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FPOREWORD

This final report gives the results of a study which developed new parametric
analytical tools and a computer program for describing and characterizing
life support systems and tradeoffs of subsystems from & mission analysic
standpoint, The scaling laws and characteristics doveloped for each of the
life support systems components, subsystems, or functional methods were
confirmed with equipment data obtained from the latest literature and through
a4 vendor survey. This work was performed by the Advance Biotechnology

and Power Department of the McDonnell Douglas Astronautics Company -
Western Division, Santa Monica, California under Contract No, NAS2-LkLk3 '
for the Mission Analysis Division of NASA, Office of Advanced Research

and Technology, Moffett Field, California. Work was initiated in July 1967
and continued to August 1968 under the direation of Robert S. Barker,

Project Manager, McDonnell Douglas Astronautics Company and

Joseph L. Anderson, Technical Monitor for the Mission Analysis Division,

NASA,

L)

The final report consists of four volumes published in the following breake

"Report No.
. Volume I: . Suzmary o  DAC-56T12
Volume II: Parametric Kelations and - © DAC=56T13 |
Scaling Laws ‘ - ‘
Volume III:  Computational Procedures =~ . DAC=56T1k | Q

Volume IV: Program’ Manual ‘ | DAC=56T15
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1.0 INTRODUCTION AND SUMMARY

This volume describes for a user or programmer the Fortran Computer program
developed as a part of the Parametric Study of Life Support Systems., This
program is designated H738 and was written for use on sn IBM TO94 computer.

The program was developed to determine the characteristics of life support
systems for manned spacecraft in conjunction with mission analysis studies or
for trade-of'f studies of various life support system functional methods. The
characteristics which can be determined, include equipment weights, volumes,
required power, cooling, and heating to satisfy design voint conditions. Weight
and volume of expendable meterials are based on mission durations or resupply

periods, as annlicable, and accumulated material weights and volumes are based

on mission durations. Characteristics of emergency equipment and materials are
i computed for specified emergency period durations, Spares are determined for
| portions of life support systems involved in thermal and atmosphere control,
waste management, and water suoply. Vehicle interaction output data include
required power, cooling, and heating, meteoroid and radiation‘shielding character-
istics, and required surface area for space ra&iatore.

Mission analysis input data include crew size, flight date, vehicle flight profile,
mission duration, resupply period, and cabin volumes. Life support systeﬁ input
‘data include specifications of the type of equipment to be used in accomplishing

; system functions and basic equipment characteristics such as process efficiency

' and required coolant characterisitcs, These data permit life suvport systems

, with ecological closure varying from "open", with no recovery of waste materials,

: to "closed" with full, or nearly full, human re=-utilization of waste meterials

# to be determined. Parametric data relating equipment characteristics to apyropriate

| independent variables are specified. These data comprise the bulk of the data

which are required in specifying individual life support systems,

PRGN

The difficulties associated with collecting and handling the large amounts of

date required for problem solutions have been partially relieved through preparation

of three complete assemblies of data for life support systems with closures of’

"open", "partially closed", and "closed",. ?he systems so specified by these sets ]
of data are referred to as "baseline" systems. These "baselines" then characterize =
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1ife support systems through only an alphanumeric input word., Required modifie
cations or perturbations to the "basline" systems are accomplished through <i>
additional input data.

Section 2.0 of this volune contains detailed information required in preparing

T LD R,

input data for the program and in making computer program deck set-ups. Section
3.0 contains information ccncerning the programmed logic. This section should
facilitate any future program modifications and additions,

e . 2T

Volume I of this report is the summary document, Volume II contains information
concerning programmed mission and vehicle criteria and associated input data;
and programmed life support system criteria, mass and energy balances, chemical

reactions, and associated parametric input data., Using the program will generally
require extensive use of Velumes II and IV, Volume III describes the developed'
program, summarizes the capabilities and limitations of the program, and preseats
representative input and output data., Plotted sample problem results along with
purtinent sensitivity evaluations from. the plotted results are also presented in
Volume III. It is intended that Volume III will be useful in giving an insight
into the scope of the program prior to any attempts to use the progran. | i '
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2,0 USER'S INSTRUCTIONS
2.1 Gencral Information

The HT38 invut data are classified in two vays - data cases and data groups. The
data cases are the "Baseline Cese" and the "Change Case'", A Baseline Case is a
set of reference data nominally contained on punch cards but usually used from a
master magnetic tape termed the "Baseline Tape," Data groups ore Mission Analysis
Data (MAD) Level 1 and Level 2, Life Support System = Trade«Off Data (LSS~TOD) and:
| Table Data. A Change Case is a set of data entered as cards which reference a

' varticular Baseline Case and must contain the MAD-Level 1 group and may contain
portions of the other groups as desired to override the corresponding Baseline
Case data, It is this combination of Baseline Case reference data and the updating
Change Case data which actually comprise a case to be run,

2.1.1 Baseline Case Data

Initially, Baseline Cases (any number) must be entered as cards. These.cases are

| edited and placed on a master tape termed the "Baseline Tape", At the conclusion

o of the run, the Baseline Tape is saved for future usage, These Baseline Cases may

i‘ be run, but they usually Bérve as a reference or base case to which perturbations
may be made by Change Cas» data, It is commonly this combined set of Baseline-
Change data which is run, As a set of reference data, a Baseline Case must completely
define the nature of a Life Support System. For this reason & Baseline Case must
contain all of the MAD-Level 2 group and such portions of the LSS-TOD and Table Data
groups as may be necessary. As the MAD-Level 1 group describes the LSS require=
ments, e.g.} crev size and mission, rather than define the LSS type, it is not

4 , .
. included in the Baseline Case, ' :

f 2.1.2 Change Case Data

Kech Change Case is run on the computer in conjunction with one of the Baseline
Canes on the Baseline Tape. 'Ah the Baseline Cases do not contain the MAD=Level 1
group, each Change Case must have the two cards of this group included. This
group alsp contains the reference or "name" of the Change Case's assoclated
Bagseline Case, The combination of the Baseline Case and the MAD-Level 1 group

of the Change Case completely specify the particular cese to be run, hence, no

2.1
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further dava is required of thé Change Case, However, in general it will be X
degired to modify or make perturbations on the Baseline Case, In these instances, C:)
the Change Case will also contain such MAD=Level 2, LSS-TOD and Table Data cards

as sufficient to perform these changes. To make a particular change in the

MAD=Level 2 or LSS=TOD groups from the Baseline Case, only the card containing the

new value of the data item to be changed nced bve included in the Chenge Ca: .

. However, when it is desired to make a change in a particular table of the Table

f Data groun in the Baseline Case, all cards for that particular table change must

' ; appear in the Change Case,

2,1L.3 Data Card Format

Three Fortran formats are used for tche input lata; they are:

: 2, Integer (I); example 830"
‘ ;
3. TFloating point (B); example "k, 42"

Alphunumeric Data

E Alphanumeric fields are used throughout the input data as flags to indicate the <:>
User's choice of a set of alternatives, For instance, to obtain engineering
Atmosphere Control Subsystem (ACS) print-out, the User would enter "YES*" in ‘he
appropriate place on the ACSLSSOl data card,

Integer Data

- Integer fields are used in all groups of data and are always two or four card

columns in width. All integer data must be "right justified.," For example, to
enter the values of:

-103 : .
1 ,

1001

-2l




i
i
’«‘
i

The input data sheet would appear as follows:

i
f 1 cc (card column)

| { t3(s4  (s7048  Gui ['f/,\r
_AIAQL_-? Leveeondh ;/ /.AO:AQA, .—A_Z_‘,_ P

’ Floating Point Data

Floating point data are entered throughout the input data, These dnta renresant

the actual numerical values upon which the calculations are based. The field
widths are 10 or 15 card columns wide (Fortran formats E10,0 and EL5.0, respectively).
The data may be most simply entered by writing the values as they appear elsewvhere,

For example, the values:

t

103.06
-20795 . )
0,0035

j =10035,0

would appear on the input data sheet as:

cc _ ,
(. (#1405 429 {430 Vi A {59
/03.06 \-2.725  looo3s -/0035.0 3

Notice that "right" or "left Justification" is unnecessary, althcugh "left justie
fication" is most convenient, Other forms of floating point input are possible, |
The user should refer to IBM File No, 7090-25, Form C28-6190-2, page 19. ‘
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2.2 Innut Data Groups

The input data are classified into three groups, they are:
1. Mission Analysis Data (MAD)

. Level 1

. vel 2
2, Life Support System = Trads Off Data (LSS=TOD)
3. Table Date

. Scaling Laws

. Parametric Relations

The MAD‘group contalns the input quantities which "size" the LSS such as crew
size and mission parameters, This group also includes all data which pertain

to the vehicle such as vehicle diameter and cabin volumes, The LSS-~TND groups
consist of the input data which specify the nature; of the LSS subsystems.

For example, data of this type sperify the type of ' oxygen recovery to he used,

if any, and the particular method of water recovery to be used if water is to be
recovered, The Table Data group contains the relationships for the LSS equipment
output characteristics such as weight, volume or electrical power required, These

relationshipé have the output characteristic as the dependent varisble and appropriate
mass flows or the subsystem parameters as independent variables., Analytical relation-
ships are entered into the program as Scaling Laws while graphical rélationahipa are
entered as Parametric Relations.

2.2,1 Misgsion Analvsis Nata

The two MAD subgroups consist of;

. Level 1
The Level 1 data are the fundamental mission and system parameters
which determine the outpuﬁ characteristics of the LSS under consideration.
These data do not appesr in 8 Baseline Case; however, they must appear
in entirety in each Changg Case, Theaeedata are contained on two cards

reproduced in Figure 2-1,

2.4
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Level 2

These data contain secondary mission and system parameters along with
vehicle specifications and other quantities not associated with any

of the subsystems, These data should appear in a Baseline Case in
entirety. For the Change Cases, only the cards containing the particular

items to be changed need appear; however, each card should be completely

filled as any blanks will be entered and may destroy corresponding

Baseline Data. These data are defined and the loadsheets are shown in

Figures 2«2,
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M1

2,2.,2 Life Support System = Trade-Off Data

The Trade-0ff Data consists of input items which specify the nature of the L§S of
interest, and selects the functional methods used and thc operation of the equipe
ment components. For convenience, these data are split into sub-groups according
to subsysten., These data should appear in the Baseline Cases in eriirety, For
the Change Case, only the cards containing the particular items to be changed
need appear; however, these cards should have all items entered, including those
which are not changed, These data are defined and the loadsheets are shown for

each subsystem in the following figures, The following is an index for figures
2=3 tn 2-8: '

L]

Subsystem Figure Pages
Crew and Crew Support 2«3 2,18
Waste Management 2=l | 2,22
Food Supply 2=5 2.33
Water Supply , Z-é 2.35
Atmosphere Control 2=T 2,41
Thermal Control 2-8 2,50

]

NOTE: All LSS equipment which exchanges heat with the heating and/or cooling

fluid require an entry specifying the temperature level of these fluids,
These temperature level entries correspond to the fluid inlet temperatures
as specified on the TCSLSSOl card. The correspondence between the temp-
erature level entry and the actual temperatures is:

Temperature
Level Entry Location of inlet temperature input value on TCSLSSOl card
| cooling fluid . -~ ' . heating fluid
1LGW "ec9-18 (CLEVL1) 41-50 (HLEVL1)
2MED  19-28 (CLEVL2) ; ' - 51«60 (HLEVL2)
3HIH 29~38 (CLEVL3) : 61-70 (HLEVL3)
o }
e
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2,2,3 Table Data

The Table Data contains the relationships for detarmining the LSS equipment output
cheracteristics of weight, volume, or power, Also included as Table Data are the
mission trajectories (solar vector as a function of time), subsystem interdependencies
of equipment, heat loads, and crew data. The usual relationships have the output
characteristics as the dependent variable and appropriate subsystem cr mission
paremeters as the independent variable(s). An individual relationship or table

may be expressed in one of two forms, Parametric Relation or Scaling Laws, Data
which may be expressed analytically may be entered as Scaling Laws whereas data

which are expressed in graphical or tabular form must be entered as Parametric

~ Relation, '

All tables must be included in a Baseline Case; however, in a Change Case, only

the Tables in which data is to be‘changed need appear, Either form, Scaling Law

or Parametric Relation, may be used to change the data of any table in a Change Case
regardless of which form has been used for the Baseline Case version of that Table.

The Table assignments are given in Section 2.2.3.3, These assignments relate each

Teble by a number to a particular usage and specify the dependent variable and '
independent variable(s). - '

2,2,3.1 Scaling lLaw ' ‘ .

The Scaling Laws are those forms of the Table Data in which the output charscteristics
(dependent variable) can be expressed as an analytical function of the system para=
meters (independent variables). 'For example, & typical Scaling Law may. be:

2,66
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e

\

A,

A Y
vhere

f is the dependent variable or 6utput characteristic such as veight,
volume or powver C

Al, Ae, A3 are the coefficients, These are the specified data entered

into the computer,

¢1 is an independent variable or system parameter., These may be such

items as the mass flow or mission duration,
\ .
This example Scaling Law is the one which defines the weight of the Bosch reactor
as & function of the Carbon Dioxide (002) to be processed, This lev is: ‘

-

Bosch reactor .,

fixed Veightv(kg) = 13.6 + 97.7 [002 rate (ké/ht)] 0.63

At present, eight forms of Scaling Laws are available for use and any form may be

used for a Change Case regardless of which form was used for the Table data in the
Baseline Case. : e

The eight Scaling Law forms are ghown in Table 2-1. The A's represent the coefficients
and exponents, and the f's represent the independent variables, in order.

@, = 1st’'independent variable

¢2 = 2nd independent variable‘:‘ -

2,61




Tadble 2=1
Form No. Scaling Law Form
1 Ay By A, ’
.  Aq .
3 Ay + 4,0, 8,
b Ay By + Ay B, + Ay By
= (y 8,)
5 A+ Ay e (e is base of natural logarithm) |
A A
| A 5 Ay . Ag -
6 A ta 30, Peace 10, o O
7 Ay + Ay By + Ay Dy + A By + A By + Ag B
' A A A
; 3 5 e AP
6 Ay +Ay 8 “+a ) Tragl B,

¥

The loadsheet used for Scaling Laws is shown in'Figure 2=9, One detail card is
used for Scaling Laws with four or less coefficients (Form No. 1 through Form

No. 5) and two detail cards are needed for Scaling Laws with five to eight co-
efficients (Form No's 6, 7 and 8).

The cards for each Scaling Lai'mustvbe in sequence, i,e., they must enter the

. .
kot

computer in the order in which they appear gn the loadsheet. Howevqf@ the
various Scaling Laws and parametric Relations need not enter the computer in any

particular order, ’ ’ ' .
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2,2,3.2 Parametric Relations

The Parametric Relations are the form of Table Data in which the output charace
teristic (dependent variable) is expressed in tabular form with respect to the
independent variable(s). A parametric relation may be either two dimensional

(one independent variable) or three dimensional (two independent variables), The
loadsheets for these parametric relations respectively are shown in Figure 2.1C

and 2=11. There are no restrictions on replacing a Table in a Change Case,,

i.e., o twvo dimensional Parametric Relation may replace a three dimensional
relation in a Change Case. Hovever, all Parametric Relations appsaring in a

Change Case must be complete, i.e., if oniy one of a series of data values actually

has changed, all data values must be re-entered along with the included header card
and title card.

Examples
. Tvo=Dinensional Parametric Relation

§

The following table of crevmen veight as a function of percentile wili

be used to illustrate the tvo dimensional parametric relation loadsheet.
The Table is: '

PERCENTILE 0.0 20,0 ho,0 60.0 ‘ao.o 95.0

CREWMEN :
WEIGHT 0.0 66,2  T1.2 T5.T 79.5 89,4

?he completzd loadsheet for this table is shown in Figure 2-10,

. Three-Dimensional Parametric Relation

The following table of crewmen operations time as a function of crevw
size (18t independent variable) and MISSION DURATI(: (2nd independent

variable) will {llustrate the use of the three diueilional parametric
loadsheet, The table is:

am

o>

R




3

CREW SIZE (1st Ind, Var.)

Mission
Duration
(2nd Ind., Var.) 3.0
60.0 32.0
90.0 24,0
365,0 15,0
130,0 14,0

The complete loadsheet is shown in Figure 2-11 for this table,

7.0
85,0
80,0
65,0
45,0
k4,0

2,72

11,0
136.0
128,0
106,0

76,0

T4.0

16,0
200,0
189,0
158,0
115,0
112,0
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2.2.3.,3 Table Assignment '

Ea¢h Parametric Relation and Scaling Law developed as part of éhiu study have

been identified by a specific, respective Table Number, These numbers are entered
in cc 1ll=1ll of the PARREL and SCALAW cards, respectively. The functions (dependent
variables) as well as the independent variables available to the interpolation
subroutine for evaluation of each table respectively are given in the following.
Tables are grouped according to Mission Data or Subsystem,

NOTE: Many of the tables in the following list have time as an
1ddependent variable, Tables which determine normal use
expendables are a function of resupply period. Tables
which determine emergency supplies are a function of
emergency period, Tables used 'wo determine radiation
dosage are based on crewvman tour of duty,
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2,3 Data Deck Control Cards and Deck Set-Up
2.3.1 Control Cards -

The four HT38 control cards required to process the input data are shown in
Figure 2-12. The frirst of these, the BASELINE card, [Figure 2-12 (d)] is
require& when Baseline Cases are entered on cards rather than on the Baseline
data tape. A BASELINE card must immediately preocede each Baseline Case. The
Baseline Case name (a four character word) is punched in columns 9-12 of the
BASELINE control card preceding its Baseline Case, This is the Baseline name
referenced by its counterpart in the Mission Analysis Data - Level 1 to aelect‘
the proper Baseline Case for the Change Case,

The BASELINE®END control card [Figure 2-12(b)] must be included once for each
Job, If the Baseline Cases are present on cards, the BASELINE®END follows the
TBLEND control card of the last Baseline Case. If the Baseline Cases are on
the Baseline Tape, the BASELINE®END card is the, first card in the data deck,
immediately following the $DATA card. In both instances, the BASELINE'END card
immediately preceeds the MADLEV1l card of the first change case,

R4

. The TBLEND card [Figure 2-12(c)] must be used onc: in each case, Baseline or

Change. The TBLEND control card is physically the last card in the case,

The ENDRUN control card [Figure 2.12(d)] is used once for each job., It is physically
the last card in the data deck follcwing the TBLBHD uard of the last case of the
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2.3.2 Deck Set=lUp

A typlcal data deck set-up is shown in Figure 2-13, The rasic order of the groups

within a case is:

Migssion Analysis Data - Level 1

Mission Analysis Data = Level 2

Life Support Syetem = Trade Off Data
« Table Data

Thig basic order must be followed for both Baseline and Change Cases along wiih
the following rules:

MA Data = Level 1 does not appear in a Baseline Case, it must appear in

each Change Case,

MA Data = Level 2, LSS-TOD and Teble Data must appear in entirety in each
Beseline Case. However, only those portions which are to be modified need

appear im a Cliange Case,

2,116
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2.4k Sample Case

i

A sample cas2 is provided for program verifications at computer locations other than
MDAC-WD. The case cliosen is based on the partially closed Baseline Case "PART"
with the following values for Mission Analysis Data:

Crew Size
Flight date

¥ Altitude

Inclination
Mission duration

Resupply period

b

1975
229,0 Kn
50°

370 days
90 days
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y P 2.4.,1 Input Data
L0

| The completed loadsheet for the MAD-Lavel 1 cards is showvn in Figure 2-14, The
? MAD-Level 2, LSS-TOD and Table Data are obtained from the Baseline Tape,
data are not perturbed for this case, cards for them do not appear.
is the "TBLEND" control card used to conclude each Change Case,

These |
Not shown
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2,b,2 Output Results

The printed output data are presented in Figure 2-15. A breakdown for each
subsystem is shown along vith a LSS breakdowvn and LSS grand totals, Due to
space considerations, the detailed engineering output is not showvn,
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2.5 Checklist

The following list is included in the manual to serve as a reminder of items to

check before submitting a run and as an aid in debugging a run which has gone
awry.

1. A Baseline Case must contain complete sets of:

v MAD « Level 2
1SS=-TOD
Table Data
MAD - Level 1 should not be przsent in a Baseline Case,

2. A Change Cese must contain both MAD-Levil 1 c¢esdr, they are the first
two cards of each Change Case, i Change Cuge need only contain such
portions of the following data groups &g necesnary:

MAD=Level 2 ' ‘
LSS8-TOD
Table Data

¢

3. Each data card in a Change Case must be caupietely filled as blanks
- will enter as zeroes and overide the counterpurt Baseline data.

I, Each case of data must be concluded with a TBLEND card.

5. A BASELINE®END card must be the first card in the da%a deck when
running from the Master Baseline Tape.

6. The Master Baseline Tape is mounted on UNITO8,
T. The execution time is approximately 1/2 minute per case,

8., Almost 8G0 lines of output per case are rrinted vhen all optional
output is obtained. ' he
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; 9. The Program Deck Set-Up and Control Cards are shown in Section 3,3.
10, Projected equipment weights due to S0A improvements are based on 1972
technology. This feature may be¢ suppressed by entering flight dates
1 prior to 1973,
k
i 11, All Integer (non-decimal) data must be right justified in the field,
|
| 12, Emergency equipment and supplies determination may be suppressed by
entering an emergency period of 0.0,
i 13. Calculation of spares may be suppressed by entering subs;stem reliabilities
] of 0.0'&_ ) :
1k, The ranges of input parameters for vhich thé output results are vclid;
| are shown below, o |
i Crew Size > 320 ‘ » S ~§“‘
' : ! } Voo " i g R
Crevw Percentile Range . ~°' =~ . 20 = 95 L
Metabolic Rates . " Basal to 5 x basal
? Volumes i
Free Cabin " 20=1500 £t3/man
i Subsystems (other than LS88) = . - 50=150% free cabin volume = ™
1 Airlock g : .‘.  )"””;50-250 ft3‘
Miseions !
Barth Orbit . - L 00 e T T
Lo ‘. 1180 days . f
Synchronous . ? . X :
Lunar, | | e !
i!p % Lo he
EE— T
. Lt
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Interplanetary
Mercury
Venus

Mars

Asteroids

Jupiter

Cabin Atmopspheres

Constituents

He-o2
Temperature
Relative Humidity

Emergency Operation
Airlock Use Rate
Resupply Period

Primary Power Supply

300=600 days

700-1800 days

5 psia
5-‘11‘ 07 psiﬂ ,

5-10 psia
52-83°F

35-65%

1=30 days

0-2 per day
30-180 days

electrical

e




-

ek et R

C} 3.0 PROGRAMMER'S INFORMATION

3.l General Information

The primary philosophy followed in writing the HT38 program was to create a
“uger's" program rather than a "programmer's" program, Thus, the main objective
‘ was to have a program which requires minimal training and is easy to use. For

{ this reason, the input editor is of major importance in the progrem., These

f . input editor subroutines are BASDAT, CASDAT, TAPERD and TABLRD and an associated
k | interpolation subroutine VALUE,

The characteristics for the Life Support System subsystems are determined in a

subroutine or group of subroutines for each subsystem, These bubsystems and
their subroutine designators are:

SUBSYSTEM . SUBROUTINE(S)
Waste Management o WASTE, WASTPR
Food Supply - Fss
P : Water Supply S ‘wes \
’ {j} Crew and Crew Support ~ CREW K
Crew Accommodations  CREWAC e
% Atmosphere Control . ACB | .
Thermal Control . TCS, TCB1, THMC, RADSUB
i Several items such as meteorold protection and radiation shielding, ceabin wall
i insulation, and cabin atmosphere leak rate are determined in subroutine VEH, The

number of spare parts are determined in subroutine SPARES, : ;l-"V

Function subprograms FX and CYLDIA are used in conjunction with the 1ibrary
- subrcoutine ROOT to evaluate the root of several impliéit equations. -

L o bW Eb Aot Thil e bR e

Subroutine PRPPS iz used to determine the phyeical properties of the cabin atmou~
phere while function H2@¢PRP computes water vapor pressure and the heat of
vaporization of water,

»
s
i

Subroutine FINAL edits the output data printed at the conclusicn of the caaeo“_ .

'3,1
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2.2 Tape and Disk Assigoments

In addition to the standard FORTRAN input and output tapes, 5 and 6 respectively,
rour additional files are used, One of these is used for overlay and the other
three are used by the input editor.

The standard unit specification for the overlay unit, SYSUT2, is used and does
not conflict with the other files,

AT the NASA Ames facility the three additional input files are UNIT 8 (binary),
UNIT? 9 (BCD) and UNIT 10 (binary), UNIT 8 is used for the Master Baseline Tape

of interest, When it is desired to ﬁake a new Baseline Tape, the desired Baseline
Case cards with the job is submitted and a scratch tape should be mounted for '
UNIT 8. This tape will then contain the edited Baseline Cases at the conclusion

of the Job, and it should be dismounted and saved. For any subsequent runs, the
appropriate Baseline Tape is mounted and the Baseline cards are no longer necessary,
UNIT 9 is used as a scratch tepe while editing the input data. All MA Data =

Level 2, LSS-T0 Data and Table Data cards from UNIT 5 are split into two records

G 1€ is placed onto UNIT 09, These deta are then in a form which it may be '
processed by the editor, As this unit is used only for utility purposes and

only occassionally, it is recommended that a $SETUP card be used to sign this

file to a disk rather than the tape device nominal for UNITO9, Before processing
Change Case date, the HT38 copies the edited Baseline Cases from the master

Baseline Tape, UNIT8, onto the utility device UNIT10. Subsequently, the appropriate
Baseline Cases may then be read from this file for each Change Case. In so doing,
the Master Baseline Tape, UNIT8, is preserved., The scratch file, UNIT10, may also
be assigned tc the disk to save machine tine,
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3.3 Overlay Structure

As the HT38 program is too large for the ISM TO94 in its entire.y, the overlay

feature of the IBJOB system is used,

The proper overlay structure will be

obtained if the program deck order and control card placement as shown below are

followed:

Control
Card

$INCLUDE
¢ INCLUDE
$INCLUDE

" $INCLUDE

¢INCLUDE
$INCLUDE
¢INCLUDE
$INCLUDE
¢ INCLUDE
#INCLUDE

k3¢RIGIN

T wﬁslﬂﬂ YPEVIT A NNOY

MAD

I.D.

MA2800

Subroutine
Name

HT38 (Main‘Program)

TAPPRP,TAPE5 , TAPEY , TAPACS , TAPTCS , TAPRAD , TAPE?
TIME,TAPVEH ,TAPWSS , TAPWMS , TAPCCS , TAPEL, TAPTCR
TAPE3,TAPFSS ,TPFSTC, TPWSTC,, TPWMIC , TPACTC , SWN

MA2801

MA2802

H2@PRP

" VALUE

SWN5 ,CASE, CCSWMS , VEHWMS , WMSWSS , CCACTH , WMACTH
CCWMWS , WMSTHM , WSSTHM , CCSTHM , TCSRAD , PRPGEN
VEHTCS , CCSTCS , THMICS , WSSTCS  WMSTCS , VEHFIN

ALY WTIRIINAO

AVD g ¥V LILAVO U\lﬂ\l WO g YOIV O ’DI\I\WI\ .UU"VH‘ D

FSSWSS ,CASEL , ACSTCS , CCSWSS , VEHGEN , SWN31,0CL2
RLV12,WGN2,BNT13,BNTLL ,BNT15,SWN32, WGN11,WMS2

BNT12,BNT11,FSSTCS ,FSSPIN,CSSFSS,FSSWMS ,PESACS

. MA2803 .

- N f N
Lo o LT
B i L i
Yo e PR Lo
ALPHA T R 8
' R A '
' P ‘.l - :
7
¥

. wA280T

St . e e
TS 9 ¥ S N »
s LT S
v e MA 80 - Nl
: - T
: ' . N +

LT

. o e e
ey [ .
i R T T F x
. A T . YAty

I . g . T cR T
A | S
Iv. MA2805
S A g
. Sy
: S S
. 3. N N r 1 7 § *
* \ - ‘ * i ¥

L1 MA2806

’ - . oy,

U7, . BLOCK DATA .-

L

" ' GPARES




— P
Control
: Card
1
|
|
?
: $ORIGIN ALPHA
;
§ FPRIGIN ALPHA
{
;
j
1
j SGRIGIN ALPHA
1? N
}
?
$PRIGIN ALPHA
BPRIGIN ALPHA
$PRIGIN ALPHA
$¢RIGIN GAMMA
$@RIGIN GAMMA
$PRIGIN ALPHA, REW

|

MA2808
MA2809

MA2810
MA2811

MA2812
MA2813

MA281k4
MA2815
MA2816

MA2817
MA2818
MA2819

MA2820

MA2821

MA2822

- MA2823

MA2824

Subroutine
Name

TABLRD
TAPERD

PROPS
VEH

CREWAC
CREW

WASTE
WASTPR
FS8

WSS
ACS
CYLDIA

THMC
TCS
RADSUB

TCS1




st ”
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i
|
‘i 1t is suggested that the rewind option be specified only on the last BPRIGIN
card in order to minimize machine time when multiple consscutive change cases
are run, i ’ [
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| .
|
| 3.4 Bubprogram Descriptions and Logic Disgrams Ci)
] Brief descriptions of the function of each suoprogram are given in this )
gection, Logic diagrams are also shown with the exception of some of the shorter
subprograms .
: 3.,4,1 Main Program H738
% The mailn program controls the processing flow between the input, output and
} 4 subsystem subroutines,
j 3.4,2 TFunction H20PRP (T, I) . Water Properties
g Function H2¢PRP determines water vapor pressure (kg/cme) or the heat of vapori-

zation (k w.sec/kg) at temperature T (°K) for values of I = J or I = 2, respectively.




. e’
1 =
. P e v
é 3.4.3 TFunction VALUE - Table Interpolation
This subprogram interpoletes the 2 and 3 dimenaionsl Parametric Relations
and evaluates the snalyticol expressions for the Sceling Jaws., Additional
forms ¢f Sceling Lows moy be coded in et statements 2090 and 2100; these
would correspond to form numbers 9 and 10, respectively.
! Scorch for correct table in list of teble numbers. ‘
Test for Paremetric Relation or Bealing Law.
Parametric&Relation Scaling é Law
* Establish correct velue Select correct fomm
’ of independent variable. of Scaling Iaw.
| | Search data points Evaluate value of ' ,
: independent variable Scaling Law, , . 4
' t0 surround value for | 1 ' e
‘ . interpolation. N % )
| ' J ‘ "' Return : "
_ Trensform dats v'aluea'for‘ o i iy" ¢
: 10G and PRB scalem. e : |
| . , Perform lineer inter- | .o
’: , polation. T N .
Dransform output for | - . ,ﬁ e e
10G scale. ) oo el :
1 - Sy -ﬁk, » i -; \.” " :
Return R ¢ .
‘bs‘mjjgk ¥ - é ' ¢ " : .
‘ ' n¥




3,h,h  Subroutine REAPT ~ Root Finder

Subroutine REYT 45 an AMES library subroutine which is used to f£ind the root
of implicit functions:. RPPT is used to Aetermine the thickness of thermal
insulation, nmeteoroid shielding and radiation shielding.,

3.1,5 Function FX - Implicit Functions
This subprogram contains the implicit functions which are to be solved by REYT,

3.4,6 Function SPARES - Spare Parts Weight

SPARES computes the spare parts requirements when called by subroutines ACS,
WASTE, WSS and TCS, As the spares of the first three of these are a function of
three independent variables, this function performs an additional interpolation.

3.4,7 Subprogram BLOCK DATA

This subprogram is used to establish values for program "variables" which are
actually constant. The values are generally of alphanumeric nature and are used
to test against alphanumeric input values to determine program flow,

3.4.,8 Sudbroutine BASDAT -~ Baseline Case Data Input

This subroutine is called once each run immedintely upon program execution,
BASDAT controls the editing of Baseline Cases when the Baseline Data is entered

on cards and a Master Baseline Tape is to be made, In so doing, thig subroutine
calls subroutines TAPERD and TABLRD, respectively, once for each Baseline Case.
After editing, each Baseline Case is ‘copied onto the Master Baseline Tape,

3.4.9 Subroutine CASDAT - Change Case Data Input

CASDAT is called once each case by the Main Progrem to nontrol the editing and
reading of the Change Case data, The subroutine reads the MADLEll and 12 cards,
selects the Baseline Case from the tape, reads the Change Case cards and copies
them on a scratch tape., CASDAT then calls TAPERD and TABLRD to¢ edit these Change

Case data., , .

\ﬁ
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3.4,10  Subroutine TADLRD ~ Tgble Date Input

Thic subroutine reods ond cdits all Toble Date (Porametric Relotions ond
Scaling Lews). After ediéing all Bosic Case Tables, the tebles are
printed. During the Change Cose, the Buseline Cese versicn and then

3 Change Cose updeted version are printed for each table in the Chenge Case.

$

@ead table control card "PARREL", "SCALAW", or "'ranND".J

i ‘ - Yes |
y | &Zea‘c for TBLEND Control car‘dj ' - Return

Sy

413‘0
: f@;st for 2 or 3 ddnensional Paremetric Relation ori}

H Scaling law. Set number of dete points for teble
accoxrdingly.

(;hange sign of Teble Number for Scaling Lowi)

' Y
)

ﬁéeat for Baseline or Change Casez) S '

i
T

(?earch for Baseline Teble to be change%ﬁ‘ A

Eﬁrint existing Baseline Tabl?;]

% ' it
bbbty - ‘

(Qompare storage size of Changz and Eoseline Table%) ‘ R ?

Beseline Y Smaller .dﬂ”j _Baseline'*Larger
Expand | Ccontract ,
Table Storaye s | Teble Storage

2 5 .
iL . + ., * *
. H ; " L ! . B Vo o CoF N




SIS E e

(?ead data points for table:)

é

[frint tahle data pointsi]

3

- (E? to start of subroutine})

B B Al s BB e R o N s

s

by e

3.10
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3.4.11 Subroutine TAPERD - LSS-TOD Input

Subroutine TAPERD reads and edits the MAD Level 2 and LSS-TOD from the
scratch tepe. The subroutine prints the dete card imeges for Baseline .
Coces end prints both Baseline Case version and Chenge Cese version for

cach Change Case data card.

(?ead in first 8 card columns of cerdZ)

# .

Yes
(?est for "IBLEND" punch in ccl-6.:}" —$ Return
' * No
{Sort through serles of tests to find appropriate read
| end formet statement.

AN

(&est for Raseline Case:)

: —

\ ; : = ; ‘ . s i
- | | 1
(%rint card image. J RN |
(%ead data card.’ 1 ' ' :
‘t 4+ ;
(?rint data cardi] P S » o %
(Return to start of subroutine. l el Tl
5 - ] e T s é

o,
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3.4.12 Subroutine PROPS - Cebin Atmosphere Properties
This subroutine is celled once each case by the MAIN PROGRAM immedietely
after processing the change case data. PROPS determines the thermal and
transport properties of the cabin stmosphere. The cabin water vapor partial
pressure 1s also computed from the cabin atmosphere temperature and relative
humidity.
H
: |
i
o
4
i §

- 3.12




3.4,13 BSubroutine VEH - Vehicle Integration

This subsystem determines vehicle Life Support System interface requirements and
subsystem characteristics which are most conveniently determined here, VEH .
calculates such results as thermal iusulation, meteoroid and radiation protection,

14

: ' @ompute cabin lengths end cabin wall areatﬂ ‘ . ;
b 6 ‘ Y
(Use RPPT to find cabin wall temp 5°F sbove dew pointﬂ -

!

@eteminé cabin wall insuletion and thickness)

'

@ompute heat leak for actual flight parameters.)
3 - +

0 , CO, and diluent
\4 2

. Calculate leak reates for O

(if eny).
!

Determine values of meteoroid shield design pammeters\

(These values may also be used by RADSUB for mdiator)

2 Hy

protection).

' Ay No s
@‘est for meteoroid protection. requirements § ——— :
{ Yes ~
s i
LCalculate welight and thicknese of meteor shield) i

@‘est for radietion protection requirementj-————ﬂ—l R é
| - — , No g

: .+ +{ Mein Progrem | . iy

[Calculafe area of possible biowellJ | | i




" 7—

o

x'f

% (?est for mission t&pe, orbital or~interplanetanyJ

Intérplanetary

Orbital
Find thickness for

biowell shield.

s o ' % |

P < i | Test for Biowel%:) (éeturn to Main Progreé]
Y No
j A . | Use ROOT to find cabin wall shield thickness

|
| . . %

and welght.

: ! ! ~*

; v (ﬁeturn to Mein Progran2J

. = ¥ : |
Determine thickness of cabin wall and bilowell
shields to give minimum weight for sllowable

i dosage. , ‘ | ,

é .

(Beturn to Main Prograni)

[N,
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§ 3.4.14 Subroutine CREWAC = Crew Accommodations Subroutine

This subroutine determines the weight, volume end power requirements for
such equipment es gravity conditioning, recreationsl, leundry end lighting.

T

Determine weight, volume, and power for
v instrumentation and controls (measurement
transducer, signal conditioner, display and .
control system, ceution and warning system,
timing equipment, event timers, lighting

system).

Determine weight, volume and power for living,
work and recreational facilities (shower, laundry,

sleep, instrumentation, oxygen masks). i
‘ « Determine weight, volume, and power for graviiy R : :
3 conditioning. . ' o
J . : & ;5' ;
, g ,‘,;,Z,.-.:*_‘r?
4 Print engineering results for crew accommodations. ] TS
: .

{

Sum up weight, volume, and power for crew accommodetions. ]

- . ¥ N A
. ' 0 ‘w Lo N . oo H . . R . - ey .
. N . ' Lo . - : "“ul_ '.
i : T R . !

Return to main progrem. T s L T S
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3.5%.15 Subroutine CREW - Crew and Crew Support Subsystem

? Subroutine CREW determines the crew physiological data such as food and
water consumption slong with waste generation retes. Also computed ore
% rirst nid ond medical supplies, personal items and space suits wvelghts.

. v If mission duration is grester than 30 days, compute
%j time svailable for operations (experiments, explor-
'V stion or military functions) and maintenance duties

i ) . . 3 g rpanF
i favtevenes pnorstions, beovse~kecvidnr.oad.emengesey 1|

Compute welght and volume for space suits and
clothing (pressure suit assembly, blovest assembly,
heard hat assembly, constant wear garmet, stockings,

undervare, footgeesr, work coveralls, protective

. hat.

| S ¥ ,

Compute welght, volume, and power for personal ey

items (razors, hairclippers, menicure set, toilet | (j}

soap, bath soap, towels, handkerchiefs, toothpaste, ' ;

comb and brush, personal photos, books, records,

and tepe, sewing kit, dry wipes, general purpose

tissue). ‘ |
! |

Calculate weight, volume, and power for instru-
mentation and controls for crew support (includes
date management equipment for personal records,
physiological case histories,’' information for
diagonosis of health, meintenance information).

t A,
. Waan e b M0y A
AT G WA e R e ey

C i mce s i e et i

- - ———

s i 4 St ek

S b o

Calculate weight, volume, and power for first aid
and medical supplies (first aid kit; medication,
dressings, splints, casting material, minor surgicel ;
instruments, utensil sterilization; x-ray; simple I
conditioning devices; simple training aids; complex : A g
physical conditioning). / %
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Celculste weight, volume, and power for EVA

; support (meneuvering unit, umbilicals, restraint
equipment, sult-mounted lights, illumination
equipment, hendtool kits, tool and tool tethers,
| end crew monitoring. '

latens B pTaad B LETIO FAT§ R LI W L R - * MO s tabeme s, b S

y

Set cabin number equsl to 1. Cslculate crew
data for cabin.

t

Jrom crewman percentil réting determing crewmen
wveight, helght, and surface area.

N
b Voo s 1t waea s 2 ;
‘ 4 e
Y

From crewmen weight, height, end activity level 3
determine totel metabolic rate for purpose of .
equipment sizing (based on high crew activity end
maximum crew size).

Determine crewman metabolic oxygen consumption
‘lb and carton dioxide expired (based on total
metabolic rate for equipment sizing).

& ] RO

Determine water perspired snd respired by crewmen
(based on total metsbolie rate for equipment sizing).

. L]
* ‘ ! *
:" - 'l

Is o detailed crewmsn mass and themmsl belence for | yeg . = |

crewvmen required. _77#*-F .
A ’ .

*'No . -

Determine latent heat lost by respiratici” end

- perspiration besed and calculated velues for water
respired and perspired and latent heat of vapori-
zation. ‘ *

e~

- v

. Set sensible heat lost from crewmen by radietion
and convection equal to totel metabolic heat minus
_ letent heat.’ .

el

—r o v R L R R . ”

Calculate convective heat and mass transfer ' R a
coefficients for crewmen and ambient surroundings. ' '
Calculate maximum amount of water evaporated.

P
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Is maximum smount of water evaporated less than

ramos w - By

deas B LT B

Set water
evaporated
equal o
woter pers-

plred.

—rn

-

- e - o &-——

calculated value for water persplred?

® dEMR & T30 ¥ miew P R £

{Yes

] )

Set water evaporator equal to calculated value
for meximum smount of water evaporated

e L T e

V)

Cslculate latent heat los% by evaporaéion. l

9

From latent heat of vaporization and calculated
value for rate of water respired, determine latent
heat los* by crewmen.

Calculate sensible heat lost by‘respifatioh.

wnewse!

Wi

{

Set pensible heat lost from crewmen by radiation
and convection equal to total metabolic heat
minus total latent heat and sensible heat lost .

by respiration.

i S

- e bl
Y

Set radistor environmental temperature equal to
cabin wall temperature, panel tempersture, or gas
temperature.

amamad’ (LS TT é
*

Calculate effective radlaetion heat transfer
coefficient based on total ¢rewman area, grey body
shape factor between crewman and cabin radiation
environment temperature, crewman clothing temperature

and cabin environmental temperature.

| PSSP, . ¥ f N e ey

Y
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| From crewmen's sensible heot rete, effective |
rodiation and convective heat transfer coefficient,
calculote clothing outside surface temperature.

b

From crewmen's sensible heat rate, clothing
outside surface temperature, Clo velue for
clothing, detemmine crewmen's skin temperature.

. * 3

r F'rom crewmen weight, height, and activity level, ‘ '
‘ determine totel nominal metabolic rate for purposes
o of determining expendeble requirements (based on

’ nominal activity level and nominal crew size).

; $

From' nominal metebolic rate, crewman welght, and
fot ratio (ratio of fats to carbohydrates in diet)
determine food requirements (fets, proteins, and
carbohydrates).

Determine crewman metabolic oxygen consumption .
: and carbon dioxide expired (based on total metabolic

rate for determining expendable requirements. '

" 4 - i .
.
S tR Y M) yeb VA ¥ -y ’

Determine total metabolic water, water intake,
| total water output (water respired, perspired,
g urine, and fecal water). |

3
. » kX
b - _ . SRR - %
- ! S o ot . - v

| Determine indigestible bulk, urinary solids,

PN

i fecal solids, skin and other solid excretions.
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Determine total number of micturations for crewmen.Jj ‘ S B g
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Prkniout crev intenmediate results for cabin. ‘ : sl
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? O

, Increment No
.- Cabin o, I8 cabin no. equel to last cabin?

4 H Number by 1
| ; ‘ Yes
| 3 “ Print out crew support engineering results.
| : -
a

] ) 1 o
) Sum up weight, volume, ard power for equipment

‘ used for crew support.
! Return to main program. l
L}




“Rropr Q= Fﬁcduc/élé/ 7;/

Y

Print out inteymedi i
ate result O
| contaminants removal in cabin? for 00, and trace I .
T ' e | Return to
Qﬂ Start

1 Ry mm‘ﬁn ,mxgbep gqum 10 2;,55, ! mﬁgmmj}
4 ' ¥ o "y r'lsaf CEORTE. IR AEINI B ML B neiT o ,J
P i ; g\}“
P Swtayine amonnk of e g l

d
‘ ¥

LI A Jdides s Datamisisy .'*unha 4; 4 q
w ¥
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iy

* .
b G AR At AT G5 SR ST

Dubcrmine CO oolleotion rate (equale CO2 generation'

. rete minus cBbin leakage) for cabin.
J | L2
~ Select function method to be used for €0, collection : ¥

(1ithium hydroxide, zeolite four bed, zedlite two
bed adiabatie, zeolite two bed partially adiahatic,
polid amines, liquid absorption, electrodielysis,
carbonution cell) in cabin.

r | |
T ' : e
1 — No' o

| ~Is lithium hydroki&g bed to be used for CO, collection,

% Yes

Determine cenister weight and volumé, vater generated, :
weight and volume of lithium hydroxide. * . ;

@ — ;

Determine weight, volume ‘and power for function 2
method used for (0, collection. Determine heating |
snd cooling rates. Determine’heating and cooling
fluid flow retes. Determine miscelleneous expendable C
requirements. : ‘ | :

e e P

¥




e e i L

y

Select function method to be used for CO, collection
during emergency period (lithium hydroxige, zeolite
two bed partially adlbatic, or zeolite two bed adibatic.

Ts lithium hydroxide bed to be used for emergency period. |28 i
No

¥
) V l
B By b S5 Y gt »r b [ !

Determine weight, volume, and power for function
} method used for CO, collection during emergency period. s
Determine heating and cooling rates, heating end cooling
fluid flow retes, end expendable requirements. Y .

, - — i

N - v : , [ 1
Determine weight and volume for 1ithium hydroxide
canister for emergency period. '

! S |
L] B
d ’ i

m——yrer

Determine water generated : bed and amdunt of expendable
lithium hydroxide required for emergency period.

A

[2] b%
Isru charcoal bed to be used in air purificstion loop | No [
for tvrace cgnteminants removal. - '
Yes %
, |
" z Determine welght, volume, for charcosl bed and expenddbleﬁm ! V
| %‘zf et o e
é Is a catalytic burner to be used in air purificetion NC’P ,
i loop for trace contaminants removal.
f Yes

Calculate weight, volume, and power for catalytic
hurner and expendables.

- J - » v
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2 ¢ "
Print out intermediste results for CO? aud trace

contaminents removel in cabin. i Return to
& Start

Is cabin number equal to lest No ?
cabin?

%Yes

Coll Food subroutine. Determine amount of urine and
feces required for food production (1f any). Determine [——F%> PSS
€o,, consumed and oxygen produced (4f any) in food pro- t=fF———

duction. Return to Weste Management subroutine.

} {
R N R s a

Culculetc welght, volume for urine collection device
used during launch, re-entry, or EVA.

.
- . osa % oo s e o 8 i

mulect method of urine collection. Functio*al methods
include manusl collection end storage, alr entrainment
urinal with overboard dump, air‘entrainment with
connection to storage tanks or weter recovery sytem.
Determine weight, volume, and’'power for equipment.
Determine weight and volume of expendable and accumulated
material. R

Determine weight and volume for urine collectlion bags
uaed during emergency Bpacecraft operation.

B O, #
L4

— >

Yelect method of feces collection.  Function methods
include manual bagging end storage, air entrainment
with vacuum drying of feces, alr entrainment with
water wash of crewmsn and.collection of fecel slurry.
Determine number of toilets required (if any).

A pem

i e g o 4 cy—

e it

Determine weight, volume, ané power for feces collection.
Determine weight and volume for eypendﬂble and accumulated
materials. ; : : ,

Sdaribe RSOV BIN I T

5 ) LA
whe g W . : o
S . . . H s aEn
: i . .
N ks




E . L Lot meiemn

..
F]

4 Determine weight and volume for feces collection bags
) i required for emergency periods.

\ ‘

Sum up total wé&ght of miscellaneous solids generated :
in all cabins.

. i e A TR P A T vy

) 4
‘11 L é
v

’ X .
k k Determine weight, volume, and power requirements for
| refuse collection. Determine amounts of expendable
and accumulated material., If an air entrainment feces
collector is available, determine additional weight
l and volume for expendable materials required for

- et m—

debris collection. If a portable vacuum cleaner is
‘speeified, determine weight, volume, and power.

N R TN

Call WASTPR jesf———  WASTPR

Sum up weight, volume, and power for all cabins for ,
the following equipment required for trace conteminasnts :
removal, expendables required for trace contaminants
removal, equipment for CO, collection during normal
and emergency operation, gxpendables lost by CO,
collection during noxmel and emergency operatlod,
equipnment for feces and debris collection, expendables
and accumulated material for urine collections

\

'Réaturn to main progrem. , _ S .
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3.4,17 Subroutine FSS = Food Supply Subsysten

The food supply subsystem subroutine determines the smount of food stored

and produced by the food proéessor and then calculstes the weight, volume,

power, cooling end heating for the equipment.

A material balence is per-

formed on the food processor to establish amounts of waste material uged

and products produced by the food processor.

Insufficient

N

i

Zero Quantities for Change Case

capability.

Sum total food quantities.

¥

Determine amount of food processed.

\

If food 1s produced calculate
naterials required and products.

Y

Check for availability of meterisls
for food processor.

{

Materials
-}

If insufficient materials asre availsble,

calculate new food quantity based on
availeble materisl.

Sufficient
Materials

Correct waste available amounts for
recovery and. accumulqﬁiPn.' o

{

Calculate food subply Bubsystem velghts,

volume, power, cooling and heating.

-

o

LiE =4




! 3.14,18 Subroutine WASTPR - Waste Menagement Subsystem (Engineering Data Output)

- This subroutine is associated with the WASTE subroutine and prints the engineering
output data from the latter,

e B L T R S5 S

3.26

e e

o ma . oo e s s T R—
TR T " "mﬁ'""?'“"“”&r:‘w‘“mm&?mwav&wwumm- 3 . -
— heis o ’




3.4.,19 Subroutine WSS - Weter Supply Subsystem

. - The water supply subsystem subroutine performs a water balance on the vehicle
and determines amounts of stored water, accumulated water, and the various
process rates for recovery equipment. Equipment characteristics are deter-

mined for water recovery units, storage tanks, water lines and sterilization
equipment.

Set water recovery efficiencies to zero )
vhere no method is specified.

] | {

Zero quantities for change case capabllity.

Y

Perform water balance to detemine excess
water avallasble to ACS. — Agg

s 5 Ny SR e A e R RAVES AP £ e e
2 : L N .

¢

Perform water balance including water used

@i" for ACS. .

z: Calculate the water recovery units characteristics.| -

!

Calculate heat loads to cabin atmosphere end
heat transfer fluids.

{

Determine storage tenk characteristics.

Y

Determine water 1line weight and volume.

Calculate weight, Vc;lhme,avhd' power for sterilizer.
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3.4.20 Subroutine ACS -~ Atmosphere Control Subsystem

ACS determines the cheracteristics and requirements of the Atmosphere
Control System. Included asre calculations for airlock systems, oxygen
recovery and atmospheric constituent storage.
to water vapor balance considerations.

ACS 1is called by WSS due

v Test for eirlock requirement. Yes
. |
Compute airlock
No pump welght and
pover and atmosphere
losses.
\Jdﬁﬁ |

(?alculate 02 and diluent mske-up ratesi)
\ No
Test for oxygen recovery. 4) ;

%Yes

Test and set-up coefficients for genaralized
mass balance equations according to recovery

o method. S
' Select appropriate generalized mass balance

equations for particulsr greup of O2 recovery
components.

i

Determine all 0. recovery system mass rates from
mgss balance equations.

Use mass flows to size 02 recovery equipment and
determine heat loads.

)

-
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.
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? L]
Qajust 0, makeup rate. ) '
) | - ,
Determine weight end volume of O, and diluent
storege tanks (including constitlients).
¢ Repeat tank sizing for emergency period, usingv

original O2 mokeup rate but including repressurization
gases. .

®
3
+
*
*

@etermine spares frequirementsq

@etum %0 wss.) R '

-

Sameaeriot .

-
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o 3.4,21 Function CYLDIA - Water Tank Shape

E This function contains the explicit geometric relationship for cylindrical

water tanks, CYLDIA is used to find the shape of these tanks,

e Secie oy

q

’

L

}

1

1
e

g

% \

1

3.30

g B




# 3 *

3.1.22 Subroutine TIMC - Atmosphere Purification Loop

O

The atmosphere purification'loop subroutine determines the temperature

fluid flow rotes gnd heot flow rates and calculates equipment characterlstics
for the atmosphere purificetion loop. The calculations are carxdied out on a
cobin basis and for both emergency end normal modés of operation.

t Iteratively calculate flow rates,

: pressure drops, and temperatures in
sult loop for normasl operations,
(cabin no. 1).

1

Size condenser, water separutor
and ducts.

Determine condenser heat load, | |
eooling fluid flow rate and
temperature for use in TCS.

| - : ‘ Calculete flow rate during ‘ | : . . _
: emergency operation of loop. o e Es
| Asgume compressor pressure drop and
" iteratively calculate pressure drops,
temperatures and heat leak rates in
. loop.
b ‘Determine condenser heat load, K = e
cooling fluld flow rate, and temp-
| _ erature for use in TCS during
' ’ : emergency operation.

| Select largest condenser sized for| ' A ]

normal and emergency operation. | i

Y

Size blower and compressor.

Y.

Total atmosphere purification loop : e
welght, volumes and powers. " i ;

{ | Y .

Repeat for remaining’cabina.

B &~
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3.h.23 Subroutine TCS - Thermal Control Subsystem

The mein thermal control subsystem subroutine, TCS, computes all cooling loop
mons flows, pressure éropa and heot loads. Also determined are output
choracteristics for the cabin heat exchenger and faen, plumbing and othex
cquipment. This subroutine in tumm cells the radistor subroutine, RADSUB,
and the auxiliery thermsl control subroutine, TCSl, for the heating calcu~
lotions.,

Determine weight, volume, and power for cabin
air ventilation fans heat load for cabin heat
exchanger. Weight end power for cobin H.X,

fans weight and volume for cabin biuat exchangers
and fans weight of electronic colu plates.

Detexrmine cooling liqpi& flows and cooling
loads for coldest, medium and jiottest level
of cooling loop prengure drop in each level
of liquid cooling loop.

)

Estimate tempsrature of flow Leaving hottest
"level of liquid cooling loop.

0

Determine temperature of flow leaving coldest -
level of cooling loop.
Is flow and temperature entering medium level | Yﬁf
acceptable?

(L

(1

%‘No

Determine cold flow and hot flow of liquid
that must be mixed with flow leaving the
coldest level to attain the correct flow
and temperature.

gz

| Determine temperature of flow leaving medium
level of cooling loop. - ,

Y

Is flow and temperature entering hottest Yes -
level acceptable?

€M v AR b s .

ﬂdfmg

Determine cold flow and hot flow of liquid |

that must be mixed with flow leaving the

medium level to attain the correct flow and
tempera.ture . , , V
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R

L]

Detexmine temperature of flow leaving hotteat
level of cooling loop

st

* R ‘
E .3 L

Is eotimated hot flow temperature ednal to

calculated value?

& Sy e Bl vy AT A 2 PR REIT W I T T e

Yes Return to re~compute

mixing of hot and cold
flows for medium level
of cooling loop.

Call subroutine RADSUB (space radiator subroutine).

= o i
s LN T h

Determine weight, volume, and prﬂesure drop
for interface heat exchanger.

v A LRL 5 1 -

No .

Is a weter evaporator required in cooling loop?

w Yeu

Determine waight and volum¢ of water evaporator
velght of weter expended during mission.

—Betermine diemeter, length, and.weight of

cooling loop piping, pressure drop in cooling
loop piping, totel pressure drop in cooling
loop, power required for cooling system pump,
welght of cooling gystem pump, weight and volume
of miscellaneous cooling system equipment
(velves, controls, etc.), total weight and
volume of cooling’ systen. '

Call subroutine TCS1 (liquid heating loop Bub-
routine) |

¥

Is an emergency period specified?

* qu
Determine welght end volume of emergency
cooling system, weight end volume of water
expended in water evaporstor for emergency
cooling system, and hest loa& for emergency
heating system. . o

s

Retum to main- program.

RADGUB
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j the heot load to be rejected from TSC.
‘ rodistor surface ares and total radiator weight &are determined.
meteoroid protection requirements ere also computed.

3.4.24 Subroutine RADSUB - Spece Radiator

This subroutine determines the LSS space radietor characteristics based on

Radistor effectiveness, tube diameter,

PR e e IR P

Determine redistor area on cebin wslls,

1 temperature at inlet, sink temperature

P if not entered, flow rate in radiator,
] effective rodiator tewmperature.

|

~

-

If desired,

[Determine radiator effectivehess?Ldﬁé

¢

!

'Yes (Is radiator effectiveness acceptable?}

No

Yes

1

radiator heat rejection rate

Revise radiator outlet temperature,

\_be used?

;frIs a vwater evaporator téﬁ\

J .

No

(?stimate ars of extended radiatora})

{

SN

(?étermine tube boundary layer'temperature drop;:)

: X
1

; (Es effective radliator tempereture changed?_)A,

. :

] ““‘""(Detemine tube space, Reynolds numbek \

; , Cé?duce.tube diametef)
; \ )

o (E; Reynolds number greater than l0,000{J No

|

Yes

Wﬁm Vi et 57 1) 10 { eroammemr——

No

No (fompute meteoroid protectioni)

Yes

(Petermine thickness of shield, weight of shieli) ‘

W




N

Determine physicel weight of radiator’ system,
velght penalty of pumping power.

v W,
Reduce tube diemeter and return to recalculat?
radietor effectiveness until no further
improvement iu redistor welght is obtained. ) .

oy ..! Radiator with best tube

v \diemeter has been found.
Incresse number of passes per tube and return v
to recalculate radiator effectiveness. Continue »
this until no further improvement in radiestor
velght is obtained.
Store computed properties of minimum weight radistor \ o
system, ‘

\ .
@etum to thermsl control system subroutine (TCS) J L

L s ,
A‘;
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i 3.4.25 Subroutine TCSL ~ Thermal Control Subsystem (heating loop) |
. This subroutine determines the flows, pressure drops and heat balances ;
of the heating fluld loop. Also calculsted are the interface heat exchange:r o
and loop plumbing characteristics of weight volume and power requirements.
!
“ Determine heating liquid flows and heating loads i
’ for coldest, medium, and hottest level of
i heating loop pressure drop in each level of
liquid cooling loop.

/

level of ligquld hesting loop.

'

Determine temperature of flow leaving hottest
level of heating loop.

Is flow and temperatur; entering medium level

acceptable? ,

Determine cold flow and hot flow of liquid
that must be mixed with flow leaving the
hottest level to attsin the correct flow
and temperature.

\ e \ ORISR ———

‘“ _ Determine temperature of flow leaving medium
level of heating loop. ’

¥

Is flow and fémperature entering coldest | | N
level acceptable? | //,r-\A ;;
g Yo =— A)

Detexrmine cold flow and hot flow of liquid .
that must be mixed with flow leaving the f
medium level to attain the correct flow and
temperature. .

|
1
|
I
Estimate temperature of flow leaving coldest i
!
5
i

i Yes

Yes

)




4 -

a Determine temperature of flow leaving coldest
i level of heating loop.

\

Is estimated cold flow tempersture equal to
calculated value?

No

s . " ]Ye'
: ' Return to re-compute mixing
“ of hot and cold flows for medium

P ' level of heating loop.

|

Determine weight, volume, and pressure drop
for interface heat exchanger.

I 4,

- ‘Determine diemeter, length, and weight of
2N heating loop piping pressure drop in heating
loop piping total pressure drop, in heating
loop power raquired for heating system pump
! N ' veight of heating system pump weight and volume
of miscellaneous heatin% system equipment
= (valves, controls, etc., total weight and
' : volume of heating system.

__ ¥

Return to ﬁherm31 contro1‘ayatem aubroutinev(mcs)

[
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3.4.,26 Subroutine FINAL = Case Output Data ‘
Subroutine FINAL prints the final output data (weight, volume and power) for - .
each subsystem in both categorized and total form, Also printed are the totals \
of shilelding requirements and accumulated materials, i
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