0kL,

2.0 REPORT OF PHASE I PROGRESS

The Phase I progress on tasks 1-11 as described in contract NAS9-13k0k is

reported herein.

2,1 Task 1, Formulate Master Programs

Two master program libraries of the G189A computer progrem were prepared for
the NASA/JSC computer system. An Exec 8 version of the program library

was prepared for the NASA/JSC UNIVAC 1110 computer and is maintained as a
SECURE file in permanent storage. An Exec 2 version of the program, suit-
able for use on the NASA/JSC UNIVAC 1108 computers, was prepared and placed
on magnetic tape. The two program libraries are identical except for minor
coding differences required by the Exec 8 or Exec 2 system. These program

libraries are described in more detail in Section 2.2.



A survey of available master program tapes for previously prepared G189
simulators was made. The following table lists those simulators, their
magnetic tape number, the person under whose name the tape is reserved,
the approximate version data, and the operating system under whiéh the tape

was prepared.

TABLE 1 - MASTER PROGRAM TAPES FOR G189 SIMULATORS

Approx.
. Tape Reserved Version Oper.

Bescription Ho. By Date System
Apolle Block II CM ECS
Simulation:

G189 Subroutine Flements Al13459 Dave Cook/LEC 9/69  Exce II

Baesic Case Data - Earth Orbit AQ0643 Dave Cook/LEC 9/69 Exec II
S8P 12 Man Simuletion with
Mol Sieve:

G189 Subroutine Elements ADMILI Bill Ayotte/ T/71  Exec II

Restart Data AO5L41T Boeing T/T1l  Exec II

SSF Water Waste Management
System Simulation:

G189A Subroutine Elements A12961 Bob Blakely/ 11/72 Exee II
MDAC '

Data Tape 408553 Bill Ayotte/ 11/72 Exec II
Boeing

In addition to these master program tapes, two new tapes and one permanent
file were prepsred for the new G189A Shuttle Orbiter EC/LSS Simulation. These

items are described in Section 2.2.

2.2 Task 2, Maintain Library

In addition to the previocusly created G189 simulator master program tapes
listed in Table 1, two new tapes and one permanent file for the GL89A Shuttle
Orbiter EC/LSS simulation were created. A G180A master program library for
the Exec 8 operating system was created as a SECURE file on the NASA/JSC



UNIVAC 1110 computer. A similar library for the Exec 2 operating system,
currently used on the NASA/JSC UNIVAC 1108 computers, was placed on magnetic
tape. A set of basic case data for the Shuttle Orbiter EC/LSS simulation
was also placed on magnetic tape for use on the Exec 2 operating system.

The characteristics of these files are described in Table 2.

TABLE 2 -~ SHUTTLE C189A SIMULATOR MASTER PROGRAM FILES AND TAPES

File Name Qualifier
or Tape No. or Label Description

G189AD EC2-M22636 An Ixec 8 SECURE file of the Gl89A program
library which resides on the UNIVAC 1110
mass storage device, The file is cataloged
for public access and as a read only file.
It contains symbolic and relocatable elements
for all G189A routines including s MAP
collector element called SEGPRG which is used
to provide program segmentation.

AQTOUT UPDAT An Exec 2 tape containing two identical files
of Fortran V source and relocatable elements
of all G189A routines including & MAP element
called SEGPRG which is to provide program
segmentation.

A06583 NTOUT An Exec 2 tape containing the basic case data
for the current G189A Shuttle Orbiter EC/LSS
Simulation.

The two program libraries, GL89AD and AOT9LT, contain the most recent
changes and asdditions made to the G189A program by MDAC-W as of 17 July 1973.
These libraries have also been updated several times at NASA/JSC as required
for the Shuttle Orbiter EC/LSS simulation. The most recent JSC updates were
made on 26 November 1973.

A magnetic tape of the Exec 8§ master program library was made and modified
to run on the NWASA/MSFC UNIVAC 1108 computer system on 3 August 1973. This
tape was sent to Sam Clonts, NASA/MSFC, S&E-ASTN-PLB, Bldg. L666. An
external BCD tape of the Exec 8 master program library Fortran subroutine
symbolics was reguested and sent to Dr. D. E. Cagliostro, NASA/Ames Research



Center on 24 September 1973. Dr. Cagliostro intends to implement the
G189A program on an IBM 360/67 computer at Ames Research Center.

2.3 Task 3, Provide Recommendations

Contact has been maintained between active G18%A program users at NASA/MSFC
and MDAC-W to provide recommendations regarding use of master program
library tapes, program subroutine modifications, and routine peculiarities

or limitations.

2.4 Task 4, Provide Instruction

Contact has been maintained between active GL89A users at NASA/MSFC and
MDAC-W to provide briefings on new options and subroutines being developed

and to aid in debugging program errors.

2.5 Task 5, Provide Program Modifications

Several component subroutine modifications have been made and several new
subroutines have been prepared for use with the Shuttle Orbiter ETC/LSS

simulation. These changes are briefly described below.

ALTCOM - Modified to calculate outlet temperature, &8s an option, if heat

addition is specified.

F21 ~ New subroutine which will calculate the thermal properties (cp, U,
k, p) of Freon 21 for a given temperature or the integrated value over a

range of temperatures.

LICH ~ New subroutine which calculates removal efficiency as a function of
on-line time, carbon dioxide outlet pressure, water vepor generation, and

heat dissipetion.

SPLIT - Modified to calculate overall split ratio, as an option, if either

primary or secondary exit flow is specified.



SSEAD - New subroutine which calculates effective sink temperature given
solar and infra-red heat flux data, computes a fluid to root temperature
drop, and determines the outlet fluid temperature. This is a simplified

model based upon the equations in Reference 2.

In addition to these modifications many changes, not apparent to the user,
have been incorporated intc the new master program libraries which improve
the efficiency and operation of the G1l89A program. Also many new subroutines
and modifications have been incorporated into the program as a result of
inhouse efforts and in conjunction with other NASA contracts. These changes

are documented in Addendum No. 1 of this report.

2.6 Task 6 - Establish System Schematic Configurations on Master Programs

The current G189A Shuttle Orbiter EC/LSS simulation date are maintained on
magnetic tape as described in Section 2.2. The G189A component schematic
representation of the Shuttle Orbiter EC/LSS and a listing of the simu-

lation data are presented in Attachment No. 1 of this report.

2.7 Task T, Support Special Anslyses

A number of special analyses were performed in conjunction with the NASA/JSC
Shuttle Orbiter EC/LSS Payload Support Study. A summary list of these analyses

is provided below.

L. Feasibility of providing separate high and low temperatures radiators

to increase payload support capability, Reference 3.

2. Feasibility of placing a low temperature payload heat exchanger in
parallel with the ARS interchanger in the freon loop. Determination
of minimum cabin air flow and water loop flow requirements and the
tradecffs between flow requirements, heat exchanger size and pumping

povwer, Reference L.

L, Determination of minimum cabin air, water, and freon loop flow require-
ments as a function of mission phase. Parametric snalyses of high and

low temperature payload heat exchanger loop capabilities as a function



of freon flow rate, payload temperature requirements, and heat

exchanger effectiveness, Reference 5.

2.8 Task 8, Maintain Status Reports

Weekly written status reports were prepared up through 1 June 1973 at which

time this requirement was deleted,

briefings and the monthly activity report.

Their function was replaced with oral
A list of interested G1894

program users at key locations was determined and is presented below:

Bob Balinkas

Mail Stop 1A-2-6

Hamilton Standard

Windsor Locks, Connecticut

1.

Buford Besadle
Mail Stop 190
Teledyne~Brown Engr.
Research Park

203/623-8012

06096
205/632-1623

Huntsville, Alabams 35812

Dr., D. E. Caglicstro
KASA/Ames Research Center
Moffett Field, California

Sam Clonts
S&E-ASTN-PLB-Bldg. L666
NASA/MSFC

415/965-6190
9Lk035
205/453-3828

Huntsville, Alabama 35812

John Coggi
A3-253-AJCO-M.S. 13/3
MDAC-West

T1kh/896-3536

Huntington Beach, California 92646

Ben Fulbright

Bldg. 16, Mail Code EZ
KASA/JISC
Houston, Texas TT7058
Jim Jeax

Bldg. T, Mail Code EC2
NASA-JSC .
Houston, Texas 77058

T13/483-625T

713/483-L9h1



8. Orin L. Murrsy . 314/232-6Tk2
Dept. E2L42-Bldg. 106, Level 1, M.S. 68
MDAC-E
Box 516
St. Louis, Mo. 63166

9.  Stu Nicol T1k/896-2310
A3-253-AJCO-M.S, 1kL/2
MDAC=West
Huntington Beach, Celifornia

10. Woodrow Ryvan 205/L453-2350
Computer Scilences
8300 Whitesburg Dr.
Huntsville, Alabama 35812

11. Wylie Ward 205/532-1623
Mail Stop 190
Teledyne - Brown Engr.
Research Park
Huntsville, Alabama 35812

2.9 Task 9, Provide Monthly Activity Report

Monthly activity reports documenting the current status of the Gl89A program
and the work performed during each reporting period were prepared and dis-

tributed to all interested G1l89A program users.

2.10 Task 10, Provide Digital Computer Program Requirements

The G189 master program libraries and Shuttle Orbiter EC/LSS simulation data
are maintained at NASA/JSC, Crew Systems Division, in the form of card decks,
nagnetic tapes, or permanent files (Section 2.2). Program listings are also

maintained at NASA/JSC, Crew Systems Division.

2.1)1 Task 11, Provide Final Report

This document constitutes the final report for Phase I of this contract.

3.0 CONCLUSIONS

The G1B9A program configuration control concept has proven to be very effective
in organizing and controlling the use and modification of the program and

its simulations. Interested users have been determined and cormmunications



‘befﬁeen-these'pérsbnnél-havé been established. This effort has resulted

in the orderly development of the program and provides a central focal
point for determining program inadequacies and errors, providing consultation
and problem solutions, and distributing new updated versions of the program

library.

A G1l89A Shuttle Orbiter EC/LSS simulation has been developed and executed
satisfactorily (Attachment No. 1). The modelling in this simulation is con-
sistent with the current state 6f development for the Orbiter EC/LSS. The
simulation represents the active freon, water, and gas loops. The hesat
exthangers, cabins, and radiators currently use steady state solution
techniques, however, these components.can be easily transformed into trans-
ient models as the detailed component degigns are established. The current
simulation is capable of steady state or transient analysis with respect

to heat load and envirommental flux variations. Transport lag, thermal
capacitance, or pressure drop effécts are not included but will be added as
the information becomes available. This initisl simulation provides a
basic building block model which can be easily developed into an accurate
simulation of the Shuttle Orbiter EC/LSS as the hardware development and

testing proceeds.
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ATTACHMENT NO. 1

G189A SIMULATION OF THE SKUTTLE ORBITER EC/LSS
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Attachment No. 1

1.0 INTRODUCTION

A GLl89A simulation of the Shuttle Orbiter EC/LSS was prepared under phase I
of contract NAS9-13404, Ceneralized Environmental Control and Life Support
System Computer Program {G1894) Configuration Control. This attachment
deseribes the current status of the simulation model and presents some

camputed results obtained from the model.

2.0 SIMULATION MODEL DESCRIPTION

A G1894 simulstion of the Shuttle Orbiter EC/LSS has been developed and
successfully executed. The simulation is being constantly modified to
bring it into agfeement with the current baseline or special study con-
figuration. The model discussed in this attachment was prepared for a

special payload support capability study.

The modelling detail used in this simulation is consistent with the current
state of development for the Shuttle Orbiter EC/LSS. The simulation is
being used to study the effects of varying heat loads, flow rates, heat
exchanger sizes, and system configurations. Therefore, the current model
simuletes only the primary flow stream circuits for the ecabin gas, avionic
bay gas, water, and freon loops. The gsimulation is set up to run steady
state or transient cases, however, steady state solutions are used for all
components. The G189A program allows the option of using steady state
solutions for each piece of equipment modelled. As the EC/LSS development
evolves and the various equipment sizes and weights become well defined
these data can be easily added to the simulation, without program modifi-

cation, such that a true transient solution can be obtained.

A G189A simulation of an EC/LSS is prepared by representing each piece of
equipment or system with a G189A component subroutine that is availeble in
the G189A program library (Reference 1 of the Final Report). The flow

path connections and order of solution are specified as input data to the

Ale



Attaschment No. 1

program. Figures 1-U4 present schematics of the G1B9A components used to
represent'a Shuttle Orbiter EC/LSS configuration used for a payload support
capability study.

Figure 1 presents the G189A component schematic used to simulate the cabin
gas and avionic bays gas loops. Each piece of equipment {heat exchanger,
compartment, fan, duct tee, etc.) is represented by a comnonent and assigned
an arbitrary but unique component number. Each G189A component is allowed
to have two separate flow stream connections: (1) a primary flow stream,
indicated by a "P" on the schematics, and (2) e secondary flow stream,
indicated by an "8" on the schematics. These designations are required

for preparation of the Gl89A simulation model dats.

Figure 2 presents the G189A component schematic used to represent the
Atmospheric Revitslization System (ARS) water loop; Figure 3, the freon

loop exclusive of the radiator system; and Figure b, the rediator system.
Figure 4 contains a G189A component, 113, which does not represent a physical
piece of hardwere. This component subroutine, FI@MET, is used to determine
the integrated average heat rejection rate and outlet temperature provided

by the radiator system during & transient run.

The G189A simulation data required for the Shuttle Orbiter EC/LSS is pre-
sénted as Card Listing No. 1 of this attachment. The first page of this
listing contains case data required for this simulation model which was
prepared to represent a seven man on-orbit simulation with maximum payload
heat input (8.5 kw). The second page begins with a listing of G189A comment
(IDXX) cards for component number 1 which were used to document nertinent
design data for the Shuttle Orbiter EC/LSS and their references. These
cards are followed by the detailed component and table data required for
the G189A simulation. The component data are grouped by component number
which appears in the second column of the card listing data. Table data

are grouped in a similar manner by table number which is arbitrarily assigned

A.3



Attachment No. 1

by the user. The input data cards are annotated so that the user can
easily identify the required input data. (Reference 1 of the Final Report

describes the input data requirements and formats in detail.)

The G189A program allows the user an opportunity to modify his input basiec
case simulation data (Card Listing No. 1) during the system analysis
solution. Two subroutines, GPPLY1 and GPPLY2, provide this capability.

The G189A program proceeds through its system analysis by solving components
in a given order {the solution path) specified by the user. Subroutine
GPPLY1 is called prior to a component's solution and subroutine GP@LY2

is called after a component's solution but before its computed data are
stored. These subroutines allow the user an opportunity to modify and
examine a components' input data prior to its solution and alse an opportu-
nity to modify and examine the computed results before they are stored.
Card Listing No. 2 of the attachment contains the GPPLY]l Fortran statements
used for the Shuttle Orbiter EC/LSS simulation under discussion. Card
Listing No. 3 contains the required GPPLY2 Fortran statements. Comment

cards have been inserted to describe the operations being performed.

The GPPLYl logic is used to set up the component heat loads, to specify the
gas leaksge rate to the avionics bay, and to simulate the operation of the
cabin temperature control valve. The heat load data for each component
are input as table data with heat load being a function of mission phase.
A teble of mission phase versus mission time is also input in the basic
case simulation data (Card Listing No. 1). The first block of GPPLYl
logic determines the current mission phase, If this phase is identical to
the previously determined mission phase then the heat load data do not
require updating and that logic is skipped. As mentioned previously, the
simulation model discussed in this attachment has been modified to perform
a special payloﬁd capability analysis for a seven man crew (3 men in the
payload compartment) on-orbit case with maximum payload heat production
(8.5 kw). Therefore, the heat load logic of GP@LY1l has been modified to

Ak



Attachment No. 1

override the table data heat load values and to store the heat load data
specified for the special payload capability case. An example of this
modification can be observed by examining the second block of GPPLY1 logic
labelled "FIND MAIN CABIN HEAT LOAD". The first Fortran statement in this
logic reads table 1002 to determine the cabin heat load, QCAE. This value
is subsequently modified to the correct value for the special study case,
QCAB=5306. The last statement in the logic bloek storés this value in the
V array reference location number 66 of component number 2. The remaining

heat load calculations are modified in a similar manner.

The GPPLYL logic block following Fortran statement lable number 3, near

the end of the listing, is entered when the current component being solved
is component number 3, N=3. This logic block determines the total outboard
gas leskage rate from the main cabin to the avionics bay which is set to
0.125% 1lb/hr for this case. The next logic block determines the payload
compartment gas flow requirement which is set to L8 cfm. The last block of
logic simulates the c¢abin tempersature con;rol valve operation and determines
the split ratio for component nmumber 86 (Figure 1) regquired to control the
cabin temperature to TSET=70°F. This logic was overridden for this simu-
lation such that all of the gas flow would be directed through the cabin

hesat exchanger and the minimum cabin temperature could be determined.

The GPPLY2 logic (Card Listing No. 3) consists of only one card for this
simulation. When the current component number being sclved is the payload
compartment, N=82, then the gas temperature leaving the payload compartment,
R(2), is set to 75.0°F. This logic was required for the special payload

capability study and is not used normally.

The combination of the basic case simulation data (Card Listing No. 1),
the Fortran subroutine GPPLY1 logic (Card Listing No. 2), and the Fortran
subroutine GPPLYZ logic (Card Listing No. 3) comprises the special payload
capability study simulation model of the Shuttle Orbiter EC/LSS used for
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Attachment No, 1

the seven man, on-orbit, maximum payload heat case. The results of this
case and three others set up for a pavload capability study are discussed

in the following section.

3.0 COMPUTED RESULTS

The seven-man, on~orbit, maximum payload heat simulation model described

in Section 2.0 was run and the computed results are summarized in Figure 5.
Figure 5 contains a schematic drawing of the cabin and avionics bays gas
loops, the ARS water loop (shown as dotted lines), and a portion of the
freon loop. For this simulation the freon inlet temperature to the ARS
interchanger and low temperature payload was set to LO°F as a boundary
condition and the radiatbr system portion of the simulation model was
excluded from the solution path. Figure 1 indicates the heat loads, flows,
and heat exchanger UA's used to compute the fluid temperatures indicated

on the schemetic. The sensible and latent heat generated bty the crew and
the operation of the lithium hydroxide beds were computed by the metabolic
man and lithium hydroxide component subroutines present in the G189A vrogranm
library. The other heat loads, exclusive of the computed heat exchanger
heat transfer rates, were input via component simulation model data or GP@LY
logic. The cabin gas fan flow was set at 317 ¢fm and avionics bay fan flows

were set at 200 cfm each.

The purpose of running the seven man, on-orbit, maximum payload heat case
shown in Figure 1 was to determine if the main cabin temperature could be
controlled to T5°F, to determine the freon supply and return temperatures
for the high and low temnerature payload loops, and to determine any other
temperature critical components for the set of imposed heat loads and flows,
The simulation model predicted a cabin temperature of TL.S5°F with a dew
point of 56.0°F, a low temperature payload coolant supply temperature of
45.3°F with a return temperature of 103.8°F, and a high temperature payload

coolant supply temnerature of 96.0°F with & return temperature of 106.6°F,

A.6



Attachment No. 1

The computed results for three other cases are summarized in a similar
manner on Figures 6, T, and 8. The payload gas flow is set to zero efm

for all of these cases. Figure 6 shows the results of a four man, on-orbit,
no space lad case with the total freon flow set st 2903 1b/hr and a water
loop flow of 600 1b/hr. The cabin air temperature could be lowered to 6§.5°F
if desired and the low temperature payload coolant supply temperature of

41.1°F could be maintained with & return temperature of 88.9°F.

Figure 7 depicts the results of a seven man launch/reentry case with the
total freon flow set to 3301 1b/hr and a water flow of 700 1lb/hr. The
results indicate that the main cabin could be lowered to T71.2°F and the
low temperature pavload coolant supply and return temperatures would be
11.1°F and 82.2°F respectively. These payload coolant temperatures are
different from those in Figure 6 due to the difference in freon flows

through the low tempersture payload heat exchanger.

Figure 8 vresents the results of a case similar to that shown in Figure T
except that there are only four men present in the cabin, These results
indicate that the main cabin temperature could be lowered to 68.1°F if

desired.

L.0 CONCLUSIONS AND RECOMMENDATIONS

The basic case simulation model of the Shuttle Orbiter EC/LSS was developed
and successfully used in a series of payload capability studies during

vhase I of contract NAS9-13h40L, The simulation provides a valuable analytical
tool which can be easily used to study component placement or substitution,
heat load variations and timelines, fluid flow variations, ete. Only the
primary fluid circuits of the Shuttle Orbiter REC/LSS and the steady state
characteristics of the components are currently modelled. As the EC/LSS
development proceeds the simulation should be expanded to represent the
transient characteristics of each component, to incorporate their pressure

drop characteristices, and to incorporate the secondary fluid circuits.
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CARD LISTING NO. 1

DATA DECK FOR G189A SHUTTLE

ORBITER EC/LSS SIMULATION

A.16



INPUT CARD IMAGES LISTED BELOW

TAPE Tour
BASIC | 117 76 YEA NAY
CASE 5189A SHUTTLE ECLSS AwD ATCS SIMULATION 7 MAN ON OgrsITMAX P/L
$SCASE)
KRUl=y,

KCHOUT=], XKPRNTa&, KPTINV{I)=sl, MAXSLP=4, MINSSI=2, KkRUNst, DTIME=304
TIMEMX=3404sy MAXSSI®S, TMAX®250s, TMIN==20+:WTMAXs] .ES,
TIMEMX =3600.0,
DTIME =600
TMIN =2 =200+D»
KPTINV(2) =5
DTIME=235+8, TIMEMX=]0792448,
TIMEMX=6000e, DTIME=!20,,

KRUNED, .
MAXSSI®| 2y MINSSI®Y,
KCHOUT=0,

TMAXY = 250,.,0 %

SPROPY

CP{IImley RHOQUI)®E2e4,y VISCIL1)=2, 482, ¥TM{]1)=18.y XK{})eD,34,
CPI2)=e248, RHOI2)mBgeB, VISCI2)=e822, WTM{21 =102.+9, XK(2)=,0412
CP13)1=0e27s RHO(3)*]) 1460y VISC(I)uS.8Y, WIM{3)=2000,0, Xx{(3)=0,028,

(Pia)eNebby RHO(HI=S]1,8, VISCI4)=i0e2, WTMI4)=000,0, XK(4)=0,066,
CPIS)I=0e72, RHOID)=gBey, VISCI(s)=0.007, WTM{G)=00D0: KK(5)=0e275
CPCONLE=]l oy CPCONVEDe44, ¢PCU2=0e2y C(PDIL=D+25, CPOXYsDe22, cPTc=0.2,
GAMGAS®] 4, VISGAS=0,449, WTMCON=18,, WTMDIL=28,), WTMTC=204,
XKGAS=0D. 1496 %

AT



1Des
[Dee
Ipee
[Des
I1D®e
iDve
10s»
i0ew
IDes
Ipes
IDes
iDes
iDes
inpee
ipe»
[pee
ICes
IDee
HEORE )
H1E]
[D%n
IDee
jDee
lpew
Ipew
[IVEX ]
[nee
IDes
lDe»
Ipwe
iDee
I1Dns
I1Des
Ihwe
IDse
VR
IDes
e
1D*»
1p*e
lpee
Ipes
[DCQ
IDee
Ipe»
jDese
[Dew
ID#*e
iDwe
Ipes
[Des
I1Dee

P e e B Bt P Mkt b g fmm Bt dmmt Gt G B b dme St fem B fmm s TR Bk Bk Gk bk g s RS s e e e M s g g P e e g fenb Gk SR Gmb ek s P B g e

50 FLUID TYpE CODES ~=

51
52
53
5y
55
&9
100 RISD
101
102
133
104
10s
10&
107
108
120
121
122
123
124
12%
126
130
140
150
151
152
153
154
155
1586
140
141
142
163
170
171
172
173
180
181
|82
190
200 |
210 1
211
299
300 RISD
alg
3l
a1z

le

24

kI

S

= WATER
®= FREON 21

s FCedQ

= HYDRAULIC FLUID
® GSE GLYCOL/WATER

LTL I i FURY S aFd

ATMOSPHERIC REVITALIZATION REQUIREMENTS = SRR COnNFo~ 7/23/74
CABIN AIR YEMPS, 4S=-a0 F DB, 39=-6§ ¢ 0LP
As THMAX=?D F DB, &) F DP FOR 4 HMEN AT MAX METABOLIC RATES
AND MAX HEAT LOADS ({EXCEPT FOR REENTRY PHASE)
Be TMAX®BD ¥ DB, &1 F OP FOR 10 MEN AT NOWMINAL METABULIC
RATES AND Max MEAT LOADS (EXCEPT FOR KEENTHY HPHASE!
Cs TMAX®90F DB DURING ENTRY, TOUCHDOWN, AND TU+[5 MIN.
De TEMP SELECTASLE W[THIN + OR « 2 F DURING ORBITAL
PHASES WITH & MEN
CaBIN GAS PRESSURES
As 1407 PSIA +=2 TYOTAL PRESSURE (jd«9 PSIA UURING ALRL)
MAKEUP GaSs 7 LB/DAY FOR STURTURE AND METagOLIC
= 3 LR/DAY FOR AvIUONICS gAY PURGE
Bs OXYGEN PRESSURE = 3,1 Psla ¢=1 (MINIMUM OF 275 P5lA
DURING REPRESSURIZATION)
Ce €02 PRESSURE = pgm?s6 MM HG (5,0 MM HG NOMINAL)
CoLp PLATE EQUIPMENT YEMP = 35120 F
AIR COOLED AVIDNICS Hx GAs TEMP = 1gpo F IN OK 130 F Oyt
PAYLOAD SUFPORT
AsCABIN
1000 BTU/HR FROM PAYLOAD CUNSULE
METABOLIC HEAT AND €02 FOR 4 MEN
BePAYLOAD MODULE
48 CFM NOMINAL AT SO F NOMINAL
MAINTAIN HABITABLE PRESSURE AND GAS COMPUSITION

&2 STRUCTURAL HEAT LOSS/GAIN

Te

e
0.

|

1o

MAX GAIN = 170D BRTU/HR DURJING NUN=QRBIT PHASES
= 5500 BTU/HR DURING ENTRY TO TD + 1% MIN
MAX LOSS ==440D RTU/HR DURING ORpjTAL PHASES
AvIONIZLS BAY
PRESSURE = CABIN P » 04 PSl, .
{® CABIN P + Dsb PSIa DURING FIRE SUPPRESSION OR
AIR LOCK PRESSURIZATION)
L10H CAPABRILITY
10 MEN AT 2,11 LB c02/DAY OR
4 MEN AT 2458 LB cD2/DAY YO MAINTAIN PPCLOZ LIMITS
CaBIN HX GAS SUPPLY = 50 F DB, 50 F D°P
CARIN WALL TEMP +GYs CABIN GAS TEMP FOR ALL PRESSURJZED (cOMP
On=0RBIY STURTURAL HEAT LOSSs sHaALL BE ACCOMODATED FOn BY
A l1eD KW HEATER

AcTIVE THERMAL CONTROL REGUIREMENTS= SHR CUNFG=~ 7/23/73

RADIATORS (12 MODULAR STAGNAYION TYPE PANELS, & UPs 4 DOwN)
QREJECT = 7000475000 BTU/HR FOR ANY ATTITUDE FhOM
lepeon FT 10 ton=270 NAUT]ICAL MILE ORBLTY

A.18



Fipes
1Dee
Ipse
Ipee
[D#*e
Ipes
Do
IDs»
Ipee
1Des
Ipe»
Ipes

lpss-

Ipes»
IDee
IDee
ID*w
[pee
Ipts
1D
[Dtl
IDpes
lD"
]pll
ID*w
Inss»
1De»
'KBAS
NSTR
KARY
KARY
VARY
VARY

]Dt.
IDes
IDe»
ID.I
KBAS
NSTR
VARY
vaRY
VARY
VARY
VaRY
YaRY
VARY
VARY
VARY
VaARY
VARY
VARY
VARY
VARY
VARY
VARY
VaRY
VarRy

320 Ze HEAT SINKS
32l AMMONIA BOILER = 20000 FT T0 TQUCHDOWN + 17 MIN (40+=5F)
322 NONE = ASCENT TO 100000 FT» REENTRY 100000-20000 F1
323 VAPOR CYCLE = FERRY OPERATIONS: 40000 BTU/HR {42 +=3F)
aip 3, PAYLOAD HEAT LOAD = 21500 BYU/HR MAX
340 4o Hx UA VaLyES
34l 7398 FREON=-WATER INTERCHANGER
a4z 1027 FUEL CELL HX (TYPE As 2LOOPS OPERATING)
343 1508 FUEL CELL HX {TYPE B, 2LOOPS OPERATING)
44 1644 GSE HX
345 §63 HYDRAULIC HX (1 LOOP OFPERATING)
a4e 1429 PAYLOAD HX
350 &, FREON PUMP==CENTRIFUGAL, EFFICIENCY= 0291
36Q 6 HYDRAULICS HEATING = p»i15000 ATU/AR (saTa4D F HYDRAULILIC FL)
370 7+ SUBLIMATOR OPERATION
371 ASCENT T0 100000 FT, ON«ORBJT LOORS CLOSED» AND UyRING
arz RENTRY FRQM DOOR CLOSURE TO 100Q0O FT
380 8. INTERCHANGER |DAD = 40000 BTU/HR AT 40 F FREON SuPPLY
a9
400 WSD=FREO: COOLANT LOOP PROPOSAL §a29=73
410 le 0,75 IN OD AL TUBES, 0.028 IN Wall
420 2. FREON PUMP DELTA P = 41 PSI1 AT 2200 LB/HR
430 3¢ HX'S ARE STAINLESS STELL WITH NICKEL FINS EXCEPT FOR TYFE A
43} FUEL CELL HX WHICH IS ALUMINUM
997
998
999 SHUTTLE ¢REW METABOLIC SIMULATION
0 3 80 2 2 2
00 SOLVE FOR TYP CREwMAN AND MULTIPLY BY TOTAL NO
16 q 4 CREWMEN
17 990 AyGs MAN, 500 BTU/HR METABOLIC RATE, CLO=x=.99
71 25.:0 AVGe CABIN GAS VELOCITY (FT/MINI PRR
72 100 MAX HEAT STORAGE/MAN (BTUY) PRR
0 SHUTTLE MAIN CABIN
] WALL TEMpERATURES«GT, CABIN GAS TEMPERATURE RUD/SRR
2 LT, 113 DEG F CREW ACESS[BLE RDD/ SRR
3 oLT, 120 DEG F CREW NON=ACESSIBLE
1] | 1 2 43 2
0021000010 2 RESETSCARRY EMTRAINED WATER
2 7245 CABIN TEMP (F) ROD/ SRR
3 147 4 caBIN PRESSURE {(PSIa} ApD/ SRR
& Fed H20 VAPOR FLOW (LB/HR)
10 2720 OXYGEN FLOW (LB/HR)
11 B875.8 N1TROGEN FLOW [LB/HR)
12 944 c02 FLOW (Lp/HR)
b6 CABIN HEAT LOAD = Calkc IN GPOLY
BT 72+5 CABIN GAS DESIGN TEMP (F)} {4 MEN) RUD/ SRR
B8 7.5 CABIN 6AS DESJIGN TEMP TOL (F) 14 MEN ) ROD/ SRR
90 14.7 DESIGN TOTaL PRESSURE (PS1al RUD/ SRR
#1 De2 DESIGN TOTAL PRESSURE ToL (PSIA) RUD/ SRR
92 3al DESIGN ODXYGEN PRESSURE (PS]A) RUD/SRH
93 Dol DESIGN OXYGEN PRESSURE TOL (PSla) RDD/ SRR
96 S0.0 . DESIGN DEwW POINT (F) RLD/ SRR
97 11.0 DESIGN DEW POINT TOL (F) RUD/ SRR
99 Tab . MaAX ALLOWABLE C02 PRESSURE (MM hal RLD/SRR
181 25D, MaX ALLOWABLE TRACE CONTAMINANY LEVEL (PPM)
122 D25

TOTAL OUTBOARND LEAKAGE (LB/HR). & LB/DAY RUD/SKR
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tvary
VARY
VARY
VARY

jDws
KBAS
NSTR
VARY

IDee
KBAS
NSTR
VARY

Ips»
KBAS
NSTR
VARY

]D‘.,

KBAS
NSTR
VARY
VaRY

1De»
KBAS
NSTR
VARY

{Desw
KBAS
NSTR
VARY

Iowe
KBAS
NSTR
VARY
VARY
VARY

INDea
KBAS

ID*»
KBAS
NSTR
VARY

1Dee
KBAS

j1D#ew
KBAS
NSTR
VARY

NN NN

W W W

o

24
24

2y

24

P N 5

127
128
129
134

0

Q

0a
20

4]

(Y]

cC
65

o

g

Q0
6%

G

Q

ol
Te
91

0

0

0G
65

G

G

4]n}
65

0

g

0l
&b
67
&8

0
o

2

a

oz
46

a
0
0
0

po
2

Mol ADDITION RATE {LB/HR)
CONDs VAPOR ADODITION RATE (Lu/HR)
COND ENTRAINED LIQUID ADDITION RATE {(LB/AKH)

2

2

2

24

FE

Da2 SPECIFIC HEAT OF N=C aDpED {(BTU/LB=F)
SPLIT = MAIN CABIN LEAKAGE TO AVIONICS 8AYS
10 2 2 2 4
2 SPECIFY R{20) IN GPOLY = CALC R{é&5)
MAX LEAKAGE To AV BAYS 1=3 (Le/HHR)= 3 La/DaY RUG/SRKE
SPLIYT «{(aVIONICS BAY NO. 1| Ga5 SUPPLY)
10 -3 2 2 b
INPUT UNIVERSAL SPLIT RATIU
cbbbbbbbab SPLIT RATIO0 To AVIONICS BAYS 2 AND 3
SPLIT =(AVIONICS BAY NOSs 2 AND 3 GAS SUPPLIES)
10 -4 2 2 83
' INPUT UNIVERSAL SPLIT RaATIO
+5 SPLIT RAYIO To AVIONIC BAY 3
MAIN CABIN FANS (3}
23 By 2 13
INPUT HEAT ADDITION DUE TO FAN + (FH
31740 FAN VOLUMETRIC FLOW (CFM)
43643 FAN HEAT ADDITION (WATTS)
SPLIT = (L]10H BEDS BYPASS)
10 B 2 2 15
- INPUT UNIV SPLIT RaATIO
Ne792 LI1OK BEDS BYPASS GAS FLOW RaT10
SPLIT = (LIOW BED INTERNAL BYPASS)
18 13 2 2 17
INPUT UNIV SPLIT RATIU
0.0 SPLIT RATIOD = LIOH | BYPASS
L1oH BEDS
63 15 2 19
1 REMOVE ALL TRACE CONTAMINANTS = Sy SOLUT[ON
D55 €02 REMOVAL EFFICIENCY CONSTANT = (]
0.0 €02 REMOVAL EFFICIENCY CONSTANT = C2
B7SeD HEAT OF REACTJON FOR €02 (BTU/LE CO2Y
GASMIX = (LJOH BED INTERNAL BYPASS)
6 17 2 15 85
MAIN CABIN CONDENSING HX
4 Be 2 =58 p 1 23
gpoootoc - t COUNTERFLOW,REMOVE ALL COND H20, 55 MODEL
j062 OVERALL UA (BTU/HR~F)
GASMIX ~ {CABIN TEMP CONTROL VALVE BYPASS)
b 22 2 Bé 80
AVIONICS BAaY | = AJR COOLED AVIONICS COMPARTMENT
1 20 29 2 -4 3z
21100010 2 RESETS, CARRY ENTRAINED WATER
85,0 AVIONICS BAY 1 = TEMP (F)

A.20



W ary

VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VaRY
VARY
VARY
VARY

[Des
Kgas
NSTR
VARY
VARY

KBAS
NSTR
VARY

FIDI-
KBAS
NSTR
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VARY
VaRY
VaARY
VARY
VARY
VARY
VARY
VARY
VARY

IDpee
KBaAS
NSTR
VARY
VARY

IDes
KBAS

24
24
24
2y
24
24
24
24
24
24
24
24
24
e
24
24
24

26
2%
26
24
26

29
29
29

3o
ap
k]s]
3o
30
30
g
3o
3o
30
30
aQ
30
ip
3o
an
X1y
30
an
30
3o

az
32
32
32
32

g
s

I 14.3 4 AVIONICS BAY | = PRES (pPSIA) RUUL/SRK
& 745 AVIONICS BaY | =~ COND VAPOR (LB/HR) PR
10 749.7 AVIONICS BAY | = 02 FLOw (Le/HR) PRR
Il 749.7 AVIONICS BaAY | = N2 FLOw (LB/HR] PRR
12 10.0 AVIONICS BaY | = €02 FLOW (LBg/HR) PRR

b HEAT LOAD (BTU/HR) = CALC IN GPOLY

B7 A5,0 AVIONICS BaY | = DESIGN GAS TEMP (F)

88 45,0 AVIONICS BaY 1 NESIGN Ga% TEMP TUL (F,

0 1443 AVIONICS BaY DESIGN TOTaL PRESS tPSIaA)

F1 14,23 AVIONICS BaY | - DESIGMN TOTAL PRESS 10L,(PS1a)

92 3.0 AVIONICS BAY | - DESIGN 02 FRESS {PSlAl

93 3.0 AVIONICS BAY | = DESIGN 02 PRESS (TUL (PSIa)

96 5040 AVIONICS BAY | - DESIGN DE#® PQINT YEMP (F)

97 1140 AVIONTICS BAY | =~ DESIGMN GEW POINT TEMP TUL (F)

?Y T4 AVIONICS BAY | = MAX 02 PRES (MM HG)

161 250.0 AVIONICS BAY | = MaX TRACE CUNT LEVEL (PPM)

122 0.DY147 AVIONICS BAY 1 = LEAKAGE (LB/HR) = | LBsUAY ROU/SRR
0O AVIONICS Bay | = FANS (2)
o 23 24 2 ' 29 24
01 INPUT HEAT ADDITION GUE TO FAN ¢+ (FM

74 200.0 FAN VOLUMETRIC FLOW {(CFM)

F1 1210 FaM HEAT aADDITION {(#ATTS) Fr
A 26 2 ~5C © 1 24 24
geooeonion COUNTERFLOW, S5 MOODEL

b6 373.0 OVERALL UA (RTU/HR=F) FE
0 AVIONICS BaY 2 = AIR COOLED AVIONICS COMPARTMENT
0 1 20 352 -5 3B in
gazii1an01o0 2 RESETS, CARRY ENTRAINED WATEK
2 85.0 AVIONICS BAY 2 = TEMP (F)

3 14,3 4 AVIONICS BAY 2 = PRES (PSITAL RODZSKR
6 7.5 AVEIONICS BAY 2 = COND VAPOR (Lo/HR) PRK

10 749.7 AVIONICS BAY 2 = 02 FLOW (Lu/HR) PRR

11 74947 AVIONICS BAY 2 = N2 FLOW (LB/HR) PRR

12 10,0 AVION|CS BAY 2 = €02 FLOW (LB/HR) PRR

b4 HEAT LOAD (RTU/HR) = CALC In GgPOLY

B7 85,0 AVIONICS BAY 2 = DESIGN GAS TEMP (F)

B8 45,0 AVIONICS na¥Y 2 = DESIGMN GaAS TEMP TUL (F)

70 1442 AVIONICS gAY 2 - DESIGN TOTaL PRESS {PSILA)

1 149,23 AVIONECS BgaY 2 ~ DESIGN TOTAL PRESS TOLLIPSIA)

92 3.0 AVIONICS BAY 2 = DESIGN 02 PRESS (PS4}

¥3 3.0 AVIONICS paY 2 = DESIGN 02 PRESS (TOL (PS1a)

76 50,0 AVIONICS gaY 2 = DESIGN DEW POINT TEMP (f)

F7 110 AyIONICS RAY 3 - DESIGN UEx POINT TEMP TUL (F)

79 746 AVIONICS BAY 2 = MAX €07 PRES (MM HG)

101 250.0 AVIONICS BAY 2 =~ MAX TRACE CONT LEVEL (PPM)

122 D.0H167 AVIONICS BAY 2 = LEAKAGE (LB/HR) = | LB/7UAY RUD/SKR
0 AVIONICS BaY 2 = FANS (2)
0 23 g 2 35 3o
(11 INPUT HEAT ADDITION DUE TQ FAN + CFM

74 200.0 FAN VOLUMETRIC FLOW (CfM)

91 12140 FAN HEAT ADDITION {(#ATTS) FE
O AVIONICS BAY 2 ~ GAS/LIG HX
o 3?2 2 -51 p 1 30 30
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2 5

2 RESETSs CARRY ENTRAINED WATEK
AVIONICS BAY 3 = TEMP (F)
AVIONICS BAY = PRES Lpsla)
AVIONICS BaAY ~ COND VAPOR (LB/HR)
AVIONICS BaY -~ 02 FLOW (Lp/HR}
AVIONICS BaY = NZ FLOw (La/nR)
AVIONICS BAY 3 = (02 FLOA (LB/HR)
HEAT LOAD (BTU/HR)} « CALC LN GPOLY
AVIONICS mAY DESIGN GAS TEMP (F)
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AVIONICS BaY =~ DESIGN TOTa L PRESS {PS
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AVIONICS Bay - MAX C02 PRES (MM ha)
AVIONICS Bay - MAX TRACE CONT LEVEL
AVIONICS 8ay LEAKAGE {LB/HKR) - |

b Lt Ll Lt

Lad
]

tF)

) W ol e W
|

(PFM)
LB/uaY

 w
]

- FANS
2

21

TNPUT HEAT ADDEITION QUE TO FAN + (FH
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FAN HEAT ADDITION (WATTS)

l
INPUT HEAT LOAD
HEAT LOAD {(BTU/HR) =~ CALC IN GPOULY

BAy 3 CIRCUIT

1
INPUT HEAT LOAD
{BTU/HR) = CALC InN GPOLY
- GAS/LJG HX

2 -52 0 }

COUNTERFLOW, SS MpDEL

{BTU/HR=F}

¥ 1 AND
|
SPLIT RATIO To

IMU BaYy 2 CIRCUIT)

IMU BAY | CIRCUIT

s t2)
1
INPUT HEAT ADDITION DUE TU PUMP
PUMP VOLUMETRIC FLO& (CFM}
PUMP HEAT ADDITION (WATTS)

66 173.0
B SPLIT = (IMVU Ba
0 10 -4 g

&5 .5
0 WATER LOOQP PUMP
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8BS AHL17
0 My = BAy 2 CIRCUIT
0 49 42
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02 INFUT HEAT LOAD

65 HEAT LOAD {BTyY/HR} = CALC IN GPOLY

0 {Mu = BAy 1 CIRCUIT

0 49 -H2 | 46
02 INPUT HEAT LOAD

&5 HEAT LOAD (BTy/#MR) ~ CALC IN GPOLY

G LIGMIX = (MU BAY | AND I1MU BAY 2 CIRCUITS)
o 7 4y | -45 4y

0 SIDE HATCH PANELS

0 49 -29 1 23
02 INPUT HEAT LOAD
65 HEAT LOAD |BTU/HR) = CALC IN GPOLY

0 SPLIT = (IMU BAY 3 CIRCULIT)

g 1in ' 43 1 1 40
(v ]1] INPUT UNIV SPLIT RaTIO
65 b6bL6L664T7 SPLIT RATIO = FLOW TO COLDPLATES AV¥=}, Ay=2

D SPLIT = (AVIONICS COLDPLATES AV~=] AND av=2;

g0 46 1 1 50
]1] INPUT UNIV SPLIT RAT]O
65 L% SPLIT RATIO To AVIONIC BAY | COLUPLATES
0 AVIONICS BAY | COLDPLATES, Av~]
o 8 =49 1 51
00 NGO YEMP TEST FOR FALILURES
S &Ce0 ELEC TEMP (F}
b4 ELEC HEAT BISP = CALC IN GPOLY {WATTS)
67 1+0 £é CP ELEC ~ CP CONTACT ¢OND (BTU/ZHR=F)
0 AVIONICS BAY 2 COLDPLATES, Av=2
g 8 49 i 26
go NO TEMP TEST FOR FAJLURES
5] 4040 ELEC TEMP (F)
b6 ELEC HEAT DISp = CALC IN GPOLY {WATTSY
47 1.0 b CP ELEC = ¢P cONTACT COND (BTU/HR=F)
O AVIONICS BAY 3 COLDPLATES, Ay=3
0 8 40 1 42
e MO TEMP TEST FOR FAJLURES
51 &60.0 ELEC TEMP (F)
b4 ELEC HEAT DISP = calC IN GPOLY (RpaTTS)
47 1.0 Eé CP ELEC = ¢P CONTACTY CcOND (uTU/HR=F)
D LIGMIX = AYION]C BAY HXS 14, 2, AND 3
o 7 47 1 -39 S5
O LIQMIX = AVIONIC BAY HXS 2 AND 3
o 7 =35 1 91 39
O WATER/FREON INTERCHANGER KX
0 M 53 1 , =76 2 61
0200020100 COUNTERFLOW, LIG=LIwy $S MUDEL
56 594740 OVERALL UA (BTU/HR=F}
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O NATER SUALIMATOR |
0 49 74 )
0c PASS TEMP AND FLOW

0O WATER SUsLIMATOR 2
C 49 56 2
Qo PASS TEMP AND FLOw

0O POTABLE #ATER CHILLER

0 49 .9 |

00 PASS TEMP AND FLOw

| 600.0 H20 FLOW (LB/HR)

2 45,0 TEMP (F)

3 80.0 4 PRESSURE (PS1a)}

0O LOW TEMP PAYLOAD HX

0 4 60 2 726 2
pondn2cloo CNTRFLOW, LIG=-L[Q, 55 MODEL
1 1280, FREON FLOW (LR/HR)

Z 45.0 TEMP (F)

3 90.0 4 PRESS (PSIa)
67 0e922 HXx EFFECTIVENESS

0 LOW TEMp P/L HEAT LOAD SIMULATOR

0 49 59 2

0z INPUT WEAT LOAD IN GPOLY
65 HEAT LOAD (BTy/HR) « INPUT I[N GPOULY
O LIQUID CoOLED GARMENT HX

0 49 55 1

0 FREGON 21 PUMPS (21

0 22 =78 2

cooo2 INPUT PyMP HEAT ApDIT)ION
BY 745,.2 PUMP HEAT ADDITION (WATTS)

D FUEL CELL HX

0 4 hé 3 -%2 2
gz2o0020100 CNTRFLOW, LIG~LIQ, S5 MODEL

l 14741,.,0 FC=40 FLOW (LR/HR}

2 130.0 TEMP (F)

3 70.0 4 PRESS {(PSIa}
&6 1486, OVERALL Ua (gTU/HR=F)

0 FUEL CELL WASTE HEAT SIMULATOR

0 49 45 3

02 INPUT HEAT L0OaD
65 FUEL CELL WASTE HEAT {BTU/HR) = CALC

g sPLIT - GSE HX BYPASS CONTROL VALVE

Q10 =45 2 2
0Q INPLUT UNIVY SPLIT RATIO
45 0.0 SPLIT RATIO = ALL FLOW TO GSE HX

0 HYDRAULICS HX

D 4 az 2 -5 "
0200020100 CNTRFLOw, LIQ=LIQ, SS MODEL
20 0.0 FLOW (LB/HR)
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21 20.0 TEMP (F) HSD/PRO
22 %00, 23 PRESS (PS]1,)
&4 200. OVERALL Usg (gTu/HR=~F})

O HYDRAULIC HX NOs | COOLING LOAD SIMULATOR &

o 49 -68 q 68
02 INPUT HEAT LOAD
&5 HYD HX NO, 1} HEAT LOAD (BTU/HR) = CALC |w GPOLTY
0O HYDRAULICS HX 2

2 4 &8 2 -71 q 72
0200020100 CNTRFLOwW, LIG=LIN, S5 MOLEL

l a.0 FLO# (LB/HR) 0FCL
2 n,B TEMP (F) OFCL
3 900.0 4 PRES (PSIA} ROD/ SRR
66 200, OVERALL UA (BaTU/HR«F)

0 HYDRAULIc WX NOs 2 COOLING LOAD STHULATOR

0 49 -70 Yy 76
02 INPUT HEAT LOAD
65 HYD HX NOs 2 HEAT LOAD (BTU/HR) = CaALC Jn GPOULY
0O HEAT SINk

0 49 70 2 73
GO PASS FLOW AND TEMp

0 HEAT SINg 2

0 49 72 2 90
co ‘ PASS FLOW AND TEMP

D LIQMIX = FROM GSE HX AND GSE HX BYPASS

o 7 B9 2 &7 54

D OXYGEN RESTRICTOR

0 49 57 2 76
00 PASS FLOW AND TEMp

O SPLIT ~ FREON FLOW TD ARS /¢ AND LOW TEMP P/L MK

0 10 7% 2 2 , 3
ool SPECIFY PR] OUTFLOW = CALC SPL}T RATIO

1 2400.0 ARS 1/C FLOW {(LB/HR)

2 4040 TEMP (Fy)

3 24040 4 PRESS {(PS1IA)
20 1280C.0 LOW TEMP P/L WX FLOW (Lp/HR)
21 40.0 TEMPR (F)
22 260.0 23 PRESS (PS5ia)

O LIQMIX - FREON FLOW FROM ARS 1/C AND LOW TEMP P/L HX

c 7 =55 2 1) _ 79

0 HWIGH TEMe P/L HX

0 4 79 2 -77 2 &2
a000020100 CNTRFLOW, LIGQ=LI@, S5 MODEL

1 3680, FREON FLOW (LB/HR)

2 75.0 TEMP (F)

3 90.0 4 PRESS (PS]a)
67 Dek25 HX EFFECTIVENESS
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0 HIGH YEMp P/L HEAT LOAD SIMULATOR

0 4% 78 2 78
g2 INPUT HEAT LOAD
45 HEAT LOAD (BTy/HR) = INPUT IN GPOLY

O SPLIT = (SEC FLOW TO PAYLOAD, PRI FLOW TO MAIN CABIN}

c 10 23 2 2 Bl 2
o2 SPECIFY SEC FLOW
20 PAYLOAD GAS FiLOw = INPUT IN GPOLY FRUM TABLE 1080

0 PAYLOAD (cREW METABOLIC SIMULATION

0 3 =80 2 42 B2
16 3 3 CREWMEN
17 950 A¥Gs MAN, 500 BTU/HR METABOLIC RATE, CLO=+99
71 25.0 AVGs CARIN GASs VELOCITY (FT/MIN)
72 300, MAX HEAT STORAGE/MAN (Byy)
C PAYLOAD CcOMPARTMENT SIMULATION
o 1 Bl 2 | 82
0G2!1po00010 2 RESETS, CARRY FNTRAINED WATER :
2 72.5 PAYLOAD CARIN TEMP (F)
3 19,7 4 PAYLOAD CABIN PRESSURE (PS4l
& 1.8 H20 VAPOR FLOW (LB/HR)
10 8148 OXYGEN FLOW (LB/HR)
Il té&eB NITROGEN FLOW (LB/HR)
12 1.8 €02 FLOw (LB/HR)}
bé& CABIN HEAT LOAD = CalL¢ [N GPOLY
B7 72.5 CABIN GAS DESIGN TEMP (F)
BB 7.5 CABIN GAS RESIGN TEMP TOL (F)
90 4.7 DESIGN TOTaAL PRESSURE (PSIA)
91 Qo2 DESIGN TOTaAL PRESSURE ToL (PSiaA)
92 3.1 DESIGN OXYGEN PRESSURE (PSial
?3 Qa1 DESIGM OXYGEN PRESSURE TUL (PSIA)
F6 50,0 DESIGN DEW POINT (F)
97 11,40 DESIGN DEW POINT TOL (F)
99 Teb MaX ALLOWARLE €02 PRESSURE (MM HG)
101 250, MaX ALLOWABLE TRACE CONTAMINANT LEVEL (PPHM)
122 TOTAL OUTBOARD LEAKAGE {(LB/HR)
127 N=C ADDITION RATE (LB/HR)
128 CONDe VAPOR ADDITION RATE (LB/HK)
129 COND ENTRAINED LIGQUID ADOITION RATE (LB/HR)
134 Ma2 SPECIFIC HEAT OF N=C aADDED (BTU/LE=F1
C GASMIX = (PAYLOAD AND MAIN CABIN GAS RETURNS)
0 & 3 2 =-§2 2 8y 2
O ALTCOM = (SIMULATE HEAT LOAD ADDITIONS TO CABIN HX RETUKRN GASI
D 4% 83 2 8 2
02 INPUT HEAT LOAD IN GPULY
65 MISC RETURN GAS HEAT INPUT IN GPOLY FROM TABLELOBN

O GASMIX = {LIOH BEDS BYPASS)

D 6 19 2 13 Bé 4
B SPLIT = (CABIN TEMPERATURE CONTROL vaALVE)

c 10 85 2 2 42 2
0G CALC UNIY SPLIT RaTlO
65 SPLIT RATIO = CALC [N GPOLY TD COUNTRUL CABIN TeMP
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D SPLIT - (VAPOR CYCLE BYPASS vALVE)
0 10 &7 2 2 848
oo INPUT UKIV SPLIT RATIO
65 D0 SPLIT RATIO ~ NOU FLOW To VAPOR CYCLE FERRY KIT
0 VAPDR CYCLE FERRY KIT
0 49 -87 2 by
0 LIQMIX = (GSE HX AND VAPOR CyYyCLE RETURNS}
1] 7 %D 2 -aB 74
0 GSE WX
0o 4 99 2 -3 5 89
pZpoo20l0o0 CNTRFLOw, LIQeLIQ, S5 MODEL
b 2107 OVERALL UA (BTU/HR=F}
0 GSE MX CoOLANT SUPPLY CONDIT]ONS
0 49 5
i 3375, FLOW {LB/HR)
2 40.0 TEMP (F)
3 580.0 4 PRESS (PSIa}
O SPLIT = RADIATOR BYPASS CONTROL VALVE
o 10 73 Z ¥ 10}
65 0.0 SPLIT RATIO « ALL FLOW TO KAODIATOR
0 LIQMIX = FROM RADIATOR AND RADIATOR 8YPASS
g 7 il 2 98 90
1 14800 FREON FLOW (LB/HR)
2 40.0 TEMP (F)
3 26040 4 PRESSURE (PSIa)
0 SPLIT TO SIDE ! AND SIDE 2 PANELS
0 10 T8 2 2 102
45 Db sPL]T RATIO
0 SPLIT TO FORE AND AFT TOP PANELS OF SIDE 1
g 10 101 2 é 103
45 D45 SsPLIT RATIO
0D SIRDE t FARE TOP RADIATOR PANELS
0 &2 102 Z 104
01y 1 USE STEADY STATE SOLUTION
& in3 SOLAR HEAT FLUX TABLE Ngp.
17 104 1R HEAT FLUX TABLE NO,
b6 + 25 SOLAR ABSORPTIVITY
67 .92 1R EMMISSIVITY
68 +924% OVERALL FIN RADIATOR EFFECTIVENESD {NU PRIME TUBE)
69 1.0 SCRIPT F
70 24944 RADIATING ARER (FT2) {NG PRIME TUBRE)
71 1455,5 Up AT S50 LB/HR {BTU/HR»F)
72 550 FLOW AT CALCULATED Ua, R(71) {LB/HK}
73 D.8 Usg FLOW PROPORTIONALITY EXPONENT
74 0.00001 TAU CONVERGENCE CRITERION
7% 0,01 FLUID QUTLET TEMP CONVERGENCE CRITERION (F)
87 16leéd RADIATOR + TUgpE MaSS Ly
838 p.22 RADIATOR + TUupE SPECIFlC HEAT, aLéDsl=Ts (Blu/ba=F)
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SOLAR ABSORPTVITY

USE STEADY STATE SOLUTJON
SOLAR HEAT FLyX TABLE Ng.
IR HEAT FLUX TABLE NO,

IR EMMISSIVITY

OVERALL FIN RADIATOR FFFECTIVENESS

SCRIPT F
RADIATING AREA (FT2)

Ua AT

FLOW AT CALCULATED Ua,

550 LB/HR

(BTU/HR-F}
R{71)

105

§NO PRIME TUBE)

(NO PRIME TUBE)

ILB7HK)

Ua FLOW PROPORTIONALITY EXPONENT
TAU CONVERGENCE CRITERION

FLUID OUTLET TEMP CONVERGENCEL CRITERION
RADIATOR + TuUpE MaSS
RaDITATOR + TURE SPECIFI(

1

SOLAR ABSORPTIVITY

CaVITY RADIATOR PANELS

fue)

=103

HEAT.

ALoGal=Tg

FORE AND AFT TOP RADJATOR PANELS

USE STEADY STATE SQOLUTIUN
SOLAR HEAT FLyX TABLE Np,.
IR HEAT FLUX TABLE NO,

IR EMMISSIVITY

OVERALL FIN RaADIATOR EFFECTIVENESS

SCRIPY F
RADIATING AREA

Un AT

FLOW AT CalLCULATED Ua,

550 LB/HR

{FT2)

{BTU/HR=F)
RI71}

LF}

tpTu/Lpg=F)

l10é

{NU FRIME TUBE)

(NO PRIME TuBE)

{LB/HR)

Ua FLOW PROPORTIONALITY EXPOUNENT
TAU CONVERGENCE CRITERION

FLUID OUTLETY TEMP CONVERGENCE CRITERIQON
RADIATOR ¢ TURE MaS$S
RADIATOR + TURE SPECIFI¢ HEAT, aAL&Gei=Ty

L)

SPLIT TO FQRE AND AFT TOP PANELS OF Slpe 2

10D
Ne5

SPLIT RATIN

SIDE 2 FpRE TOP RADIATOR PANELS

42
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103
In4
«25
72
« 9234
10
249 ¢ 4
J655.+5
S50,
Oe8
0.00001

SOLAR ABSORPTIVITY

USE STFADY STATE SOLUTION
SALAR HEAT FLUX TABLE Np.
IR HEAT FLUX TABLE NO,

IR EMMISSIVITY

OVERALL FIN RAOIATOR EFFECTIVENESS

SCRIPYT F
RADIATING AREA (FT2)

Ua AT

FLOW¥ AT CALCULATED Ua,

560 LB/HR

IBTU/HR=F)
RL71)

(F}

{(BTU/LB=F)

{NO PRIME TuBE)

{NO PRIME TUBE)

(LB/HR)

Ua FLOW PROPORTIONALITY EXPONENT
TAU CONVERGENCE CRITERION
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VaRY:

VARY
VARY

IDes»
KBAS
NSTR
KARY
KARY
VARY
VARY
VARY
VARY
VARY
VAaRY
VARY
VARY
VARY
VARY
VaARY
VARY

[ovs
KBAS

IDes
KBAS
NSTR
KARY
KARY
VARY
VARY
VARY
VARY
VARY
VARY
YARY
VARY
VARY
VARY
VARY
VARY

1De»
K8AS

[O*e
KBAS
NSTR

TABL
TIiTL
VaLu
vaLu

TABL
TITL
VAkU

108
108
108

109
109
109
19
109
109
109
109
109
10%
109
169
109
1C?
10%
109
109

110
1o

b1
11y

—
—
—

S g Mt S e R s PER P e s s et S
— e e b mme bt mme bt e e b b e wee
— g Bt A R e s e e S s s et M

112
112

113

1ty

i3

(Y]

N N

75 0.0l FLUID OUTLET TEMP CONVERGENCE CRITERION (F)
B7 15146 RADIATOR + TUBE MaSS tLu)
B De22 RADIATOR « TURE SPECIFlc HEaAT, aldbbl=Ts (tpTu/sip=F)
D SIDE 2 AFT ToP RADIATOR PANELS
0 &2 -107 2
D11l 1 USE STEADY STATE SOLUTION
Ia In3 SOLAR HEAT FLUX TABLE NQ.
17 o4 IR HEAT FLUX TABLE NO,
b6 +28 SOLAR ABSORPTIVITY
67 .92 iR EMMISSIVITY
é8 ,9134 OVERALL FIN RADIATOR EFFECTIVENESS (NU FRIME TUBE)
49 1.0 SCRIPT F
70 24944 RADIATING AREA (FT2) (NO PRIME TUBE)
71 3145%5.5 Up AT 550 LB/HR  (BTU/HR~F)
72 550, FLO¥ AT CALCULATED UA, R(71) (LB/HK)
73 a8 Ua FLOW PROPORTIONALITY EXPONENT
74 n,00001 TAU CONVERGENCE CRITERION
74 .01 FLUID OUTLET TEWP CONVERGENCE CRITERION (F)
B7 151eb RADIATOR + TURE MaSS fLe)
88 Ne22 RADIATOR » TURE SPECIFIgr HEAT, aL&Q0s1-Tg (BTU/LB=F1
0 LIGMIX FreOM SIDE 2 FORE AND AFT TOP RApDIATOK PANELS
g 7 108 2 -109
O SIPDE 2 €aViTY RADIATOR PaANELS
0 &2 tns 2 112
0Ll ] USE STEADY STATE SQLUT]ON
| & 11 SOLAR HEATY FLUX TABLE NQ.
|7 112 IR HEAT FLUX TABLE NO,
&6 45 SOLAR AHSORPTIVITY
67 92 IR EMMISSIVITY
OB ,9H4Y OVERALL FIN RADIATOR EFFECTIVENESS (NO PRIME TUBE)
69 1.0 SCRIPT F
70 175412 RADIATING AREA (FT2} {ND PrRIME TUBE)
71 16655.5 Ua AT 560 LB/HR (BTU/HR=F)
72 550 FLOW AT CALCULATED Ua, R{71) {LBfHR}
73 D.8 Ua FLOW PROPORTIONALITY EXPONENT
74 n,00001 TAU CONVERGENCE CRITERIQON
7% D.01 FLUID OUTLET TEMP CONVERGENCE CRITERION (F)
B7 15144 RADIATOR + YURE HMaSS {La}
B8 N.22 RADIATOR + TURE SPECIFlg HKEAT, aALbOe6l=Ta (gTU/LE=F]
D LIGHMIX FxOM SIDE t AND SIDE 2 RADIATOR PaANELS
() 7 106 FJ =111 113
0 CALCULATE TIME AVERAGED ODUTLEYT TEMPERATURE
0 29 L 112 2 101
00 [ METER MAIN FLOW ONLY
10 2 5 LIN STP
20RADIATOR RETURN FLOW [LB/HR) VS HRS
10021 Oa0 be2RA 12576 18eBaY 254182
11020 2200 240N 2800. Az0g0. 3800,
! 2 19 © LN STP
2O0RADIATOR RETURN TEMPERATURE (F) VSe HES
{0021 D0 leS72 Jel 4y 4,716 &=»288 7840
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VALU
vaLu
VALU
VALU
VALY
vaLu
vaLu

TaBL
TITL
VALU
vaLU
vaLu
VvaLu
VALU
VALU

TABL
TITL
valLu
VALLU
vaLu
VaLu
VaLuy
VaLy
yALU
VALV
vaLu
VALU

TABL
TITL
VALY
YALU
VALU
VALY
vaLu
VALU

TABL
TITL
vaLu
VALY
VALU
VALY
vaLu
VALU
valLu
VAaLu
vaLu
VALY

TABL
TITL
VALY
VAL U
VALY
vaiLu

MR N N MNN

t02
1023
103
103
103
103
103

104
104
104
104
104
104
104
104
104
104
104
L04

186
108
104
104
106
104
106
10s

107
1e7
107
107
a7z
107
107
1a7
107
1Q7
107
107

w4t e e
P gmn mmm wemt g At
A e

11020 125 150, 175 200, 125« 15C.

12021 %F+432 11+00H4 12.576 l4e 148 15720 17292
13020 175, 200 100. 125, 150 175,

14021 18.844 2pe43b 22008 23+580 2590152 26724
15020 100 125, 150, 175. 100 125

1602] 2B.29¢&

17020 150,

10 2 18 LIN LIN

20SOLAR FLUX, BETA®78 DEG, SOLAR ORJENTED, TUpP PHNLS, BTU/rk=FTZ V35 HRS
10021 0.0 «0b655 w1 3) 11965 w262 w3275
11020 452.87 452,79 452453 451,96 45103 49623
12021 .393 14585 524 1.040 TRREL) 1e179
13020 446483 444,01 443,0 443 .0 44401 446,85
19021 1424%5 1.31 137585 1441 1+5065 1¢572
15020 449.29 451403 451496 462,523 4h2e79 4 2.87

iD 2 25 LIN LIN

201R FLUX, wEYA=78 DEG, SOLAR ORIENTED, YOP PANELS, BTUsHr= FT2 ¥5 HRS
10021 0.0 +NbS5 213) SR T 2262 s 3275 :
11D2D (He2 14438 49 18472 1679 14¢03
12021 2392 »45R5 «524 5895 055 v 720%
13020 19.36 21en7? 22464 24003 25.0% 25476
14021 «78& +8515 P17 »9825% 1+«040 lell35
15020 25¢%9 25474 25:09 24.03 2266 21«07
16021 1179 1,245% 1e31 123755 led4] SELLE
17020 19,36 18,03 16,79 15672 L4497 149,38
18021 1.572

19020 1H.2

10 2 16 LIN LIN

20S0LAR FLUXx, BETA®78, SOLAR ORIJENTEOD, SIDE | caV., BTU/HR=FT2 Vva HRS
10021 B0 20655 131 » 1965 2262 «3275
11020 +39 -1 + 68 a7 leld 109
12021 +39%93 e 4585 fellas 1179 le 2485 131
13020 W41 CeD 0.0 el 1«09 lealéb
14021 143755 o841 145045 16572
15020 .87 a8 51 «39

i0 2 25 LIN LIN

201R FLUXy RETA®78, SOLAR ORIENTED, SIDE 1 CAVITY, BbTU/HR=FTZ V5 HRS
10021 Ds0 + 0655 131 » 1965 0262 « 3275
11020 2.48 2.89 403 S.65 94 14924
12021 +3%3 24585 0G24 e5B95 s 455 « 7200
13020 | %36 250 Il 3754 42+2¢8 45.54
14021 +786 +8515 «917 +9825 1+040 lellds
15020 467H 45454 YZ2e26 37+546 Jls¥ 250

16021 1179 12455 fe¢3] }«3755 ledd) 15065
17020 19436 14+5 Fed B.b65 4¢D3 2«89

1BD2! 1572

1702D 2448

10 2 18 LIN LIN

20SOLAR FLUX, BETA=®78, SOLAR ORTENTED, SIDE 2 CAVITYy BTU/HR=FTZ VSHR
10021 Q0«0 20455 w131 1 T85 «2b2 «3275
{1102D 2243 2081 16¢7R 1127 5443 2e49

12021 «3%) s 4585 1411235 1+179 le2455 1e3]

13020 41 0.0 Q.0 it 2¢49 S5¢%23
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VALU |
VALU !

TABL
TITL
VALU
VaLy
VALU
VALU
VALU
vaLu
VALY
VaLu
vaLu
VALU

TaBLIGOO
TITLI00O
vaLyloog
VALLI00O
VALUIQOD
vaLuytiooo
VALULOO0O
vaLulooo
vaLulobo
vALULIDOEO

TABL1DOZ
TiTulooge
vaLutooz
VALUIDDB2
vaLuioc2
vaLuigoez

TABLID24
TITLIO2Y
vaLulo24
VALUIDZ2Y
VALUIOZ24
VALULDZ2Y
VALUIDZ24
VALUIO24

TaBL1O50
TiTL1Q050
VALULO50
vALULOSND
VALUL1050
VaLuibso
VALULIODSD
VaLU10%0
VALULIDSD
VALUIDSO

TABL1GG6O
T1TL1060
YaLUIG&D
VALUID&D

14021 14375% IFRLE 1450465 1572
15020 (1427 14478 20«81 223
10 2 25 LIN LIN .
20IR FLUX» wETAx7B8, SOLAR ORIENTED: SIDE 2 CAVITY, BYTU/HK=FTZ2 [2-%
100 G+0 anhts 0131 +1%65 268 03275
110 SbeSH 55.0% S0e54 43026 35.55 2748 -
120 « 393 09585  + 524 «5895g abbb 7205
130 1736 13.04 be77? .08 Iselb o i 9
140 e 7886 28515 + 917 +9B25 1040 1ol 3%
150 ' 15 2 | 9 feld .68 &e?77 13«04
160 1¢379 142455 ledi 13755 lef4] 1e506b
170 1936 27 48 35453 43024 5056 She0%
180 14572
190 5654
10 2 2% LIN STP
20MISSTON PHASE VS: MISSION TIME (SECH FOR SOKTIE MISSION Za
11021 =600 0.0 5E9é. {459, 2203, 69161,
12020 1«0 2.0 3.0 4,0 50 &e0
13021 83232+ 89p75. 4200 166200 176350, 184200,
14020 740 8.0 2.0 in0s0 lieG 1240
19021 270400. 3s7pdo. 443400 529800 537000+ 59h22%.
16020 13.0 140 1540 160 17.0 180
17p21 5978233, 5594645, 599841, &0N00O0 001204 600900
18020 19+0 20.0 21«0 22.p 23.0 2440
10 2 11 LIN sSTP
Z0CABIN HEAT LOAD (=METAROLIC) vS,y MISSION PH, (SORTIE 2A) (BTU/HR)
Jlo21 L0 3.0 5¢0 6,0 g¢0 9«0
12020 3938 2688 5162, 2438, 2585, 8112
13021 10.0 11+0 12+0 180 21.0
19020 2585 2438 S112,. 393, 6238,
10 2 17 LIN STP
20AVIONIC BAYS AIR LOAD VSe MISSION FH (SORTIE 2A) {1BTUZHR)
11321 1.0 3,0 40 S.0 &0 9«0
12020 11818, 11741 7499, 5159. 7749, 8050
1302t 1040 11s0 120 140 170 180
1402D 8219« T749. 52%h, 53%7. 64071, 139154
15021 1%.0 200 210 22+0 23.0
14020 13133, 143238, 14276 12536« 4937,
Ig 2 20 LIN STP
20AVIONIC Ba¥YS CP LOAD vS, MISSION PH [SORTIE 2a) (BTuU/sHg;
1102 1.0 2.0 3.0 4,0 5+0 400
12020 11083, 2903 B35}, L6748, Sa31. 408
13021 7.0 B+0 Fel} 10«0 1140 120
14020 7638, 710% 6174, 649 6597 SH3be
15021 té.0 170 1840 L9en 200 21«0
16020 S4D&s 57123, aur?. 780, 10)148« 106210,
17021 22.0 2340
18020 9768, 7084,
10 2 3 LIN STP
Z0LOow TEMP, PAYLOAD HX LOAD VS, MISSION PH (SORTIE 24) (s TU/HR)
11021 1.0 120 {18.0
12020 5200 21500, 5200,
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TABLIObS
TITLID&A
VALUIDAA
VALUIDSS
VALUIObS
VaLUL106s

TABLID69
TiTL1069
vaiLuloa®
VALULDS9

TABLIOTS
TITLIO?S
VALUIDTS
VALUI0O7S

TABLLIO79
TITLIO79
vaLulo79
VALUIOD??

TABL1OBOD
TITLLOBO
VALU108D
YALU108D

TABL1OB2
TITLIOBZ
vaLuloB2
vaLuylogez

TABLI1OBY
TITLIOBY
vaLul0By
valLuin8s
vakulngy
vaALUlOSHY
VALUIDBY
VALUIDSBY

TABLISSS
TITLLGGS
VALUISS S
VALUISSS
VALL 1564
VALY 1564

TABL2DAS
TITL2Dé6
VALU206S
VALUZBSS
VALUZD6S
VALU206b4
VALUZ0&S
VALU2064
vaLUu2pbé
VALU20D64

ENDC

10 "3 k| 4 LIN LiN LIN

2C0FUEL CELL =A= WASTE HEAT (BTU/HR) VSe NOs CELLS VSe ELEC OQUTPUT {KW)
11031 3.2 10«0 12+0 14,0

12030 1.0 5000 20800« 254900, 30060,

13p3p 2.0 5000 18200 22600, 27000

1403 340 5000+ 17200 21000, 25400

10 2 5 LIN STP

2O0HYDRAULIC LOOP HEAT LOSS (BTW/HR) VSe MISS{ON PH {(S0KTIE 2a)
16021 1en 5.0 &40 12+0 18.0
12020 DB =-15000C. DeD «15000. DeO

10 2 2 LIN STP

2002 RESTRI¢cTOR HEAT LOSS (BTU/KR) VS, MISSION FPH ISORTTE za)
11021 1.0 230

12020 0.0 0.0

10 2 2 LN STP

Z0HRIGH TEMP PAYLOAD HX HEAT LOAD (BTU/HR) VS, MISSIUN PH (SORTILE 2ZA)
11D21 1.0 23.0

12020 Qs0 D«0

10 2 3 LIN STFP

20PAYLOAD GaS FLOW (CFM) V5, MIGSION PH (S50RTIE 2A)

11821 L0 1240 180

12020 0«0 480 0.0

18 2 2 LIN STP

20PAYLOAD AIR LOAD VS5« MISSION PH FOR 4gCFM  (SORTIE 2A) {BTU/HRD
1i021 10 23.0

12020 0.0 0.0

10 2 18 LN STP

ZOHX IN LOAGS (=LIO0OH QS, QL! vSe MISSION PH (SURTIE 2a) (BTU/HR)
11021 a0 3.0 4,0 5.0 6.0 740
12020 46473, 6384 S842, 3434, 4995, 49278
13021 8.0 ?¢0 10.0 11+0 12+0 13.0
14020 57564 LERY Y 5024%. 53493, 1293, 3170
15021 160 {70 1B+0 190 200 23D
14020 3293 3251 5934, 6514, 6524, 1284,

10 3 3 4 LIN LIN LIN

20FUEL CELL =~B= WASTE HEAT (BTU/HR) VSe NOs CELLS ¥Se ELEC OUTFUT (Kg)
11031} 5.0 10«0 i2+0 14.0

12030 140 11000, 24600 334900, 40400

13030 2.0 11000 23400 29000 34300

14030 340 11000, 22200 27200, 32000«

10 2 23 LIN STP

20FUEL CELL QUTPUT REG'D VSe MISSION PH (SORTIE Z2A) (Ki¥)

11021 1.0 2,0 3.0 4,0 5S¢0 beD
12520 17486 15+86 1190 11e42 7429 Bels
13021 7+0 8.0 2.0 InsQ 1140 120
"1402D B8.87 Fekt3 Fe75 9450 Fe2H 8425
15021 13«0 l4.0 150 l&e 1740 18e0
16020 8«18 8465 Bebb 920 2+40 fle9b
17021 19.0 2040 210 220 23.0
1802D 13490 16403 t4eln 1525 10.06
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SUBROUTINE sPOLY!

CUMMON  /COHP/ DSEISH N NAL NB] NC NCABNCFLINEXT NEXVIRK,

1 NKEX,NKS,NKT ,NLFL,NP ,NPASS ,NPF NPFT (&) NU NS NSF I NSFT (&},

2 NSTRULIB)yNSUBRWNV ,NVT Y{]12)

COMMON /RAKRAY/ IMAXR,R(1)

COMMON  /ECLSTL/ KCHOUT KPRNT KPTINV(H) kwlT, kWIT] Kwi¥2,

i K#lT3 , KWITY ,NUFF

COMMON  /KAwnDVZ K

COMMON  /MISC/ DTIME JGRAV KFLSYS KOUTPT  KPDRUP ,KSYPAS ,KTKaNS,

1 LPSUMIS) ,MAXCT ,MAXLP yMAXSLP ,MAXSS] 4NCOMPS,NENDT ,NLAST NPASPL,
Z MINSSI POMINGPLMIN ST ART ySTEADY s TIME,, TIMEHX , THAK TN NTHLX
commoN sCASE/ NCASEZNRSCS

comMonNn  /FZ1P/ CPF,RHOF  VISCF ., WwTMF,XKF

COMMON /PRAPTY/ CPOJCPLlge) ,CPCONL,CPCONY, CPCO24CPDILCPOAY CPT(C,
1 OGAMGAS,RHODRHQI99) ) VISCOLVISCI99) 4 VISGAS ) ATHO,wTHIF ) ynIMCON,
2 WTHMOIL yWTMTCXKOXK(99) ,XKGAS , XKLIQ,VISLIG

COMMON  /SOURCE/ ALLI9),BLI9Y,CPA, CPB.lAl‘l&l;NAoNu.NP¥S|NPFsT(6).
1 NSFS,NSFST(g} ,RHOARHDB,VISCA , VISCHB WNTMa ,aThy ,XKA, XKD

CUMMON /P04 ;s POWER

COMMAON ZVLOC/ TP IS, IC, 1R, IV,IVT IEX,INEXK

COMMON /SHUTLE/ PH

LOGICAL POngR

DIMENSION Vil),K(1])

EQUIVALENCE (V4K)

LoGlCatL STy ADY

DETERM{NE MIS5]ON PHASE
PHasYALUE{(IDRO,TIME WO«Q} + 0.00001
[F{PHJEQaOQLPHI} GO TO 999
OLPHePH
FIND MAIN CARBIN HEAT LOAD tpOES NOT INCLUpDE METApOLLCQ)
QCARSVALUE( ) DDZ2,PH,0s0) .
WCAR=GANG .
CALL SVIRCAR,2,6466)
FIND AvIONICS BAY AIR HEAT LOADS {DOPES NOT INCLUYUDE Fawn)
QAV‘VALUEllQZq|PH|On0' = 93B,0
GAVIZRAV/3sD
QAvzsgavl
RAVI=QAY]
GAVIS]B] 2w
FAVZEL 1B
QAVI=Z2080.
CALL SVIQAV1I y24,686)
CALL SVIQAV2,30,64)
CALL SVIQAV3sdé,06)
FIND AyIONICS BAY COLDPLATE HEAT LOADS {CONVERT T walTs
QAVCP=VALUE{10504+PH, 0.0;/3.q13
QRAVEPI=QAVCHP /340
QAVCPZ2=QAVCRI
QavCcP3I=QAVCPRI
QAVCPI=812s 734413
QAVCP2=873e /3.41)
QAVCP3I=2071./34413
CALL SVIGAVCPL+50,68)
CALL SVIRAVCPZ,51,66)
CALL SVIQAVCP3,52,68)
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FIND LOW TEMP PaAYLOAD HEAT LOAD
WLTPLEVALUE({1060,PH,0e0)
WLTPL=18880,0
CALL SVIQLTRL,60445)

FIND FuUEL CELL ELEC OUTPUT REGD,
FCKWIVALUEfzﬂéﬁnPHnovﬂl

PETERMINE NO, oF FUEL CELLS OPERATINgG
NFCoIFIXIFCRW/7415) +]
XFCxFLOATINEC) + 00001

OETERMINE FUEL CELL WASTE WFEAT

= TYPE & =~
WFCUHaVALUE (1066 4XFCFCKW)
QFCWH:HI]SG.
CALL SVI(QFCaMH, 64,451}

FIND HyDRAULIC LOOP HEAT LOSS
@HYD!-VALUE:lobq.PH.D-Dl
HHYD1=0D,0
CALL SVIQHY 1 ,69,45)
QHYD2=C .0
CALL SVIQHY]N2,71,465)

FIND 02 RESTRICTOR HEAT LOSS
QUZR=VALUE( D75,PH,00)
QUZR=N,0
CALL SVIQO2r,75,65)

FIND H|GH TEMP PAYLOAD HX WEAT LOAD
QHTPL=VALUL (IC79,PH,0.0)
GHTPL=10120.0
CALL SVIQHTRL ,79,45)

FIND HEAT LOAD FQOR PAYLOAD AlR FROM MAIN CABIN
QPLAIRSVALUE(1082,PH,0.0}
QPLAIR=D.D
CALL SYI(QPLAIR,82,864)

FIND MaAIN CARBIN HEAT LOADS TO RE ADDED BEFOHRE HX INLET

INCLUDFS CABIN COLDPLATE LOADS

{DOES NOT INCLUDE LIOH OR FAN LOADS)

QHKIN-VALUE:IOBQ.PH.D-O] 1489,
GHXIN=21435,
CALL SV(QHXIN,BY,45)

FIND [IMU LOAD FOR EACH WATER LOOGP ClIRCylT
QIMUS228%.
QIMUI=QRTIMU/ 340
QIMU2eQIMU]
QIvyI=QIMY]
CALL SVIQIM;] ,45,45)
CALL SVIQIMyZ2,44,45)
CALL SVIQIMUI, 40,45}

99 CONTINUE
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[ala

3ns
80

80%0
Bé

8450

IF(NeNELD) Go YO 3pS

SPECIFy TOTAL LEAKAGE RATE TO AVIONICS bBaYS 1=3 a5 R{20)

MAXx LEAKAGE = 3 LB/DAY = D,125 LB/HR PER ROU/SRH
R{20)=0+12%
CONTINUE
IF{Ns+NE«+BD) GO TO ROSD
FIND PAYLOAD GAS FLOW FROM MaIN Capln
PLCFM=VALUE { 1DBA.+PH,0.0)
PLCFMa48,.0
R(Z2N)ePLCFHeRHOA®60.0
CONTINUE
IF({NsNE=2B&) GO Y0 B&RO
FIND SpL1YT RATIO FOR CABIN TEMP CONTROL vaALVE
IF(KSYPAS.EQe) GO TO 8650
TCAR®YV (2 1Y)
TSET=E?0.0
IF(ARSITCAB=TCABOY«LE«OW1) GO TO0 B&SO

CALL ESTIMIR{A5),TCAB,TSET R&50,TCABD,TSETO,1+0ITERI NSTR(1))

Rias)=l.0
CONTINUE

RETURN
END

A-BS
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SUSBROUTINE ¢POLYZ

COMMON JCOMP/ DSCIG) ¢yNyNAL,NB] NCyNCAB,NCFL NEXT4NEXV ,NK,
] NKEXy NKS NKT NLFL,NP NPASS NPF NPFTL&) sNW NS,NSF,NSFT(8),
2 NSTRUIB) sNSUBRZNV,NYT, Y(LI2)

COMMON  /RARRAY/ IWMAXR,R{1)

COMMON  /KAnDV/ K

CUMMON /MISC/ OTIME,GRAV ,KFLSYS,KOUTPTyKPDRUP ,KSYPAS,KTRANS,

1 LPSUM(S)sHAXCT +MAXLP , MAXSLP ,MAXSST  NCOMPS NEWDT ,NLAST NPASPD,
2 MINSSI ,PGMIN,PLMIN,START ,STEADY TIMESTIMEMA  THMaX , THIN NTHX
COMMON /CASE /s NCASENRSCS

COMMON /PROPTY/ CPOJCP(99),CPEONL,CPCONV,CPCO24+CPRILCPOXKY, CPTC,
] GAMGAS,RHOO,RHO(99) VISCO,VISC(IT) ) VISGAS ,WTHMD,nTHIFT ) hTMCON,
2 WNTMDIL WTMTC,XKOJXKL99) , XKGAS, XKLIQ,VISLIGQ

COMMON  /SOURCEZ  A(19),8419),CPA,CPB,Ial, Il ,naANByNPFSINPFSTISL,
I NSFS.NSFST(5) RHOA+RHOB,VISCA,VISCRB ,WTMa ,WwTME , XKa,XKp

CUMMON /POW,; POWER '

LoGICAL POWER

DIMENSION V({1),K{1}

EQUIVALENCE (V,K!}

LOGICAL STEADY

IF{NSEQ@+B2) R{2)1=75.0

RETURN

END
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