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INTRODUCTION

Objective

The evaluatioh ahdrhlf.i;nate definitioﬁ of én iﬁféératéa Shuttle ETC/ LSS is ‘an -evolu-
tionarj procéss wﬁich ‘reflects frequ'éhf c'hang;esl in Both technical and pr(;grém related
requiremeﬁts. Tc; supi)ort the NASA; Shuttle vehicle primes' and in-house IRD,
Hamilfon Standard haé developed an ETC/ LSS compﬁter program Which pfovides
accuréte‘ and rabid re_sjbonses to thesé éhanéing r'equivrements. This design optimiza-
tion tool has prdven iﬁvaluable, saving countless hours of hand calculations and
allowing the conceptual and preliminary design study phases to proceed in a compre-
hensive fashion.. Two.key features, which_haVe xﬁade this computer model unique and
of significant benefit to both Hamilton Standard and the people it supports, are:
a. Simplicity - ease of use/flexibility relative to schematics and
. requirement changes; and
b.  Subroutines - unique models representing the ''true' analytical
. descriptions of the mechanical and chemical processes under

evaluation,

Under NASA sponsorship (NAS 9-12411), this program has been expanded and upgraded

to meet the design evaluation demands of the forthcoming Shuttle phases, These
demands include continuation of trade-off studies to further validate selections,

expansion of these studies to include new requirements, and initial perfp’rmance evalua-

tions (steady state off-design transients) required to support development,
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The objective of this document is to define this expanded computer program and
provide the user with sufficient information for rﬁnning and modifying the program as

desired for the NASA-MSC computer facilities.

Outline

An outline of this document is presented in Table 1-1,
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TABLE 1-1

USER'S MANUAL - OUTLINE

1.0 INTRODUC TION
1.1 Objective
1.2 Outline
2.0 BASIC OPTIMIZATION PROGRAM

‘3.0 PROGRAM CHANGES
3.1 Sizing Program Changes
3,2 , Off Design Performance
3.3  Radiator/Evaporator Expendable Usage

3.4 Component Weighfsf .
4.0 OPERATING PROCEDURES
4,1 How to Set Up Deck

4.2 Program Input and Output

4.3  How to Vary Program-

APPENDIX 1

Logic Flow Diagrams of . -

1, . Main Program

2.. Condensing Heat E}ichanger Subroutine
3,_. ‘ Sensible Heat Exchanger Subroutine

4. LiOH Subroutine
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TABLE 1-1 (CONTINUED)

APPENDIX I’ (continued)

5. ° Contaminant Control Subroutine

6. Fan Weight Subroutihe

7. | Valve Weight Subroutine

8. Qmet Subroutine

9. Sensible Heat Exchanger Off Design Subroutine
10, Flash ‘Evaporator Subrouting

APPENDIX II

Subroutine Descriptions

APPENDIX III

Logic Flow Diagrams
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BASIC. OPTIMIZATION PROGRAM

A simplified logic diagram of the program 1s shown in Figure 2-1, ’I‘he_c-o,mputer
program consists éf a "main line'" program which do.es bookkeepiné and a number of
subroutiﬁes vg./hic;h calgulate subsysterﬁ or. clqmponen't.weights for the required
performance; The_l”main line" prografn is "kéyed" to select the d.esired éﬁbroutines
(éither co’n&enser or solid amine fdr ekamplé) for the system under.consAidérlation.
If othér-sc'hemati‘c érfangements ar;z 'deéiréd, i.t is a simple matter to cilaﬁge fhe
"main line" ‘pr(')gra-n‘l to select the sukj)rou.tines. in a different order or add 6the1‘

components,

There are three convergence_loops in the program:
F: Condenser air outlet temperature/heat exchanger size '
b. Interfacé heat exchanger outlet temperature

c. ‘Radiator outlet temperature

‘When using a condenser, the air outlet temperature is initially set 2°F above the

condenser coolant inlet temperature and the heat exchanger, fan, valye, and power
equivalent weight éalculated. The air qutle_t temperature is then incpeased in 1fF
increlfrlen.ts until ’the‘total equivalent weigﬁt is found to increase over the previous
iterat‘ion.,' The pre.i‘/io‘us iteration is then uéed ‘as t}xg condenser weight and pe.rfor—

mance.

The interface heat exéhanger water loop outlet temperature for the first iteration is

set by input data. - For this value, the condenser and sensible heat exchanger are
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L INPUT DATA ]

| )
LPRINTINPUT . ]

.- | mNTIALvALUES. |
(—‘—] LOOP ON RADIATOR OUTLET TEMP |

[ - size suBLIMATOR: B ] LIOH

r—-—[ LOOP ON INTERFACE HX OUTLET TEMP I . SOLID AMINES

|

I FIRST GUESS OF TEMP, DEW PT,, ETC. ] COND HX

[ CALL CO; SUBROUTINE | SENS HX

n .

>

z

ES

A .
o3 -
T | .
o}

b3

m .
E] .

l CALCULATE CABIN HEAT LOADS Qg & bL]

I

| CA.LL HUMIDITY CONTROL SUBR, J . —-—{ VALVE .WT. j

I

[ casennx | SUBROUTINES
I . ON CALL

r- SIZE FANS & VALVES l

[stze nTERFACE Hx| .

I

| caLc.PumP wTS, & POWERS |

I

L CALC. FUEL CELL HEAT LOAD I

[caLcuLaTe cooLanT LooP TEMP|

[jIZE RADIATOR ]

l . TOTAL SYSTEM WT, & POWER ]

[ - 1S SYSTEM OUT OF SPEC j]

NO . I_lYES
—"—{ UP INTERFACE HX OUTLET TEMP J

[EIND OPTIMUM TOT, EQUIV, WT, & PRINT VALUES] rls IT THE FIRST INT. HX ITERANT I

NO —‘, YES

_'-LINCREASE RADIATOR OUTLET TEMP, J [ PRINT OPTIMIZATION ITERANT ]

f

l GO TO NEXT CASE ]

FIGURE 2-1, OPTIMIZATION COMPUTER PROGRAM LOGIC

2-2



DIVISION OF UNITED AIRCRAFT CORPORATION

Hamilton - U ' o |
SP 01T72
Standard Ae - Co ,

(Continued)

optimiéed and the we.ight of pumps, fans, rAadiator, and other components are .
calculated. and summed. The interfaée outiét temperature is then raised in 1°F
inc remenfs u_ritil-eitilef the ‘condense;r‘ or své.ns.ib‘le'_heat exchanger can no longer
provide the recju-ire_d cooling. The minimum fotal equivalent weigh-fs for various
interféce heat excha;ng'er outlet tempe.ratu'res are then compared and the mipimum

value stored.

The radiator outlet temperature is then r_aised by an input delta and the process-
repeated.. When the ca"bin heat exch'aﬁger(s) éannot provide the required coéling
(even at the:low,es,t cé.bin loop tempe'réture?), the minimum tot_al equiyalent weights
for each radiator outlet temperature are co%npared and the minimum value selected.
The case with lowest fotal equivaierit ’weiglzl.t 1s then recalculated and the weights,

powefs, flow rates and temperatures -for the optimum case printed.

A simplified schematic of the ETC/LSS used by the computer program is shown in
Figure 2-2, In the box iabeled ""Cabin Ventilation, CO2 Removal, Humidity Control
and Temperature Control" several different coﬁibinations of CO2 re’mo;ral and humidity
control concepfs can b;a used. A tybiéal schématic of the LiOH/Condenser Approach

is shown in Figure 2-3.

Items that can be varied when comparing 'opti‘miz.ed systems are:
a, Cabin conditions (temperature, pressure, maximum relative

humidity, - etc. )
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b, Heat loads (metabolic sensible, metabolic latent, fuel cell, etc.)

C. Radiator loop flow rate and properties
d. Mission parameter (length, power penalty, etc.)
e. Which subsystems to use (LiOH-or solid amine for CO9; condenser or

" solid amine for humidity control, etc.)
f. Component data (pressure drops, fixed weights, structural weight
factors, component weight factors, tables of optimization data,

radiator influx, etc.)
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.0 PROGRAM CHANGES

Program changes fall into four categories:
a. . ‘Chang_es to the sizing program (Basic Optimization Program)
b. ‘Addition of "off design’f perform.anc.e calculations
c. Addition of loop to calculate the amount of water or cryogenic
hydrogen required to supplement the radiator around an orbit

d. Addition of selected component weight calculations
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Sizing Program Changes

Changes to the sizing program consiSt‘of additions, cieletions, and a mofe detailed
print out. The. iteﬁs 'd:eleted wére thé Desiccant, Hy'drogen Depolafize.d.C'ell, and the
Molecular; Sieve Sub‘fé)l;tines. As préiri'ods studies have shown these subsystems. to
be non-competitive, it was decided not to ex,p'and: them to include "gff design".perfor—

mancé'calculations and, additionally, to delete them from the sizing program.

The additions made to the sizing progr.;a.m'ai'e:_

a. A 100§ tc; calculate the optiAmumj éodlant flow rate

b. Additional components
1. Flash Evapo?étor ' |
2, Fuel Cell Hez;,t Exchaﬁgef
3. -' GSE Heat Ex‘c.h'an'ger' |
4, o Separate Avionics Bay (with the capability to consider

" two bays in series .ﬁéiﬁg common hardware)

5. Cryogenic Heat EXchanger

c. Ability to change component pafafnetérs by input data

1. Input fan and pump overall efficiency
2, ~ Input the number of fans, check valves, and pumps
d. The radiator subroutine was changéd to account for different delta

' témperatui‘es between the fluid and wall at the inlet and outlet

In order to facilitate the running of the program, a convergence subroutine was added to

optimize the coolant flow rate. If a flow rate is given in the input, the program will
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uée the iﬁput 'value é.s the first guess of;flow raté. If the input vah_le. is Zero or
negative, the program will calculate a n‘linivmun‘nl,coolant flow rate to be as‘ed f01' the
fifst iterlla-t.i(;ﬁ:. If t.h‘e_a program does not coﬁverge with the original flow fate, the
total equivalent weig'ht.‘is setto a 1a¥-ge value énd the flow rate is incfeaéed by an
inputted factor. At the end of each radiator outlet temperature loop, the optimum
total equivalent weight for that flow rate is compared to the optimum equivalent
weight for the pi'e\}ioqs flow rate. If the weight is lower, the flow rate is again ,
increased. If the ;)veig'ht is higher, - the prégr‘am goes back to recalculate the optimum
condition (Wc'oolant', .Tradiator out, Tinterface hx out, Wair, etc.) and prints the
optimum.condition'.“ It is also poSsible :té run oniy one condition by setting an input
key. ‘The‘ brogfaﬁm will then use the input TRO a;.nd We and only optimizé ;:he heat

exchangers.

The }:')'rog'ram'has been changed to allow th:e.radiator to be supplementéd with:
‘a.  Sublimator |
b.  Flash Evaporator

‘c. Cryogenic Hydrogen Heat Exchanger

If the maximum radiator area is too small to handle the required heat load, the
excess heat load is rejected by the supplementary heat sink using an input expendable
penalty. In addition,.the supplementary heat sink will be used for a period of time

(input) to handle the entire heat load. This simulates the time when the radiator is not
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exposed to space.. Three supplementary heat sinks are capable of being proy:ided——
cryogenic heat exchanger, sublimator or fllash _eva,po._rator. If the cryogen?c heat
exchanger is.eesiree, 'no additional input data is necessary except the expendable
penalty. The 'cryo'g.en.ic heat exchanger sﬁbreuﬁne automatically calcu_latee, the heat
exchanger v;/eight Aand' adds this value to the eystem total equivalen‘t weight. If the
cryogenic heat exchanger is not desired, then the component weight factors must be
set to zero by input. The use of either a sublimator or flash evaporator .must be

selected and the necessary weight penalty factors inc luded in the input data.

The fuel cell heat exchangers are sized te meet the input temperature requir:_ements.
The mass floW rate (Wx Cp) of the fuel cell'l:oop required, based on the fuel cell heat
load and temperatures, is calculated and stpred in the input data block. For off-
design per'fofmanc'e_, .the fuel cell loop tein‘pe»I»'aAture.s are calculated based on Freon
loop tempexla:tures'., ‘h'eat exchanger eize, and fuel cell loop flow rete. T‘he heat
exchanger is sized as a single unit eapable of rejecting the entire heat 'load. If some
type of parallel arrangement is used, the weight penalty would be equivalent to the

single unit weight,

The GSE heat exchanger is sized to reject the maximum vehicle heat load. The GSE

fluid inlet temperature is considered to be 0°F.and the mass flow ratio is set at 2.

With the addition of air cooled avionics on the Shuttle, a special subroutine was .

developed that sizes a heat exchanger with the desifed number of fans to remove the
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heat from a separate compartment. . The heat ,ex_changer air flow rate is optimized to
obtain the' minimum total equivalent weight of the heat exchanger and fans. An initial
air ouftlet'temperatuife‘is assumed td be 2°F higher than the coolant inlet temperature.
The required :_air flow, fan power, and compbnent weights are calculated. ‘The air
outlet temperature is then increased 2°F and a new total equivalent weighf is calculated.
This process continues until the tofal equi\}alént weight is higher than the previous

iteration. ‘The values for the previous (lightest) iteration are used for system weight.

EBAY2 is a subrbutiné that sizes tw.o avionics coinpartments in series; The compart-
ments. haye the same ECLSS equipment. The subroutine calculates the equipment

size (heat exchangef and fans) required to meet performance in the second (downstream)
compértxﬁent. T-hé ;aif temperaturevof fir.ét (upstréam) compartment is then calculated
using. the; equipment sized for the downstreaﬁ compartment, If the desired compart-
ment terﬁperatureé ére not met, the équipmént is résized to meet the texﬁperature
.requi,rements of the first compartlﬁént. ’_I‘.he. temperature of the downstream compart-
ment is recalculated with the larger sized equipment. The optimization of the heat

exchanger/fan air flow rate is similaf to that explained in the paragraph above.

The basic program has the ability to change heat exchanger characteristics by changing
the weight factors. 1t is also possible to now change other components such as the
numbér of fans, nﬁrﬁbér of pumps, ﬁumbér of HS—C canisters, etb.', By chaﬁges to the
input.daté. ’i‘his is uéeful as several of prﬁne contractors are using differeht numbers

of components.
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As heat loads change, flow rates and pressure losses also change. In order to better
match the expected fan.and pump efficiencies, these variables were made inputs to the

computer program,

Recent radiatqr studieé have shown that the difference in temperature betweeﬁ the

" fluid and the wall will vary considerably between the inlet and outlet of the radiator,
The radiator ;s,ubrOutine was rewritten to account for this difference. At present,
there is a predicted 15°F difference between the fluid and wall at the radiator inlet

and a 5°F difference at the outlet.
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3.2 Off -Design Performance

The inputs required for the "off—design" perfbrmance section of the computer program

are:
a. . Air V_olu;hetric flow rates.
b.. He_af exc}_aanger sizes ..
c. . Pump and fan powers -
d. | Coolant fiow rates
€. ‘Heat ioads
f. Desifed E:ontrol temperatures

All of these parameters are calculatéd by the sizing‘program and stored in the input
data b_,lock. If an ”6ff-.design" performanc'e case is run after a ”sizipg" 'case", the
only inpui:s required a;i'e the changes to heat loads, cabin temperature or cabir‘x
pressure desired. 'If an "off—design;"_ case is to be run without a "sizing'' case

preceding it, the above parameters must be inputted.

The program first calculates the total vehicle heat loads and then the radiator inlet

temperature. The program then goes to the dés'ired.heat rejection method:

a, R :Radiat'or/ expendable (if fequired)
b; ‘ Expendable heat éink On'ly
1 - Sublimator
2, ; Flash evaporator
3. . Cryogenic heat exchanger

3-7
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Ifa sublifnatof is uéed, the heat siﬁk inlet and outlet temperatures must be itefated

as the tembveréture.s are a function of the sublimator size and vehicle heat load,

In calculating:_the' total vehicle heat load, the sensiblé and latent heat of the LiOH must
be included. The LiOH subroutine has been expé.nded to also calculate the COé partial
pressure resulting from both a new cartridge and the level at which the cartridge

would normally be changed.

Once the i_nterface hegt exchanger heat load and radiator loop inlet temperature is
known, the cabin 160p‘ outlet temperature is czil’cqlated by a subrouﬁne called HX This
subroutine calculates the hot side ouﬂet temperature based on the heat load, h‘eat.
exchanger sizé, coolafxt flow rates, and cold side inlet temperature. This sﬁbroutine

is used for all of the sensible heat exchéngers.

The prograni then enters a loop on é'abin femperature. This loop is needed only if
there is a sén’sible héa‘t exchanger, After entering the loop the program sélécts the
water removal subx;dutine——either HS—C or a condenser. The HS-C éubroutine
calculatesA'the ¢abin water vapor partial pressure or determines the air flow required
for humidity contrdl. 'Based on the flow through.t.he beds, the COé partial preééure

is also calcu'l'ated; - The program then goes to the sensible heat exchanger,

If a condenser is used, a key is set to tell the condenser subroutine if there is a

sensible heat exchanger also. If there is no sensible heat exchanger, the condenser
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subroutme CX2 calculates the air flow requlred through the heat excharnger to meet
the reqaired cahin temperature and the cabin dew point. If the cabin temperature
cannot be ‘r‘netv,' the 1cab.in temperature.'is raised in 1°Ff increments, ~u1’.1t‘i1 the‘ heat g
exchanger can ren»lo.vel'the heat load. As the' cabin temperature is raised, a sub-
routine QMET calculates a new latent/ sen_sihle ‘metabolic heat load split for the new

cabin temperature.

If there is also a sensible heat exchanger, the condenser subroutine calculates the

sensible load removed by the condenser and the cabin dew point.

If there is a s’en‘sib_le heat exchanger, the #Hx subroutine calculates the air flow through
the heat exchanger required to reject the remaining sensible heat load. If the heat
load is negative, a message is printed that a reheater is required and'the‘pmgmm
continhes | If the heat exchanger cannot rernove the reqmred heat load, the cabin
temperature is .mcreased 1°F, the metabohc latent/ sensible load split recalculated
and the program. returne to the water. removal subroutine. If the temperature is
raised 15°F and‘ the heat exchanger still cahnot rheet the load, a message is printed

and the case continues.

if there is a water cooled avionics bay, the cotnpartment temperature is calculated

"in a manner similar to that used for the interface heat exchanger.

Temperatures into and out of the other components (pump, fuel cell heat exchanger,

etc.) are calculated in a similar manner and the results printed.
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3.3 Radiator/Evaporator Expendable Usage

A section h_as been added to the program to detelrminé the maximum nominal and
minimum eVaporating rates of expendables required to supplement the radiator
over an entire orbit. The program calculates steady state performance at . -

discrete orbitgl positiohs.

The inputs required are the vehicle heat loads, coolant flow rate, radiator charac-
teristics (@, €, Area, etc.), evaporator characteristics, and the radiator influx
versus orbital position. It is assumed that the influx is modified to account for

radiator mass.

The progrzim sums the vehicle heat loads, finds the radiator influx for the orbital
position, and calculates radiator outlet temperatufe. If the temperature is higher
than the required temperature, a secéndafy sink is used:

a. _Sublimatbr

b. . Flash Evaporator
c. Cryogenic Heat Exchanger

If a sublimator is uséd, a convergence loop is used to find the proper load split

between the 'radiafor and sublimatoﬁ.

The program prints the average rate of expendable usage as well as the radiator inlet
and outlet ~temperatures and the rate of expendable usage for each orbital position,

Up to:30 steps may be used for each orbit.
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Component Weights

The w?;ights prinfeci for each subsysteni éré é. buildup of the individuai cdmponenf
weigh:ts wi’;hin fhé subéystem. General'iz‘ed‘ routi'nes: are used to calculate fén weights,
as a fimcfion of ﬂoQ aﬁd p;‘eésure rise; val%r.e weigﬂté, as a function of typé and ﬂow;
heat éxchangér wéiéhfé, as a function of UA, ‘effc'. In addition, fixed weights for

items s.uch aslcontr.oll‘ers, disconneds, ‘a.céumulatc;rs, etc., are added, Finally,

a structufal Weight factor is included’ tc; acc‘éunt for packaging consideration. Since
heat exchangers usﬁaily include mounting provisions as an integral part of their design,
structural weight factors are not applied to heat exchangers as the basic weight models
include these mounting provisions. ‘Table 3-1 shows the general weight equations used
for the subsystem weights. Table 3-2 shows a breakdown of the subsystems, what
componerits ar.e included within each subsystem, and the source of weight values - F,
for fixed weight that does not change with various conditions and P, for weight values
calculated by the program as a parf of the:' opﬁﬁﬂzaﬁon process. All symbols are’

described in Appendik 1.
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TABLE 3-1 .
WEIGHT EQUATIONS

Subroutine o _ ) Weight Equations

FEVAP WT.

(FWT (L)*CFT‘(L)+EXW(L))*SWT(L)

WH20 = QR/965

LIOH | .W‘T = (WL*FWT(J) +f)&w(J)+2. *WTM)*SWT(J)
WL = WCOR¥DAY*L.145

RAD WT = ARFSWT(J) + wa ()

CHX' WT. = FWT@E)*UA+FXW (;J)«LWTV)*SWT @)

EBAY WTHX= FWT(J)*UA+FXW(J)*SWT(J) |

WTFAN = (FWT(J+1)*(WTF+WTK)+FXW(J+1))*SWT(J+l)

HSC WTS = (FWT(J)*(WBS+WTX+WTV)+FXW(J)+WVC)*SWT(J)
WIF - (WTF+3. *WTK)*SWT(12)
WIV = VACUUM VALVE WT.
WTC = CONTRbL VALVE WT.
WTX = CANISTER WT,
wuUs = 83, 4*RHO*DA Y*WBS/CYCL
CONT C wr - [WTB*};'WT(J)+WTV)+FXW(J)] *SW'T ()
EBAY2 WTHX = [FWT(&)*UA@W(J)*SWT(J)] %2,
WTFAN = [(FWT @+1)* (WTF+WTK)+FXW (J+1))*SWT (J+1)] *2
SHX WT = FWT(J)*.UA'+F.XW(J-)+WTV*SWT(J) '
PUMP WT WwT = [(WC/RHO*,0748*DP)0'4*FWT(J)+FXW(J)} *SWT @)
INTER, HX WT .WT = CFT@)*FWT@)+FXw()
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HamiltonbolvlS@‘N C.)F UNITéD pﬂcl;AFY CORPORATION ' . . A - SP 01T72
Standard - - A ' -

TABLE 3-1 (CONT) -
WEIGHT EQUATIONS

Subroutine B .Weigﬁt tEquations

SUBL. WT | WT = FWTE)*UA+FXWE)*SWT(J)
WSUB = Q/1065.*TSUB

CRYO. HX w'f = FWTE)*CFT@)+FXW(J)*SWT (J)

WHYD = Q/1440¥TCRY

F/C HX&GSEHX WT . = UA*FWT () +FXW (J)*SWTJ)

EXPEND “WT WT' = Q*FEXP

COND FAAN | WT = (FWT@)*(WCF+WCV)+, 9*WCF+FXW (J))*SWT (J)
SENS FAN wT = (FWT @)*(WSF+WSV )+, 9*WSF+FXW (J))*SWT ()
VENT FAN WT = FWT(J)*WTF :

All Symbols Explained in Appendix 1.
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Hamilton U o SP 01T72

. DIVISION OF UNITED AIRCRAFT CORPORATION

Standard RAe

' TABLE 3-2
COMPONENT AND SUBSYSTEM LISTING

Subsystem Component No. Required Weight Source

Water Rem:dva;l/ Condenser

HX o 1 P
Temperature .C()ntr.'ol Valve (If no sens. HX) 1 P
Temperature Controller (Dual) . 1 F
W/S Gutter/Duct - I 1 F

Sensible HX:

HX T 1 P
Temperature Control Valve (Air) 1 P
Temperature Controller (Dual) 1 F

Water Separator

w/s .o e 1 F
Air Check Valves : 2 F
HoO Check Valves - SR 2 F

Water Lo‘ob 'Pump Package

Water Pump " 3 p

Check Valves 3 F
Accumulator o : 3 F
Filters ' 2 F
Valve, Shutoff, Manual 2 F
Potable Hs0O 1
Chiller A 1

- © 0 3-14 '



Hamilton

DIVISION OF UNITED AIRCRAFT CORPORATION

Standard Ae

TABLE 3-2 (CONT)

- COMPONENT AND SUBSYSTEM LISTING

Subsystem Coniponent

Disconnects, Liquid '
Disconnects, Gas
Low Pressure Sensor

Pump. Switchover .

Interface HX

HX's

Pumps Freon Loop

Water Purﬁp

Check Valves .
Accu;nulator

~ Filter

Valve, Shutoff Solenoid
Disc;mne:cts_,, Liquid |
Disconnects, Gas

Low ‘Pres:sure Sensor

Pump Switchover,

Water Evaporator - Sublimator

HX

Shutoff Valves, _Sole_noid

3-15

SP 01T72

No, Required WeightvSource
5 F
3 F
2 F
1 F
2 P
3 P
3 F
3 F
2. F
2_ F
5 F
3 F
2 F .
1
2 P

F



Hamilton U _. | 'SP 01T72
Standard - - Re

TABLE 3-2 (CONT) |
COMPONENT AND SUBSYSTEM LISTING

Subsystem/Component No. Required Weight Source
Shutoff Valves, Manual 5 F
Preésur.e'Regula.tors , ' , 3 F

COg Control - LiOH
Cartridges ' P P
Valves, Shutoff, Manual S 2 P

Ventilation Fans

Fans : ’ i 2 ’ P -

Silencer/Screen - 1 P

Condenser Fans

Fan ‘ o 3. P
Check Valve . 3 P
Silencer/Screen (.9 Fan) ' 1 - P

Sensible Fans

Fan o 3 p

Check Valve . 3 P
Silencer/Screen (.9 Fan) : 1 P

Contaminate Control

Cartridge " ' 1 ' P

Check Valve 1 P
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Hamilton

DIVISION OF UNITED AIRCRAFT CORPORATION

Standard

®

TABLE 3-2 (CONT)
COMPONENT AND SUBSYSTEM LISTING

Subsystem Component

Avionics Bay - Water Cooled

HX

3-17

No. Required

SP 01T72

Weight Source

1
Fan 3
Check Valve 3
Fan Spéed Sénéor
Avionics Bay = Freon Cooled
HX 1
Fan 3
Valve Check 3
Fan"Spe‘ed Sgnsotr } ' 3
Fuel Cell HXl
HX | 3
Cryo Hx |
HX 2
Valve, Shutoff Solenoid 6
Valve, Control 3
T empjerafﬁre Controller 2
Watér Evaporator — Flash
HX | P
Solenoid Shutoff Vélves 4



Hamilton . U conmoraTion : SP 01T72
Standard Re

TABLE 3-2 (CONT)
COMPONENT AND SUBSYSTEM LISTING

Subsystem/Component No, Required Weight Soufce
Manual Valves . ) : , ' ' 4 F
Temperature Controllers 2 F
Other
Chiller (with .virater.pgmps) A o 1 ' F
Cooler (with water purﬁps) - 1 F

GSE Cooling
HX ' ' 1 P
Disconnects - 2 F

Cold Plates

HS-C Subsy.stem

Beds & Canisters L4 | P
Valves, Cycﬁlir'lg o , ' 4 ' P
Valves, Vé.cuum | 4 F
Timer (triple) | o . 1 F
Humidity Control Valve : 1 P
Humidity Controller (Dual) . 2 F
Humidity Seﬁsor S . ' : 3 F
Gas Actuator Valves 8 F
Radiator

Panels . 1 P
Hinge, Valves, Contro.1>s, Orifices, Etec. 1 F

3-18



OIVISION OF UNITED AtRCRAFT CORPORATION

Hamiiton U / . SP 01T72
Standard @ Ae ' '

(Continued)
In order to run the HS-C or the orbital transient programs, tables of input data
must be stored in the computer. Tables are set up in accordance with the following

format.

X ~ Nérﬁe 6f ;iata block where table is stored
1.~ ~Location of first item in table within X
X(1)  ~Table or curve number

X(I+1'). ~ Degree Iﬁterpolation choice (1, 2 or .3)' :

X(@+2) = NX Number of X values

X@+3) = NY Numbér of Y values

X{@+4) "XV Valués in ascending order

X{I+4+NX). "Y" Vélues in ascending order

X {+4+NX+NY) "Z'" Values in the following order

Z(1,1), Z(1,2), Z(L,3), =mm-mmmmmmmmmnn Z(1,NY)
Z@,1), Z@2,2), Z(2,3), =mm-===—m—m=-== Z(2,NY)
Z(NX, 1), Z(NX, 2), Z(NX, 3)----m-mmm-mm 7 (NX, NY)

3-19/3-20
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SECTION 4.0
OPERATING PROCEDURES



Hamilton U > o  §PG

) OIVISION OF UNITED AIRCRAFT CORPORATION . ’ SP 01T72
Standard " Re g

4.0 OPERATING PROCEDURES -

4.1 How To Set Up The Deck

The data'-c.é.rds er,e_set up as shown in Fi;gnre 4:—‘1.f The object of source deck with
the.system. cont#dtcards are dengted by (1). The next card (2); the tirst data card,
is a."comment" card. This card_\yill be printed with the case. It must not be blank.

- The rest of the data for the first case is ,denoted,by (3). The last card_ of (3) has a
"rriinus" vin the second field. .Thisdenotes the fact that this is the last data card for
a parttcn'la_r c,al.se., _The next case conststs of another comment card (4) and what
ever data it is desirable to change from the previous case. This is shown as (5).
Again the last card in (5) has a "minus" .in the second field. A run is ended by

putting a blank cax;d (6) at the end of the last case.

A11: of the daw,: eard_s with the exception: of the '"comment' card,. are set up eccording
to the _format shan in Figure 4-2. A card is diyided into 8 fields. The first field

" is one (1) digit long. In this field.e numben jis. noted telling the load routine how
many p1eces of input are on this card The digit will be between 0 and 5. The
second f1e1d is the location in the mput'data block.mto which the first piece of 1nfor-
mation will be loaded. This field extends from the second digit to the 12th digit.

A minus sign in this field will terminate a case.

" Field 3 contains the first piece of input data which is loaded into the location given
in the second field. . The number may be punched anywhere within the field and must
contain a decimal point, Data in fields 4, 5, 6, and 7 are loaded into sequential

" locations in the data block. The last field, locations 73 and 80 may be used as a

4-1



.8—17-_ .

.

%»

GSE
' INTER. SUB M1 ux.
w/s HX
ot CHILLER ( |
COND — e e e e — —
: ' ,\r AVIONICS _l PUMP '
. - l COMP, f : ' | F/C
c/P HX I
| : '
, I ‘ HYDR,
- 6831 | "
LiOH LiOH | l
| - F F .F .
: . _______J ) PUMP
l———‘l A AVIONICS —
, ‘ | ~ COMP. f |
l RAD
é é é c/P HX ¥
[ |
FAN FAN FAN I

NR SCHEMATIC

pJepuels
- uojiweH

o)
N

HOMIY OILING 20 NOISIAIG

NOIL YHOJMOD L3V

GLLTO dS



Hamiiton _ U : 'SP 01T72

VISIOIN OF UNITED 8IRGRAFT CORPORATION

Standard’ el

FIGURE 4—1 DECK SET UP

PP P PP P p

1 A A B B A A A AN
| | . I | : | ' !
| | | | | |

| | I | | | |

| T | | I i

I . | | |
12 1213 24|25 36]37 48| 9 60[61 72|73 80

. FIGURE 4—2 COMPUTER CARD SETUP
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4.2

4.2.1

Ham”ton ouvvsnor; OF UNITED H:FIAFT CORPORATION o o AR ' SP 01T72

Standard Re

(Continued)

label, If is not examined by the bomputér and may contain any alpha-nuineric char~

acter desired,

If a number does not appear in the second field, the data will be loaded into sequential
locations from the previous piece of data input. The first data card in the case must

have a location to place the data in the second field,

Definition- of input data including location and units are described in the next Section
4.2. Input required for a typical case is shown in Figure 4-3. If a second case is

added after the first case, the only input data that must be inputed is that desired to

~ be changed. In the case shown in'Figure 4-3, the cabin temperature is changed from

65°F to 70°F.

Program Input and Qutput

Input Definition

The following information provides the input definition for operating the program.
Information includes location, symbols,. the printed label, description, and unit.
An explllanation of all symbols is presented in Appendix I. Typical printéuts of
the input data are shown in Figurés' 4-4, 4-5, anq 4-6 for a sizing ca_se, pé_r—

formance case, and an orbital transient case, respectively.



16k 4

INPUT DATA SHEET

HSF —~ Vi196A B 63

R. Balinskas

N AME MALL ADDR.ESS TEL. EXT.
procram no.  H24T7 TITLE ESTIMATED COMPUTER TIME SHEET oF 2
Jo8 no. keveuncHER: 1. Do not verify title cards. COMPUTER MODEL
2. Observe dotted lines only for numbers containing 'E.
PROGRAM INFO | . INPUT DATA ‘ _ LABEL
“n | LOCATION NO. _ 1 2 3 4 _ . 5
IBRE 13 21 25 . 33 37 |as 49 Is7 6 1 69 73 80
MULSS SIZING CASE MAX HEAT LOAD TCAB = 65 L ] |
5 .| es. 145 | 53.3 34, 1600,
5 6. 1. .25 62.4 85. 13.2
5 11. 7. 2070. 6700. 1230, 17500,
5 16. 0. 23000, 4200, 1. 2,
5 21. . | 2. .01 | 24000, 2, _15.
5 26. 15, 1. o, . 1. .73 1.
R 2, 0. .16 ,0013 0.
5. 36. 0. 20. 1,04 | 0. 0.
s A1, 2,25 1.3 40. | 60. 2.95
5 46. I 459. .24 900, .16
5 51. 0. 0. 0. 0. 120.
5 56. 120, 1.3 1.3 0. 1.19
5 © 6l 120, .16 0. 30,
5 66. 0. 9. .04 0. 2.
5 71. 0. 0. 4, 0. 115,
|5 76. s, 1. .9 0, o.
1 100. 1. '.
5 101. L0632 L0432 o 3. . 022 _
5 106. 3. 5,22 .08 1,785 2.5 @
5 111. 3, 2, 1. 4. 1. =]
5 116. . 0432 3. . 052 3. . 0231 E——
5 121. .011 .001 0, .08 ,0082 |




INPUT DATA SHEET

©9-%

“SE — 1159a 9 63
N AME R. Balinskas MAIL ADDRESS TEL. EXT. :
sRoGRAM No.  H247 TITLE ESTIMATED COMPUTER TIME SHEET oFr __2
JOB NO. keEvyPuncHER: 1. Do not verify title cards. COMPUTER MODEL
2. Observe dotted lines only for numbers containing “E.’

‘ P?OG&XM IN F_O . INPUT DATA  LABEL '

n | LOCATION NO, _ 1 3 5
KBE 13 21 25 |33 a7 s as . ls7 o1 6o 75 8o

5 126. . 0. 0. 0. ! 0, .I 0,

5 131, 18.3 10.5 12,3 45,55 0.

5 136. 44.0 999. 22,1 0. 0,

5 141, 0. 0. 0. 44,3 0.

5 146. 0. 0. 0. 0, 0,

5 . 151, -8 30.. 0.. 0. . - - 26,6

5 156. 0. 0. 0. 0. . 04
5| 161, 1,25 1,25 1.25 1,25 1.0

b 166, 1.25 1.35 1,25 -1,15 - 1.0

5 171, 1.25 1.25 . 1,25 1,15 1,15 -
1.5 | 176. 1.25 . 1.25° 1..25 1.25 1,.0

b} 181, 1.0 1.25 1.0 1.25 1.25

5 186, 1, 1. 1. 1, 1.

9 221, 0. 0. 0. .20 0.

5 226, .22 0. 0. .6 .35

5 231, +35 .35 0. 0. 0.

5 236. 0. .35 0. .35 .0

0 =1, . .

MULSS SIZING CASE - [TCAB |= 170 ]
11, 70, L
0 -1 =

3
"1 J { o
| | |




1%

piepuerg
“uoljiwen

00¢

1.250C 1.250C 1.C00C 1.0000

FIGURE 4—4. SIZING CASE INPUT

[
£
. — et — e e et e e s e H
: ?
— —_— e e e ks - o o - i e+ - — e e —— — et e e m o+ e e e ————u g
MULSS STZING CASE _MAX HEAY LOAD. YCAB = €5 _ _ __ & s o _ _DAYE 10/11772  __ TIME 18-54=37 §
; - - 2
. [
INPUT DATA o U - . o . B i ) *
45,00 TCAB 14,57 PCAR 53,30 RGAS 34.0CN TRANDD  160C.0C WRAD 1,53 cpcooL 0.25 CPRAD 62. 40 RHOC h
R5 .00 RHOR 13.2C WCO2 7.00 _DAYS 2070.1 OSMET 6700, 0 QSENE 1230,0 OLMET . 17500,0 QCPl 0.0 QCP2 ® 3
23000.0 QFCELL  420C.C QSUBL 1.0 KEY €02 2.C KEY H20 2.060 DTIHX 0.010 TOLP . 24000.C TVENT 2.000 DAYEM - - ass
15,00 NJ TRAD _ 15.00 NO_TIHO 1.0C BLANK 1.C0 NO QLAY - 0,730 RHMAX 1.00 WC/WR 2.0000 DT RADD 0.0 EE_FC B ’vg':
L1600 PPEIX  2.00137 PPVAR 0.0 KEY HXS 0.0 KEY DRT 20,000C NO WC 1.9400 FACT WC 0.0 KEY RAD 0.0 KEY CON ’ g
., 2.250P W20 ___ | - DP SHX _ 40,00 DP CP_ 60.(° DP PP - 2,25 DP €02 0.50 DP VENT 459,00 T SINK _ _ 0.24 CPA L >
900, 00 AMAX & FEXP n.0° QAMIN 0.0 QCPM 0.7 QEl " 0.0 QF2 12¢.00 TE1 120.00 TE2 .. . i
1,30 DPEL 1.30 DPE2 0.0 F RAD 1,19 F €02 2.0C FN CO2 120,00 TCMAX 0,160 CO2L: 0.0 EFH20 R
30,0 CYCLE C.0 QEB? - c R R L '
1,0  OCHIL 6.C4C TOLQ 0.0 WFJC 2.0 _KEYSK 0.0 WCOCL 0.3 TYIFXI 4 ,0C TIMECY 0.0 TIMESB
115.00 TFCI 150,37 TFCO 1.0 NUBFRH  0.90CO EMIS 20.G STEP 0.0 TORBIY 1.0 PERF . "< ' . e
"~ COMPONENT WEIGHT FACTORS . .
COND SENHX  W/S PYMPC  HXINT  PUMPR _ RAD suB LIOH VENT FANC F ANS [4 HS € CONTM,~  +~7 "~
C.0632 0.0432 (.0 3.6000  0.0220 3.0000 5.2260 0.0800 1,7850 2.5000 3.0000 2.0000 1.0000 4.0000 1.0000
SUBSYSTEM FIXED WY
18,30 10.5)  12.37  45.55 n.0 44,00 959.fC  22.10 C.0 c.0 0.0 0.0 0.0 44 .30 0.0
__ STRUCTLRAL WY FACTORS . : -
1.2500 T1.2507 1.250C 1.2500 1.6903 1,25CC 1.350" 1,250 1.1500 1.0000 1.2500 1.2500 1.2500 1.15¢C 1.1500
COMPONENT WEIGHT FACTORS - s
EBHX1  EBFAN1 FRHX2 EBFAN2 FCHX GSEHX _ CRYHX . CHILL _ SUBLY __ FEVAP _ A B_. -
9.7432 3.0000 0.0520 3.0000 0.,0231 A,0116 0.6010 0.0 T 0.0800 0.0082: 0.0 3.0 _
SUBSYSTEM FIXED WT S 5 - :
0.0 0.0 C.C 0.G - 0.0 0.8000 30,0C00 0.0 0.0 26.6000 0.0 0.0
STRUCTURAL WY FACTORS . _ . [ ) S
1.2506 1.2560 1.2530 11,2500 1.0000 1.2560 1.C500

t

ZLlio a8
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. PERFOR MANCE _

____INPUT DATA

Reproduced from

best available copy%

_DAYE 10/11/72

piepueis

TIME 18-55-33

oy

FIGURE 4-5. PERFORMANCE CASE INPUT

3.00 TCAB 14.5C PCAB 53.30 RGAS 34,00C TPADD  1600.00 WRAD 1.00 CPCOOL 0.25 CPRAD 62.40 RHOC
. 85, CD_RHOR 13.20 WCO2 ____ 7.00 DAYS _ _ _207T0.0_QSMET 6700, G _QSENE 1230.0 OLMET _ 17500.0 QCP1 040 _QCP2_
Y.C OFCELL  422C.{ DSUBL KFY CO2 2.0 KEY H20 2.00 DTIHX 0.010 TOLP 24009, 6 TVENT 2,000 DAYEM
15,00 NO_TRAD 15,97 NJ_TIHO 1.00 BLANK _ _ __1.C0 NO QLAY 0.73C. PHMAX 1.00 WC/WR __ _2.000C DT RABO__0.0 EF FC
0.1600 PPFIX  C.0013C PPVAR 0.0 KEY HXS 0.0 KEY OPT 20.000C NO WC 1.0400 FACT WC 0.0 KEY RAD 0.0 KEY CON
_ 2.25.0P H2N 1.3C _DP__SHX 40.00 DP CP  4N,0f NP_RP 2,25 DP C€O2  _0.50 DP VENT_ 459.00 T SINK C.24 CPA
9~3. 67 AMAX .16 FEXP ~.%  DAMIN 0.C QCPM 0.C QF1 D.0 QE2 12C.0C TEL 120.00 TE2
1.39 DPEL 1.3C DPE2 0.0 _F_RAD 1.19 7 CO2 12.0C FN_CO2 120,00 YCMAX 0.16C  CO2L 0.0 EFH20
300 CYCLE C.0 QEBZ :
N.0 _OCHIL 0.C4C_TOLQ 657.1 WF/C 2. KEYSK 1946.6 WCOOL 39,4 TIFXI 4,00 TIMECY 0.0 TIMESB
115.0C TFCT T50.0C Trer - 1.C NUBFRH ~ 0.9000 EMIS 20,0 STEP 0.0 TORBIT 2.C PERF ) :
CIMPONENT POWERS —WATTS
o 7.0 C.C C.2 84,54 0,0 338,53 0.0 C.,0 0,0 0.0 411,60 0.0 0.0 0.0 0.0
3.0 0.0 To 9.0 3.0 C.000  0.CCC%ses%k®x 0,000  ©.000 -0.000 0.000%#be*ssdbsesssss —0, 000
COMPONENT FACTORS—UA, FFF,ETCa . . - T
2370.04 0.0 €.0 0,20 7504.62 0.22_ 889.83 1352,48 0.60 0.35 0435 0.35% 0.0 0.0 0.0
g.0 0.35 0.0 0.35 3962,73 857,67 221.11%«txés%% 649,60 0.00%ss*ses® 15,00 0.00-4165.94-3433,13
COMPONENT FLOW RATES-CFH
32653,9 SONDF 0.0 SENF 0.0 AVFANH n.C AVFANR 0.0 VENTF 3960,0 LIJH B

TR uoiuieH

ULT0.d8



___H20 REQURIED

DATE 10/11/72

TIME 18-55-34

INPUT DATA . [ _ e
73,60 TCAB 14.5C PCAB 53,39 RGAS 3%, CF7 TRADO  1600.0C WRAD 1.97 CPCOOL 0.25 FPRAD 62,40 RHOC
. 85,00 RHOR 13.20 WCO2 7.00 DAYS ___2070,0 QSMEY ___6700.C OSENE . 1230,0 QLMET __ 17500.0 ACP1 0.0 QCP2
53070.0 OFCELL  420C,C QSUBL 1,0 KEY €02 2.0 KEY H20 2.0C DT IHX 0.010 TOLP - 24000.0 TVENT 2,000 DAYEM
715,00 ND_TPAD __15.00 NO_TIHOD 1.00 BLANK 1.CN ND _QLAT _ 0.730 RHMAX 1,00 WC/WR 2.0000 DT RADO_°0.0 €F FC .
§.1600 PPFIX  C,NAL3C PPVAR 0.0 KEY HXS 0.0 KEY OPT 20.0C0C NO WC 1.0400 FACT WC 0.0 KEY RAD 0.0 'KEY CON
2.25 DP H20 1.3C DP SHX 40.00 DP CP_ 60,00 NP _RP _ 2.25 DP €02 D.50 DP_VENT 459,00 T SINK 0.24 GPA
a%3.0n AMAX D.16 FFXP 0.0 OAMIN g9.n OCPM 0.0 OE1 0.0 QF2 120.00 TE} 120,00 TEZ
1.30°DPEL 1.3C DPE2 . 0.0 __F RAD: 1.19 F €02 2.0C FN_CN2 120,00 TCMAX 0.160 CO2t . 0.0 EFH20
30.0 CYCLE €.t OF82 - o e
.0 9CHIL n,C4C TOLO 65721 WF/C 2.0 KEYSK 1946, 6 WCOOL 39,4 TIFEXI 4,00 TIMECY 0.0 YIMESB '!
115.0C TFCI 150.0C TFCO 1.0 NURFRH  C.90CC "EMIS 20.0 STEP 0.0 TORBIT 3.0 PERF . . T

FIGURE 4—6. ORBITAL TRANSIENT CASE INPUT

piepuels
- uojliweH
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INormal Mission Length
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DIVISION OF UNITED AIRCRAFT CORPORATION SP 01T72
Standard Ae '
PROGRAM PRINTED| .
LOCATION SYMBOI, LABEL | DESCRIPTION UNIT
1 TCAB TCAB  |Cabin Temperature FF
2 PCAB PCAB  |Cabin Pressure  |psia
3 RA RGAS . |Cabin Atmosphere Gas tt/°F
s ’ "{Constant )
[
' i - !~ ° . ..'. .
4 TROIN TRADO |Radiator Outlet Coolant Temp. |’F
a) If value is 0 and EX in
" location 36 is 0, program
will find initial radiator
. - outlet temp,
b) If value is)>0 and EX is 0,
-program will use input value
as initial radiator outlet temp.
c)A' If EX is>0, program will not
optimize and will use input
value for radiator outlet temp.
5 WCIN WRAD  |Radiator Loop Coolant Flow Rate [Ib/hr
a) If value -is)O and EX in locatioxiv
36 is 0, program will use in-
- put value as initial flow rate
b) - If EX is)0, program will
- not optimize and will use
input value for flow rate
6 CPC CPCOOL |Coolant Loop Specific Heat BTU/1b/R
7 CPR CPRAD |Radiator Loop Specific Heat BTU/1b/°R
8 RHOC RHOC ~ |Coolant Loop Density w/gt?
9 RHOR RHOR  |Radiator Loop Density Ib/ft3
10 | wcoz2: wWCo02 o, Generation Rate Ib/day
11 DAYN DAYS . days




Hamilton. U - N SP 01T72

ODIVISION OF UNITED AIRCRAFT CORPORATION

Standard . ' Re

PROGRAM | PRINTED| . . . -
LOCATION | SYMBOL LABEL | DESCRIPTION ‘ UNITS
12 QSM _ QSMET |Sensible Metabolic Heat Load ~ |BTU/hr
13 QSE QSENE | Cabin. Air Heat Load BTU/hr
' ' Q@ wall + Q elect)
14 QLM QLMET | Latent Metabolic Heat Load ~ |BTU/hr
15 QCcP1 | QCP1  Coolant Loop Cold Plate Heat  |BTU/hr
: Load
16 . QCP2 QCP2 |Radiator Loop Cold Plate Heat |BTU/hr
’ Load :
17 QFC QFCELL | Fuel Cell Heat Load (Less Heat |BTU/hr

Load Due to EC/LSS Power)
18 QSUBI QSUBL |Heat Load Rejected by Flash BTU/hr

Evaporator Sublimator Using
Excess Fuel Cell Water

19 M1 Key (Jo2 CO2 Removal Key

a). 1,= LIOH
b) 2 =Solid Amine (HS-C)

20 M2 Key H20 Humidity Control Key

b) 1= Solid Amine
c) 2 = Condenser

21 DTX DTIHX |Initial Temp. Difference  |°F

Between Coolant and Radia~-
tor Loops
22 TOLP  |Not Used -
23 TV QL TVENT |Minimum Cabin Ventilation Flow |EHH
' ‘ ‘Req. : -

24 DAYE DAYEM |Emergency Contingency Period |days
- :
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mi U
Ha llton .D|V|SION OF UNITED AIRCRAFT CORPORATION

 SP 01T72
Standard Ae e
- PROGRAM | PRINTED] .
LOCATION | SYMBOL LABEL - [DESCRIPTION L _ DNITS___
25 RMAX NO TRAD|Max, Times Thru Radiator
f ~ {Outlet Temp Loop
26 - HXIM NO TIHO |Max.. Times Thru Interface
i HX Outlet Temp Loop
27 BLANK |Not Used
28 ' NO QLAT|Not Used
i .
29 ) RHMAX RHMAX |[Max:Allowable Cabin Relative  Decimal
! Humidity fraction
i
30 ? WRAT WC/WR |[Coolant/Radiator Loop Mass Flow
: (WCp Coolant/WCp Radiator)
i
31 " FW1 DT RADO|Increments of Radiator Outlet  ['F
Temp (TRO Increased by this
value each iteration)
32 L FW2 FEFFC  |Waste Heat Factor For Fuel
! Cell (Q waste heat/output power) [BTU/hr/watt
33 | PPF PPFIX |Fixed Power Penalty Ib/watt
34 PPV PPVAR |Expendable Power Penalty Ib/watt hr
35 FW5 KEY HXS |Heat Exchanger Arrangement .
Key
‘ a) 0 =no sensible HX
b) 1 = separate sensible HX
36 EX - KEY OPT|Optimization Key
a) 0= optimize coolant flow rate
and radiator outlet temp,
b) 1 =no optimization - use input
.coolant flow rate and radiator
outlet temp.
37 EY NO WC |Max Times Thru Coolant Flow
‘ Rate Loop
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Hamiiton

DlVI:SAO.N OF UNITED AIRCRAFT CORPORATION SP Ol.T 72
Standard ® '
“PROGRAM | PRINTED .
LOCATION | SYMBOL _ | LABEL DESCRIPTION UNITS
38 DWC FACT WC Factor Flow Rate is Increased
by Every Iteration (new flow rate/
. old flow rate) -
39 Not Used
40 Not Used
41 DP1 DP Hy0 AP Of Humidity Control Equip In, HyO
42 . DP2 - DP SHX - AP Of Sensible HX .|, H,0
43  Dp4 DP CP AP Of Coolant Loop Pump psi
44 DP6 DP RP AP Of Radiator Loop Pump psi
45 DP9 DP €0, AP Of COg Removal Equip. In. Hy0
46 DP10 DP VENT AP Of Ventilation System In.- HyO
47 TS TSINK Radiator Sink Temp. °R
48 OPA CPA Cabin Atmosphere Specific Heat | ft/°R
49 AMAX AMAX Maximum Allowable Radiator Arealft2
50 FEXP FEXP Heat Rejection Expendable Weight 1b/BTU/hr
Penalty Used to Top Radiator if
Area Exceeds Max. Allowable
51 ‘Not Used
52 'Not Used
53 QE1 QE1 Air Cooled Electronic Bay in Cool-{BTU/hr
ant- Loop ‘Heat Load (less fan)total |
54 QE2 QE2 Air Cooled Electronic Bay in BTU/hr
' ' ' Radiator Loop Heat Load (less
fan) - ‘
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DIVISION OF UNITED AIRCRAFT CORPORATION SP 01T72
Standard Ae ik
PROGRAM | PRINTED _ :
LOCATION|SYMBOL LABEL DESCRIPTION UNITS
55 TE1 TE1 . Air Cooled Electronic Bay In - °F -
Coolant Loop Max. Air Temp.
56 TE2 TE2 Air Cooled Electronic Bay In
I Radiator Loop Max. Air Temp. °F
57 DPE1 DPE1 AP Of Fan In Coolant Loop in, H,0
: Elect, Bay
58 DPE2 DPE2 - AP Of Fan In Radiator Loop in. H,0
Elect. Bay
59 ,:FRAD FRAD 0. - Calculates RAD Area
: ' 1. - Uses RAD Area in 49,
60 FCO2 FCO2 LiOH Heat Load Factor
Acutal Production Rates
Ave, Production Rate
61 "FNCO2 . | FN CO2 No. of LiOH Cans on Line
. i S _
62 TCMAX TCMAX Max, Allowable Coolant Temp, | °F
Out Of Cold Plates
63 lcusB | cozL | HSC CO3 Loading Tbs/1b
64 Not Used
65 CYCL CYCL HSC 1/2 Cycl Time -minutes
66 1QEB2 QEB2 Heat load of Second EBAY BTU/Hr
in series - Cabin Loop
67 QCHIL QCHIL Low Temp, Chiller Heat Load  |BTU/Hr
68 TOLQ TOLQ Tolerance on Sensible Heat Load | decimal
Converg fraction
69 WFC Fuel Cell Coolant Mass Flow

WEC

Rate

4-14
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Hamilton U AR ' SP 01T72

OIVISION OF UNITED AIRCRAFY CORPORATION

Standard . Ae

PROGRAM | PRINTED SR
LOCATION|SYMBOL | LABEL DESCRIPTION UNITS

70 RN ‘ NR Heat Rejection Sink

"1 -RAD + SUB

2 -RAD +CRY

3 - RAD + FLASH EVAP
4 - SUB

5 - CRYO

. 6 --FLASH EVAP

71 we - | Wwce Calculated Optimum Flow

Rate (Used for off design
Performance)
72 TZ TIFXI Freon Loop Control Temp (into °F
‘ int HX) . _
73 TCRY TCRY Time Cry. HX is Used @ Full Heat |hrs,
Load
74 TSUB TSUB | Time Subhmator or Flash . |hrs.
' Evaporator is Used that HZO Must
. 4 be Supplied
75 TFCI - | TFCI Temp. - of Fluid Entering F/C |°F
76 |TFco | TFCO Temp. of Fluid Leaving F/C |°F
7 FRESH @ |NFREH No. of Fresh LiOH Cart. On Line
78 EMIS EMIS : Radiator Emissivity
79 |STEP STEP No. .of Steps Taken to Determine

Radiator Topping Requirements

© 80 TAU TIME Time Required for 1 Orbit hrs.
100  |PERF PERF .| 1 - sizing Program

2 - Performance Program

3 - Radiator/Evaporator Sizing

101 FWT (1) . |COND Component Weight Factors ~_ |lb/btu/hr/°F
B ‘Co_ndenser - Weight/UA

4-15



Hamilton

DIVISION OF UNITED AIRCRAFT CORPORATION SP 01T72
Standard ®
PROGRAM | PRINTED _ , .
LOCATION |[SYMBOL LABEL "{" DESCRIPTION U_~NITS
102 FWT (2) | SENHX Sensible Heat Exchanger - Ib/btu/hr/°F
: | Weight/UA -

103 (3) w/S Water Separator

104 (4). PUMPC Coolant thp - No. of Pumps

105 () HXINT Interface HX - Weight/UA 1b/btu/hr/°F

106 6) - PUMPR I Radiator Pump - No. of Pumps

107 (M - | RAD Radiator - Area/WCp (B-C) ft2/btu/hr/°F

108 (8) SUB ~ Sublimator - Weight/UA Ib/btu/hr/°F

109 ©) LiOH LiOH - Packaging Factor Fo
Canisters .

110 (10) | VENT Ventilation Fans - No, of Fans

111 1y FANC Condenser Fan - Number

112 (12) | FANS Sens; HX Fan - Number

113 (13) MC Molecular Sieve - Not Used

114 (14) HSC Number of Canisters Ib

115 (15)- -. | CONTM Charcoal Canister - pkg Factor
for Canister

116 (16) EBHXI Coolant Loop Elect Bay HX 1b/btu/hr/°F

, Weight/UA '
117 am EBFANI Coolant Loop Elect Bay Fan -
. Number of Fans

118 1% | EBHX2 Radiator Loop Elect Bay HX - Ib/btu/hr/°F
weight/UA :

119 (19) EBFAN2 Radiator Loop Elect, Bay Fan

K Number of Fans
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STy =" e g o P 01772
| TPROGL.{AM PRINTED | - . - - :
LOCATION|SYMBOL | LABEL DESCRIPTION UNITS
120 FWT (26) FCHX . Fuel Cell HX 1bs/l.otu/hr/°F
121 1) | GSEHX GSE ‘HX - Not Used Tos/btu/hr/°F
122 (22) | CRYHX Cryogenic H, HX 1b_s/btu/hr/°F
123 (23) CHILL - Low Temp Chiller - Not Used
124 (24) | SUBLT Topping Sublimator Ibs/btu/hr/°R
125 '(25)' FLASH ' Fiash Evap Ibs/btu/hr/°R
131 |Fxw a | conp _, Subsysterﬁ Fixed Weight 1b
, Condenser '
132 (2) SENHX Sen siiole Heat Exchanger* - 1b
133 ®3) w/S Water Sep *
134 4) | PUMPC Coolant Loop * Ib
135 5) HXINT Interface HX b
136 (6) PUMPR Radiator Loop Pump * 1b
137 (7 RAD Radiator - Weight of Hinge For 1b
‘ , Fqld Out
138 (é) ~ | SUB Subliﬁlator 1b
139 9) | LiOH | LiOH * 1b
140 (}0) - VENT Ventilation Fans - Not Used
141 @1) FANC Condenser Fan 1b
142 (12) FANS Sensible Fan 1b
143 @) C Not Used 1b
144 (14) HSC HSC Fixed ‘Wt. 1b
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Hamilton

Standarg™™" " BT SP 01772
PROGRAM | PRINTED A , ,
LOCATION |SYMBOL LABEL * DESCRIPTION UNITS
145 FXW (15) CONTM | Charcoal Canister b
146 . (16) EBHX1 ‘Coolant Loop Elect. Bay HX* 1b
147 C(17) EBFAN Cooléﬁt Loop Elect. Bay Fan* b
148 (18) | EXHX2 Radiator Loop Elect. Bay HX* | Ib
149 (19) EBFANZ Radiator Loop Elect. Bay Fan*| 1b
150 (20) FCHX ‘Fuél.ceu HX - 1b
151 @21 GSEHX ' _GSE HX 1b
152 (22) CRYHX :Cryogenic HX 1b
153 @3) | CHILL | Mot Used
154 (24) SUBLT .Not Used
155 - (25) FLASH Flash-Evaporator
161 'sz‘ 1) |conD Structural Weight Factors
Condenser Fans
162 @ |SEN HX Sensible HX & Process Flow
Eans
163:. : .(3) WS Water Sep *
164 (4) |PumMPC | Coolant Loop Pump
165 (5) HXINT ‘| Interface HX
166 ©6) |pumPR Radiator Loop Pump Io/ft?
167 (7) RAD | Radiator
168 (8) SUB ' Sﬁblimator

* Prograin Factors Fixed wt by Structure wt "Factor:
FXW (n) * SWT (n) :
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Standard oo o \,N.m:hn;g; commoaaTion SP 01T72

PROGRAM PRINTED o

LOCATION|SYMBOL | LABEL DESCRIPTION UNIT

169 © | Lo I&Cﬂi»

170 : (10)- VENT ‘ Ven ii_la’tion Fans

171 (1 i) FANC Cénciens_er Fan

172 12) | HSB ‘Sensible Fan

173 (13{ MS Not Used

174 (14) | H2DP HSC

175 as) | contm Charcoal Canister

176 ‘(1'6). EBHX1 COO'Ia_l.nt‘LOOp Elect, Bay HX

177 (i7j EBFAN1 'C_oéléht Loop Elect. Bay Fan

178 (18) | EBHX2 Rl-adiajtto‘r Loop Elect. Bay HX

179 | 19) | EBFAN2 Radiator Lbop Elect. Bay Fan

180 (20) | FCHX | Puel Cell HX's

i181 @1) | GSEHX | N‘ot.[ulsed

182 (22) CRYHX Cryogenic HX

183 @3) | CHILL Not Used -

184 ‘@4). SUBLET Not Used

185 | (25) | FLASH _Flas-h Evaporator

191-220 | PW {30) PW (30) fowef Table For All Components

921-250 |CFT (30) | CFT (30) ¢ox_ﬁp6hent Factors (UA, 7], Etc.)

426-500 - |T (75) Not Printed .Table of HSC Performance (Water

‘ Loading VS Partial Press and Air
Flow/1b Bed)



Hamilton

DIVISION OF UNITED AIRCRAFT CORPORATION

SP 01T72

Standard ‘Ae

PROGRAM [PRINTED —
LOCATION|SYMBOL _ | LABEL, DESCRIPTION UNITS
351- 425 - Not Printed |. COZ"Bled_-Loading Vs Air iFlo;)v

: 'LB Bed. & PCO, :

221 CFT (1) Condenser UA BTU/Hr—F
222 @ | Sens HX UA | BTU/Hr-°F
223 (35 ) -
224 CFT @) Coolanf Pump EFF
225 (5)' Intef: HX UA gTU /Hr-°F
226 (6) Rzé,diatof Loop Pump EFF '
227 (7) RAD Area FtZ
228 ). Sublimator UA BTU/Hr-°F
229 @) LiOH Removal EFF of co,
230 (10) Vent Fan EFF
231 (il) Condénser Fan EFF
232 12) Sensibie Fan EFF
233 (13) -
234 (14) . HSC Bed Size Lbé
235 (15) S
236 (16) EBH.X uA | BTU/Hr-°F
237 a7y EBFAN EFF
238 (18) EBHX2 UA i BTU/Hr-°F
239 (19) EBFAN 2FF
240 @0y Fuel Cell HX UA | BTU/Hr-°F
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Standard oSN OF UNITED Qc:@ coamonaTION SP 01T72
-  |PROGRAM | PRINTED
LOCATION|SYMBOL LABEL DESCRIPTION UNITS
241 (21) -
242 (22) CRY HX UA BTU/Hr-°F
243 (23) _.
244 (24) T0ppixig Sub UA BTU/Hr-°F
245 k25) Flasﬁ. Evap UA BTU/Hr-°F
251 Vil Condenser Fan Air Low Rate CFH
252 V12 Sensible Fan Air Flow Rate | CFH
253 V9 LiOH Air Flow Rate CFH
254 V10 Ventilation Fan Air Flow Rate | CFH
255 V17 Cabin Loop Cooled Avion, Bay CFH
' ‘F.an Flow
256 V19 'Radiator Loop Cooled Avion, an CFH
Fan Flow ‘
.301-350 Radiator Influx vs Orbit Position
501-517 Qmetabolic Table

4-21




Hamilton__ . U. S |
OIVISION OF UNITED, AIRCRAFT CORPORATION . . . SP 01T72
Standard = Re

PROGRAM OUTPUT.

4,2.2 Program Output

The program output can-be separated by the type of case that is run:

~a, Sizing
b. Off-Design Performance

c. Orbital Radiator/Evaporator Transient

For all'cases, the input data in locations 1 - 100 (that are used) are printéd. The

labels are 'described' in the table that describes the input data,

For the sizing program, the Weight factors (FWT, FXW, & SWT) are printed under
the component name and in component order: from 1 to 15 and from 16 to 27, Tables

of optimization results are printed in the following order:

1. Optimization of the interface heat exchanger outlet coolant
temperature fbr each mdﬁtor outiet temperature.
.‘ 2, .A summary table of the Optimunél total equivalent weight for each
radiator outlet temperature at a given flow rate.
3. A summary table of the optimum total equivalent weight for each

flow rate.

Lastly, the results-of the optimum condition are printed so that a flow chart can be

produced.

4-22
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DIVISION OF UNITED AIRCRAFT CORPORATION

Hamilfon ' U | | :
: SP 01T72
Standard - ©  Ae : S

4.2,2 (Continued)

The labels that are printed with the output data are described in the following tables:

Table 4-1 Sizing Program
Table 4-2 Off-Design Performance Program

Table 4-3 Orbital Transient Program

As with the input, all labels and symbols are explained in Appendix 1.

Typical computer output printouts afe shown in Figure 4-7, 4-8, and 4-9. These
outputs are for the respective inputs which are shown in Figures 4-4, 4-5, and 4-6.
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Hamilton_ . U=

HVISION OF UNITED

2

Standard.

OUTPUY DATA & L
. - TOTEQMT TINHXO TOTPW, .~ JOTWE, 1871J8 WC - 34,00 TRO, .
5827.0 36,0 19044 54785 A
574441 37.0 §08.0 5388, 0
5723,8 38.0 827,5 53590
5740. 4 39,0 849.3  5366.0
5805,1 40,0 849,3 " 543047 . .
6182.5 41,0, 827.5°  5817.T. R X
TOTEQWT TINHXO TOTPW » TOTWT- 1871.8 WC -  36.00 TRO
56772 36.0 790.4 5328,8
5564, 4 37,0 ROB.0 5238,2
L 5574,1 38.0 B27.5 _ .5209.3
- 5590,6 39,0 849,3  5216.2
5655, & 40,0 849.3 $281.0
6032,7 41,0 827.5 5668, 0
T TRatE QWY TINHXT TOTPW TOTWY  1871.8 WC 18.00 TRO
_5527.5 36,0 7904 5179.0 - I
54447 37.90 808.0 5088.5
5426, 3 38,0 B27.5 5059,5° i
- 5440,9 39.0 849, 3 5066.5
5505.6 40,0 849,3 5131.2
Y T TN 41,0 827.5 $518,2
T TTOTENT TINHXC TOTP W JOTWY 1871.8 WC 40,00 TRO
wop o SATTAT_ ( 36.0 . 79D.4 5029,3 1 - . JIE—
TV L 8264,9 37.0 8C8.0 4938,7 - -
5274.6 38,0 827.5 4909, 8 I
. 529141 "39.0 849.3 4916.8 L )
5355,9 40,0 849.3 4981.5
. _ 5733.3 41,0 827.,5 5368.5 e
o - TOTEQWT _ TINHXC __ _TOTPW __ TOTWI _ 1871.8 _WC 42,00 TRO
5228.0 3640 790.4 4879.6
~ 5145.2 37,0 808 .0 4789,0 }
512448 3P, 0 827.5 476041
Slbled _ _ 39.0_ 849,3 _4767,0_ .
5206.1 40,0 840,12 4831,8
5583.5 4.0 827.5_ . 521847 ——
. _YTOTEONT T INHXO T0YPM TOTHT__1871.8 WC 44,00 TRO
5114, 2 37.0 808,5 47578
L 5040.5 38.9 828.0 46755 e
5237.1 39.0 849.9 “662,5
e 3052,7  40.0  B49,9 4718.0 PO -
5491,5 41..0 828,0 5126.5
OPTIMUM CONDITION 1871.8 W€
JOTEOWT . TRO _ _TINMXC _ TCTPH. _  TOTWT. e N A
5723.8 364.0 38,0 82745 5355, ¢C
- 5574,1 . (38,8 82745 5209.3 _ __ . -
5426,3 38,0 827.5 5059,5
L ._5274.6 4049 38,0 _ _ 827.5 490G, 8 -
512448 42,9 38.0 827.5 4760,1
5Q37.1 . 44,0 39,0 . 849,9 4662.5 __ L e
.. TOTEQWT______ TINHXC TJOTPH JOTWY __1946.6 WC __ . 24,00 TRO ___ __
5883.% 36,0 790.8 5534,8
.. 5796%2 37.0 806.7 544046 e
576849 IR L0 824.3 5405.6
577.9 39,0 843,8 5399.9 . e i
5802, 1 4t .0 865.6 5620, 6
~..2886.7 1.0 B9%.2 _ 5494.3 C
6426, 0 42.0 843,8 605440
TATFQWT TINHXT TOTOW JOTWY  1946.6 WC " 36,00 TRO
e ..5727.6 36,0 790,8 5379.0 e o
5640.5 37.0 806, 7 5284,9
- ... . .5613.2 | 38,0 B24,3  5249.8 .
5616, 1 39.9 843 .8 5244,2
-~ 5666, 4 40,0 86546 5264.9 . i o
5731.0 41.0 39n,2 5338,6
627022 . _62.0__ _B43,8 _ 5898,3 [
. _IOTFQWY TINHXC TOTPM _I0THT _ 1946.6 WC _ . 38,00 TRO _
5871.9 36.0 7908 5223,3
... 5484, 8 237.0 906,17 Bl29.2 —
5657, 4 38.0 824,13 5094, 1
5460,4 3.0 843.8 __ 5088,4 e _
54¢0, 7 40.N 865.6 5109,1 R
. 5575.3 | .. 4l.n _ 89,2 _ 5182.9 . __ T .
6114.5 42.0 843.8 5742.6

" FIGURE 4~7. SIZING CASE OUTPUT (SHEET 1 OF 3)
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Hamilton

3

CIVISION OF UNITED

Standard

[T

N

AIRCRAPY CORPORATION

CONCENSER FAN
RADIATOR SUBPOUTIHE

TTTGLSE FANWT

T Se WTVK

619,51 TIN

S03.¢0 TOUT

®
TOTEOWT TINH XD TOTPW TOTWT 1946.6 WC 4G .00 TRO
5416.2 36,0 790.8 __5067.6 e e
5329.0 37.0 806.7 4973,4
530V, 7 38,0 . _B24,3 49384 ... . . ...
5304, 7 39,0 843.8 4932.7 .
53135,0 40.0 865 .6 49534, .
..5619.5 4140 890.2 _502Te) .. .
5958,8 42.0 843.8 5586.8
TOTFOWT TINHXC TOTPW TOTWNY  1946.6 WC 42,00 TRO
o ....5260.4 36.3 7917 .8 4911:8 I .
5173.3 37.0 806.7 4817.7
... 5146, 0 38,90 824,3 4782.6 . . P
5148.9 39,0 843.8 4777.0
L .51792 40, 0 B65,6 . 4T97W T et .
57263, 8 41,0 890.2 48714 '
. ...5823.C 420 . .B43.8 564310} . . ... -
. TOTEQWT TINHXD T0TPw_ _ _ TOTWY _1946,6 WC ___ 44.00 TRO
518641 37.4 813.0 4827.7
_..5106.7 38.4 _831.3  4740.3 . —— o
5962, 6 39,4 851.6 4717.2
L. 05123.) 4G4 874.3  4I3T.T . . . L .
5251.1 41,4 874 ,3 4865,7
TATFQWT TINHX( TOTPW TOTWT 1946.6 WC 46,00 TRN
L 511646 _  29.4 . 85Y.6  4T4Le2 L .. .
507G, 8 4r, 4 874,3 4685.4
5165.7_ 4l.4  BT4,3  4780.3 e e
_TCTF WY TINHYXO Tarew TOTWY  1946.6 WC _ . _48,0C TROQ_ __ _ _
52&5. 2 41,4 874.3 4879,.8
0PTIMUM CONDITION 1946,6 WC
_roreQwy  TRe  TIMHXO  TOTPW __ TOTWT . - [N
5768, 9 34,0 38.C 824,3 5405.6
. .5613.,2 6.0 38.0 _824.3 524S.8  __ . L
5457, 4 38.9 38.0 82443 5094.1
53017 __ 40,0 38,0 . B264.3 4938,4 . . _
5146.0 42 .0 38.0 824.3 4782, ¢
L9096 44.0  39.4  B5l.6 _ 4T17.2 .. .. . .
5070.8 | ) 49,4 874,13 4685, 4
. .5265.2 48 o0 41 .4 874,3 48719.8  _. e
DPTIMUM CONDIYIONS SUMMARY . . e e .
TOTFQWT we TRO TINHXO TPH TOTWT
. .999999.0 __160CLC.___ _34.0_ _ _36.0 0.0 __ ‘..N0 -
9agaga, n 1664, 0 3440 36,0 0.0 ()
_.999997,0 . 1730.6 34,C 36.0 Cel . . -_ DN —
Q90096, 1792.8 34,0 36.0 .0 .0
573,10 1871.8 4440 .39.0_ 849,93 __ 4662.5
5270.8 194646 46,9 4.4 87443 CEB5, 4
CONDENSER WEIGHTS 183,27 WTHX 12.28 MVALVE

FIGURE 4—7. SIZING CASE OUTPUT (SHEET 2 OF 3)
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Hamilton
Standard

OIVISION OF UNITED AIRCRAFT CORPORA TION

®

SYSTEM [TFRATION WFIGHTS _ . o e
15,0 TIMXI 39,22 TIHX0 5037.13 TECWT 4662 .48 TOTWT 849.91 TOTPW 85.0C TADS 48,02 TAGC
r.1653 POPO 1871.8 _WCOOL 159,896 WBCO2 ___ G WADES 0.0 ULLPEN __ 895,1 ARAD 1048
. ULLDES - TuLleoz 50.3 DEW PT TADF11 65.¢ TADE12 65.0 TERL
h5 .0 TANE2 — I R e - e eam

H27TPeM  HXSENS  W/S PUMPC HXINTF = PUMPR RADWT ~— SUBLIM CO2REM VENY _ CONTC = FAN C__ FAN A__ FAN MS

221, ¢0 reo 15,27 69,95 165.63  TB.55 2207.44 165.07 333.67 0.0 16,60  52.55 7.6 0.0

FBHX!  EBFAMY EEHX2  EBFAN2  FCHX CRYHX  WTH2C  WTHYD  FEVAP  GSE I )
£ on 2.r nL.o 88,77  37.72 © 2,0 150,63  _ 0.0 __ 10.85 _ .

COMWOTNFNT POWERS (WATTS) .. et e e e e i - - - — -

HPOQEM  SENSE  PUNPC  PUMPR  CO2RFM  VENTF  EBAY1  FBAY2

441,11 . £1.79 325,51 0.0 . Q.0 0.0 0.0 _ o A

COMPINENT FLOW RATES FFn . e . ol R _ .

£19,9 H20REM £6.° CORFM 0.C SENHX 3.0 VENT 0.2 CONTM 585.9 FAN C
A0 EBAYY N0 FBAY2 e . e et o N !
CABIN (NNP TEMPFPATURES . i . . e e
39,77 65,39 €5.39 45,39  65.39  65.39 102,79 103.38
PANTATCR L NOP TEMFERATURES oo - ST
25,72  @9,38  ©9,38 99,38 148,53 15C.51 58 6GC_ 44,00  35.02_  __ _ _

HEAT LOADS , . . . . .
FANDHX SENSkY  INTERPMX FUELCELL RACIATOR FXP HX TOTLAT  SFNSCO2 LATCN2 SENSH20P  LATH2DP
12237,4 £.Y 301189 23000.0 43475.0 | 6551,2 1504.9 _  5649,8 276.9 0.0 0.0
<4226, 2
FRAY] £BAYD §U{;L["‘ - ToooTm T - - - B

a.r c 42502

FIGURE. 4—7. SIZING CASE OUTPUT (SHEET 3 OF 3)
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Le-v

CINDENSER PERFORMANCE
79,606 TC8B 72,61 TATRI _

TTTTTE9.99 TFANT . 72,41 TFAND

51437 TAIRC

FUECCELL Ax T T T T

. 23707,C OFC 657,1 WFC 115,00 TF/C1 150

CABIN LOOP TEMPS
43,37 43.37

PADIATCP LONP TFYPS
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FIGURE 4—8. PERFORMANCE CASE QUTPUT
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RADIATCOR/EVAPORATCF EXPENDABLE USAGE : ¢
S4174.2 QTOT 4.1 WEVAVG 20.0 NO.STEP g
- -4
JRBIT STFP 1716 2/17 3718 4/19 5720 6721 7722 8/23 9/24 10725 11/26 12727 13728 14729 15739 8
- WEVAPQRANY _ 8.97  11.67 12,79 11,67  _S.57 €, 82 4,93 3.32 2.34 1,69 C.68 0.0 0.0 - 0.0 ~ 0.0 T
0.0 7.0 1.02 2.34 4,61 . . :
T RAD IN 150,69 150.69 150,69 150.69 150.69 _15C.69 150,69 150,69 130,69  150.69 15C.69 _150.69 150,69 150.69 150.69
156,69 150.69 150,69 150,69 150.69 -
~ T.SINK 475,26 493,59  499.70 493,10 478.20 459, 91 4%43.66 431,95 422,93 414.97 405,48 398.44 391,47 389.32 389464
391495 398.53 409.09 423,23 44].48 R - -~
TEVAP guT 39237 39.37 39,37 39.37 39,37 39.37 _ 39.37 _ 39.37 _ 39.37 39437 39037 39.37 ' 39¢37 39,37 .. 39,37 ‘|
39,37 39,37 39,37 39,37 39,37 T ‘
__OFF TABLES ¢ 0 0 o .0 o 0 [ 0 ) 0 0 0~ 0 0
n 2 ) 0 2 -

“gudro gy |

FIGURE 4~9. ORBITAL TRANSIENT CASE OUTPUT



Hamilton
Standard

OIVISION OF UNITED AIRCRAFT CORPORATION

Ae

TABLE 4-1. __OUTPUT DATA DESCRIPTION - SIZING

Iabel
TOTEQWT

TINHXO

TO’_.I‘APW
TOTWT
WC
TRO
WTHX
MVALVE
| WVALVE
WTFAN
FANWT
WTVK
WTCK
QREJ
TCIN
* TCOUT
WH20
WEIGHT
TIN

TOUT

Desérigtio_n
Total equivalent 'weighf

Water temperature lééQVing the interface heat

exchanger

Total ECS power (therr;ial gontrol)
Total ECS weighf, (themal control)
ﬁadmmr loop flow rate

Radiator outlet temperature

Héat Exchanger weight '

Temperature Cantrol Vélve weight
Fan Weight (one) -

Check valve weight

‘Total heat removed

Coolant loop inlet temperature

~ Coolant loop outlet femperaturé

Water usage rate
Flash evaporator sub'systém‘ weight

Radiator inlet temperaﬁiré

" Desired radiator outlet temperature

4-29

SP 01T72

Unit
Ibs

°F

watts

Ibs/hr
°F

1bs

Ibs

BTU/hr
o

°F
Ibs/hr
Ibs

‘R

‘R



Hamilton

radiator (does not include QSUBL)

4-30

Standard”™"" UN.YfD Qc:; commonamion SP 01772

TABLE 4-1, OI;TTPUT DATA bESCRIP;I‘ION - SIZING (CONTINUED)
_La_pgi_ Description Unit_
TOUTC Ca}culated outlet témperathre R
ARADC | Calculated radiator area ' 2
ARMAX Maximum allowable radiator area 2
WTREQ Radiator weight. ' Ibs
TIHXI Radiator loop coolant temperature entering °F

interface HX '

TIHXO Cabin loop coolant temperatﬁrelleaving °F

: interface HX :
TEQWT SYSTEM total equivalent weight 1bs
TOTWT System total weight L Ibs
TOTPW . S)lrstem total power watts
TAOS Séhsible heat exc‘:h,anger gas outlet °F

temperature

TAOC Condenser gas outlet temperature °F
PDPO Water vapor preséure leaﬁng the condenser psia
WCOOL Optimum coolant flow rate (radiator loop) Ibs/hr
WBCO2 Bed weight of the COp removal system total LiOH wt. lbs
WBDES Weight of one HSC Bedj Ibs
ULLPEN ﬁllage penalty for the HSC subsystem Ibs
ARAD "Célculated radiétor area £t
W’fEXP Weight of expendal#leé 'Ifequired to supplement Ibs



Hamiiton
Standard

OIVISION OF UNITED AlﬁCﬁAFY CORPORATION

®

SP 01T72

TABLE 4-1, OUTPUT DATA DESCRIPTION - SIZING (CONTINUED)

Label
ULLDES
ULLCO,
DEWPT

TA(’)’E11 |
TAOEI12
TEBI
TEB2
TAOR2
HZQREM

HXSENS

w/S

" PUMPC
HXINTF
PUMPR
RADWT

SUBLIM

Description B
Ullage penalty for the ﬁ_SC subroutine
I\.I._ot used:
Cabin dew point i

Temperature of air leaving the HX of the first
(or only) water cooled avionics bay in series

Témperature of air leaving the HX of the
second water cooled avionics bay in series

Temperature of the first (or only) water cooled

avionic bag in series

Temperature of the second water cooled avionics
bay in series '

Témpemture of the gas leaving the heat
exchanger of the radiator loop cooled avionics
bay )

Water removal (HSC or Condenser) subsystem
weight -

~ Sensible HX temperature control subsystem

weight

Water separator subsystem weight

Cabin loop pump package 'weight

Interface HX's weight

Radiator loop punip package weight

" Radiator weight |

Sublimator package Weight '.

4-31

Unit

1bs
°F
°F
°F
°F
°F

°F

lbs
‘1bs

Ibs
Ibs
Ibs
lbs
Ibs

Ibs



Hamilton

DIVISION DOF UNITED AIRCRAFT CORPORATION

Standard Re
TABLE 4-1. OUTPUT DESCRIPTIdN " SIZING (CONTINUED)
_Iabel Description
cogREM LiOH Subsysterﬁ'weight
VENT Ventilation fan packa ée W'eight
CONTC Contaminant removal weight
FAN C Condenser fan package welght or HSC fan
: -weight increase;
FAN A Sensible fan package weight ,
FAN MS Not used |
EBHXl 4 'W;a,ter cooled aﬁonics bay‘ HX Weight (total)
EBFAN1 Water cooled avionics bay HX package weight
' (total) »
EBHX2 Radiator loop alvionics‘l.)a‘y HX weight
EBFAN2 Radiator loop avioniqs bay fan package weight
FC HX' F“uel éell heat exchanger package weight
CRYHX Cryogenic HX packa.ge We:ight
WTH20 Weight of water requireél for period when
radiator is inoperative
WTHYD ‘Weight of hydrogen required for period when
. radiator is inoperative
| FEVAP Flash evaporator package we1ght
GSE Ground Support HX welght

4-32
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Unit
Ibs
Ibs
Ibs

lbs

1bs

Ibs
lbs .
Ibs
lbs

Ibs

- los

Ibs

Ibs
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OIVISION OF UNITED AIRCRAFT CORPORATION

Re

TABLE 4-1. OUTPUT DESCRIPTION - SIZING (CONTINUED)

ILabel

Description. . "~

COMPONENT POW_ER'S'

H20REM

SENSF
PUMPC
PUMPR

'CO3REM
VENTF
EBAY1

EBAY2

| C_b'ndenser fan or HSC fan power

Sehsible HX fan bqwer
(fabin loop pump 'po§ver
Radiator loop pump povsfgr.
N;)t used |

Ventilation fan power

Avionics bay (water cooled) fan power (total)

Radiator loop avi_onics_bay fan power

COMPONENT FLOW RATES

H20REM
COzREM
SENHX
~ VENT

CONTM

FAN C
FAN A . .
EBAY1

EBAY2

Condenser or HSC gas flow rate

LiOH gas flow rate

Sensible heat exchanger gas flow rate

Ventilation fan flow rate

Flow rate supplied by ECS fan through
contaminate canister

Condenser fan flow rét.e
Sensible fan flow, rate"

Water Cooled avionics bay fan flow rate

Radiator loop avionics bay fan flow rate

. 4-33°
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Unit

watts
watts
watts

watts

wétts
watts

watts

CFM
CFM
CFM
CFM

CFM

CFM
CFM
CFM

CFM



Ham ! Iton OIVISION OF UNITED !t-njan-FT CORPORATION ‘ . B .' ' ' : SP 01 T72
Standard " RAe : '

TABLE 4-1, OUTPUT DESCRIPTION - SIZING (CONTINUED)

Label- , Description : Unit
CABIN LOOP TEMPERATURES -~ °F

Printed in order are:

1st ' . - Leaving the interface HX

2nd Leaving the condensing HX

3rd Léaving the sen_sible HX

4th- Same as 3rd |

5th. | Temperature entexjing.t_h_e second avionics bay if two

in series, otherwise same as 3rd

6th ' ' Temperature entering cold plates

Tth Temperature leéving cold plates
8th Temperature leé.Ving pumb

RADIATOR LOOP TEMPERATURES

Printed in order are: °F
1st 'fempexamre ehfering interface HX
2nd | Temperature leaving interface HX
3rd - Temperature leaving avionics bay
‘ 4th - = . Temperature leaving cold plates
5th Temperature 1éaviné.F/C HX's
6tﬁ Radiator inlet temperature
Tth Radiator outlet t’empefaturé
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OIVISION OF UNITED &l‘njanFT CORPORATION . . SP 01 T72 V

1®

TABLE 4-1. OUTPUT DESCRIPTION - SIZING (CONTINUED)

Iabel

8th

9th

HEAT LOADS

CONDHX
SENSHX R
INTERHX.
FUELCELL
RADIATOR

EXP HX

TOTLATQ
SENSCO2
LATCOp
SENSH2DP
LATHZDP
QSINK'
EBAY1
EBAYZ

SUBLIM

Description Unit

Temperature leaving that portion of the radiator
topping HX that must pay for expendables

Temperature leaving topping heat exchanger

‘Total heat removed by condensing HX BTU/hr
Heat removed by sensible HX BTU/hr
" Heat transferred by the interface HX BTU's/hr
' ﬁeat removed from fuel cells BTU's/hr
Heat rejected by radiator BTU's/hr
Portion of heat removed by. topping HX for BTU's/hr
Which expendables must be launched
A ’i‘otal latent heat load removed by condenser o BTﬁ's/hr
Sensible heat generated by LiOH BTU's/hr
‘Iatent heat generated by LiOH \ BTU's/hr
Nof used
‘Not used
" Total heat rejected by all heat sinks BTU/hr
- Heat rémoved in cabin loop avionic bay BTU/br
"Heat removed in radiator loop avionic bay BTU/hr
Heat removed with ,ékcess fuel cell H2O - BTU/hr
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DIVISION OF UNITED AIRCRAFT CORPORATION

®

SP 01T72

TABLE 4-1. OUTPUT DESCRIPTION - SIZING (CONTINUED)

1abel Descrigtion
CONDENSER WEIGHTS

WTHX Cohdénsing Hx weight

MVALVE Bypass air valve weight

SENSIBLE HX

WTHX
WVALVE"

AVIONICS BAY

WTHX
WTFAN
WTCK

BED LOADING

1ST
2ND
3RD
4TH

1ST

2ND
3RD
ATH

‘' WTCAN
WVVAL
WCVAL
WTFAN
WKVAL

Sensible Hx weight
Air bypass valve weight .

Weight of one heat exchahger
Weight of one fan : '
Check valve weight

‘Volumetric air flow per Ib of HSC

Water vapor pressure

Bed water loading

Off Tables Indicator if non-zero
Next Liné Printed in Order

Weight of HSC canisters and valves

- Weight of fans and check valves

Total Equivalent Weight 4(excluding ullage)
Weight of HSC per canister '

Next Line Printed in Order

Canister weight
Vacuum valve weight

'Humidity control valye weight

Increase in fan weight
Fan check valve weight

4-36

Unit ‘

Lbs
Lbs

Lbs
Lbs
1bs

cfm/1b HSC
psia

Ib HyO/Ib HSC

Lbs
Lbs

Lbs
I1bs
1bs
Lbs
Lbs



Hamiilton
Standard’

DIVISION OF UNITED AIRCRAFT CORPORATION

®

SP 01T72

TABLE 4.1. OUTPUT DESCRIPTICN - SIZING (CONTINUED).

Label

DOUBLE EBAY

WTHX
WTFAN
WTKV

Description

Heat eﬁcchanger weight (1)
Fan weight (1) ‘
Fan check valve weight (1)

FLASH EVAPORATOR SIZE

QREJ
TCIN
TCOUT
WH20
WEIGHT

Heat rejected
Coolant circuit inlet temperature
Coolant circuit outlet temperature

‘Water used A :

F/E unit weight

RADIATOR SUBROUTINE

TIN
TOUT
TOUTC
ARADC
ARMAX
WTREQ

Coolant inlet temperature
Coolant outlet temperature
Calculated outlet temperature
Radiator area required .
Maximum available radiator area
Radiator weight

4-37

Unit

Lbs
Ibs
Lbs
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Hamilton A .
DIVISION OF UNITED AIRCRAFT CORPORATION . SP 01T72
Standard " Re

TABLE 4-2, OUTPUT DATA DESCRIPTION OFF DESIGN PERFORMANCE CASES

Label Description - Unit

COMPONENT POWERS-WATTS

The data in locations 191 - 220 are printed in order

COMPONENT FACTORS - UA, EFF, Etc.
The data in locations 221 to 250 are printed in order

COMPONENT FLOW RATES -CFH

CONDF .  Condenser or HSC flow rate _ ft3/h£

SENF Sensible HX flow rate: - ft3/hr

AVFANH: | Flow rate of cabin loop cooled avionics bay fan ft3/hr

AVFANR Flow rate of rédiator léop cooled avionics bay ft3 /hr
fan

VENTF Ventilation fan flow rate - ft3 /hr

LiOH 'LiOH flow rate ft3/hr

LiOH SUBROUTINE - CO2 PARTIAL PRESSURES

PMAX Cabin CO2 Pressure level at inputed removal mm Hg
efficiency

PMIN " Cabin COp pressure level with fresh cartridge | mm Hg

QS : " Sensible heat generated by LiOH BTU/hr

QL Latent heat generated by LiOH BTU/hr

RADIATOR SUBROUTINE

TIN . Radiator inlet temperature °R

TOUT Radiator outlet temperature desired ‘R
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-, DIVISION OF UNITED AIRCBA_‘Y CORPORATION t . SP 01T72 .
Standard = Ae _ R 4

TABLE 4-2. OUTPUT DATA DESCRIPTION OFF DESIGN PERFORMANCE CASES

(CONTINUED)
label o Désci‘igtion | __Unit
TOUTC Calculated outlet tempgrétdre ' R’
ARADC Calculated radiator area . £
ARMAX Ma.x1mum allov&gble radiator area £t2
W'I-‘REQb - _Radiator weight Ibs

FLASH EVAPORATOR PERFORMANCE

QRE] Heat rejected - | . BTU/hr
TCIN Coolant loop inlet,temperature ' °F.
' TCQUT : T C.ooiant loop outlet temperature ‘ °F
'TOMAX Maxunum coolant loob outlet temperature °F
TOMIN Minimum coolant 'loqp-‘outlet_ temperature °F
WH20 Water required.to 'suppleme‘nt radiator for lbs
'TSUB hours

' CRYOGENIC HX PERFORMANCE

THOTCAL Calculated coolant outlet temperature °F
WHYD Hydrogen flow rate lbs/hr
THYDO Hydrogen outlet temperature °F

*  CONDENSER PERFORMANCE

TCAB . Cabin temperature A °F

TAIRI Heat exchanger air inlet temperature °F
TAIRO Heat exchanger air outlet temperature °F
HXCFM - - Gas flow rate through HX : CFM
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Ham | Iton DIVISION OF UNITED AIRCRAFT CORPORATION - . - R . SP 01 T72
Standard Ao . .

- . !
TABLE 4-2, OUTPUT DATA DESCRIPTION OFF DESIGN PERFORMANCE CASES

(CONTINUED)
Label De‘séription | _Unit_
TDPCAB  Cabin dew point | CF
QS.ENS_ : - -S.ensible heat transferred by condenser BTU /hr
QSMET | ‘ | Crew sensible 'xﬁé’éaboiic heat load BTU/hr
QLMET Crew latent metabélic heat load BTU/hr
SENS HX PERFORMANCE | |
QSENS ' Heat transferréd by HX - BTU/hr
VHX Flow rate througnrhVHX ' CFM
T)&AI‘ . Heat exchanger air inlet temperature °F
TXAO . . Heat exchanger air oﬁ.tlet temperature °F
TCAB | . ‘Cabin temperature - °F
QMETS - Crew sensible.fn etabolic heat load BTU/hr

WATER COOLED AVIONICS BAY

QHX Rate of heat removal BTU/hr
WCPAIR Mass flow rate of air BTU/hr-°F
TBAY Compartment temperature °F
TXO

HX air outlet temperature °F
THXAO T '
THXCO - HX coolant outlet temperature °F

RADIATOR COOLED AVIONICS BAY
(Same as Water Cooled Avionics Bay)

'4-40
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OIVISION OF UNITED AIRCRAFT CORPORATION

Standard " Re

SP 01T72

TABLE 4-2. OUTPUT DATA DESCRIPTION OFF DESIGN PERFORMANCE CASES

(CONTINUED)
I.aBel ‘ . De.s'c.:.rig' tion
FUEL CELL HX N
QFC ﬁeat rejected b& fuell céllé |
WFC Fuel cell coolant masé flow rate
TF/CI Temperature éntering fuel cells
TF/CO | Temperature leé.ving :'fuél' 'c‘:'e]ls‘

CABIN LOOP TEMPERATURES

1st Interface HX outlet temperature

2nd Chiller outlet temp.eratilre

3rd Condensing HX outlet temperature
4th ' Sensible HX outlet temperé.ture
5th Temperature into cold pIates

6th i‘emberature out of cold plates

7Tthwe Temperature into interface HX

RADIATOR LOOP TEMPERATURES

1st - Calculated tempei'atﬁre (around loop) into
- Radiator :
) 2nd Radiator inlet temperaﬁire
3rd . | Radiator outletfempera’.cﬁré _
4th ' Flash evaporator outlet témpemmre
5th . ~ Sublimator outlet temperature
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BTU/hr
BTU/hr-°F
oF

°F

°F

°F



Hami'ton DIVISION OF UNITED SIFJCRAFT CORPORATION ’ ' ) SP 01T72
Standard - (e S o

TABLE 4-2, | OUTPUT DATA DESCRIPTION OFF DESIGN PERFORMANCE CASES

(CONTINUED)
Tabel - Descfiption | Lz_l_lt_
6th Ciyogenic HX coolant oﬁtlet temperature
7th Interface HX}outv:let temperature
8th _. . Avionics bay HX outlet c.oqlafnt: temperature
9th Celd plete outlet temperature
10th | Fuel Cell HX's outlet temperature
HEAT LQADS |
QCOND | Total heat transfe.rred‘by condenser B’i‘U/hr
QSENS Heat transferred by sensible HX BTU/hr
QCPUMP - eabin loop pump heat load BTU/hr
QINTX Heat tre.nsferred by interface HX BTU/hr
; . -
QRPUMP Radietor loop pump heat generated | BTU/hr
QRAD B Heat rejected by radiator o BTU/hr
QEVAP  Heat rejected by water évépbration BTU/hr
QRY ' " Heat rejected by cryogenie HX . BTU/br
QLAT - Total Iatent heat load BTU/hr
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DIVISION OF UNITED AIRCRAFT CORPORATION

RAe

SP 01T72

TABLE 4-3, OUTPUT DATA DESCRIPTION - ORBITAL TRANSIENT

Iabel

QTOT
WEVAVG -
NO. STEPS
ORBIT STEPS

WEVAPORANT

TRAD IN

T SINK
TEVAP OUT

OFF TABLES -

Description

Average vehicle heat rejection around orbit
Average rate of evaporant usage
Number of steps taken around orbit - 310 max.

Each step around the orbit - 2 rows of 15

steps per row

Instantaneous rate of evaporant usage for each

orbit step

Radiator inlet temperature for each orbit step

Radiator adiabatic sink t

orbit step

Coolant temperature leaving the evaporative

sink for orbit step

If other than "O", reading off curve - answers

may not be good
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em pei'ature for each

Unit

BTU/hr

Ibs/hr

Ib/hr

Cof

‘R

°F
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Hamilton.

DIVDSO}\‘ OF U"dlYE‘D A|ECF:?AFY CORPORATION o ’ i SP 01T72

Standard Qe

How to Vary the Program

One of the features of the computer program is ;che. ease with which it can be changed
to other schematic cdﬁi@mtions. To demonstrate the ease of changing schematics,
an example will be presented to optimize, ;iaiculate the off-design performance, and
do an orbital transient to determine_the am§unt of water evaporated for a schematic

similar to Figure 4-1..

This schematic diffef's from the schematic already in the program in the following
areas: |
1, The cold plates are in front 6f the avi‘c;nics bay heat exchangér rather |
than downstream of the avionics heat e);changer.
‘2, There are tWo sets of cold plates‘.and avionics bays operating iAnA;.)arallel
splitfmg tfle heat load equally betw':een them rather than one of e#ch.,
3. The LiOH is in series with the condenser instead of in parallel.
To accomplish these changes, the following must be changed in the sizing program:
A.  The heat and latent load of the L10H are.not circulated into the cabin
but flow directly to the condensing heat exchanger.
B. The fan flow is only flow rate required by the heat exchanger for maxi-
mum cabin heat loads with no parallel LiOH path.,
C. The arrangement of the cold plates and avionics bays must be changed,

D, The weights and powers must incIudé, the extra avionics compartment,

In making these changes, two approaches may be used:
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DIVISION OF UNITED AIRCRAFT CORPORATION

Standard . - Ao

4,3  (Continued)
a. Write the c;hanges for the specific schematic and leave out the items
that are nof there.
b. Writé the changes with the ability to add or delete items such as the

‘sensible heat exchanger the dvionics bays, etc.

The first approach is the quickest but program flexibility such as the abiiity to make
continued changes is lost. For this example, the second approach will be described

and this apprdaéh is recommended to the user for all changes of this nature.

To change the fan ﬂow rate and the placement of the LiOH heat and latent load, cards
87 through 89:

87 - QSH = 0

88 QLH = 0
89 . QCH = 0

‘are replaced with the followihg cards-:

QSH =  QS9-PWO * 3.414
Qi = Q|

QéH = 0

Q9 = 0

QLY = 0

PW9, = 0
The cold plates, even though split into two parallel groups are treated as one group.

To change the location, the following cards are changed:

AReplace card 2176 with:

276 . 242 IF-(QE1) 247, 247, 248
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DIVISION OF UNITED AIRCRAFT CORPORATION

Standard © Ae

4.3  (Continued)

W1th.

242 T24 = T23 + QCP1/WCPC
IF (QEL) 247, 247, 248
Replace card 305

305 249  T25 = T24P = QCP1/WCPC
with: >' |
249. CONTINUE
The parallel avionics bays are accomplished by splitting the heat load and coolant
flow fate and addiﬂg in an extra set of fans and heat exchangers to account for the
weight and dou.blin.g,r thé fan power to accoupt for the second set of fans. This is
accomplished by the following changes:
-R.eplace'éards 292 and 293
292 253 Call E.BAY (QEl, TE1, T24, WCPC, RHOE1, CPA, PP, DPE],
WEHX1, WEF1, PW (17), V17
29.3 293 2, T24P, TAOE1, QET1, 16
with:A
253 Call E6AY (QE1/2., TEl, T24, WCPC/Z. , RHOE1, CPA, PP,
DPEl, WEHX1, WEF1, PW (1 27), V17, T24P, TAOE1, QETI,
16)
- Replace card 353
353 2 + PW (3)

withe
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Standard Ae

4,3 (Continued)
2+ PW (3) + PW (17)
After card 424
424 4 +: W;P21 + WT25
Add a card
5 + WEHX1 + WEF1
For the off désigﬁ performance section of the program the same type of changes

must be made. To account for the change in LiOH position the following cards must

be chahged:
Rébia.ce' card 724
24 vi = Vil - V9
w.ith:l ‘
vl = \V11

QCABS = QCHBS - QS9
RepléceA card 744
744 642 Call CX2 (WHC, T22, QCABS, QCABL, TCAB, QSH, QLH,
| V1, PW (11), 1, KY, T23
with:
642 call CX2 (WHC, T22, QCABS, QLM, TCAB, QS9, QL9, V1,
PW (11), 1, KY, T23
To make the total heat load correct, after card 634
634 QB = QCABS+QCA]§L + QE1 +QCP1 + QCHIL +3.414%

PW (4) + PW (17)
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Standard " Re - -

4.3 (Continued)
Add a card:
2 + PW (17) *3.414
. After card 636
636 PWT = PW (11) + PW (12) + PW (3) + PW (4) + PW (6) +
PW (10) + PW (17) + PW (19)
Insért the following card
2 + PW (17)
In order to change the location of thé cold ﬁlates: the following cards must be changed.
Replace card 523.
823 613 IF (V17) 614, 614, 6151
\-)vith: |
613 T3C = T24 + QCPL/WHC
IF (V17) 614, 614, 6151

and replace cards 866 and 867

866 616 T26 = T25 + QCP1/WHC
867 T27 = T26 + PW (4)*3',.414/WHC'
with:
616 T26 = T2C
T27 = T25 + PW (4)‘#3.414/WHC

For the double avionics bays the following cards must be changed:

Replace card 850
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4.3 (Continued) - ' ,

850 615 Q16 = QEL + PW (17)*3.414
wiﬂ;: -

615 Q16 QE1 + PW (17) * 6.828

Bl

ﬁepla_ée cards 855 to 859
855 " Cal.lv'HX (@16, WE1, WHC, T24, 16 TE10)
856 C EBAY TEMPERATURE o
857 TELI = TE1O + QEL/WEL
858 C  COOLANT TEMPERATURE
859 T25 + T24 + Q16/WHC
with: *
call HX Q16/2., WE1, WHC/2., T2C, 16, TEIO)
¢ EBAY TEMPERATURE |
TEiI- = TE10 + QE1/2./WE1l
C cobLAﬁT OUTLET TEMPERATURE
T25 = T2C + Q16/WHC
For the radiator/evaporator orbital transient, only the heat load due to the second
bay fan must be corrected. This can be done by inserting a card after card 933.
After card 933
033 QPX,)V‘ - (PW (11) + PW (12) + PW (17) + PW (19) +
PW (4) + PW (6) + PW (10) + PW (3)) * 3.414
Insert:

2 + PW (17)*3.414
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(Continued)

These are the chariges needed to change the program to the new schematic. Follow-
ing the completion of these changes, the sizihg program, the off-design performance

program, and the orbital transient program could be run with the new schematic.
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Hamilton DIVISION OF UNITED AIRCRAFT CORPORATION A. ‘ 4' ) SP 01T72
Standard = A

SYMBOL DESCRIPTION - MAIN PROGRAM

Symbol ) | Description _ Units
LA : Key to Subroutines IF = 2, Print; IF =1, Do Not‘Print -
NPER Same as "Perf" : .-
PP Power Penalty - Lbs/Watt
dJ Counter - Index . 4 -
NR Same as "RN" - Heat Rejection Sink Key -
KR Same as "RMAX'"' - Max. Radiator Loop Count -
KI Same as "HXIM'" - Max. Interface HX.Loop Count -
KS Not Used - -
KC Not Used . . -
WEXP .Expendable Weight Penalty Required to Supplement Radiator Lbs
WT13 Not Used . : -
M1 Same as "A1" - CO2 Removal Key -
M2 Same-as'""A2'" - Humidity Control Key -
KEYC Same as "FW5'" - HX Arrangement Key -
QSH *  Sensible Heat Upstream of Condenser. - BTU/Hr
QLH Latent Heat Upstream of Condenser - BTU/Hr
1 Convergence Key - IF = 0, Subroutines Converged -
RHOA Cabin Gas Density o : Lbs/Ft3
PX Saturation Pressure @ Cabin Temperature PSIA
PMAX Maximum Allowable Cabin Vapor Pressure PSIA
DAY Total Mission Length Including Emergency DAYS
WTCH . Contaminant Removal Weight Lbs
VCH Contaminant Removal Flow Rate . Ft3/Hr
QCH Contaminant Removal Heat Generated | ) . BTU/Hr
WBC COs Removal Bed Weight (Lbs LiOH Total Lbs
WT9 N CO2 Removal Subsystem Weight Lbs
PW9 COg Removal Subsystem Power Watts
QS9 ' * CO2 Removal Subsystem Sensible Heat Generated BTU/Hr
QL9 ' ° COg9 Removal Subsystem Latent Heat Generated BTU/Hr
wUC CO2 Removal Subsystem Ullage Penalty ) Lbs

ND Flow Rate Iteration Count < -
NT Same as "EY" - Max. Times Through Flow Rate Loop -
NQ Flow Rate Loop Index Counter. ’ ' -
WCPC Radiator Loop Thermal Mass Flow Rate : BTU/Hr-°F
NC Radiator Temperature Loop Count -
TB Adiabatic Sink Temperature - Radiator °F
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DIVISION OF UNITED AIRCRAFT CORPORATION

Standard = R

Symbol

KTS
TBI
TRO
N1
T1
QSUB
KT
T21

N2
PDPI
PVI
TDPT
WT1
V1
WBD
WUD
WT11
Qs1
T22
QLT
QST
TAOC
VX
Qs2
WT2
V2
T23
TAOS
T24
WT3
WT10
WTF
WTK
WT12
PW1

SYMBOL DESCRIPTION - MAIN PROGRAM (CONT)

Description
Truncated TB
KTS +2
Radiator -Oui;let Temperature
Radiator Loop Index Counter . )
Radijator Loop Temperature Into Interface HX
Topping Water Evaporator Heat Load.
Interface HX Loop Max. Index Count
Cabin Loop Interface HX Outlet Témpe_rature
Interface HX Outlet Temperature Loop Count
Interface HX Outlet Temperature Loop Index Counter
Not Used
Control Value of Cabin Vapor Pressure
Cabin Dew Point
Water Removal Subsystem Weight
Water Removal Subsystem Gas. Flow Rate
Water Removal Bed Weight (HSC)
Water Remaoval Ullage Penalty
Water Removal Subsystem Fan Package Weight
Sensible Heat Removed by Water Removal Subsystem
Coolant Temperature Leaving HoO Removal Subsystem
Total Latent Heat Load
Total Cabin Sensible Heat Load
Condenser Air Outlet Temperature
Same as V1
Cabin Heat Load to be Removed by Sens.' HX
Sens, HX Package Weight
Sens. HX Flow Rate
Sens. HX Outlet Coolant Temperature
Sens. HX Gas Outlet Temperature
Same as "T23"
Water Séparator Weight
Ventilation Fan Package Weight
Fan Weight
Check Valve Weight
Sensible Fan Package Weight
Fan Power Required For Cond. HX Fan Flow Rate

I-2

SP 01T72

°F
BTU/Hr

°F

PSIA

°F .

Lbs
CFH
Lbs

Lbs

Lbs
BTU/Hr
°F
BTU/Hr
BTU/Hr
°p.
Ft3/Hr
BTU/Hr
Lbs

Ft3 Mr
°F

°F

°F

Lbs .
Lbs

Lbs

Lbs

Lbs
Watts



. Ham i Iton DIVISION OF UNITED AIRCRAFT CORPORA TION - . ’ SP 01T72
Standard . Re

SYMBOL DESCRIPTION - MAIN PROGRAM (CONT)

Symbol , _ Description ‘ Units
PDPO Condenser Air Outlet Dew Point Pressure. PSIA
XX Not Used- : o o -
VFC M/S Fan Flow Rate - Not Used . -
WCF Condenser Fan Weight Lbs
wWCV Condenser Fan Check Valve Wt. . - Lbs

VT Same as V2" o | Ft3/Hr
WSF . Sensible Fan Wt. . . Lbs
wsv Sensible Fan Check Valve Wt. Lbs
T24P Coolant.Loop Temperature Entering C/P = °F
WEHX1 Cabin Loop Cooled Avionic's HX Wt, (Total) Lbs
WEF1 Cabin Loop Cooled Avionic's Fan Package Wt. (Total) Lbs
TAOQOE1 _ Air Temperature Leaving First Avionic's HX °F
QET1 ~ First Avionic's HX Load : ' : BTU/Hr
T24PP Coolant;Temperatﬁre Leaving First Avionic's HX °F
TEB1 Compartment Temperature 1st Avionic's Bay °F.
TEB2 . - Compartment Temperature 2nd-Avionic's Bay - . °F
TAOB2 Air Temperature Leaving 2nd Avionic's HX °F
QEBT2 2nd Avionic's HX Load - BTU/Hr
RHOE1 Gas Density in Cabin Loop Cooled Avioinic's Compt. Lbs/Ft3
QEB1 Heat Load to be Removed from 1st Avionic's Bay BTU/Hr
T25 . Cold Plate Outlet Coolant Temperature °F

wT4 Pump Package Weight ) . Lbs

T26 Pump Outlet Temperature-Interface HX Inlet Temperature °F

T2 Interface HX Outlet Temperature Radiator Loop °F

WT5 Interface HX Wt. ' Lbs
DTLM .  HX Log-Mean Temperature Difference °F

T2P ' Temperature Leaving Radiator Loop Cooled Avionic's HX °F
WEHX2 ~ Radiator Loop Cooled Avionic's HX Wt, - - Lbs

WE F2 Radiatoer Loop Cooled Avionic's Fan Package Wt. Lbs
TAQE2 Radiator Loop Cooled Avionic's HX Air Outlet Temperature °F
QET2 Radiator Loop Cooled Avionic's HX Heat Load BTU/Hr
RHOE2 Gas Density in Radiator Loop Cooled Avionic's Compt. Lbs/Ft3
T3 Radiator Loop C/P Outlet Temperature °F
TPW Total ECS Power (As calculated by program) Watts
QFCT - Total. F/C Heat Load : BTU/Hr
T4 F/C Coolant Leaving Temperature : °F
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Hami Iton DIVISIQN OF 'UNITED AIRCRAFT CORPORATION SP 01T72
Standard . Ao '

SYMBOL DESCRIPTION - MAIN PROGRAM (CONT)

Symbol _ Description 4 Units

WT6 Radiator Loop Pump Package Wt, Lbs.
TRI ) Radiator Inlet Temperature °F

TI - Radiator.Inlet Temperature . : *R

TO Radiator vOut.le’t Temperature. . *R

QF Total ECS Heat Rejection - ' BTU/Hr
T1A ' Interface HX Inlet Temperature - Calculatéd » °F
WT25 Flash Evaporator Subsystem Weight Lbs
WSUB Weight of HoO Stored for Periods When No Radiator Lbs
WTS8 Sublimator Subsystem Wt. Lbs
WHYD Weight of Hy Stored for Periods When No Radiator Lbs
WT22 Hydrogen HX Package Wt. . : Lbs
EFF Heat Exchanger Temperature Effectiveness -
WT21 GSE HX Weight ' . Lbs
WT20 F/C HX Weight Lbs
WT7 Radiator Panel Weight Lbs.
ARAD . Required Radiator Area Ft2
TORAD  Calculated Radiator Leaving Temperature °F
QEXP Heat Load That Must Supplement Radiator BTU/Hr
wUuT Total Ullage Penalty : ’ Lbs
TWT Total Fixed Weight S Lbs
TEWT Total Equivalent Weight . Lbs
TMIN Minimum Total Equivalent Wt. (Interface HX Loop) Lbs

NJ Index Counter -.

Jd Index Counter : -
TMIN1 Minimum Total Equivalent Wt. (Radiator Temperature Loop) Lbs

NK . Index Counter : ! -

JK Index Counter : . C=
wQ Float Number of Times Through Flow Rate Loop -

Jl Index Counter -

J2 : Index Counter -

Q1 * Condenser Total Heat Load BTU/Hr
Q2 Sensible HX Total Heat Load BTU/Hr
Q5 Interface HX Total Heat Load ' " BTU/Hr
Q6 Total F/C Heat Load (Same "QFCT"™) BTU/Hr
Q7 Heat Rejected by Radiator - BTU/Hr
Q8 Expendable Heat to Supplemeﬁt Radiator BTU/HF
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Standard

Symbol

TRA(N)
TRB(N)
TEO(N)
WEV(N)
L(N) .
TQ)
TXOM)
PT(N)
WTT(N)
T41(N)
TQIM)
TRDO(N)
TXO1(N)
PT1(N)
WTTL(N)
T42(N)
WC1(N)
TQ2(N)
TRDO1(N)
TXO2 (M)
PT2(N)
WTT2(N)

T43(N)

WL
DAY
TN
IN
WN
PW.
DPF
Qs
QL

SYMBOL DESCRIPTION - MAIN PROGRAM (CONT)_

DIVISION OF UNITED AIRCRAFT CORPORATION

RAe

TABLES

O'ptirhum Cond. Air Outlét Temperature for each Coolant Flow Rate
Optimum Cond. Air Outlet Temperature for each Radiator Outlet Temp.
Optimum Cond. Air Outlet Temperature for each Interface HX Outlet Temp.
Rate of Expendable Usage for each Orbit Step

Description

Off Tables for each Orbit Step

Total Equivalent Wt, for each T-Interface HX Out

Interface HX Outlet Temperature
Total Power:for each TXO
Total Weight for each TXO

F/C Outlet Temperature for each TXO

Optimum TEQWT for each TRO

Radiator Outlet Temperature
Optimum TXO for each TRDO

Optimum PT for each TRDO
Optimum WTT for each TRDO

‘Optimum T4 for each TRDO

Table of Coolant Flow Rates

Optimum TEQWT for each Coolant Flow Rate
Optimuni Radiator Outlet Temperature for each WC

Optimum TXO for each WC

Total Power at Optimum TEQWT for each WC
Total Weight at Optimum TEQWT for each WC
F/C Outlet Temperature @ Optimum TEQWT for each WC

SUBROUTINE LiOH

Weight of LiOH Required for Mission

Total Mission Length

Number of LiOH Canisters

Truncate "TN"

Float "IN"

Fan Power for LiOH

Fan Pressure Rise

'LiOH Sensible Heat

LiOH Latent Heat

Volume Flow Rate Required/Available
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Units

°F
°F
°F
Lbs/Hr
Lbs
°F
Watts
Lbs
°F
Lbs
°F
°F
Watts
Lbs
°F
Lbs/Hr
Lbs
°F
°F
Watts
Lbs

Lbs
DAYS

Watts
In-HoO
BTU/Hr
BTU/Hr
Ft3/Hr
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Standard " Re

SYMBOL DESCRIPTION - MAIN PROGRAM (CONT)

Symbol Description : Units
QCRY Excess Expendable H20 Used N BTU/Hr
QLAT Latent Heat Rejected .' 3 BTU/Hr
vC LiOH Flow Rate (V9/60) ' CFM
vV Ventilation Flow Rate (V10/60) ‘ CFM
VEL Same as "V17" o ‘ Ft3/Hr
VE2 Same as "V19" ' Ft3/Hr
WHC Cabin Loop Thermal Mass Flow Rate BTU/Hr-°F
NA Cabin Temperature Loop Index Register‘ : -
QCABL Total Cabin Latent Load BTU/Hr
QCABS Total Cabin Sensible Load . BTU/Hr
PWT Total ECS Power . Watts
QFT Total F/C ‘Heat Load BTU/Hr
QTOT Total Heat to be Rejected BTU/Hr
T6 Radiator Inlet Temperature °R
N Radiator Loop (Performance) Index Register -
WR Radiator Wt. (Not Used) . _ Lbs
WE Not Used . -
T7 Calculated Radiator Outlet Temperature °R-°F
T8 Sublimator Outlet Temperaturé (Flash Evap.) °F
T9 GSE Outlet Temperature ' °F
QR Calculated Total Heat Rejection - BTU/Hr
Q22 Cryogenic HX Heat Rejected : BTU/Hr
Q25 F'lésh Evap. Heat Rejected _ BTU/Hr
RHO Dummy Vari'able -
QCDS Sensible'Hea.t Removed by Condensing HX BTU/Hr
KY . Key to Tell Cond. if there is a Sens. HX

© O - NO Sensible HX; 1 - Followed by Sensible HX -
WHOT Sensible HX Thermal Mass Flow: Rate BTU/Hr-°F
WMX Maximum "WHOT" ‘ BTU/Hr-°F
TAI HX Air Inlet Temperature g e
TAOR HX Air Outlet Temperature ' °F
TAO Calculated HX Air Outlet Temberature °F
QSN New Sensible Metabolic Heat Load BTU/Hr
KA Off Tables If >0 in QMET Subroutine o -
VHX Volumetric Flow Rate Through HX Ft3/Hr
QEE1 Heat to be Removed from First Cabin Ldop Avionic's HX B'TU/Hr
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Ham i lton OIVISION OF UNITED AIRCRAFT CORPORATION ’ SP 01T72
Standard © = A '

‘SYMBOL DESCRIPTION - MAIN PROGRAM (CONT)

Symbol - S Description Units

QEE2 Heat to be: Removed from Second Cabin Loop Avionic's HX BTU/Hr
WE1 Avionics (Cabin Loop) Thermal Mass Flow Rate BTU/Hr-°F
TEE1 1st Avionic's HX Air Inlet Temperature ' °F
T25A Coolanf:.Loop Temperature Into Second Avionic's HX °F
TAE2 Air Temperature Leaving 2nd Avionic's HX °F
TEE2 2nd Avionic's HX Air Inlet Temperature : °F
TEIC Same as "TEL" . °F

Q16 Single Avionic's HX Heat Load BTU/Hr
TE10 Single Avionic's HX Air Outlet Temperature °F
TE1I Single Avionic's HX Air Inlet Temperature °F

T27 : Pump Outlet Temperature (Performance) °F

Q18 " Radiator Loop Avionic's HX Load BTU/Hr
WHX Radiator Loop Avionic's HX Thermal-Maés Flow Rate BTU/Hr-°F
TE2Q ' Radiator Loop Avionic's HX Air Outlet Température °F
TE2B Radiator Loop Avionic's HX Air Inlet Temperature °F

T5 F/C Coolant Loop Outlet Temperatui'é' °F

T6C - Calculated Radiator Inlet Temperature ' °F

Q4 Cabin Loop Pump Heat Load BTU/Hr
QLTOT Total Latent Load BTU/Hr
DTHEA Degrees of Orbit for Each Step °

TAUS ) Time for Each Orbit Step i : Hr

A Orbital Position ' °

WA Average Expendable Use Rate Lbs/Hr
NS Orbital Transient Loop No. of Steps -
QPW ' Total ECS Power Heat Load i BTU/Hr
DT X Radiator Loop Delta T °F

T10 . Actual Interface HX Coolant Inlet Temperature °F

FK . Radiator Ambient Heat Load ' BTU/Hr-Ft2
NN Evaporétor Loop Temperature Index Register -

AR Dummy Variable o : -
TOR Radiator Outlet Temperature °R

TR Same as "TOR" °F

QE Evaporator Heat Load BTU/Hr
WT Dummy Variable : : -

TR2 Sublimator Outlet Temperature : °F

-7



Hamilton
Standard

Symbol

WTM
WT

PMIN
PMAX

PMAX
TMAX
WH20
QL
QL3
QL2

QT

QS
TCO
QC
wCPC
TCI
TAO
NT

TC
RHO
CPA
"PXO
WWO
WWI
TCCO
QCDT
VMIN
PPF

OIVISION OF UNITED AIRCRAFT CORPORATION

®

-SYN[BOL DESCRIPTION - MAIN PROGRAM (CONT)

Description
Manual Valve Weight
Total Subsyétem Weight
Component Number
Minimum COy Partial Pressure ( R = ,95)
COg Partial Pressure Before Cartridge is Replaced ( R = CFT (9))

SUBROUTINE CHX

Max, - Allowable Cabin H9O Vapor Pressure

Max, Allowable Cabin Dew Point Temperature
Rate of HoO Removal from Cahin Atmosphere
Cabin Latent Load

Total HX Latent Load

Latent Heat Downstream of Cabin

IF = 0; No Sensible HX; I - 0; Sensible HX

Set to 11If No Sensible HX, Set to 2 If Sensible HX
Cabin Sensible and Latent Load

Cabin Sensible Load

Coolant HX Outlet Temperature

Calculated HX Total Heat Load

Coolant Thermal Mass Flow Rate

Coolant Inlet Temperature

HX Gas Outlet Temperature

Maximum Number of Times Through Optimization Loop
Set =0; If Subroutine Converged

Index Register

Gas Volume Flow Rate

Cabin Temperature

Gas Density

Gas Specific Heat

Hy0 Vapor Pressure of Gas Leaving HX

Water Flow Rate in Gas Leaving HX

Water Flow Rate in Gas Entering HX

Calculated Coolant Outlet Temperature

Minimum Total Heat Load for Humidity Control
Minimum Volume Flow Rate for Humidity Control

Fan Pressure Rise

SP 01772

Units

Lbs
Lbs

mm Hg

mm Hg

PSIA
°R/°F
Lbs/Hr
BTU/Hr
BTU/Hr
BTU/Hr

BTU/Hr
BTU/Hr

°F

BTU/Hr
BTU/Hr-°F
°F

°F

Ft3/Hr
°F
Lbs/Ft3
BTU/Lb-°F
PSIA
Lbs/Hr
Lbs/Hr
°F
BTU/Hr
Ft3/Hr
In-H20



Hamilton
Standard

Symbol

Pxa
TDP
TWTS
wT
PwW
WTF
TAI
QSs2
QCS
PDPI
TDPI
TY
QW
QD
TAOD
DTLM
UAD
VAW
WTM
WTK
WTV
TWT
WTS
PWS
UAS
TDPS
Vs
PXO0S
QSS
WHX

DIVISION OF UNITED AIRCRAFT CORPORATION

Re

SYMBOL DESCRIPTION - MAIN PROGRAM (CONT)

De scrigti‘on

Component Number

Inlet Water Vapor Pressure

Cabin Dew Point

Total Equivalent Weight-Stored

Total Weight

Total Power

Fan Weight

HX Gas Inlet Temperature

Heat Load Downstream of Cabin
Sensible Heat Removed by Condenser

Dew Point Pressure Where Condensing Starts

Dew Point. Temperature Where Condensing Starts

-Coolant Temperature Where Condensing Starts

Heat in Wet Section of Condenser

Heat in.Dry Section of Condenser

Gas Temperature Where Condensing Starts
Log-Mean-Temperature Difference

Dry Section UA

Wet Section UA

Not Used

Check Valve Weight

Temperature Control Bypass Valve Weight
Total Equivalent Weight

Total Weight Stored

Total Power Stored

HX UA Stored

“ Cabin Dew Point Stored

Volume Flow Rate Stored

' HX Outlet Dew Point Pressure

Sensible Heat Removed - Stored

Heat Exchanger Weight

SP 01T72

_Units

PSIA

°F

Lbs

Lbs
Watts
Lbs

°F
BTU/Hr
BTU/Hr
PSIA

°F

°F

BTU/Hr

BTU/Hr
°F

BTU/Hr-°F
BTU/Hr-°F
Lbs

Lbs

Lbs

Lbs
Watts
BTU/Hr-°F
°F

Ft3/Hr

PSIA
BTU/Hr
Lbs



Hamilton

- DIVISION OF UNITED AIRCRAFT CORPORA TION . Sp 01’]_"72

Standard - A

SUBROUTINE SHX

Symbol . ] Description Units

DTF Fan Temp, Rise : °F

Dp Fan Pressure Rise . In—HZO

RHO Cabin Gas Density Lbs/Ft3

CPA Cabin Gas Specific Heat BTU/Lb-°F

J Component Number -

TAI HX Gas Inlet Temp °F

TCAB Cabin Gas Temp °F

DTM Maximum- Gas To Coolant Temp Difference °F

TCI Coolant Inlet Temp °F

TAO Gas Outlet Temp °F

N Index Régister -

v " Gas Volumetric Flow Rate ’ Ft3/Hr

QS . Sensible Heat Load To Be Removed From Cabin BTU/Hr

PW Fan Power -’ Watts

TCO Coolant Outlet Temp ‘ °F

WCPC Coolant Thermal Mass Flow Rate BTU/Hr-°F

DTLM Log-Mean-Temperature Difference F

UA Thermal Conductance X Area BTU/Hr-°F
- WTF Fan Weight ) Lbs

WTM Not Used I ' ' -

WTK . Check Valve Weight ' Lbs,

WTV Temp Control Valve Weight Lbs.

WT Total Weight ‘ Lbs.

™WT Total Equivalent Weight Lbs..

PP Power Penalty Lbs. /Watts

TWTS ' Total Equivalent Weight Stored Lbs.

WTS Total Weight Stored Lbs.

PWS Total Power Stored ' Watts

UAS Thermal Conductance x Area Stored . BTU/Hr-°F

TCOS Coolant Outlet Temp Stored °F

VS Volumetric Flow Rate Stored : Ft3/Hr

WTX Heat Exchanger Weight Lbs.

SYMBOL DESCRIPTION - EBAY

DTF . Fan Temp Rise ‘ °F

DP Fan Pressure Rise . A ‘ ' In-H,0
RHO Gas Density Lbs/Ft3
CpA Gas Specific Heat BTU/Lb-°F
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Hamilton
Standard

Symbol

LF
TAI
TE
TAO
TCI

<

QT
TCO
WCPC
DTLM
UA
WTF
WTK
WTHX
WTFAN
TWT
PP
TWTS
WTHXS
UAS
WTFS
PWS
TCOS
QTS

Vs
WTX

VB
WH20
QLAT
WBC
WCO2
NC

DIVISION OF UNITED AIRCRAFT CORPORATION

: - Re

SYMBOL DESCRIPTION - EBAY (CONT)

Description

Component Number
Gas Inlet Temp

Compartment Temp

HX Gas Outlet Temp

Coolant Inlet Temp

Index Resister

: Volumetric Fiow Rate

Compartment Heat Load (Excluding Fan)
Fan Power

HX Total Load

Coolant Qutlet Temp

Flow Stream Capacity Rate
Log-Mean-Temperature-Difference
Thermal Conductance x Area

Fan Weight -

Check Valve Weight

Heat Exchanger Weight (Package)

~ Fan Package Weight

Total Equivalent Weight

Power Penalty

. Total Equivalent Weight Stored

Heat Exchanger Weight Stored (Package)
Thermal Conductance x Area Stored
Fan Package Weight Stored ‘
Fan Power Stored

Coolant Outlet Temp Stored

HX Total Load Stored

Volumetric Flow Rate Stored

Heat Exchanger Weight

SUBROUTINE HSC

Gas Flow Rate Per Lb of Bed
Water Removed Per Cycle

Latent Heat Removal Rate From Cabin

Bed Size Required For CO2 Control
COy Generation Rate

Loop Counter

1-11

SP 01T72 .

Units

om o

o

Ft3/Min
BTU/Hr
Watts
BTU/Hr
op.
BTU/Hr-°F
°F
BTU/Hr-°F
Lbs.

Lbs.

Lbs.

Lbs.

Lbs.
Lbs/Watt
Lbs.

Lbs,
BTU/Hr-°F
Lbs,

Watts

°F

BTU/Hr
Ft3/Min
Lbs,

CFM/LbHSC
Lbs/Cycle
BTU/Hr
Lbs.

Lbs. /DAY



Hamilton
Standard

Symbol

PVI
BL

WTV
DP
PD
WTF
WTK

RHO
DAY
WTX

WT
WF
PwW
WB

VBM
WH20C
wC

VvC
WCR
PCO2

BLS
KC
TDP
VCH
PWS(N)
WTS(N)
WBS(N)
WUS(N)
WFS(N)

VS(N)

OIWVISION OF UNITED AIRCRAFT CORPORATION

Ao

SUBROUTINE HSC (CONT)

Description

Index Register - Bed Sizing Loop H 50
Cabin Water Vapor Pressure Level

Bed Water Loading

Off Tables IF = O

Volumetric .Flow Rate Required/Available

- Vacuum Valve Weight

Fan Pressure Rise

System Pressure Loss ~ Excluding Bed
Fan Weight

Check Valve Weight

Humidity Control Valve Weight
Gas Density

Mission Length

Canister Weight (Excluding HSC)
Component Weight

System Total Weight

Fan Weight Increase

Fan Power _

Bed Weight

- Ullage Penalty Weight

" Maximum Volumetric Flow Rate

Calculated Amount of Ho0 Removed Per Cycle
Same As "WBC"

Volumetric Flow Rate

Required CO, Bed Loading

First Guess of COy Cabin Partial Pressure Level

CO, Performance Index Register

- Calculated CO, Bed Loading

Off Tables IF¢O

Cabin Déw Point
Dummy - Not Used
Same As "PW” - Stored
Same As "WT" - Stored

- Same As "WB'" - Stored
 Same As "WU" - Stored

Same As "WF" - Stored

Same As "V' - Stored

SP 01T72

Units

PSIA .
Lbs/Lb
Ft3/Hr
Lbs
In-Ho0
In-H,0
Lbs

Lbs

Lbs
Lbs/Ft?
DAYS
Lbs

Lbs

Lbs

Lbs
Watts
Lbs

Lbs
Ft3/Hr
Lbs/Cycle
Lbs/Cycle
Ft3/Hr
Lbs/Lb
MMHG

Lbs/Lb
°F
Watts
Lbs
Lbs
Lbs
Lbs
Ft3/Hr



Hamilton
Standard

Symbol

WTSYS(N) -

WTB
DAY
WTV
wT

DP

DTF
DP

CPA
LF
TAI2
TE
TB2
TCI2
TCI
QB1
TAO2

QB2
PW
QT2
QTI
TCOlL
TCO2
DTLM2
UA2
WTF
WTK

DIVISION OF UNITED AIRCRAFT CORPORATION

Re

SUBROUTINE HSC (CONT)

Description

System Total Equivalent Weight

SUBROUTINE (CONT)

Volumetric Flow Rate
Bed Weight (Ch;mical)
Mission Length

Check Valve Weight
Total Weight
Component Number
Heat Generated

Fan Pressure Rise

‘SUBROUTINE EBAY2

Fan Temp Rise

Fan Pressure Rise

~ Gas Density

" Gas Specific. Heat

Component Number

Gas Inlet Temp - 2nd HX In Series
Compartment Temp - Design
Compartment Temp - 2nd Bay .
Coolant Inlet Temp - 2nd HX
Coolant Inlet Temp - 1st HX
Compartment Heat Load - 1st Bay
Gas Outlet Temp - 2nd HX

Index Register

Volumetri¢ Flow Rate

* Compartment Heat Load - 2nd Bay

Fan Power

and HX Total Heat Load

1st HX Total Heat Load

Same As "TCI2"

Coolant Temp Leaving 2nd HX
Log-Mean-Temp-Difference: 2nd HX
Thermal Conductance x Area: 2nd HX

‘Fan Weight

Check Valve Weight
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Units

Lbs

Ft3/Hr
Lbs
DAYS
Lbs
Lbs

BTU/Hr
In-Hy0

°F

In-H,0
Lbs/Ft3
BTU/Lb-°F

]

[

©

Kl

o

BTU/Hr
°F
Ft3/Hr
BTU/Hr
Watts
BTU/Hr
BTU/Hr
°F

°F

"
BTU/Hr-°F
Lbs

Lbs

CZ



Hamilton

OIVISION OF UNITED AIRCRAFT CORPORATION SpP 01T72 .

Standard Ae

SUBROUTINE EBAY2 (CONT)

Symbol ' ' ‘Description Units
WTHX HX Package Weight _ Lbs
WTFAN V Fan Package Weight - Lbs

TWT Total Equivalent Weight Lbs

PP Power Penalty | Lbs/Watt
TWTS TotaliEquivalent Weight Stored Lbs
WTHXS HX Package Weight Stored Lbs

WTFS Fan Paci«:age Weight Stored Lbs

PWS Power - Stored ' Waltts
TCO18 Coolant Temp Leaving 1st HX Stored °F

TCO2S Coolant Temp Leaving 2nd HX Stored °F

UA2S Thermal Conductance x Area Stored BTU/Hr-°F
QT1s Total Heat Removed 1st HX Stored BTU/Hr
QT28 _ Total Heat Removed 2nd HX Stored BTU/Hr
Vs Volumetric Flow Rate - Stored Ft3/Min
TAO1L Gas Outlet Temp - 1st HX °F

EFF Temp Effectiveness - » -

TBI 1st Compartment Temp °F

M Index Register -

TAIL 1st HX Gas Inlet Temp °F

DTLM1 Log-Mean-Temp-Difference Ist HX °F

UA1l Thermai Conductance x Area 1st HX BTU/Hr-°F
UA1S Thermal Conductance x Area 1st HX Stored BTU/Hr-°F

SUBROUTINE FEVAP

TCO Coolant Outlet Temp °F

TCI : Coolant Inlet Temp °F

Q .~ Heat Load Desired ' BTU/Hr
WCP Flow Stream Capacity - Rate ' BTU/Hr-°F
QR Heat Load Rejected , BTU/Hr

L Component Number » ‘ . -

WT Subsystem Weight Lbs

WH20 Water Usage Rate ‘ Lbs/Hr
TOMIN Minimum Coolant Outlet Temp °F

TOMAX Maximum Coolant Qutlet Temp °F

1-14



Ham i Iton DI\I‘SIONv QOF UNITED AIRCRAFT CORPORATION ' .SP 01T72
Standard Ae

SUBROUTINE FANWT

Symbol ' Description Units
CFM Volumetric Flow Rate FT3/Min
CFH Volumetric Flow Rate . Ft3/Min
A Specific Speed -

DP Fan Pressure Rise - ‘ In-H,0
WT Fan Weight Lbs

SUBROUTINE CRY

THO Coolant Outlet Temp-Assummed °F

TIN Coolant Inlet Temp °F

Q Heat Rejected BTU/Hr
WH ~ Flow Stream Capacity-Rate BTU/Hr-°F
TH20 A Hydrdgen Outlet Temp _ °F

N Index Register -

wWC Hydrogen Flow Stream Capacity-Rate BTU/Hr-°F
NC Component Number -

TOC Célculated Coolant Outlet Temp : . °F

WH2 Hydrogen Flow Rate Lbs/Hr

SUBROUTINE HX

R ~ Mass Flow Ratio (Cold/Hot) -

wC Cold Side Flow Stream Capacity-Rate BTU/Hr-°F
WH Hot Side Flow Stream Capacity-Rate ' BTU/Hr-°F
THO Hot Side Outlet Temp BTU/Hr-°F
TCI Cold Side Iﬁlet Temp °F

Q . Heat Rate To Be Transferred BTU/Hr
NCOMP Component Number -

EFF Temperature Effectiveness (Hot Side) - -

SUBROUTINE WTV2

N . Type of Valve

1~ Manual Valve

2~ Check Valve

3- Elec. Solenoid Valve

4- Gas Disconnect -

WT Component Weight Lbs

I-15



Hamilton
Standard

Symbol

TY
T2

TI

T1
ZETA
ALPHA
TO
BETA

AR
WCP
WR

WE

RHO
TC
WAM

WF
Vil

WH2C
QL
QL2
TAMIN
TCI

QF

DIVISION OF UNITED AIRCRAFT CORPORATION

Ae

BROUTINE

Description
Gas Flow Rate

SUBROUTINE RAD

Calculated Coolant Outlet Temp
Desired Codlant Outlet Temp
Number (2,0 x 10'10)

Wall Temp At Inlet

Inlet Coolant Temp

Function of TI

deTy 3

Wall Temp At Outlet

B*Ts3

Index Register

Heat Rejeqted Per Unit Area
Required Radiator Area
Flow Stream Capacity-Rate
Radiator Wt. :

Component Number

Dummy - Not Used

SUBROUTINE CX2

Gas Density

Cabin Temp

Max Gas Flow Stream Capacity-Rate-HX
Volumetric Flow Rate - HX

Gas Flow Stream Capacity-Rate Through Fan
Fan Volumetric Flow Rate

Assummed HX Gas Flow Stream Capacity-Rate
Water Condensing Rate

Cabin Latent Load

Latent Load Downstream of Cabin

Minimum Gas Outlet Temp

Coolant Inlet Temp

Fan Heat Load

Fan Power

1-16

SP 01772

Units.

Ft3/Hr

‘R

BTU/Hr
BTU/Hr
BTU/Hr

R
BTU/Hr-Ft°
Ft2

BTU/Hr °F
LbsA

Lbs/Ft3

°F
BTU/Hr-°F
Ft3/Hr
BTU/Hr-°F
Ft°/Hr
BTU/Hr-°F
Lbs/Hr
BTU/Hr
BTU/Hr

°F

°F

BTU/Hr
Watts



Hamilton

Standard Ao

SUBROUTINE CX2 (CONT)
Symbols -_Description
QSMAX Maximum Sensible Heat Load
QS Cabin Sensible Heat Load (Includes Fah)
QS2 Sensible Heat Downstream of Cabin
K IF =0, Single HX, 70 - Has Sensible HX Also
TAOQ Gas Outlet Temp-Assummed '
TAI Gas Inlet Temp-Assummed
QSX HX Sensible Load
TCN New Cabin Temp
QSN New Crew Sensible Load
KL Off Tables IF = 0
NP Index Register
PXO Hy0 Vapor Pressure At HX Exit
WWO H,0 Vapor Leaving HX In Gas Stream
PX1 Vapor Pressure of Hy,0 At HX Inlet
TDP Inlet Dew Point
TY Coolant Temp Where Condensing Starts
QT HX Total Load
TCO Coolant Outlet Temp
wC Coolant Flowstream Capacity Rate
QW Heat Removed In Wet Section
QD Heat Remqvéd In Dry Section
TAOD Gas Temp Where Condensing Starts
DT Log-Mean-Temp-Difference
UAD Dry Section Thermal Conductance x Area
UAW Wet Section Thermal Conductance x Area
UAR Required Thermal Conductance x Area
NL Component Number
I IF =0, Converged
WHX Volumetric Flow Rate Through HX
PXC Cabin Hy0 Vapor Pressure
TDPC Cabin Dew Point Temp.l

SUBROUTINE QMET

T2 New Cabin Temp
Q2 New Sensible Metabolic Load
K IF ¥ O, Off Tables

DIVISION OF UNITED AtRCRAFT CORPORATION

1-17-

SP 01T72

Units

BTU/Hr

BTU/Hr
" BTU/Hr

°F
°F
BTU/Hr
°F
BTU/Hr

PSIA
Lbs/Hr
PSIA

°F

°F

BTU/Hr

°F
BTU/Hr-°F
BTU/Hr
BTU/Hr

°F

°F
BTU/Hr-°F
BTU/Hr-°F
BTU/Hr-°F

FT3/Min

_ PSIA

°F

°F
BTU/Hr



Hamilton
Standard

Symbols

T1

K1
QN
K2
Q1

DIVISION OF UNITED AIRCRAFT CORPORATION

Ae

SUBROUTINE QMET (CONT)

_Description

Original Cabin Temp
Original Metabolic Heat Rate
Same As "K"

New Metabolic Heat Rate
Same As "K"

Original Cabin Heat 1.oad-Metabolic

I-18
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Units

°F
BTU/Hr/Min

. BTU/Hr/Min

BTU/Hr



Hamilton

DIVISION OF UNITED AIRCRAFT CORPORATION

Standard

Re

SENSIBLE HX SUBROUTINE — SHX

INPUTS

QSs2
TCAB
T22
WCPC
RHOA
CPA
PP
DP2

N
FWT(N)
FXW(N)
SWT(N)

CABIN 'SENSIBLE HEAT TO BE REMOVED

CABIN TEMPERATURE .
COOLANT INLET TEMP
COOLANT MASS FLOW
CABIN GAS DENSITY
CABIN GAS SPECIFIC HEAT
POWER PENALTY

FAN PRESSURE RISE
COMPONENT NUMBER

HX WEIGHT FACTOR
SYSTEM FIXED WEIGHT
PACKAGING WEIGHT FACTOR

CFT(N+10) FAN EFFICIENCY

OUTPUTS

WT2
PW(12)
Vi2

T23
TAOS
CFT(N)
WTHX
WVALVE

HX & FIXED WEIGHT
FAN POWER FOR SENS, HX FLOW
HX FLOW RATE ‘
COOLANT OUTLET TEMP
HX GAS OUTLET TEMP
HX UA '
HX WEIGHT
AIR BYPASS VALVE WEIGHT

I-19
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BTU/HR
" op

OF-‘
BTU/LB-°F
LBS/FT3
BTU/LB —°F
LBS/WATT
IN—H20
LBS/UA
LBS

" LBS/LB

LBS
WATTS
CFH
°F
°F

BTU/HR-°F
LBS

LBS



Hamilton DIVISION OF UNITED EJG‘R‘&FT CORPORATION | - SP 01T72
Standard = Ae : - -

SUBROUTINE EBAY 2 (QB1, @B2, TE, TCl, WCPC, RHO, CPA, PP, DP,
WTHX, WTFAN, PW, V, TCO1, TCO2, TB1, TB2,
TAO1, TAO2, QT1, QT2, LF)

INPUT _ _ ‘
QB1  — HEAT LOAD IN FIRST SERIES BAY BTU/HR
QB2 — HEAT LOAD IN SECOND SERIES BAY BTU/HR
TE — MAXIMUM COMPACTMENT TEMP . oF
TCI — COOLANT TEMP INTO FIRST BAY ‘ oF
WCPC — COOLANT MASS FLOW RATE BTU/HR—°F
RHO — COMPARTMENT DENSITY AT TE LBS/FT3
CPA  — GAS SPECIFIC HEAT ‘ BTU/LB—°F
PP — POWER PENALTY LBS/ WATT
DP ~ FAN PRESSURE RISE ‘ IN — HpO
LF — HX COMPONENT NUMBER » -

FAN COMPONENT NUMBER=LF+1 -
FWT(LF) —HEAT EXCHANGER WEIGHT FACTOR LBS/UA
FWT(LF+1)NUMBER OF FANS & CHECK VALVES -
FXW(LF) —FIXED WEIGHT ADDED TO HX LBS
FXW(LF+1)-FIXED.WEIGHT ADDED TO FANS LBS
SWT(LF) —STRUCTURAL WEIGHT FACTOR-HX LBS/LB
SWT(LF+1)-STRUCTURAL WEIGHT FACTOR — FANS LBS/LB

CFT(LF+1)-OVERALL FAN EFFICIENCY -

OUTPUT
WTHX. — TOTAL HX WT—BOTH BAYS LBS
WTFAN— TOTAL FAN WT—BOTH BAYS LBS
PW — TOTAL POWER — BOTH BAYS WATTS
% — FAN VOLUME FLOW RATE CFM
TCO1 — COOLANT OUTLET TEMP—1ST BAY °F
TCO2 — COOLANT OUTLET TEMP—2ND BAY oF
TB1 — 1ST COMPARTMENT TEMP oF
TB2 — 2ND COMPARTMENT TEMP o
TAO1 — AIROUTLET TEMP 1ST JX °F
*TAO2 — AIR OUTLET TEMP 2ND HX oF
QT1 — TOTAL HEAT REMOVED BY HX 1ST BAY BTU/HR
QT2 — TOTAL. HEAT REMOVED BY HX 2ND BAY BTU/HR
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DIVISION OF UNITED AIRCRAFT CORPORATION

Standard Ae

SP 01T72

SUBROUTINE RAD (T1, T2, WCP, WR, AR, WE, TY, J)

INPUTS _

T1 — RADIATOR INLET TEMP.,

T2 — DESIRED RADIATOR OUTLET TEMP

WCP  —COOLANT FLOW RATE

J — COMPONENT NUMBER

TS — EQUIVALENT SINK TEMP (DUE TO ENVIRONMENT)

AMAX —MAXIMUM ALLOWABLE RADIATOR SURFACE AREA
EMIS —RADIATOR EMISSIVITY
SWT (J)— RADIATOR WEIGHT FACTOR

OUTPUTS

TY — RADIATOR OUTLET TEMP

WR — RADIATOR PANEL WEIGHT

AR — RADIATOR AREA REQUIRED FOR TY

I-21
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Hamilton

DIVISION OF UNITED AIRCRAFT CORPORA TION

Standard Re

SUBROUTINE F E VAP (@, WCP, TCI, L, TCO, WT)

INPUTS
Q ~ HEAT TO BE REJECTED
WCP — COOLANT MASS FLOW RATE
TCI — COOLANT INLET TEMP

L — COMPONENT NUMBER

FWT(L) — HEAT EXCHANGER WT, FACTOR
FXW(L) — SUBSYSTEM FIXED WT

SWT(L) - STRUCTURAL WT, FACTOR
CFT(L) — HEAT EXCHANGER UA

PP — POWER PENALTY

OUTPUTS

TCO — COOLANT OUTLET TEMP

WT — SUBSYSTEM WEIGHT

QR — ACTUAL HEAT REJECTED

WH20 - WATER USAGE RATE

TOMAX — MAX, COOLANT OUTLET TEMP POSSIBLE
TO MIN - MIN, COOLANT OUTLET TEMP POSSIBLE

I-22
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BTU/ HR
BTU/HR-°F

°F
LBS/UA
LBS

-LBS

BTU/HR—°F
LBS/WATT

°F
LBS
BTU/HR
LBS/HR
°F
°F



Hamilton . U - SP 01T72

DIVISION OF UNITED AIRCRAFY CORPORATION

Standard " Ae

SUBROUTINE QMET (@1, T1, T2,Q2, K)

INPUTS -

Ql — METABOLIC SENSIBLE HEAT LOAD AT T1 BTU/HR
Ti = — ORIGINAL CABIN TEMPERATURE °F
T2 — NEW CABIN TEMPERATURE oF

- — TABLE OF QS VS TCABIN FOR ONE MAN (LOC 501) -

OUTPUTS _
Q2 — METABOLIC SENSIBLE HEAT LOAD AT T2 BTU/HR
K —'IF #0, OFF TABLES -
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Hamilton :
. DIVISION OF UNITED AIRCRAFT CORPORATION SP 01Tn2
Standard Ae |

SUBROUTINE CRY (Q, WH, TIN, NC, WH2)

INPUTS
Q - HEAT TO BE REJECTED - BTU/HR

WH— COOLANT MASS FLOW RATE BTU/HR-°F

TIN — COOLANT INLET TEMP °F

NC — COMPONENT NUMBER —-

CFT (NCY-HEAT EXCHANGER UA BTU/HR-°F

OUTPUTS
WH2 — HYDROGEN FLOW RATE (WHYD) LBS/HR
TOC - COOLANT OUTLET TEMP (THOTCAL) °F
TH20 — HYDROGEN OUTLET TEMP (THYDO) . °F

1-24



Hamilton

DIVISION OF UNITED AIRCRAFYT CORPORATION

Standard A

SUBROUTINE EBAY (QE, TE, TCl, WCPC, RHO, CPA, PP, DP, WTHX
WTFAN, PW, V, TCO, TAO, QT, LF)

INPUTS

QE — COMPARTMENT HEAT LOAD

TE — DESIRED COMPARTMENT TEMP
TCl — INLET COOLANT TEMP TO HX
WCPC — COOLANT MASS FLOW

RHO — COMPARTMENT GAS DENSITY
CPA — GAS SPECIFIC HEAT

PP — POWER PENALTY

DP — FAN PRESSURE RISE

LF — COMPONENT NUMBER OF HX

FWT(NY- WEIGHT FACTOR HX

FXW(N) — FIXED WEIGHT ADDED TO COMPONENT
SWT(N) — STRUCTURAL WEIGHT FACTOR
(USED FOR FAN, VALVE, & FIXED WEIGHT)

OUTPUTS

WTHX — HEAT EXCHANGER & FIXED WEIGHT
WTFAN — FANS & CHECK VALVES WEIGHT

PwW — FAN POWER

\4 — FAN VOLUMETRIC FLOW RATE-
TCO — COOLANT OUTLET TEMP

TAO — AIR OUTLET TEMP LEAVING HX
QT — TOTAL HEAT REMOVED BY HX

I-25
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BTU/HR

°F

°F
BTU/HR-°F
LBS/FT3
BTU/LB—°F
LBS/WATT

JIN — H20

LBS/UA
LBS

LBS
LBS
WATTS

 CFM

oF
oF
BTU/HR



Hamilton dl;/ISION QF u‘NIT-ED gﬂJCF;AFY CORPORATION ’ : - SP 01T72
Standard - Re '

SUBROUTINE CX2 (WC, TCI, @S, QL, TC, @S2, QL2, V, P, NL, K, TCO, V11, I, QSX)
INPUTS
WC — COOLANT MASS FLOW RATE o BTU/HR —°F
TCI — COOLANT INLET TEMP - °F
Qs — TOTAL SENS, HEAT TO BE REMOVED FROM CABIN

(INCLUDES FAN) BTU/HR
QL — LATENT HEAT TO BE REMOVED FROM CABIN 'BTU/HR
TC — CABIN TEMPERATURE °F
QS2  —SENSIBLE HEAT DOWNSTREAM OF FAN 'BTU/HR
QL2 — LATENT HEAT DOWNSTREAM OF FAN 'BTU/HR
Y, —HEAT EXCHANGER MAX FLOW RATE CFH
P —FAN POWER T WATTS
NL — COMPONENT NUMBER o -
K —IF O, SINGLE HX IF 1, ALSO SENS, HX -
Vi1 — FAN FLOW RATE FT3/HR
TOLQ — TOLERANCE ON HX UA CONVERGENCE DEC, FRAC,
PCAB - CABIN PRESSURE PSIA
RA —CABIN GAS CONSTANT 'FT/°R
CPA  —CABIN GAS SPECIFIC HEAT . BTU/LB—°R
QSM  —METABOLIC SENSIBLE HEAT BTU/HR
OUTPUT
TCAB —CABIN TEMP (MAY BE RAISED IF SYSTEM

NOT CAPABLE) o
HXCFM — AIR FLOW THROUGH HX CFM
TDPCAB-CABIN DEW POINT '°F
TAIRO —HX AIR OUTLET TEMP °F
TCO  —COOLANT OUTLET TEMP °F
QSX  —SENSIBLE HEAT REMOVED BY CONDENSER BTU/HR

I —IF O, SUBROUTINE CONVERGED _
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Hamilton U . ' 'SP OLTT2
Standard Re ‘

SUBROUTINE CHX @s, QL, TC, TCl, WCPC, RHO, CPA, PMAX, DPF, TAO, J, QCS, V,
' PW, WT, TCCO, PXO, I, @S2, QL2, K, TDP)

INPUT .
Qs —~ CABIN SENS, HEAT LOAD BTU/HR
QL ~ CABIN LATENT HEAT LOAD _ BTU/HR
TC — CABIN TEMP HEAT LOAD °F
TCl . — COOLANT INLET TEMP T °F -
WCPC — COOLANT MASS FLOW RATE BTU/HR—°F
RHO — CABIN GAS DENSITY: : LB/ FT3
CPA — CABIN GAS SPECIFIC HEAT BTU/LB—°F
PMAX — MAXIMUM CABIN H20 VAPOR PRESS. PSIA
DPF — FAN PRESSURE RISE ' IN—H20
J ~ COMPONENT NO, -
Qs?2 — SENS. HEAT ADDED DOWN STREAM OF FAN BTU/HR
QL2 — LATENT HEAT ADDED DOWN STREAM OF FAN BTU/HR
K — f(IF O, NO SENS HX ' —

'{(IF'- 1, SENS HX ALSO '
CFT(J+10) — FAN OVERALL EFFICIENCY -
FWTQ) — HX WEIGHT FACTOR LBS/UA
FXW(QJ) ~ FIXED WEIGHT ADDED TO SUBSYSTEM LBS
SWTU) — STRUCTURAL WEIGHT FACTOR LBS/LB
OUTPUT :
TAO — HX AIR OUTLET TEMP oF
TDP — CABIN DEW POINT °F
QCs — SENSIBLE HEAT REMOVED BY COND. BTU/HR
\% — HX AIR FLOW RATE FT3/HR
PW — POWER REQUIRED BY COND, FLOW WATTS
WT — "HX+VALVE WEIGHT ' LBS
TCCO — COOLANT OUTLET TEMP, °F
PXO — HX OUTLET VAPOR PRESS. PSIA
I — CONVERGENCE KEY —IFO, 0.K. .-
WTHX — HX WEIGHT LBS
MVALVE — AIR BYPASS VALVE WEIGHT LBS-
CFT(J) — HX UA _ BTU/HR—°F
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DIVISION OF UNITED AIRCRAFT CORPORATION

Standard RAe

SUBROUTINE HSC (WCO2, QLAT, DAY, RHO, PVI, PD, L, WT, V, WB, WU, VCH, WF)

INPUTS .
WCO2 — CO2 REMO VAL RATE " LBS/DAY
QLAT — LATENT HEAT REMOVAL RATE BTU/HR
DAY -~ MISSION LENGTH DAYS
RHO — CABIN GAS DENSITY S LBS/FT3
PVi — REQUIRED MAX, H20 VAPOR PRESS LEVEL PSIA

PD — SYSTEM PRESSURE LOSS EXTERNAL. TO CANISTER IN-H20
L — COMPONENT NUMBER ‘ -
FCO2 — RATIO OF PEAK PRODUCTION RATE TO AVG RATE -
CO2L — CO2 DESIGN BED LOADING = LBS/LB
CYCL. — 1/2 CYCLE TIME : MIN
TCAB . — CABIN TEMP °F
FWT(L) — NUMBER OF CANISTERS —_
FXW(L) — SYSTEM FIXED WEIGHT LBS
SWT(L) — STRUCTURAL WEIGHT FACTOR LBS/LB
X(426) — TABLE H20 LOADING -
X(351) — TABLEOF CO2 LOADING -

VCH — NOT USED B -
OUTPUTS .

WT — SUBSYSTEM WEIGHT (EXCLUDING FAN) LBS

\Y/ — SUBSYSTEM FLOW RATE FT3/HR
WB — HSC BED WEIGHT ' ' LBS

WU — ULLAGE PENALTY o LBS

WF — FAN WEIGHT INCREASE FOR HSC LBS
WTCAN — EMPTY CANISTER WT LBS
WVVAL — VACUUM CYCLING VALVE WT LBS
WCVAL — CONTROL. VALVE WT - LBS
WKVAL — CHECK VALVE WT (FAN FLOW) LBS
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Hamilton U : SP 01T72

DIVISION OF UNITED AIRCRAFT CORPORATION

Standard Ae

SUBROUTINE LIOH (J, DAY, DPF, WL, WT PW, V, @S, QL)

INPUTS - .

J — COMPONENT NUMBER -
DAY —MISSION LENGTH : DAYS
DPF —FANAP - IN — H20
WCO2 - AVERAGE CO2 REMOVAL RATE LBS/DAY
TCAB — CABIN TEMPERATURE " ' °F

FCO2 — RATIO OF ACTUAL PRODUCTION RATE/AVG., -
FNCO - NUMBER OF CANISTERS ON LINE -
FRESH — NUMBER OF FRESH CANISTERS ON LINE -
CFT (11)-FAN EFFICIENCY : ' -
CFT (J) —CO, REMOVAL EFFICIENCY -

FWT (J)— CANISTER WEIGHT FACTOR (TOTAL. WT.) LBS/LB

OUTPUTS

WT -~ SUBSYSTEM TOTAL FIXED WEIGHT LBS

WL — MINIMUM WT OF LIOH REQUIRED FOR MISSION LBS

PW — FAN POWER REQUIRED FOR LIOH WATTS

Y, — VOLUME FLOW RATE FT3/HR

Qs —{(SIZING PROGRAM—SENS & FAN HEAT LOAD BTU/HR
(OFF DESIGN—-SENS HEAT OF REACTION BTU/HR

QL — LATENT HEAT LOAD BTU/HR

PMAX — CO2 PARTIAL PRESSURE AT 60%M7REM - MM HG

PMIN —CO2 PARTIAL PRESSURE AT 95%7nREM MM HG
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Hamilton
Standard

DIVISION OF UNITED AIRCRAFT CORPORATION

SP 01T72
Ae

APPENDIX IT

SUBROUTINE DESCRIPTIONS

Listed below is a short description of what each qf the subroutines does:

START

LOAD

UNBAR

KANDK

LIOH

SHX

Reads a comment card and prints it, A blank card terminates a
ran,

Loads the input daté into the prOpér storage locations.

A table interpolation routine,

Calculates the vapor pressure or dew point temperature of water
vapor. Given one property it will calculate the corresponding
property.

Ca._lculates the heat loads, ﬂqw required, and weight of LiOH
required for CO, removal.

Calculates the optimum volume flow required and the heat exchanger
weight to remove a given sensible and latent heat load.

If a sensible heat exchanger is also used, the coolant leaving

temperature will be kept at or below the cabin dew point,

Sensible heat exchanger subroutine calculates optimum volume flow

rate and heat exchanger size.

Calculates the optimum heat exchanger size and volume flow rate to
remove an air heat load from a separate compartment. Also

calculates fan weight and power.
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Standard

IEVAP

DIVISION OF UNATED yﬂCRAFY CORPORATION . SP 01 T7 2

®
-2 -

APPENDIX II (CONT)
SUBROUTINE DESCRIPTIONS

Does the same as EBAY for two compartments in series. Calculates
which compartment controls the sizing of the equipment and uses

the same equipment in each cbmpartment.

This routine calculates the optimum flow rate and bed size for
HSC. This material absorbs both CO, and H,0 vapor. During the
off design performance, the water vapor partial pressure and Co,
partial pressure are calculated as well as the air flow required

for humidity control,

Calculates the contaminant canister weight and volume flow rate

required for contaminant control,

Calculated the subsystem weight required to remove the input heat
load, For off design performance it will remove as much heat as

possible up to the desired heat load.

Calculates fan weight as a function of volume flow rate and pressure

rise,

Calculates the cryogen flow rate required to meet the given heat

load. (Off design performance only),

Calculates the hot side leaving temperature giving the flow rates,

heat rejected, and the cold side inlet temperatures. Used for

sensible heat transfer only.
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DIVISION OF UNITED AIRCRAFT CORPORATION

Standard Re

-3 -

APPENDIX I

SUBROUTINE DESCRIPTIONS

Calculates valve weight as a function of volume flow rate for:

£
3

a) Check valves
b) Solenoid valves
¢) Manual shut off valves

d) Gas disconnects

BAD - Calculated radiator area and weight required to reject a given
heat load at a given inlet temperature. If the area required exceeds
the maximum area available, the routine will calculate the outlet

temperature that can be reached at the maximum area.

CX2 - Calculates condenser air outlet temperature and cabin dew péint for
a given sensible and latent load, It also calculates the heat exchanger
volume flow rate required to meet the heat load. If the heat load
can not be met at maximum air flow, the cabin temperature will

be raised in 1°F increments until it can be met.

: QMET - Calculates the metabolic sensible/latent heat load ratio as the cabin

temperature is varied.
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DIVISION OF UNITED AIRCRAFT CORPORATION

Standard Re

FIGURE 4—1 DECK SET UP

A0 A N
/ / / ™\

! |
I | | | :
| | | |
I | | |
| | 'I | |
I I
| | | l |

2 12]13 24|25 3637

1 60]61 72)73 80

FIGURE 4—2 COMPUTER CARD SETUP

I1-4



9-II/S-11

FROM CABIN
LiOH/CONDENSER APPROACH . &

C - | C — { —

PROCESS
FLOW
FAN

FROM
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CHART TITLE - INTRCDUCTORY COMMENTS

H247 SHUTTLE EC/LSS SIZING PROGRAM

LOAD DATA



10/12/712

CHART TITLE - PROCEDURES

/ 800 /

1
16,10%--)1

1 01
LT
1 H
r 1 STARTY H
I 1 H
r 1 H
1 H
$mememn e cm e —————

1

1

I 02
#rmreemree . ——————
i 1 H
LI LOAD H
1 tx) H
1 H
I 1 H
Femrmem— e —————

1
PRINT INPUT DATA
I

1 03
/ WRITE YO DEV /
/ 6 /
/  VIA FORMAT /
/ 910 /

/ FROM THE LIST /
I
{
I NOTE 04

* ¥ % & & ¥x ¥k ¥ ¥ ¥ ¥
£ LIST = (XtJhyd = *
* 1,64} *
* & & % * & k¥ & * & &
1
1
1 0s
/ WRITE TQ DEV /
/ 6 /
/ VIA FORMAT ¢
’ 915 /

/ FROM THE LIST /

1

1

1 NOTE 06
& & & X & & ¥ & ¥ K &
« LIST = CYCL, QEB2 *
% & & % & ¢ ¥ & & & ¥

t
i 07
/ WRITE TG DEV /
/ 6 4
/  NTUA FORMAT /

/ 982 4
/ FROM THE LIST /

1

1

T NOTE O
* & & % % ¥ * X &
LIST = {X{J)yJ =

67,R0), PERF

LR A I A

1

!

1
OFF DESIGN
PERFORMANCE

. RY e
s neRr®

H 09
#ommmmmme e cm e ———
t NR = RN 1
1
i NPER = PERF 1
L et =
t
i
PR - -

AUTOFLOW GHART SET - H2eTB .

[ ¥ )

L R R e e el e L L L T

L L L R R e e R e Lt ke ke

I 10
f Z R S
1 COMPUTED GO TO I
1 FOR NPER 1
1 802 2.11 1
1 801 20,01 1
I 805 . 31,19 1
Brmecmecceeneaneacak

1
1

1
IF OUTSIDE THE RANGE
!

02.10---)1
802 1 11
/ WRITE TO DEV /
/ L} /
/7 VIA FORMAT /
7 930 /
/ FROM THE LISTY /
I
i
I NOTE 1
IR BEIE IR IR 3 2R N
LIST = (XtJ}ed =
101.115)
*® &£ 5 F KT RS
1
1
1 13
/ WRITE YO DEV 7/
/

“ "R
LI AN

/ 6
/ VIA FORMAT /
/ 931 /
/ FROM THE LIST /
1
1
1 NOTE 1}
LEE IR0 A R I
LIST = (XUJ)ed =
131,145)
kX & KK E X

.- nnn
LI IR 3 3 3

1 15
/ WRITE YO DEV /
6 /

/
/  VIA FORMAT /
/ 932 4
/ FROM THE LIST /
4
1

I ‘NOTE 16
* ¥ ¥ € ¥ k¥ % £ ¥ & ¥
* LIST = (X{J),d = *
® 1615175} .
* ¥ & ¥ ¥k & & .5 ¥k £ &
1
1
1 17
/ WRITE Ta DEV /
/ 6 /
/  VIA FORMAT 7
’ 933 ’
/ FROM THE LIST /7
1
I
I NOTE 18

LR R I N S B A I
LIST = (X(Jhod = ¢
1164127} *
EREE B N B 2 O
1
I
1 19

/ WRITE TGO DEV /
/ /

I Y

&
/  VEA FORMAT /
/ 934 /
/ FROM THE LIST /

[T T SRR ¥

eyt gt oy W R o ot o e St et Bt e W Pt B P A g by et bt ot Bt ot Sy et bt e Ot

{ NOTE 20
. & % 2.8 5 & & & %
* LIST = (X(Jhed = %
* 146,187) *
* %X ¥ ¥ & % £ & F ¥ ¥
1
1
1 21
"/ WRITE 10 DEV 7/
6 ’
! VIA FORMAT  /
/ 935 /
/ FROM THE LIST /
I
1
1 NOTE 2
& ¥ % 5% %X & & &
LIST = (X(J)ed =
176,187)
% & & % & % & ¥ ¥

nn e
anwan

—

1
1 23

/ /
/ WRITE TC DEV /
/ 6 /
/  VIA FORMAT /
/ 960 /
1
I

1
SET UP MAXIME LOOP
COUNTS

1

I

1 24
R et T T
I KR = RMAX 1
i 1
1 KI = HxiM 1
1 1
1 KS = SPLITM 1
1 1
1 KC = CONDM 1
1 1
1 WEXP = 0. 1
[ 1
1 WY1l3 = 0, 1
e

1

I

1 25
fmmmmme s ———————f
i M1 = Al I
1 1
1 M2 = A2 1
t 1
! KEYC = fW5 1
1 1
1 QSH = 0. 1
1 1
1 QLH = 0, i
1 !
1 1 =0 1
Bowmm - ————— —

t

1

1 26
o
1 ta = 1 1

Bmmmm e ———— ———————
1
1

CALCULATE AIF NDENSITY

1 27
Foeman mmmem————— _——
1 AHNA = 1

1 PCAB®) 44, /RA/ 1
I (TCAB + 459,6) 1

[T

1
1
1
MAXTMUM DEW PT
1
1
i
1

8P 01T72

. PAGE .02
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10712/ 72 AUTOFLON CHART SEY - H2478 PAGE 03

CHART TITLE - PROC FDURES

02.28--=)%
1

03
* B etttk 14
1 1 H 25 1 15
11 KANDK H L
It (PX,TCAB ¢ H I KR =1 1
1 1 459.642) H
11 H

I
1
1 [¢]

]
1
1
1
1
1
1
1
4 1
* 1
1 PMAX = RHMAXSPX 1 1
1 ! 1.
I DAY = DAYN ¢ DAYE |  ¢=--eo-c-——ccccowauc)s B | 1
1 1 t 19 1 0% 1 LOOP ON RADIATOR
1 PP = PPF + 1 4 . . 1 OQUTLET TEMP
1 DAYSPPV24, 1 1 t NT = 1 1 1
L e il 1 1 t ! 04,03%--)1
1 1 t WC = WCIN 1 1 78 [ NOTE 17
1 1 e T etttk 1 * 8 % * & ¥ B ¥ & & %
1 1 1 1 ® BEGIN DO LOOP  *
CONTAMINATE CONTROL 1 4 1 L0 Nl = 1, KR &
1 [ ] I 1 * & & ¥ X & & ¥ & & 2
1 1 LOOP ON FLOW RATE T f
1 05 1 1 1 17.02-~-11
* * 1 04.02¢~~11 1 1
16 1 X 82 I NOTE 10 1 SUBL IMATNF WEIGHT
13 1 CONY H 1 £ x &% &5 8% 3 1
f. ! (15,DP2,DAY, H I & BEGIN DO LOOP * 1 1
10 1 WTCH,VCH,QCH) H I *« 158 NQ = 1, NT * 1 |
i1 1 H 1 $ & % & & & 8 5 x &8 1 * 18
* * [ 4 1 1 * »
1 1 18.04---11 1 * *
i 1 1 t . * (-/0)
1 1 COOLANY MASS FLOW 1 . QsuBl -e
LIOH SUBROUTINE t 1 I . . 1
{ 1 1 I * . 1
i 1 I 11 1 * .
201 1 06 1 * * 1 » coss
. « | I WCPC = WC*CPR H 1 1 (¢) o« 4
131 H 1 1 i I 1 « 10 .
18 1 LIOH H 1 t NC =1 1 { i caee
1. I (9,DAY,0P9, H I L aatena el Tt L S | 1 102
10 ! WBC,WT9,PW9, H I t 1 1
1 1 v9,Q59,QL9} H { 1 1 1
* * 4 1 H 1
1 1 IS THIS THE LASTY t cae
1 ] 1TERATION 1 . .
I o7 1 1 o bR,
* . 1 1 1 .
1 QSH = 0, 1 i i 12 t ess 101
1 1 1 L ettt Ll S |
R | QLH = 0. [ | I  COMPUTED GO TO I I
1 1 1 1 FOR LA I 1
i QCH = 0. i 1 * * 1
1 1 1 1 30 3.13 1 1
1 PHIS) = O. I 1 I 84 4,05 1 1
1 1 1 L It L 1
1 wut = 0. 1 1 1 1
1 1 1 1 1
1 NO = 1 1 1 1 1
D ettt S | IF OUYSIDE THE RANGE T
1 1 [ I NO - INTTUAL TRO
1 1 03.12--=)1 1
1 I 1 4 L e g |
USE INPUT DR 1 30 « 13 1 1 83 1 19
CALCULATE OPTIMUM WC 1 L 1 [ #ommmemecomaame ————
AND TRO 1 . . 1 1 I TB = TS - 459.6
| S 1 . . te) 1 f 1 i
i 1 . EX Boouecy t 1 TS = 18 1
#(-mmem e vrmemnoao—d | S 1 * * i i {
1 1 * 08 1 * ] i [ 781 = KTS + 2 1
0 - ol t * * 1 * * 1 L i LS ————
* . 1 * * 1 * 1
. . | . « (e 1 1t-/0) 1 I
. * (*) i . EX $oomome 1 1
« WeAN s I . . t I IS FIRST GUESS LESS
. ] 1 1 . . 1 1 THAN OR = 34
. . 1 1 LI 1 1 1
. . 1 1 * I 1
. ceen 1 1H=-/0 1 1 1
1(-/0) « 4 . 1 ! 21 » 14 1 « 20
1 e O1 o 1 1 - * 1 ° *
1 seee I 1 * * 1 . L]
! 22 1 I . « (~/0) 1 - * (~/0)
4 1 H hd TROIN Bemmoo o - * TBI - 4. -0
1 temmvmcmmcsor=t * * » * I
7% 1 02 hd * . .
e amma - —————— » * * * -
| Wt = (QSE ¢ QSM ¢ I * .
T ILM o+ QCPL e 1 L9 T ted o 4.
1 Qep2 o+ I I 1 .« 03 .
1 3FCI/116470PR 1 i 1 cese
P Rtk - ! 1 85
1 [ t
1 ! 1
1 1 1§
. 402, . 16, . 4o04.

ks . T4 see 23 sees B6
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CHART TITLE ~ PROC EDURES

/ 22 /

1
03,01~--41
1

01

L e L DL T

1 W = WCIN 1

NO
03,20-=-+)%
85 1 03
L —————— —————
1 TRO = 3¢, 1
fmm— - ———————— - - - -
1
1
1
« 3.17.
see 18
YES
03.20--=-1»
ae 1 04
o e e mem e ——— s
1 {
L T .
1
1
1
« 217,
eee 18

THIS IS LAST

ITERATINN
03,12-~~)%
Be 1 0s
L e L ———
1 KR = 1 1
Boweem—- - -—
1
1
1
es
.
NETSAN

SP 01TT72

i _ AUTOFLOW CHART SET = H2478 _ PAGE 04
OUTLET TEMP NO QSUB
03,18---1% 03.18---1%
101 1 06 102 1 10
* Frvovemmm e —————— -
1 TL = TRO - 1 1 Tl = TRO 1
I Qsue!/wWCPC 1 1
I 1 1 QsuB = 0. f
1 Qsus = QSusl I D L C D e PP
e rcerr .- ————— - 1
1 1
i 1
I CALCULATE - IS THIS
IS TEMP TOO LOW LAST [TERATION
1 I
1 e B
1 1 105 1 11
* [134 i o v e ————— -
+ . 1 ! COMPUTED GO Yo I
. * 1 I FOR LA 1
. * t-/0) 1 L ————
= T1 - 3, Hemmeme 1 1 87 5,01 1
. . 1 1 1 88 412 1
. . 1 T80 LOW 1 R e e L -
L 1 1 1
. B e L 1 1
I (+) 103 1 08 I 1
1 * EI If QUTSIDE THE RANGE
1 1 TL = 34, T t
1 1 1t I
1 1 QsuB = o1 t
1 I WCPC®(TROD - T1) [ I LAST ITERATION
L e L L el 3 B r o e - ———— - I 1
1 1 1 04y 11==~11
1 1 1 88 1 12
1 1 1 L R
1 sue WT 1 1 KT = 1 t
1 1 i Barmmmm e nee et
L e R B 1 1
104 1 09 1 1
R b DO PR | 1 1
1 CFT(24) = 1o vee
I WCPCHALOGI(TRO - 1 I . .
I 32,4/(71 - 3200 1 1 . 5402,
--- I . .
1 1 vee 91

fmrvmcemm————ay



10712772

CHART TITLE - PROCEDURES

NOT LAST TTERATION

G4ell~==})»

87 1 ot
L
[ 721 = 11 ¢ DTX 1
1 1

i KT = KI I
Femmcmeem commcce e
1

04,12-~=)1
91 1 02
#emmemccecccmc e e
1 NB = 1 1
[ e—— S —— —

1

1

{

LOCP ON INTERFACE
CUTLET TEMP
{
1
110 I NOTE O
LI IE R B I
BECIN DO LOOP
50 N2 = 1, KT
LI I T I I

EI Y
. hnww

1
10.09%--11
07 1 04

[ PR R

I W2PC = WCPC*WRAT I

P U ——
I
!

1
FIRST GUESS OF DEW PT

t

1

1 05
Hems e ————
{ POPI s ,R¥PHMAX 1
§ 1
I WT13 = 0, 1

1
GO 1) DESIRED (D2

SURRJIUTINE

1

!

1 06
D ittt 4
1 COMPUTED GO TO I
1 FOR M1 I
D LT —————
1 210 7.01 1
I 201 5.07 1
L bt B et

1
1

1

IF JJTSIUDE THE RANGE
1
I

4
HSB  SUBRIUTINE

1

05,36=---11
3Gt 1 o7
P bt ————— .
1 H
[ I KANDK H
11 (PYl,T21 ¢ H
11 459.642) H
11 H
Fommmmmm - - ———

1

|
1 [oL]
P ettt
1 1oPY = 121 1

AR ) 3

- e e Pt B Py R M 8t s Pt St b Bt bew S e e et Pd ot Pd G e P e Gttt ot et g O Pt S et St oy Bt

+

1
1
4
I
{
1
1
1
1
1
1
t
I
1
1
1
1
1
1
1
1
1
1
1
1
{
!
i
1
1
1
1
+

AUTOFLOW CHART SET - H2478

* 09
' »
. *
{-70) » .
~=-e=% PV{ = PMAX *
. *
* *
LI
*
1 (+)
1
1
1
1
1
k191 I 10
1 PVI = PMAX 1
Bmmmwcas e e m——-—-————-
1
1
I 11
EEEE T S e L e et
Lt H
1 1 KANDK H
T U {PVI,TOPT,1} H
11 H
11 H
* * - -
1 1 17
1 - pe
] 1 QS2 = QSM ¢ QSE + |
o ——— 1 I VCH®DP2/180.%3, I
1 TOPY = TOPT -~ 1 I 1 414 o 1
1 459.6 1 1 I PWilll®3,414 + I
* 1 I QSH 1
1 1 * *
R ot 3 1 1
310 1 13 1 1
* * t 1 1]
15 1 H 1 R ettt 4
18 1 HSC H 1 14 1 H
o { (WCO2,0LM,DAY, H 1 19 1 SHX H
10 1 RHOALPVI.DPLy M 1 Toe I (QS2:TCAB,T22¢ H
T1 T 16,MT1oPH{LL}e H 1 10 I WCPCoRHOA,CPAy H
1 1 V1.WBD,WUD, H 1 I1 1 PPy2,DP2,WT2s H
I I VCHyWT11) H 1 T 1 PWEY2),V2,.723, H
L e L I | 11 TADS) H
1 1 Frrmmem e e n e —————— -
! 1 1
1 14 1 1
* * 1 1
1 warL = 0. 1 1 - 19
1 1 1 * *
1 WUC = 0. 1 1 * *
L ] 1 . * (0/+)
1 1 * T23 - TCAB .-
1 1 * * 1
I 1 . . 1
SET (€02 WYS YO LERO 1 * . I
1 t * XX
I i I (=) .+ la,
I 15 1 1 « 09 .
L ittt b ltd 1 1 sese
4 WI9 = 0. 1 I 1 51
1 1 1
1 PHI9Y = 0. 1 1 ]
I I 1 831 1 20
1 Vil = Vi 11 ettt
1 1 I 1 T264 = 123 1
1 Ve = 0, 1 1 1 1
1 1 1 1 PHIY) = O, 1
1 QS9 = 0. 1 1 1 1
1 1 i 1 WY3 = 0. 1
1 Qst = 0. 1 1 1 H
L e it b D bl 1 I vi0o = TvOL - V1 - 1
1 1 1 V2 - VCH 1
1 I Hmmmam B ettt
1 16 1 1
L e e e L L T g 1 1
1 122 = 121 1 1 l
1 1 1 * 21
1 QLY = QLN I 1 L4 *
I [§ 1 * .
1 QST = QSM ¢ QSE ! ! * * {(-/0}
1 i 1 * vio Foomrmme o — e
1 TAOC = 0. 1 1 * L3
1 ) 1 * .
1 vx = vl 1 r ¢ ¢
€eermmcc e et t *
1 1 1 t¢)
I 1 1
pmm————— _—————— 1
1
1
1
1
« 601
«ee HO3

SP 01T72

PAGE

NO VENT FLOW



10712712

CHARY TITLE - PROC EDURES

/ 803 /

1
05.,21--=}1
1

ol
1 PW(10) = 1
1 V10*0P10/510./ {
1 CFT(10} 1
!
1
1 02
T 1 H
14 1 FANMT H
Ie 1T (VI0O4OP1OsWTF) H
101 H
mni H
#rmmmemmm—e———————— -
1
)
1 03
1 WY10 = I
1 WYF*FWT(10) !
* *
1
05.22---)1

804 4 04

———— =

I V12 = v2 + VCH 1

Rrm s mm———— —rm—————— "

)
1
1
SENS FAN WT
1
I
1

0s
Pommmmmme—e ————e———
{ PHLL2) = 1
1 V12#DP2/510./7CFY 1
1 (12} 1
L e T
1
1
! 06
L i 4
171 H
14 1 FANWT H
e [ (V12,0P24WTF) H
101 H
mni H
T T T
!
. 1
1 07
LR IR EE e ]
18 1 H
i WTV2 H
Te I (V12,24WTK) H
101 H
ni H
L D e
1
1
H 08
L
1 Wr12 = 1

1 (FUTOL21%(WTF ¢ |
I WIK) ¢ .9%WTF +« |

I FXHUI2D)#SHT(12) 1
[ TETECR O —mmam—- *
1
1

1 09
fmccvenrrccc e mnana *
I COMPUTED GO TO 1
1 FOR LA 1
o rm——— e s e m—————
1 2642 9.11 1
1 2622 6s11 1
Bmmm——— s st e ————— &

1
I

1
IF OUTSIDE THE RANGE

AUTOFLOW CHART SET - #2678 _

bommmemeeen(6,09%--)¢
1 2622 1 1
1 e -
1 / WRETE TD DEV /
t / 6 /
i 7/ VIA FORMAT 7/
- ’ 2423
/ FROM THE LISV /
1
1
I NOTE 12
*® % 5 & ® ¥ & ¥ & %
* LIST = WIF, WIK =
* % & x & ¥ & ¥ % K @
i
1
1
ves
. 1.

cee 242

§P 01T72

PAGE
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CHART TITLE - PROC EDURES

/ 210 /

i
05.06--=}1

1 ol
e
1 QST = QSM ¢ QSE ¢ [
1 QS9 & QCH 1
L

t

]

&7 1 02
L - R
] VCH = Q. i
1 1

I QLT = QLM + QL9 |
s

GO TD WATER REMOVAL
SUBROUT INE

COND HX
1
l -

204 1 03
Cemrvacccmaccr e et
e 1 H
1 CHX H
o 1 (QST,QLT,¥CABy H
10 1 T21,WCPC,RHDA, H
I1 I CPA,PMAX,0P1, H
I 1 TAOC+1+QS1eV1y H
1 1 Pwl,WTL,T22, H
1 [ POPOs1,USHy, H
1 1 QLH.KEYC,TCPTI H
Boammn - - - ———

1
i
1
* 06
* *
" .
. . e}
. 1 -
. . I
* . {
* . {
* sese
=70} . 16 .
1 « 09 .
1 seve
1 51
1
1

207 1 05
$umm e nm - —————— m—
[ TOoPT = TCPT = I
1 459, ¢ I
1 1
1 Wi = 1
I FxwWidieSwTi3) 1
1 1
1 WBN = 0. I
1 {
i 1

M

L 1.

1
1
1
I
l\
1
1
I
1
1
1
1
1
1
]
1
1
1
1
1
1
1
1
1
t
1
1
{
1
i
1
1
1
I
4
1
1
1
1

AUTOFLOM CHART SET - H2478

P e ettt A d

1 219 ! 13
1 *
1 1 XX = le I
1 » »*
1 1
1 1
1 { 14
I L e D L P
1 & 1 H
1 19 SHX H
1 1o 1 (QS2,TLAB,T22, M
3 10 1 WCPC,RHOA,CPA, H
1 11 1 PP,2,0P2,WT2y H
1 1 1 PWll2),V12, H
252 1 08 1 1 T23,TAOS) H
L3 - 1 fecmcamomeman ek
1 Vil = V1 + V9 I 1 1
L etttk i 1
1 1 i
tmmrmerncenen}l 1 * 15
205 1 09 1 * .
R et S | . *
1 QS2 = QSM ¢ QSE ¢ ¢ i . * (0/¢)
1 QS9 + QCH « 1 1 * 723 - TCAB L d
1 PWi®3.6ls ¢ QSH -~ I 1 * ’ *
1 as) 1 1 hd * 1
» L] 1 * * 1
1 t * cene
1 I 1 (=) . 14,
1 1 I . 09 .
L4 10 1 1 cern
b * 1 1 51
* * 1 1
. * {e) 1 1
* Qs2 - 2. bbbt 4 81 1 16
. ettt ]
. * 1 T24 = 123 1
. - 1 t
. 1 W73 = O, !
1t-/00 L ettt
1 1
1 1
1 1
1 VENTILATION FLOW
1 1
218 1 1 D et Siuinitninatnted B
*-n 1 217 1 17
1 QST = 0. 1 i i i d
1) 1 1 1 V10 = TvoL - 1
1 7123 = Y22 1 I 1 Vit - vi12 !
1 1 { bttt h S Satainiateid 4
1 WT2 = 0. 1 1 1
t i 1 1
1 PW(12) = 0. 1 1 1
1 1 1 * 18
1 TADS = TCAB 1 1 « *
1 i 1 . *
1 WYi2 = 0, 1 1 - * {(-/00
$ecaeecsmmene et 1 . V10 D
I 1 * *
t 1 * *
1 12 1 * .
D ettt et e d i *
1 T24 = 122 i 1 T (¢}
i 1 1 1
1 viz = 0, H 1 !
B ————— 1 1
1 1 [
1 i 1
4o mm ——— 1
e 801
ess 261

SP 01T72

PAGE
NO VENTILAYION
REQUIRED
————eame ).
240 t 19
Voo rmmemc—enem———-— *
1 vio = 0, i
1 1
1 PWilO) = 0. 1
1 1
1 wWilo = 0. 1
frcw e mrmca e cm——— -8
1
1
1
o 804,

ot
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CHART TITLE ~ PROC EDURES

. AUTOFLOW CHART SET - H2478 _

VENTILATION REQUIRED

07.18---)*
241 1 01
» .
1 PHILOY = 1
{ VI0®DPIO/510./ 1
1 CFYL10) N |
1
1
1 02
L e Y
171 H
14 1 FANNWT H
lo I (V10,DPL1O4NTF} H
10 1 H
1n1 H
L e .
1
1
VENT -WT
1
1 03
1 WT10 = 1

1 FWT(10)sWTF 1

e e rcm e — e}

1

07.19---11
550 t 04
L L Y ]
i VX = v1 1
t 1
1 VEC = 0. 1

{

I
245 1 0s
171 H
14 ¢ FANWT H
Ta 1 (V11,0P1,WCF) H
101 H
1nt H

1

1
i 06
Hmmmcec ek
I8 1 H
11 WTV2 H
Te I (V11,2,WCY) H
101 H
mnit H

1

1
{ o1
1 WT1l = 1
I (FHTLLII®(WCF ¢ I
I WCV) + 9%WCF ¢ |
I FXNCILIISSHTILLY
1 1
1 PH(LL) = 1
I V11#DPL/510./CFT |
! (1) 1
Bom - Eaiat ]

t

1
1 o8
Hememmemcmccaa B
{  COMPUTED Gn TO |
1 FOR LA 1
Brm e ———— ot —————
1 1001 9.03 1
I 1002 9.01 1
e m e m - —— *

[f OUTSIDE YHE RANGE

1
I
1
L

7 9,01

SP 01T72

PAGE

08
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CHART TITLE - PROC EDURES

08.08%-=)%
1002 I 01
/ WRIYE TO DEV /
/ [} /
/7 VIA FORMAT /
/ 1003 /
/ FRIM THE LIST /
1
1
T NOTE 02
* & & K& ¥ L XS XS
* LIST = WCF, WCV =
* & & ¥ & &k & sk EE
. I
08,08---11
I
1001 * 03
& *
. * (-/0}
. vi2 Socoons
- . 1
b d * 1
® * 1
* i
1 (¢} 1
1 1
1 1
1 1
1 1
1 {
53¢ t 0a ]
e e T P 1
1 VT = v2 1 t
L R T
1 1
1 I
1 (L
Memvcmmeccmcee ek 1
1?1 H 1
16 1 FANWT H i
Te 1 (V12,DP2oWSF) M 1 s m———— —e——}
w1t " 1 1 I NOTE 10
1t H 1 1 55 80 505N EN P e L LT | ]
D b moeae- -e-e 1 I * LEST = WSF, WSV * 1 248 1 14
i 1 1 * % & 2 % & & F ¥ & 8 1 —— -
1 I 1 1 T RHDEL1 = 1
tomcee]====06,094-~)1 1 1 PCABS1 44, /RA/ 1
1 1 1 1 (TELl ¢ 459.6) I
1 1 242 * 11 1 $roceemmmm—- ——————- -
i WYV? H i . . 1 t
1o 1 (VI2424WSV) H 1 * - 1 1
101 H l * . t+) 1 1
ni H L f * QEl o=t . 15
P e 1 * + . *
t 1 L * * *
I 1 . - * * (+) 09.15--=}*
1 o7 t * . QEB2 LELS 254 1 18
L ——————— 1 (=70} * . 1 L e——
1 wWT12 = I 1 1 * * H 1 QERl = QEl - QEB2 I
I (Fwlt129%iwsSE ¢ | 1 1 * * 1 Fomvomvrmn s s *
T ASV) ¢ .9%ASF « 1 1 1 * sees 1
I Fxwtt2r)eswrc1zy 1 1 1 f(-70y « 9. 1
L R R D Dbt S 14 1 1 .« 18 . t 19
1 1 247 I 12 1 cses Bemermacm e ————t
1 [ L D L Lt e 1 254 61 H
1 of 1 1 T24P = Y24 1 1 16 1 FBAY2 H
#omemm s em e ——— i 1 1 ! 1. 1 (QEB1,QEB2y H
I COMPUTED 6O YO I 1 1 WEHX1 = 0. 1 253 1 16 10 1 TEL4T244WCPCe H
1 LA 1 1 1 1 Ll i 11 | RHOE1,CPAPPy H
#ememrrmmem—esccn—ac# ! 1 WEF1l = 0. 1 15 1 H 1 1 OPEL,WEHX1, H
a4 262 9,11 1 1 1 I 13 1 EBAY H I 1 WEFL,PW{ITY, H
I 1304 %,09 1 1 1 PHILT) = O, 1 1o I {QELsTEL4T24, H i1 V1T,724PP, H
$eememsemmmmro—cs o s 1 1 l 10 1 WCPC 4RHOEL, H Pl T24P,TEBL, H
1 1 1 V17 = 0. 1 [1 1 CPA,PP,DPEl, H 1T 1 TEB2.TAREL, H
I 1 1 1 1 I WEHX1,WEF1, H 1 [} TAQR2 ,QET1, H
It 1 1 t 1T 1 PWl1T),VIT, H [ QERT2.1610 H
1F STSIDE THE RANGE 1 - t 1 T124P,TADEY, H *
1 ! l to QET1,16) H
09,0R-==11 1 i $omssevcmemon oo .
1304 ] 09 1 ] 13 1
--------------- - 1 D e e L L L D ) 1
7 wWRITE TO vEV /7 1 i QFT1 = 0. ! 1 17 1
/ 3 / 1 1 t Feemmoccemoso e nee . 1 * "
/ VIA FORMAY / 1 1 T24PP = 126 1 1 T24PP = T24 1 1 * * t-
7 2423 / 1 1 i 1 1 1 V24P - TE1 -
/ FRUM THE LIST 7/ 1 1 TERL = TCAB 1 1 TEB] = TE I 1 - -
1 i 1 1 1 1 - -
1 1 TER2 = TCAB 1 1 TER2 = TCAB i 1 * -
1 ! f ! i 1 * cone
pmm————— e memmmmm——— + 1 TANBZ = TCAB 1 1 TADBZ2 = TCAB t 1 1L/ +) o 10 o
1 1 1 1 t 1 .01 .
i QERT2 =+ 0. 1 1 QEBY2 = 0. | 1 1 ceee
¥o-omemo-— At b it bt it * i 1 249
1 1 1
1 1 1
e e~ + 1
10,01, 14,09,

ces 249 ces 51



. SP 01T72
10712712 AUTOFLOW CHART SET ~ H24T78 . PAGE 10

CHART TITLE -~ PROC EDURES

COLD PLATE
09.13%~-) %
249 1 o1
L e DL ——
T 125 = T24P + 1
1 QCP1/HCPC 1

P ———
1
1

CABIN LOOP PUMP POWER

!
1

266 1 02
L e T —
1 PHLG) = 1

1 ACPC*DP&/CPL/ 1

I RHOC*,0542/CFTL4) 1
Bermem e ceaaee ———g
1
1
1
PUMP WEIGHT

1

i

1 03
$rmmeceer e cmccan —

1 WY& = !
I (WCPC/RHOC/CPCE, 1
1 0748%DP4)#%0,4 1

Memecmcecsmcaca—— ——
1
1
1
06
* *
& *
(0/7+) & *
bomeemt WTL = 2.5 &
[ *
* *
® &

1 Wlse = 1
1 (WTasFuT(4) + 1
I FXnl&))eSHT(4) I
LR et £

PUMP JUTLET TEMP

1 SIZE INTERFACE HX
i 07
L e ot . D cemsecac}®
t T26 = 725 « { 1 1
I Palarer,ota/ncec 1 1 409 * 10
1 | T m—————— 1 LI
I WIPC = WLPC/WRAT 1 1 1 1 . * PRt et e S L L R
{ ! ¥ 4 08 1 * * (¢) 1 1
U F2 = 71 + (726 - 1 [ * * t * orx k-mcwoe 412 - 12
1 T21)=wRaT | 1 . * 1 . . s x
M e eeceem e . t . * (0/4) 1 * * * *
1 1 * 26 - T2 $occane - * * ® (=/+)
1 1 . . » * WRAT - 1,  #-+
$mmmmmmemcaaea + * - 1t-/0) * . t
. . 1 * . 1
L] 1 * L] 1
I (+) 1 * Y
i 1 P toy .11 .
1 1 1 . 01 &
1 410 1 11 H cons
1 e L S P * 1 «20
1 1 T2 = 126 1 1
408 1 09 1 H I
L mmm———— . 1 CFY{S) = 0. i 421 1 13
1T T21 = 721 + 1. + | 1 1 #omoonn ————ae e D
1 12 - 126 1 t WIS = 0, I T BTLM = 721 - T1 1
L T T ——— LR LD Py * LR e T *
1 1 1
! 1 !
1 1 1
. P - - . ) .
« 5.04. «11.03. «11.02,
ces 407 ces 422 sae 413



- . . . N, - - SP 01T72

ces 172

10712712 AUTOFLON CHART SEY - H247B PAGE 11
CHARY TITLE - PROC EDURES
/7«20 /
1 )
10.12---11
1 o1
R COLD PLATE OUTLET
1 DTLM = (726 - 1
1 T2 - T21 ¢ 1 #ormneoenen]] 05%=~]*
I T1I/ALIGIIT26 = 1 425 1 09
T 12070120 - TL)Y I t [ ettt 4
R —— 1 1 T3 = T2P ¢ [
1 1 H QcP2/7uCPC 4
H 1 L L et b Dt
t 1 1
INT HX-WTY 1 1
1 1 1
10e13-==11 1 PUNP POWER
413 1 02 1 1
e ket T T 1 H
1 CFTLS) = 1 1 1 10
1 WCPLCe (T2 - 1 1 Lt St il
1 T1I/0TLM 1 1 1 PuLE) = t
1 1 1 I WC*DPG6/RHOR®0, |  ¢=-=comm=ec}],15%-~)%
1 WS = ! 1 1 0542/CFTL6) 1 404 1 17
1T CFTUSI*FWTIS) ¢ 1 1 PR emes P S %
I FXW(S) 1 1 1 1 f WT6 = 1
L e P P e ] ] 1 1 1 1 (WTERFRTLIS) 1
1 1 1 1 T FXW(6)I*SWTL6)
1 1 TOTAL ECS POWER 1 Pomemmmmm e ————— .-t
1 1 1 1 1
RADIATOR LOOP TEMPS 1 1 i 1
1 t 1 11 1
10,11=-=11 1 . « 1 RADIATOR INLET TEMP
{ t I TPW = PWiLL) + I 1 1
422 03 t 1 PHI12) ¢ PHlal ¢ I 1 1
LI 1 I PWIs) ¢+ PWI9) ¢+ T 1 18
. . L 1 PWILT) + PWIL9) ¢ I 1 L it -
« « (s} 1 I PWILO) + PWE3) I 1 1 TRE = T4 1
* Q€2 L e e T P P L L ] 1 L ettt L I | 1 3.614%PW(6)/WCPC I
® . 424 1 o6 1 1 | LRt e b —e--w
- * L et e Do D el 4 1 1 1 1
* = 1 RHOE2 = [ 1 1 1
. I PCABS®144,/RAZ 1 I FUEL CELL LOAD 1 1
1(-701 1 (TE2 + 459,80 I 1 1 1 ABSOLET TEMPS
1 e T S S | 1 | 1
1 1 1 1 121 1
1 1 1 T et L I | 1 19
1 I o7 I 1 QFCT = QFC ¢ [ | L e L L R
1 $eowmememem—naeeeaa-® | 1 FU2ETPN t 1 1T = TRI + 459.6 1
«23 ! 04 15 1 o1 L ettt N 1 1
L e b 131 ERAY H ot 1 1 L 70 = TRD + 459.6 1
t 12p = T2 1 Io 1 (QE2,TE2,T20 H 1 1 1 1
1 1 10 1 WCPC,RHOE2, H I 1 1 1 QF = WCPC*(TRI = ¢
t wEWX2 = 0, 1 11 1 CPAsPP+OPE2, H 1 T FC QUT I 1 T 1
1 t I | WEWX2,WEF2, H 1 1 1 1
] WEFZ = 0, 1 I 1 PWU191,v19s H 1 1 1 1 TiA = Tl 1
{ 1 I U T2p,TAOE2, H 1 1 13 1 L e e e -
1 PW(l9) = O 1 I 1 QET2,18) H 1 T T 1 1
1 1 L e T LY S | 1 Té = T3 + [ O ]
I V19 = 0, 1 1 1 1 QFCT/WNCPC 11
1 t 1 1 L L I | IS THERE A RADIATOR
1 YAQE2 = TCAB 1 1 I 1 1 1
L ] ——— « 08 1 i 1 t
1 . = 1 1 1 20
1 . * 1 PUMP NT 1 LR inded ————— -
1 0s * L (-y 1 1 I COMPUTED GO 1O 1
L ettt P s T2P - TE2  Wem-==s 1 1 1 FOR NR 1
1 CET2 = 0. 1 . . 1 16 1 Bommcmemmee o -
PO ———— PP . . . . 1 1 170 12.01 1
1 . » 1 WT6 = | S 1 170 12.01 |
v . 1 (WC/RHOR#,0748+¢ 1 I to1T7L 11.21 1
1 100/¢) 1 DP6) *%0,4 [ S 1 170 12,01 |
s 1 L e L L LI S | 1 170 12,01 1
. . 1 1 1 1 In 11,21 1
11,09, 1 1 1 LR e ————a-s
. . 1 1 1 1
ses 425 1 * 15 1 1
1 LI 1 1
aeo . . 1 IF OUTSIDE THE RANGE
. . . « (0/0) 1 1
+14,09. * WTH - 2,5  Hec---s 11,20%~-11
. . . = A L7 1 21
ees 51 . . 1 oo —e—me————t
LI 1 171 H
. 1 i FEVAP H
=) 1 T. 1 (QFyWCPC,TRI, H
1 1 10 1 25,T14,WT25) H
1 1 H
T T .
1 1
1 1 1
403 [l 16 1 1 22
L —————— - 1 L T T r Y )
1 WF6 = 2.5 | 1 WSUB =
$ocoswocssncoseoconoe | 1 WCPCH{TRY - I
1 1 1 T11/965,*TS5UB 1
1 1 1 1
A Atk bt 4 1 Wi = 0, 1
Bommceceeremeacmc———— »
]
1
1
1206,



- SP 01T72
10/12/72 — AUTOFLON CHART SET - W2478 . PAGE 12

CHART TITLE - PROC EDURES

SIZE SUBL FOR TOTAL Q

11.,20%-=) ¢
170 H o1
R U
1 CFT(8) = 1

1 WCPC®ALOGU(TRI - I
1 3207071 - 32.0) 1

SUBL WT
1
1
1 02
e T T TEE ey
Wig = 1
I FWTUB)ISCFT(8) ¢ |
1 FXW(B)*SWT{8) 1
1 H
1 WT25 = 0. 1
fomme e —————— *

i
WATER STDRED

{

1

1 03
[ p— cmeecaeccaaot
1 WSUB = 1
1 WCPCH(TRI - 1

I T1)/1065.2TSuB 1
R ]
1
1
{

SI1ZE CRYO HX
1

11.22~~=)1
172 i 04
L — p—
i WHYD = 1
1 WCPC*{TRT - 1

I T1}/(1440)%TCRY |

1 1
i DTLM = (TR] - 1
1 460, - 1
I T1)/7ALOG((TR] - 1
1 40.1/7(TL ¢ 420.)) 1

=

P ——
1 CFT(22) = !
1 WCPCHTRI - 1
1 T13/0TLM 1
t 1
1 wT22 = 1
T FWT(221%CFTL22) ¢
1 FXW(22)*SWTL22) 1
LR et T * R L D et
1 1 1
1 1 *+ 08
1 1 * *
SIZE GSE HX MFR=2 1 . *
1Cl=0 1 . * (=/0)
i i *  TFCO - T4 #-==oce
1 I . . 1
1 06 I . . 1 CAN NOT BUILD HX
L e L L ——————— 1 - * H
1 EFF = 1. - TI/TRE T 1 . tomemmmemes12,08%--)¢
1 1 1 (+) A 710 1 10
t CFTi21) = r 1 1 1 Boommemaan mememccevat
I WCPC®2.%ALOGILL, T 1 ] 1 1 wWr20 = 2000. 1
1 - EFF/200/t1e = 1 1 1 1 1 1
i EFF)) 1 I t I I CFT(20) = 10000. I !
1 11 1 1 Aemmaee B et s
1 w21 = | B 1 1 1
I FWFL2L0#CFTI21) ¢ 1 1 711 « 09 1 1
I FXWl2L)*SWTU21) 1 I « 1 1
Fom e ————— —— 1 * * 1 ves
1 1 . « (-/0) 1 . .
1 1 *  TECL - T3 #=-weme 14409,
1 1 . * . .
S12F F/C HX -CHFCK 1 * A see 51
FLUID TEMPS I LA
1 1 -
1 1 I (e
e + 1
1
1
1
1
1
13,01,

eee T12
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10/12/72 AUTOELOW CHMARY SET - H2478 . PAGE 13

CHART TITLE - PROC EDURES

SIZE HX MFR=1

12,09-~~)* 13.01---3%
1 . 715 t 06
1712 * o1 . Hmmmmmmemc e ———————t
b I DTLM = TFCO ~ T4 I
* * beecvmenmmrr e am——-l

¢ (TFCO - & (=/¢) 1
€ TECIN/UTG - #mceee
*T3) -1, 714 1 02
»* * - *
. = I OTLM = (TFCO - |
1 T4 - TFCI ¢ 1
1
1
.

R pp——— X} 1

O ——

tol) 1 T3)/7AL0GE{(TFCO -
I Ya)/(TFCYI - T3N)

e

R

116 I 03

{
I
1
1
1 '
1
1
+

[

CFT(20) =
QFCT/DTLM

. .
»13.06,
. WT720 =

CFT(20)%FNT(20) ¢

FXW{20)&SWHT(20)

ese T15

YES
WFC_ = ’

QFCT/LTFCO -
TECI)

.----_-_----{------,‘

841 1 o7

L

| S WEXP = 0. 1
B et e LS
1
{

1

see

P Y e Lk
L Ll

1
{

O e e e ekl

{
RADIAYOR MWT
I

1
620 - I o6
L e L L L Lt L
. 181 H
12 1 RAD
Te 1 (T1.TOWCPC,
1
1

. .
16,02,

ees 822

10 WTT¢ARADIWEXP,
12 TORAD, T}

#ITIXITX

I
1
DIC RAD DO YOTAL JOB

- -

* {
* Y0 - TORAD ¢ -+
* .5 * t
* . 1
* * H
* oo
11074} o 16 o
1 « Ol «

1
1
4
1
+



10712772

CHARY TITLE - PROC EDURES

NO

13.05=--)%
842 1 01
P
QEXP =
WCPC*(TORAD - TO)

WEXP = FEXP*QEXP

WCPC#ALOGL { YORAD
- 491.,6)/7(T1 -

1
1
1
t
4
1
1
I 32.))

(
1
1
)
CFT(24}) = {
§
1
I
°

13.07~-~-=)1
822 H 02
Kemcmmorm e e
1 WUT = WUC ¢ WUD 1
L L D ittt DL L ]

1

1

1
TCYAL SYSTEM FIXED WT

1

1

1 03
LT T PR ———
T ThT = WI1 + WT2 + 1
T WT3 + WT4 + WYS ¢ 1
[ W6 ¢+ WTT7 + WTB + [
1 WT9 + WT10 +
[ WICH + WEXP
1 WTL11l ¢ WT12
1 WT13 + WEHX1
I WEHX2 + WEF1
[ WEF2 ¢ WT22
1 WT20 + WHYD
i WSUB + WT21
1 WY 25
-«

rere st

TEWT = TWT ¢
TPW*PP + WUTY

TQ(N21 = TEWT

TXO0UIN2) = T?l

PTIN2) = TPW

[ ————— *

* *
® * (e}
* 725 - TCMAX =+
* . 1
. . 1
. = 1
sees
1(=70) « 14 .
t . 09 .
1 coes
1 51
1
1
bmm——— ——————

AUTOFLOW CHART SET - H24TB

e e e L LD R
1 1
1 89 *
1 *

3 *

IS CABIN RH
SATISFIED
T T T T 'Y
1 1
1 73 * 08
1 * *
1 - L
i . * (-/0}
1 * 1 LEXY
I . « 1
1 * . 1
I L] 1
1 * cees
I 1 te) .15,
1 1 .0l ,
1 1 cees
1 1 90
1 1
1 #===-05,19%--]1
1 1 s1 i 09
1 1 L el - ———— -
1 1 1 COMPUTED GO TO I
1 11 FOR LA 1
1 1 ¥ m e - -———— ——————
1 1 1 7e 16.01 1
1 T £ 16,10 1
1 I
{ 1
1 1
1 1
1 1 Ik OUTSIDE THE RANGE
* (-/01 1 1 I
pommmmy 1 14409---}i
1 77 1 10
1
1 ’
1 / WRITE TO DEV 7/
1 6 ’
1 7 VIA FORMAT 7
v 940 /
1 - =
1 1
1 1
P el 1
. 2.01,

SP 01T72

PAGE

14



10712772

CHART TITLE - PROCEDURES

AUTOFLOW CHART SET - H2478

HUMIDITY OK - UP T21

14.08-=~}¢
90 1 [+3}
1 NB = NB ¢ 1 - 1
e
1
1
50 1 02

e

I Y21 = 721 ¢ 1. 1

N

1
1
1
« 03
* *
* *
. « NO

* END OF DO -4
hd LooP * 1

* . 1
* * 1
Ld “sas
1YES . 5.
1 . 04 o
1 esee
t
1
1
1 04
L Tt e
1 NB = N8 - 1} 1

1 1
I T21 = 121 = 1. 1
L ettt d
1
1
1
IS THIS FIRST TIME
THRU T1HX LOOP

1
1
i
e 05
» *
L ] L
. * (-/00
* NB - 1 -
] * 1
. * * 1
L * 1
* Xxx)
I (o) .16
1 .08 .
1 esse
1 64
1

16,03==-}1

56 1
e
1 TMIN = TQ{(1) 1
1 1

[(~ewemcommeee]aca=es 1

1 NJ = 1 3
femecccccronmnaeeomat
{
1
I NOTE 07
EEENE R A B B B
hd BEGIN DO LOOP .
* 700 JJ = 2, NB *
2 6 5 808 &8 S
1
1
* 08
. -
. -
hd » (-/0}
* TMIN = TQ(JJ) *-¢
. - 1
. * I
. . 1
. seve
I (e) o 15
1 « 10
I veee
1 700
1
1
.

1
]
'
]
1
]
]
]
(]
1]
[l
1
'

¢memm— v ——— ————)

JJ

*

bo

*
L

£S

*

*

1 703 !
1 frmemem—
THIN = TQ(JJ)

1 1 i

1 1 1 NJ =

1 1 kit i

1 1 1

1 I 15,08---}1

! 1 t

I 1 700 .

1 1 .

1 ] *

1 1 NO ¢

( (bt d END 0F

I * tnoP

1 *

1 »

1 .

i 84

. 1
|
1
]
1
1

o161

sae

.
0.

.
6%

09

*

8P 01T72

PAGE

15



10712772

CHART TITLE - PROCEDURES

/ 76
1
14.09=-==11
1
* o1
*® *
® *
(o) =
- NB ~ 2
1 -
1 * *
1 * *
(XXX *
« 16 . 1 (-}
. 09 . 1
coee 1
62 1
1
{
H
27 * 02
* -
* -
L3
* EX
-
® *
* *
*
1 (¢}
1
1
t
1
1
1
e 2401,
ses 800

/

%

(+)

$em—cmcicececcccaccccacas )k

{-7/00
L

¢ e b e

150

63 1 03
L
I NB = N8B - ] 1
1 1
I WCPC = WCPC/WRAT |
e T Y

1
I
1

. .
215,06,
. .

see 56

HOW MANY TIMES THRU
TRO LOOP

RS Y

155

femrmmme—
1 NC = NC - 1 t
formmccccrccc et

1

1

1

. .
«17.05.
.

ses 151

AUTOFLOW CHART SET - H2478

FIRST TIME THRU TRO
LoopP

R RS 4

153 I 0é

Ceemmrmcasma——

®Q = NQ

{ 1
! !
i WC1INQ) = WC 1
1 1
1 TQ2(NQ) = t
1 1000000. - WO 1
1 1
1 TRDO1{NQ) = TRO |
1 1
I TXO2(NQ) = T2t 1

*

- - -
1 PT2{NQ) = 0. {
1 1
1 WTT2(NQ) = O, 1
1 1
1 T43(NQ) = O 1
fecrmeaccnrcemeaarea

. .
<1721,

.
ces 156

§P 01T72

PAGE
/ 64 /
1
15.05---)1
t 08
L L E TR Y
1 COMPUTED GO TO I
1 FOR LA 1
D et L SR
I 62 16,09 1
1 59 16,16 1

e e e
1
t
!

IF QUTSIDE THE RANGE
1

16.01%~=)1

€2 1 09
L LT R PP TP -
! NB = 1 1
I i
1 WCPC = WCPC/WRAT I
! 1
1 1
* ————

1

1

1

STORE VALUES

1

15.10---11
65 1 10

L S SRPRY

1 TQLINYL) = TQINJH) I
1

I TRDO(NY) = TRO 1
1 1
1 TXO1 (N1} = 1
1 TXQUNS) i
1 1
I PTLINY) = PT{NJY
LR Lt T E TR PR -

1
1

1 11
L b TR
H WITL(NI} = 1
1 WTTINJS) 1
1 1
I T42(N1) = Tal(NJ) I

1 1
1 TRBINIY = TEQINJ) I
*

1 12
/ WRITE TU DEV /
6 /
/ VIA FORMAT /
/ 954 /

/ FROM THE LIST /

I

1

1 NOTE 13
¥ &5 k% ¥ s e
* LIST = WC, TRO *
LR B R A A ]

/ WRIYE TO DEV /

6
/ V1A FORMAT /
/ 941 /
/ FROM THE LIST /

1
1
1 NOTE 15
® X X ® 2 B ¢ ¥ X X &
. LIST = »
*UTQUIN L TXDE D),  *
* PT(J) WTTHIY 0 = *
» 1,NB) "
* & ¥ X * & s 5 ¢ V¥
1
16,08===11

£g 1 16

/17,01

16



10712772

CHARY TITLE

16.16-==)
60

I RO =T

* END

fomoaoe -

1 NC =

1 TG = TRO - FWl 1

Fomm—-

1S IT FIRS
TRO L00P

16.05~-=)
151

I TMINY =
1
1 NK

Prrrmm

Lape 10 FI

LI I 4

HEGIN
160 JK
€« 5 v »

. wea

.
. ™ML
¢ T

.
.

1 THINL =

I NK

P

- PROC FDURES

*
1 01
amccemmvan®
RD ¢ FW1 I
L Y ]
1
1
1
* 02
*
-
L4 ND
OF 00 L add
oP . 1
. 1
* 1
* esne
1YES « 3.
{ + 18 .
1 coes $mmmmemaccaca]lb,048--)%
1 ! 150 I 09
1 1 L ettt 4
1 I 1 NC =1 {
1 03 1 1 1
meecmme ——— 1 1 NK = } I
NC - 1 1 1 Feewromcrnacananacnnt
1 1 1
1 17.13==-)1
Rt 1 180 1 10
1 1 * *
1 1 1 COMPUTED 60 TO I
1 1 i FOR LA l
T TIME THPU 1 L ettt dtdal 4
1 1 17.11 1
1 1 I 743 18.11 1
1 1 -
1 t 1
* 04 1 1
= 1 1
& 1 1F OQUTSIOE THE RANGE
* (=/0) 1 1
-1 tomom=t 17.10~==)1
. 1
- 31 * 11
. . »*
) * *
1 te) . . (-7
1 A EX se-
1 - -
1 . -
1 » *
1 =
[ 05 1 (s}
------ - - N l
TQity 1§ 1
I !
=] i {
-————— - l
! 32 1 12
[ . .
1 ! T21 = TXOINJ) I
ND MIN WY 1 1
1 1 ta = 2 1
1 L ettt 4
1 NOTE 06 1
LR R I 1
oD Lo0P * 1
= 2y NC . con
s e e . -
t « 3410,
I{=~=reemccrmaracrcat . .
i 1 ees B2
. o7 1
L4 L
L] 1
* (-/0) 1
N1 - L EEE R TY 1
Ik} = { 1
b I 1
* ! 1
« 1 §
1 (o) ol g R2L AT L
t A 1 1
1 i 1 160 . 13
1 1 1 * A4
1 ! 1 . hd
1 1 1 NO » .
1 08 1 s END OF DO *
e 1 * LucP *
TQI(JRY 1 1 * b
1 1 - -
e JK 1 1 4
mewr ek 1 IYES
1 1 1
1 1 i
b ,em— - —— + 1
1
1
1
«17.10.
sse 1PO

AUTOFLOM CHART SET = H2478

STORE VALUES

T —— ]

[ e L L L L L L T

o)t

———

154 1 e
[ R
1 WCLINQ) = WC I
1 I
I TQ2INQ) = TQ1INK) 1
1 1
1 TROOL (NQ) = 1
1 TROD{NK) 1
1 1
1 TX02(NQ} = H
1 TXO1{NK) I
e - - e ——

1

t

I 15
L

1 PT2INQ) = PTLINK} I
)

1 WIT2(NO) = {
1 WITL{NK} 1
1 1
I TRAINQ) = TRBINK} |
1 1

I T43{NQ) = T42(NK} I
L e LTS ]
!

1

1 16
/ WRITE TO DEV /
/ 6 /
/7 VIA FORMAT /
/ /
/ FROM THE LIST /

1

1

1 NOTE 17
5 ¢ 68 E T EEE R
* LIST = WC *

IR RN R R R EEE,
1
¥
1 18

/ WRITE ¥O DEV /
6 4

/
/ VIA FORMAT /
/ 951 /
/ FROM THE LIST /
!
1
I NOTE 1
2% ¢ kXS
LISY =
(TQ1(J11,TRDOLJL)
«TXOLCJY},PTLILIL)
WHTTLII1), 41 =
1,NC)
LR BB B B BN N B
1
3
1
1S THIS FIRY TIME
THRU WC LOQP
1

L B N R R R 3
LI 2K 3K R A 2P )

I
1
-

o e ———

f18,01.

eee 157

SP 01T72

PAGE 17
.
1 WEIGHT
1 DECREASING-STEP WC
i
pmmmmmee ~=16,07%=~1¢

«10.03,

ces T61



$ rm et e e o . e

10712772 : -

CHART TITLE - PROC EDURES

/ 161 4

1
17.21-=-)1
1 03

NO-IS TOT EQUIV WY

DECREASING 1 ND = ND- ¢ 1 1
D D L 4
17,20~--1¢ 1
1 1
157 - [+} 1
* * END WC LOCP
* * 1
* * (-/0) !
* TQ2(NQ) - -4 1
#TQ2(NQ - 1)* 1 158 L 1
* P t * *
* ® 1 * *
* sene * * NO
I (e 17 * END OF DO Lt d
1 e 21 & * Loo? * 1
1 csee * * 1
! 156 * * 1
1 * s
1 1YES « 3.
—————— —m—————— + 1 o 11 o
I esee
1
LOOP OID NOT CONVERGE
!
1
i 05
/ /
/ WRITE TO DEV 7/
/ [ 7
/ VIA FORMAT /
/ 952 /
1
1
1 06
WEIGHT INCREAS ING~USE #oooooo cmmmesmeooo.
LAST ITERATION 1 WC = WCIINT) 1
1 .
P -] 1 TRO = TRDOL(NT} I
162 1 02 1 1
LR e L -t I T21 = TXD2(NT} [
I WC = WClINQ =~ 1) I 1 1
! 1 1 ND = ND - 1 1
1 T3 = TRDOL(NQ - [ it et R
1 1) [ !
1 I Rt e L e B §
I 121 = TX02¢(NQ ~ | 1 750 1 o7
1 1) i i e mmrm————————
1 1 1 / /
I TAIC = TRAINQ - I 1 . / WRIYE TO DEV 7/
1 ) { 1 / 3 /
L ———mee —- ] / V1A FORMAT 7
1 i / 955 /
1 1 e
D et -—— 1

1
1 08
/ WRLITE TO DEV /
/ 6 /
/ V1A FORMAT /
/ 953 /
/ FROM THE LIST /

1
1
I NOTE O
* % % & % DK
LIST =
(1Q2tJ2),WC11I2),
TROO1{J42),
TX02(J21,PT2142),
WIT2(J42),92 =
1+ND)
£t & 2 & & ¥ 0%
1
i
1

LR I A Y
EIE X I S AR )

AUTQFLOM CHARY SET = H2478

/ T43 /
5 I
17.10==-)1
1 11

Veomoncncnrcnanmr e ea

I Q1 = wWepCe(v122 - 1

1 T21)*WRAT 1
1 1
1 02 = wCPC*(T23 - 1
1 T22) *WRAT 1
i 1
1 Q5 = WCPC®(T2 - |
I T 1
Frconrmccs e —aacac®

1

1

1 12

Becmcreemcmerecan oo
Q6 = WCPCe®(T4 -
73}

TEXPI = TORAD -
459,6

TEXPI)

Q8 =
WCPC*I{TEXPY -~
TRO)

1 1
1 1
1 1
I 1
1 1
1 1
1 Q7 = WCPCH(TRI =~ I
1 i
1 1
f 1
1 1
] 1
L ettt J

I

t

I 13
Lt LT T
1 QCRY = 1
I WCPCH(TRI - T1)
1 1
I CFT(T) = ARAD 1
Semmmmrrescncrear et

1

1

1
DOES SYS CONTAIN LIOH

o —

14

* * {(-/0}
By

. ML -1
*

1 QS9 = 0, 1
L e
1
1

tmmmmmcraem—a

SP 01T72

temmrrme e ————— -————)1

e e i kS ot e (e Bt s et e A Bt ot et ) b b ot o

PAGE
/ 71 /

1

1 16
R e ittt
1 COMPUTED 6O 1O 1
1 FOR M2 1
L T T R
1 93 18.18 1
I 92 18.17 1

fecasmem e cu ek

1
1

i
IF OQUTSIDE THE RANGE
1

1

1
YES - SUBTRACTY FAN
HEAT LOAD

1

18.16=--~}1
92 1 17
*-—
1 Q89 = Q59 - 1
s PWIE3.41 6 !

Fevmccccrcacmrm—————t

1

4====18,15¢--]1

e o 4 ot b 4t b o o

93 I 18
L e T e rp—————
1 QLAT = QLT « QUM I
Koo ——— - -
1
1
PRINT  WEIGHTS
1

3
1 19

/ WRITE TO DEV /

4 & /
/  VIA FORMAT /
/ 304 /
/ FROM THE LIST /
1
1
I NOTE 20

T ¥ E LK KT EE N

* LISY = T1, T21, »
* TEWT, THT, TPW, ¢
hd TAOQS, TADC *
LA L IR IR B N

/ WRITE TO DEV /
/ 6
/  VIA FORMAY /
/ 909 /
/ FROM THE LIST /

1 NOTE 2
LR I BN A
* LIST = PDPO, WC,
* WBC, WABDs WUT,
A4 ARAD, WEXP
LI I I A A

LI A W

/ WRITE TO DEV 7/
/ L]
/  VIA FORMAT /

/ 11
/ FROM THE LIST /

1 NOTE 24
* & & & S & & & ¥ @
* LIST = wuD, wUC, *
» TOPT, TAOE1, *
*  TAOB2, TEBI1, .
* TER2, TADE2 -
& ¥ T ¥ & & % % & &

18



10712772

CHART TITLE = PROC EDURES

18424-==) ¢
1 01

/
/ WRITE TO DEV /
6 /
/ VIA FORMAY /
/ 905 /
{
1
i 02
/ WRITE TO DEV /
6 /
/ V1A FORMAT /
/ S06 /
/ FROM THE LIST /

1

I

I NOYE O3
% % % ¢ % = ¥ &k & 2 &
® LISY = WTl, W72, *
* kT3, WTG, WTS, *
* WT6, WTT7, WTBy *
* W79, WT10, WTCH, *
¢ WTll, WT12, WT13 =
* & ® * % X & & % & &

1

1

1 04

/
/ WRITE TO DEV /

6
/ VIA FORMAY /
/ 912 /
1
1
1 s

/ WRITE YO OEV /

6
/ V1A FORMAY 7
/ 906 /
/ FROM THE LIST /

1

1

I NOTE 06

* & & ¥ 5 & & &5 %

LIST = WEHX1, *
WEFL, WEHX2,

WEF2, W20, WT22,

WSUB, WHYD, WT2S,

WT21
LRERE B A B

s ® e
PR

/ /
/ WRIYE TO DEV /
6 /

/ VIA FORMAT /

/ 907 /
1
i
I o8
/ WRITE YO DEV /
6 ’
/ VIA FORMAT /

/
/ FPOM THE LISY /
I
1
1° NOYE
« 6 E & D
LIST = PWilll,
PHI121e PHi&),
PWi6)y PHIT),
PWi10), PHILTH,
PWi19)
LEE T I A I ]

o

et e nes
IR AR

AUTOFLON CHART _SET_- H2478

e e

- et St e Ot T Omt g e bmb Bt o) Gk b bt o e e S S N b e ot St ema gt B o et St Gt P Gnt g Ond a4 P B

- U U A VL SO T . e e L e L e R R RN

I 10
1 vl = V1/60. I
1 1
1 ve = v9/60. 1
1 I
I V2 = V12/60. 1
1 1
1 VY = V10/60. 1
I 1
1 VFC = V11760, 1
PRI )

1

I

! 11
L et
I VCH = VCH/60. 1
1 1
I VT s V12/60. 1
! I
1 VEL = V1T 1
1 1
t VE2 = V19 1

1

1

I 12

/ WRITE TO DEV /
& 7

/
/ VIA FORMAT /
/ 908 /
/ FROM THE LISY 7/
1
1
I NOTE 1
* & * & X ¥ & k€
LIST = V1, VC
V2, VW, VCHe VFC,
VY, VEl, VE2
* 8 & % * E & &%
1

I
1

LR K N O
L RN ¥

I V17 = V17%60. 1

I I
1 V19 = V19%60, 1
L e tatattd

1

1

1 15

/ /
/ WRITE YO DEV /
’ 6 /

/7 V1A FORMAY /

4 937 /
1
!
i 16

/ WRITE TO DEV /
&

’
/ VIA FORMAT 7/
’ 906 /
/ FROM THE LIST /
1
1
[ NOTE 17
* 6 & & &+ &S &8
LIST = T21, T22, *
¥23, T24, T24PP, *
T24Py 125, T26 *
& & & 8 &5 ¥ & ¢ &
1

R R X

1 18

/ /
/ WRITE TQ OEV /
6

/
/7 VIA FIRMAT /
/ 936 /
i
i

fomercmeccen—a

e et b

1

/

Q06

LI I Y

I
1
I

/ Qs

O R e e e L L L T

/
/
1

3 20 3 R

/ 938

1
1

S N U gD S D e e L L L L L L e R

/
/ FROM THE LIST /

s 5 x s & S K
LIST = T1, T2,
T2P, T3, T4, TRI,
TEXPI, TRO, V1A
RN R

4
/ WRITE YO DEV /
6

/
/7 VIA FORMAT /

[
/ V1A FORMAT /

QLAT, 0QS59,
QSH, QULH,
LIE B B I N O

/ /
/ WRITE TG DEV 7/
6

19

/ MRITE TO DEV /
6

/

/ VIA FORMAT /

/

NOTE 20
*
*
*
*
*
21
/

/

/

22

/ WRITE 7O DEV 7/

/

/

/ FROM THE LISY /

NOTE 2

3

LA A
LIST = Q1, Q2, *

Q5. Q6 Q7 Q8, *
»

*

*

L9,
QF

24

/

/  VIA FORMAT /

/

1 25
/ WRITE YO DEV 7/
& /
/  VIA FORMAT /
970 7
/ FROM THE LIST /
1
t
I NOTE 26
R R P O
L LIST = QETL, hd
* Q€T 2, Qsus *
* ¢ * & & ¥ ¥ & K &
I
!
1 21
L B Y
1 T2 = T1 t

Hemoomeaan P Y

1
I
I

« 2401,

800



CHART TITLE -~ PROC EDURES

OFF DESIGN
PERFORMANCE=PRINT
POWERS

02.10---)%
a01 1 01
/ WRITE TOD DEV 7
/ 6 /
/ VIA FORMAT
/ 988 ’
/ FROM THE LIST /
1
1
I NOTE 02
% ® & % & & ¥ % &
LIST = (X{J)yd = *
191,205) *
* % % % % ¥ & %8
1
1
I 03
/ WRITE TO OEV /
/

*nean

/ 6
/  VIA FORMAY /
/ 1 /

/ FROM THE LISV /

1

1

I NOTE 06
LEE I T 2 N B B R AN
*LIST = (XtJ)ed = =
hd 206,220) hd
*h T E EE R

1

1

{
PRINT COMPONENTY
FACTORS

/ WRITE TO DEV 7/
/ 6 /
/  VIA FORMAT /
/ 9T6 /
/ FROM THE LIST /

I NOTE 06
LR B I BB B
LIST = (X{J)sd = =
221,250} *
LA R BRI B
1
1

“eon

1
COMPONENT FLOW RATES
1

1
{ 07
/ WRITE YO DEV /
6 /

/
/ VIA FORMAT  /
/
/ FROM THE LIST /

{

{

1 NOTE 08
¥ % £ & X 8 & x50
LIST = Vi1, V12, #
V17, V19, V10, V9 *
t ¥ K ¥ ¢ % & 5 % ¥

1

1

%2

1
SET VARIABLES

AUTQELOW CHART SET_~ H2e78

P ———

- . o ottt gt A o

1 10
LT T
1 KEYC = FuW5 1
1 1
1 QSH = 0. 1
1 1
1 QtH = 0o, 1
I 1
1 1 =0 1
1 t
1 WCPC = WC*CPR 1

1
1
1 11

Kerecarceremsacananna -

I WHC = WCPC®WRAT |

LA = 2

TL = T
1
1

B

I
1
{
TRO = TZ + 459.6 |
1
1
*

1
LOOP ON CABIN TEMP
1

1
I NOTE 1
* & & & ¥ & & & &
BEGIN DO LOOP
6123 NA = 1, 15
* % ¥ % & & & ¥ ¢

L RN 2
*eREN

1
28.12===)1
1

GEY LICH HEAT LOADS
1

1

I 13
LE R el D it S ndad ]
U COMPUTED GD TD I
1 FOR M} (
L i -
1 655 21.01 ¢
1 656 20.14 1

1

If QUTSIDE THE RANGE
1
1

HSC =NO LATENT (0ADS
1

20.13---)1
656 1 16
L D T *
1 0CABL = 0. 1
1
i 0s9 = 0. 1
S S, .
1
1
t
Y
.21.03.

ses HST

SP 01T72

PAGE
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10/12/72

CHART TITLE - PROCEDURES

CABIN LATENT LOAD

20413=-=-)¢
655 1 ol

Fwrmrcmwrm e m - ——

H
1 LioH H
e 1 (9,04Y,0P9, H
1 WBCoWT9,PW9, H
T v9,0589,4L9) H
*

1 02
L T e T ]
1 QCABL = QL9 + 1
1 QLK + QLM I
$emermm——— —————- ——

1

i

1
TOTAL HEAT

LOADS-CABIN SENS
1

*
1 JCABS = QSM ¢ T
1 OSE ¢ Q59 ¢ QSH ¢
1 3.61ex(Pulll) +
1 PWl12) + PW(10) ¢+
1 PHE3))

*

B e

1
INTEAFACE HX LOAD

1

1

i 0&
L e n L PSRy )
1 35 = ACABS ¢ I
1 QCABL + QE) « 1
1 QIPY ¢ QCHIL » 1
T 3.616x(PWIiC) ¢ 1
1 PHELTY) 1

1
I
1
TOTAt POMER
I
!
1

1 PWT = PHWILL) ¢ i
I pull12) ¢ PHE3) ¢+ 1
1 Prls) + PH(E) ¢ I
T Pail0) ¢ PWELT) ¢ |
I PHLLY) 1

.

FUFL CELL HEAT LOAD

1 06
tocooan P Ty )
1 NFY = QFC ¢ 1
I FU2*PW 1
P R

TNTAL HEAT REJECTED

1 o7
P et T L ———
1 QTOT = Q5 ¢ 1
1 QCP2 + QF2 + 1
1 QFT ¢+ t
1 Y 6losiPwic) ¢ 1
1 PHi19N) I
P bl B et

T L.

.t ot o . . R R e i t o it e o -

1 09
T
] T6 = TRO ¢ 1
1 QTOT/WCPC {

L e 4

1
1

1
GO TO DESIRED HEAT
REJECTION METHOD

I

1

i 10
1 COMPUTED GO TO 1
1 FOR NR 1
L Y et D
1 620 21,11 1
1 620 21,11 §
1 620 21,11 1
1621 22407 1
1 622 23,01 1
1 623 23,06 !
E T L U L T

1
1
1

IF QUTSIDE THE RANGE

1
1
1
RADIATOR LOOP
1
21.100=-31
620 I NOTE 11
® % & % & % & ®x & % ¥
* BEGIN 0O LOOP  *
* 650 N =1, 30 *
2 % & ¥ & & & X * & X
1
22.04=--11
1 12
R R PP PP T e
18 1 H
12 1 RAD H

e 1 LY6,TROWNWCPCy H
10 1 WReARADWE,T7, H
12 1 4] H
L R ettt L L LD

1

[

1 13
L e et D Dt el
1 Té6 = T6 - 459,6 1
L ettt ]

1

1

1
DID RAD DO TOTAL JOB

B

14
. »
. *

_AUTOFLOM. CHART SET = H24TH

e N I L

. * (-/00 1

. ABSITRO -
¢ T7) - 5 *
. .
L *

(£2)

@ . .-

s

«21e18.

eee 626

[

RAD DID TOTAL JOB
-SET TEMPS
625 1 15
Fomrmsrrmswrmeeneasa
1 17 = 17 - 459.6 |
i 1
] T8 = 17 1
D LT
1
21,238=-) Ilommomamomoe e -
630 1 16
P A Y .
1 19 = T8 1
1 1
! T =19 1

L e EL SR PR
1
1
1
GO TO INT HX
1
1
117

. .
+264024
.

.
eoe 651

-
{-/0) * ABS(QR - *

8P 01T72

PAGE

RAD CAN NDT DO TOTAL
Q =GO TO SECONDARY
HEAT SINK

2l.14-==)*

626 1 18
$emrmmmrmem—— ek
I 17 = T7 - 659,66 1
P

1
1

1 19
LR e L
1 COMPUTED GO TO
1 FOR NR 1
L ettt
1 627 21,20 1
1 628 23,02 1
1 629 23,07

L et S LT
1
i
1

1F. QUTSIDE THE RANGE

1

I
SUBLIMATQOR HEAT SINK
-SET TEMPS

1

21.19---)1
627 I 20
Fmmmmemm————— P -
1 EFF = 1. - 1
I 1 /EXPICFTU24) I
I /WCPC) 1

- 3

1
1

1
OUTLET TEMP

1 EFF*({TT - 32.) 1

L et &
1
1
1
TOTAL HEAT REJECTED
1

1

1 22
L il
I QR = WCPC*(Te - I
1 Ta) 1

L N R, .
1
1

!
1S Q@ WITHIN TOL

*®———

23
» -
-

L atatattd Qrary - *

1 * J5HCPC ¢

1 - .

i * *

1 *

i T (+}

1 1

1 1

I 1

1 1

1 1

1 1

1 see

* . -
«22401.

ses 631

21
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10712772 AUTOFLOW CHART SET - H2478 . PAGE 22

CHART TITLE -~ PROC EDURES

NOT CONVERGED -1S QR
TOO HIGH

21.23---1#
1
621 s 0t
* *
® ¥
(o) = *
=& QR - QTOT  #---=-¢
[ 1
1 - * I
1 L ¥ *
cees *
.21 . ()
.16 1
vess i
630 1
1
1
I
.22,03,
vee 633

QR 100 LOW

1 16 = T6 ¢ 462,6 I
Y
1
1

prmemcamem———

4
1
1

QR TOO HIGH

22.01---) %

633 1 03
$evmmme e cccccance ek
I T6 = T6 ¢ 459,1 1
L T Y

1
1

[T Y

P e ]

/ 650 /

$ommmmaeoea22,02¢-0 1
i

* = I
* - 1
* LERR]
1YES . 21
1 . 12 .
1 sees
1
1
1
1

SUBLIMATOR LOOP NOT
CONVERGED

7 WRITE TO DEV /
’ 6
4/ VIA FORMAY /
’ 989 ’
/ FROM THE LIST /

1

1

I NOTE O
* & & & & & 5 3 &
LIST = QYOT, QR,

T6, T7, T8

* ® & * % & 5% F

1

1

1

LI 3
»e w0

. .
+ 2401,

.
see 800

SUBL IMAYOR ONLY

21.10---1%

621 1 07
L ettt L e LT Ty
1 EFF = 1. =~ i
1 1. /7EXPICFT (8} 1
1 /WCPC) 1

Wmemma e -2

t
1

1
INLET COOLANT TEMP

1 a8

T? = 32. ¢
QTOT/WCPC/ EFF

T6 = 17

QTOT/WCPC

19 = 18

1 =719

Bt -

*
1
I
1
§
1
I T8 = 17 -
1
1
1
1
1
-

1
!
I

. .
224,02,

ses 651



10712772

CHART TITLE - PROC EDURES

CRYOGENIC HX =~SET
TEMPS

21410~==}=
622 1 033
[
I Té6 = T6 - 459.6 1
1 1
L 17 = 76 1

e ——
1
1
1
HEAT REJECTION
1

21.19=-=11

€28 1 02
T
F Q22 = WCPCHUTT - 1
1 T1) 1
Lommmmae crercenmn——as

1

{

1 03
$omcememe e cccccracan
171 H
161 CRY M
Te 1 (Q22,WCPC 77, H
10 1 22} H
|G O H
T TR P |

1

!

1 04
L. P —— ———
1 19 = T} !

R T T

t
1

{
TO TO INT HX

!

1

1 05
LR e e el
1 T8 = 17 1
D et

]

1

1

026402,
eos 651

AUTOFLOM CHART SET - H247B

FLASH EVAP -SET

TEMPS
21.10---)%

&23 1 [+].]
L e
I Y6 =« T6 - 459,6 |
1 I
1 7T = T6 §

L e D L L L TN ]
1
1

1
HEAT REJECTION
i

21.19---11
~29 I 07
feorermcer e’
1 Q25 = WCPC*{YT - |
1 ™ 1
L LT

1

T

1 08
$emaccmccm et
171 H
i FEVAP H
Te 1 (Q25,WCPC,TT7, H
10 I 25,T8,HWT25) H
11 H
R

t
1
I
CAN FLASH EVAP DO J0OB

+

@ et ——

226,01,

ees 635

CAN MEET TEMP

TR L T T Y

636 { 10

« 24,02,

ces 651

SP 01T72

PAGE
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10712/ 72 AUTOFLOW CHART SET - H2478 PAGE 24

CHART TITLE - PROL EDURES

UNIT CAN NOT MEET Q IS YHERE A SENS HX
~UP TEMPS
26.06=--=)%
23.09---)¢ 1
635 1 ol 660 - 11
Bmmmmm e vt e—at * *
{ T7 = T8 + 1 * *
1 Q22/WCPC ! * ® {-/0)
1 [ s vi2 LEE T
1 T6 = 17 1 * * 1
1 1 =« * [/ NO
1 T3 = T8 1 . * 1
1 1 * Prmmmee s e ———— cosomn )%
1 T1 = 18 1 1 te) 640 1 12
fommem e cmce——— -—— 1 ermermmam—— e rm———— *
1 1 1 KY = 0 1
i 1 D T T
1 1
INTER HX 1 1
1 I I
211 7#==)1 ves cen
651 1 02 . . . .
LR R et 4 «25.01. «25.02.
71 H . . . .
19 1 HX H see 641 ces 642
Ie | {QS54WHC,WCPC,y H
10 TLe5,4721) H
It H
Hmme e maaaa ——
1
1
1
CHILLER QUTLET TEMP
1
H
i 03
fececrana Y T rap———y
1 122 = T21 ¢ 1
1 QCHIL /7wHC i
L e e T T pu——, ——
i
1
1
COND AR FLOW RATE
I
1
1 04
L B T . *

t
{
I
LON®  ON  CABIN TEMP
1
1
[

NOTE Q5

M N ]

. BFGIN DO rQUuP *

* 612 Nt =1, 15 hd

LI LA B R A
!

28.06-==) 1

i 06
L R . meer e ——— *
I CCMPUTED GO TO
1 FOR M1 i
Eecccicmman ————————— *
1 #n0 24,11 1
1 skl 26,07 1
fme e e e e e ——— *

I
If JUTSIDE THE RANGE
!

1

1 *

I I 15 1t H

I i 181 HSC H

HSC-MO CNNDEMSER 1 o I (WCO2,QLM,DAY, H

1 1 10 1 RHO,PVI,OPY, H

24.0b===)1 1 11 1 14,WTL,PWII1), H

651 H 07 1 I 1 VI,WBUsWUDs H

LA L L L PR, . 1 11 VCH, WT11} H

ot M 1 *
[ KANDK H 1
[ | (PVILT22 H 1
[ 459,6,42) H 1
r 1 H 1
A e L A L] i
1
1
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CHART TITLE - PROC EDURES

YES
24,11 ===~)*
b6l I o1
L L Ty - ———
1 KY = ] (
L L L e R et
1]
1
1
COND  PERF
1
26.12--=11
642 1 * 02
B rm e -
18 1 H
16 1 cx2 H
I. 1 (WHC 4 T22y H
10 1 QCABS,QCABL, H
Il § TCAB,QSH,QLH, H
T I V1IsyPWilllely H
T 1 KY,T23,Vlil41,4 H
11 QCOS} H
L R ettt
1
1
1
1S SUBROUT INE
CONVERGED
1
1
1
* 03
* *
* .
. * (-/0})
* 1 LA R
. & 1
* * t COND CONVERGED -1S
* * . 1 THERE A SENS HX
4 1
[ () D e bl
1 1
1 604 - 0%
1 * »
1 * *
1 * * (=-/0)
! . v12 Somaans
cen . * 1
. R . . 1 NO SENS HX
«25h401, * * 1
. . * pomcmmmeea=25,04%-=) "
ves 505 ' 1 (&) 607 1 05
1 P et L e LS UL D
] 1 T24 = 123 I
t P et Y ]
1 1
1 i
1 1
P IS THERE H20 COOLED
. . AVIONICS BAY
026404, {
. . 28417---31
ese 606 1
613 * 06
- *
* .
* * (-/0)
. vi7 Wemennt
* * 1
. . I N0 RAY ~SET TEMPS
* * 1
* e mr e e e e — - -)®
I t+) 614 1 08
1 L ettt - ———— -t
1 1 126 =2 126 1
! 1 1
1 1 TAQE]l = Q. 1
1 1 I
1 1 1
6151 * 07 » *
*
*® *
. « (-/0}
. QEB2 e
. I . .
* . H «30.10,
.« . 1 . .
hd case ses 616
1 (¢} o 30.
1 ¢ 01 o«
4 aees
1 615
1
t
1
. .
«29.01.
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CHART TITLE - PROCEDURES

CHXZ NOT CONVERGED

25.03~==)»
605 1 01

/ WRITE TO DEV /
/ 3 /
/ VIA FORMAT

7 961 /
/ FROM THE LIST /
1
1
I NOTE 02
* % ¥ % % & &8
LIST = WHC, T22,
QCABS, QCABL,
TCABy QSHy QLH,
Vi, PWlll)
® % &k & &k T & & ¥
1

1
1

LI A Y
L Y Y

NEXT CASE

AUTOFLOW CHART SET - H2478

YES ~SET UP FOR SENS
HX

24,10®-~)*

606 1 04
L e T TP 3
1 WHOT = 1
I V12%PCAB*144,/RA/ |
I (TCAB + I
1 459,615CPA 1

1
i

1
MAX AIR FLOW
1

1

1 . 05
L et d
1 WMX = WHOT I
L et ]

1

1

1
HX INLET AIR FEMP
1

1

1 06
L LT T STy 4
I TAL = TCAB + 1
[ PHIL2)%3,614/WMX 1
Newcmmccnscs vt cmenmal

1

1

1
HX HEAT LOAD

t

1

1 07

1 Q2 = QCABS - QCDS I

L R Y

I
1
* 1]
. *
. .
. * (=70}
* Q2 ittt
. * 1
* * 1 REHEATER REQUIRED
. * 1
* LRt e Dy X
1. te) 637 1 09
1 ———— e —————————-———
1 / WRITE TO DEV ¢/
1 / & /
1 /  VIA FORMAT /
1 / 930 /
1 / FROM THE LIST /
XX} iaintaetai ettt
. . I
027.01, 1
. . I NOTE 10
eee 638 LEE I B B B S B )
* LIST = Q2, TCABy *
* V12, 123 *
LR I N I
1
1
1
cee
. .
+25.05.

ese 607

8P 01T72

PAGE
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CHART TITLE - PROC EDURES

* * [}
* * 1
* eoas
1 (¢) o 28,
1 e 15 o
1 ceee
1 609
1
1
R et DL 4

ENTER LOOP YO FINO HX
FLOW RATE

26,08--=)*

638 1 o1
L e D e )
1 TAOR = TAL - 1
I Q2/wHOT 1
L e d

1

1

1 NOTE 02
$ 6 0 5T EXEDR
4 BEGIN DC LOOP -
* 608 N = 1, 10 *
£ 5 e 2 s e S

i
27.10===11

1 03
L etttk
171 H
19 1 HX H
Te 1 (Q2,WHOTWHC, H
101 12342, TAO) H
(BN} H
ettt T

1

1

1
1S TAD WITHIN
TOLERANCE

-

04
- *
* *

* * {=/0)

* ABS(TAO - L2X]
*TAQR) = ,3 ¢ I

NCT CONVERGED SHOULD
FLOW BE DECREASED

..... PO

1
€081 . 05
*

L] .
(o) « . =1 1
+=¢ TAOR - TAD
1 * *
1 * .
1 * »
veee -
A T (+)
15 . 1
se e 1
609 1
1
1
1
«27.08,
ses 6082

[y

AUTOFLOW CHART SET = H2478

RAISE CABEN TEMP IS5

FLOW RATE AT MAX

S b R

1
6083 * 06
* *
* *
= . (-/01
* WMX - WHOT - #-¢
. .1 . 1
* . 1
* * i

-
.
.
.
.

&10 24
$mmemcsme ek
I WHOT = WHOT#l,01 1
P

DECREASE FLOW RATE

27.05---1)%
6082 1 o8
1 WHOV = Q2/(TAl - 1
H TAD) 1
D e ettt
1
e et B |
1 608 ] 09
1 L et 4
1 1 TAOR = TAD 1
1 L e L)
1 1
1 1
I 1
1 * 10
1 - -
1 . *
1 * * ND
1 - END OF DO -
1 * Loop . {
1 * . 1
1 * » 1
1 . seee
1 1YES « 27
1 i . 03 .
1 3 coes
1 1
1 i
1 4
I 1
I LOOP NOY
i CIONVERGED-PRINT
1 !
1 1
1 1 11
1 ceeecmcecce —m———
1 / WRITE YO DEV /
1 6 /
1 /7 VIA FORMAT /
1 / 963 /
i / FROM THE LIST /
1 J e
1 1

t

I NOTE 1
LIRS IS B
LIST = TAl, TAO,

KHOY, WMX, Q2

ERE 2R B I 2R R N ]

1

i

I

X

*naw
s eeamn

. .
«28415.

.
cee 609

o - ey e e gt ) St 4 o P Y R gme A ot b A et (et 0 pd Bef R S Gmp G ot Gt b P St g 4 Dt e

SP 01T72

PAGE

27



o o T SP 01T72
10712772 AUTOFLOW CHART SET - H2478 PAGE 28

CHARY TITLE - PROC EDURES

6121 RAISE CABIN TEMP . HSC SUBROUTINE
& CHANGE METABOLIC
L OADS . 28,03-~~)%
6124 I 10
27,06~~~ % ittt
6121 1 01 L QLM = QLM - QSN + |
Rt bl 4 1 Qsm 1
191 H L bt LT -t
{61 QMET H i
e £ (QSM,TCAB, H 1
101 TCAB + H 6123 1 11
it 1.+ QSN+ KA) H $ommmre s et an®
#emmmmmmam e R d 1 QSM = QSN 1
1 L ]
1 1
1 02 1
L e D PR -% 1
1 TCAB = TCAB + 1. I * 12
L 4 = Py
1 * *
1 * ® NO
! * END OF DO st
WHAT IS CO2 REMOVAL * LooP *
SYSTEM * * 1
i ® * 1
1 A ceee
1 03 1YES . 20 .
i etk d ! « 13 .
1 COMPUTED GO TO I 1 sese
t FOR M1 1 1
LR ettt 1
1 6122 28,04 1 1
I 6126 28,10 1 1
R 4 LOOP ON CABIN
1 TEMP-NOT CONVERGED
{ I
1 1
1F DUTSINE THE RANGE 1 13
T e —aemm——
1 / WRITE TO DEV /
1 / 6 /
L IOM-CONDENSER +SENS /  VIA FORMAY /
HX / /
I / FROM THE LIEST /
28.03---)1 Seemesmscccmooon
6122 1 04 1
LR e T P ] 1
I OCABS = QCABS + | [ NOTE 14
1 QSN - QSM 1 LI I R N
I 1 * LIST = QSM, QLM, =
[ QLABL = QCABL ¢ 1 * TCAB, QCABS =
1 QSM - QSN 4 L N R B B B B B Y
1 X 1 1
T QM = QLM ¢ QSM - 1 1
1 QSN 1 1
Ammmesccme—- Rdainiaintet it CONTINUE
1
1 $omrmmeeena2T,06%--) |
1 609 1 15
1 Ko m e s c . ———— »
i I T24 = 723 « 1
I 1 Q2/WHC 1
1 1 i
1 t VHX = §
{ 1 WHOT/CPA/PCAB/ i
1 1 144,%RASITCAB ¢ |
{ 1 459,.6) 1
. - 1 L L D et
* * NO ! i
* END OF DD =4 1 1
* Loap * i 1 1
* * 1 I SENS HX PRINY
s ° 1 1 t
b cren 1 1
1YES « 24 1 ! 16
1 « 06 o r eesemeeee- —————
1 sass #memmcmoecooo bbbt Ad H / WRITE TO DEV /
i ] i 08 1 / 6 /
1 1 e emm— e ——— 1 / VIA FORMAY /
¥ 1 / WRITE TO OEV / I / 972 /
1 1 6 / 1 / FROM THE t1IST / .
CABIN TFEMP  NQT I / VIA FORMAY / I eeeemeeecceneees
CONVERGFD 1 / 962 / ! t
1 1 / FROM THE LISTY / 1 t
1 1 - ———eew 1 I NOTE 17
fmmmee e ———— * [} 1 L B B 2 IR B N I
1 1 * LIST = Q2, VHX, =
I NOTE 09 1 * VAL, YAO, TCAB, =
I R 1 - QSM ®
* LIST = TCAB, * 1 LI I B SRS
*  WHOT, Q2, QCDS, * 1 1
& 122, 123, QSM, * I 1
. B8] & | 1
LA A 1 oo
1 1 . .
1 1 «?25.0€,
e ——————— + .

ees 613
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CHART TITLE - PROC EDURES

DOUBLE EBAY

25.07--=)¢
6152 1 o1
1 QEEl = QEl - 1
1 QEB2 + 1
1 PHi1TI®*1.707 1
1 I
1 QEE2 = QEBZ * 1
1 PW(171%1,707 I
1 t
1 RHOEL = 1
{ PCAB®1444 /RA/ 1
1 (TEL + 459,6) 1
D .

1

1
1 02
L L P LS P RS ]
1 WELl = 1

1 V1T*RHOEL1#CPA 1
e et L L L LY ]
1
1

FIRST BAY
1
1
1 03
D L T L P
171 H
19 1 HX H
Lo T (QEEL/WELlsWHC, H
10 [ T24,16,TACEl) H
ni H
D L T LR
1
1
1 04
L e L L2 22
1 TEEL = TAQEL » !
{ QEEL/WEL 1
t {
H T25A = T24 « 1
1 QEE1/WHC !
PP P L
1
1
1 05
./ WRITE TU DEV /
/ & /
/ VIA FORMAT /

/ 9641 /
/ FROM THE LIST /

1

1 NOTE 06
LRI IR IR B B A
LIST = QEEL, WEl, *
TEEl, TADEL, T25A *
« 2 e & X T TS

H

1

1

LI I

SECOND BAY
§

1

1 o7
bemcememmccannem— e
171 H
19 1 HX H

To 1 (QEE24WEL WHCy H
10 | T258,16,TAE2) H
1 H
o mm eeremmmmemennn

]

1

t o
e mn——-—- B il
1 TEEZ = TAE2 + 1
! QEF2/WEL 1
Cmwm oo ——-—-- ——-mom-——f

1

1

1
COOLANT QUTLET TEMP

1

1

S

AUTOFLOW CHART SET ~ H2478

S i L

-+

I 10
e T L TS S ]
1 725 a T25A ¢ 1
1 QEE2/WHC t
B a4

1

1 .

1 11

/ WRITE TO DEV 7/
/ & /
/ VIA FORMAT /
/ 9641 /

/ FROM THE LIST /
1
t
I NOTE 1
LEE I S I
LIST = QEE2Z, WEl,
TEF2, TAE2, Y28
£ 6t E EEE S
1

LRI )
LR N

1
1
e

. .
«30.10.

ese 016

SP 01T72

PAGE
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CHARYT TITLE - PROCEDURES

AVIIN  BAY -HEAT LOAD

25.07---) ¢

515 I o1

Hmmm e cmascm—————- -
I 016 = Q€L + 1
1 puilTiedals o
frmeccmccsnemc e ———- *

MINIMUM AlR DENSITY
1
1

1 G2
#ommeesome e —
I RHJEL = 1

1 PCAB®]144./RA/ 1
i {TE1 ¢ 459,6) 1

WELl =

1 04
L -
17 H
19 HX

1
t H
Io T (Q1A,WEL,WHC, H
I T24,16,TE1D) K
i H
*

EBAY TEuP

1

1

1 05
B mr e e ——— 3
! Tell = TE10 + 1
H QE1/WEL I
Kemme e e srece . ——— =

1

1

1
rTanpasT QUTLET TF MP

i

1

I o6
LR ] *
i 175 = 126 + i
1 216/7wrl 1
L et ®

1

i

i
PRINT NnuTPyr

i

1

1 o7

/ WRITF T DEV /
/ & /
7 vIia FDRMAY /

/ V6 b /
J EITM THE LIST /

I NUTE O
L A T T ]
tIST = 216, Wi,

rerd, TE10

LI B B A

i

1

1
PUMP JUTLET TEMP
COLT PLATE QUTLET
TEeMp

an e e
LR I

---------- 25.084--)%

616 1 10
e mm——— AP E TP T EEY ]
1 T26 = 125 ¢ 1
1 QCP1/WHC 1
1 1
I T27 = T26 1
1 PWla)e3.614/WHC |
= ———

RAD LOOP -INTER HX
OUTLET TEMP

AVIONICS

Ltnoe

+ Q57w

ceC

!
.............. &

«30,14,

AY ~R

vig

.’

cee 618

AD

N{} BAY-SET TEMPS

«31.01.

ese 019

BAY- HEAT LDAD HX

30,12-~~1%

618 1 14
P L ————
I Qe QE2 + 1
§ PRI19}%3,414
$omm o —— e ®

1
1
!
MIN AfR DENSITY
!

1 PCAB®144. /RA/
1 {TEZ + 459.,06)

MIN ATR MASS FLOW

1 WHX = !
I VI9*RHOE2%CPA |
L e et D L T S *

1

1
1 17
feermew—ccn e ————
171 H
15 1 HX H
To 1 {QLB,WHXWCPC, H
101 T2+18,7E20) L]
t K
.

AIR TEMP

1

1

1 18
Rrrmr e e e e et ———--— *
1 TE2B = TE20 » 1
I QE2/wHX f
D T ———— .

19
L R .
1 T3 = 12 . 1
1 Q18/WCPC {
L e s ————
1
1
1
PRINT DATA
1
1
1 20
/ WRITE T3 DEV /
6 /
7/ VIA FORMAT 7

~

965 /
/ FROM THE LIST /

I NOTE 74
* ¥ & &k & & X % % ¥
LIST = Q18 WHX, *
TE2R, TE20 .
* B ¥ F K & £ % 9 @
1
i
1
COLD PLATE TEMP

.4




107127712

CHART TIYLE - PROC EDURES

304 13%-=) % .
619 f [}
B - —————— -—— -
1 T4 = T3 ¢ 1
1 GCP2/WCPC I
[ P e 4
1
I
1
F/C HXS
1
1 02
PR B bt
17 H

1
i HX H
1o T (QFT,WwFC,WCPCy H
I Ta,20,TFCIY H
1 H
.

[P ——————

F/C INLET TEMP

1 03
L S -
1 TFCD = TFCL + 1
1 QFT/WFC 1
fmmmmmmem— - ——————- "

1

T

PRINT F/C TEMPS
i
1

1 04
/ welTE Y3 DEV 7/
/ & /
/  VIA FORMATY /
/ 66 /

/ FRIM THF LIST /

*
©
*
*

% % %  * & & ¥
LIST = QFTe WFCy
TFLY, TFIO
LI S A R

.0

I 15 = T& 1
1 SFV/7WEPL I
D LA R T T -—

!

i

1
PUMP S

I

1

I 07
N L L E P P »
1 TES = Th & 1
1 PAtoIE3, 61676WCPC T
B m e mm— - -

1
1

1
PRINT WATFR LOCP
TEUPS

/
J #PITVE 10 DEV 7
[ /
/ V1A FORMAY /
/ a6T

PRI ——— . ]

i e b e o o P At 4t Rt ot A b Sty Ot Bt ey bn ot it S e R e R e e e et e

1 09
/ WRITE TO DEV /
/ € /
/ VIA FORMAY /
/ 906 /
/ FROM THE LISY /
1
1
t NOTE 10
& Kk ¥ & % % % ¥
LIST = Y21, V22, *
123, T24, 125, *
T26, T27 *
& & ¥ 5 & % & k%
1
1

LI IR )

1
PRINT RADIATOR LOCOP
TEMPS

I 1t

/ /

/ WRITE YO OEV /

/ 6 /

/ VIA FORMAY /
968

/ /

i
I
I 12

/ WRITE TD DEV /
6 /

/
/ VIA FORMAY /
/ 906 /
/ FROM THE LIST /
1
1
1 NOTE 13
RS K E S K kX
* LIST = TeC, Toby *
* T7, T8, 79, Tl, =

* T2, T3, T4, TS =
s & £ & * &£ & & & &
1
i

1
CALCULATE HEAT LOADS
i

1
1 14

it 4
Ql = WHC*(T23 ~«
121

Q6 = PW(4)*3,414

Q7 = WCPC*IT6 -

I

1

1

1

Ce = PWLAI*3 616
1

1

T 1
*

o e m————t
N8 = WCPCx{Y? ~ 1
19)

022 = WCPC*{TD -
Ta}
123)

QUTOT = QCARL ¢

1

1

1

1

1

N2 = WHC*(T26 - I
1

1

1

aLH I
*

1
PRINT HEAT LCADS
1

AUTOFLONW CHARY SET - H2478

/

e aw e

/ WRITE VO DEV
A

/
/  VIA FORMAT /
971 /
FROM THE LIST /
1
1
1 NOTE
CEE IR B S
LIST = Ql, Q?,
Q4 Q5 Q64 Q74
Q8y Q22, QLTOY
EEEEE IR R L
1
1
1

« 2014

.
ees 900

1

s 4208

SPOIT
PAGE

RADIATOR/ EVAPORATOR
EXPENDABLE USAGE =~SET
VARIABLES

02.10=--=1%
805 1
Bommmm e

I DTHEA = 360.,/STEP |
1 1
1 LATEEN 4 1
1 1
1 WCPC = WC*CPR 1
1 1
I TAUS = TAU/STEP I
1 1
1 A = O. H
A mmmmm B el

1

1
1 20
P ittt s
1 WA = 0. 1
1 1
1 NS = STEP 1
1 1
i La = 1 ¥
Powmmme ———-———- - *

TOTAL POWER HEATY LOAD
1
b
1 21

Remmmmcem e ————— *
I @Pw = (PWI1l) » I
1 PWiL2) + PWELT) ¢ 1
1 PW19) + PWla) ¢
1 PWib) + PWI10) + 1
1 Prl3)1%3,414 1§
L R et ST T *

1

1

1
TOTAL HEAT LOAD
!

1

i 22
Bmm - e w - ——--—— »
I COMPUTED GO 7O I
1 FOR M1 1
[ et T *
1 8051 31423 1
1 8052 32,01 1
B - ———————- Ll

IF DUTSIDE THE RANGE
1
[

LICH=ADD LATENT LCAUS
1

31,22---11
8051 1 23
A v e eaeaman—— 13
131 H
18 1 LK H
1.1 19,7.40,,KAC, H
10 1 WI9,PW3, V9, H
ni 059,QL9) "
fmmmmm e e e
1
1
i 26
B m e c v - - *
1 QsH = J. 1
1 i
1 OLH = 0. 1
1 1
1 QLY = QLo « Qi ¢ 1
1 ALK
B r e m———————— - ———— *

$ 32,02,

.
ese 80653

72
3t
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CHART TITLE - PROC EDURES

HSC- NC LATENT L0ADS

31,22-~-)%
8052 1 01
Kevacccnmuana a————
1 aT = 0. 1
Pemmcmcecacace e ——— ®
!
31,26--=11
8052 1 02
LEE T ———— e ————————— *

1 10T = QPd + 1
1 QSE + QSM + Q59 + 1
1 Q54 ¢ QF1 + QEZ2 + I
{ QCP1 ¢ QCP2 1
I QCHIL + QFC ¢ QLT |
1 1
1 {

DY = QTOT/WCPC

ENTER £0Q0OP TO GN
ARDJND  ORBIT

1

1

I NOTE 03
* 5 ® € ¥ ¥ K * ¥ Kk %
*  REGIN DC tLOOP %
& 210 N = 1, NS  *
® * ¥ %X & ¥ ¥ & ¥ & %
1
33.,10-~=11
1 04
L e LT R 2 =
1 Tn = 11 1
Bm e - - —————
1
1
t 33
-—————
i1 H
[ UNBAR H
I 1 (SylsAy04sFX, H
[ S LN} H
o1 H
_____________ ————
1
1
i
SING TEMO
I
i
1 <13
AR e ®
1 TS = 1
IS¢/ EMIS*, 126k~ ]
1 Al)ee, 25 1
1 1
[ TER(NE = TS {
O «

i TRAUN

[,

TEMP PATINS

———

T1 = TRA(N) I
459,¢ I

1
I
1 1
1

ENTER £0O0OP T FIND
EVAP JUTLET TEmp

I NOTE 10

¥ & & & v ok B &K%

hd BEGIN OC LODOP *

® 815 NN =1, 10 L

L AR ]
1
33.03---11

1
RAC PERFORMANCE

! 11

oo —————— ————— *
18 1 H
12 1 RAD H
Te I (VTE,70,WCPC, H
10 1 WIT,ARwWEXP, H
121 TOR, 7} H
L]

DID RADIATOR DO TOTAL
Jog :

1
1
1
*

Rt e Y bt bt P St o et Bt b by o 4t S P b Gt g o e b P P o b b Ry P e o

i e e e e ot et i S e e e b ot e e b P R e it b ot b e ot b ottt et b

RADIATOR CAN NOT DO
JOB -CHANGE TEMP

--------- ———)
811 1 13
L Y *
I TR = TOR - 459.,6 |
L T T T NP

1
i

1
EVAPDORATOR HEAT LDAD

t
1
1 14
Feomcmememamercraeaa -
I QE = WCPCR(TR -
1 110} 1
L e e T
I

1
‘GO TO SUPPLIMENTRY

HEAT SINK
1
I
1 15
L s T Ty *
( COMPUTED GO TO I
1 FOR NR (
L ———
I 813 32.20 1
I 812 32.16 |
1 8le 32.18 1
emrm e mee—- - —— *
1
1
1
IF OUTSIDE THE RANGE
I
1
1
CRYDGENIC HX
1
32.15---)1
ar2 1 16
D ot T "
171 H
16 1 CRy H
le I {QEyWCPC, TRy H
10 I 22, WEVIN)) H
11 H
D et e ]
1
1
T 17
R b DT T SRR
! TEOIN) = T1 1
e e ———— -
1
t
¥
cen
+33.08,
. .
eess 816

FLASH EVAFDRATOR

32,15=--1}%
8l4 1 18

[,

ni FEVAP H
Io 1 (QF4wCPC,TR, H
IO 1 25,TCOU(N) W7} H
nit H
L et L P P *

1

i

1 19
e —————— ——————t
I WEVIN) = QE/965., 1
Hmmmmeme e tme oo «

1

i

4

«33,08.
ees Bl6

SUBLIMATOR HEAT SINK

32415---1}%

813 i 20
L B it *
1 EFF = 1, - !
I 1./EXPICFT(24) 1
1 /NLPC) 1
I 1
1 TR2 = TR = 1

1 EFF%(TR - 32,) 1

21
L i T -
1 WEVIN) = I
1 WCPCe(TR ~- 1
1 TR21/10€0. 1
1 i
1 TEM(N) = TR2 i
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1
1
{
IS TEMP WITHIN
YOLERENCE
1
I
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CHART YITLE - PROC EDURES

NOY IN TOLERENCE RADIAYOR DEID TOTAL
JoB
32.22===1*
817 t o1 32,12-~-})¢
LRt ittt okl 819 I o7
1 T10 = TR2 1 Lt bt bt St d
1 i 1 Q€ = 0. 1
I TRA(N) = T10 + DT I 1 1
1 1 1 WEVIN} = 0. 1
t T1 s TRAIN) ¢ { 1 1
1 459.6 1 1 TEOIN} = TOR - 1
#emem - wememeccmacet i 459.6 1
1 Vomanw v s e mta————— *
1 1
815 1 02 1
D e D TR B 1
I T = T10 + 459.6 1 AVG FLOW RATE Lt Staiabdd e-me——- [Ad
LR et L b g ——— t 1 I NOTE 15
1 32,17¢-=}1 1 I N
1 8l6 1 08 1 * LIST = *
] fommmceemr e ——— -—— 1 & (WEV(J)ed = 14NS) *
L 03 1 WA = WA ¢+ 1 4 X 0 & vk s
* = 1 WEVIN) /STEP 1 1 1
= * L R e BT EY 4 1 1
* * NO 1 I 1 16
* END OF OO0 = 1 1 R e detiiaind
* Laae * 1 1 09 1 / WRITE 1Q DEV 7/
- * t R DLt ] H / 6 7
A i ! A ¢ DYHEA I 1 / V1A FORpAT /
b4 esee $-o-sescsamcnsasonnal 1 / 9861 /
IYES . 32 . 1 1 / FROM THE LIST /
1 « 11 . ! 1
[ seee 1 1
[ * 10 1
1 * = 1 17
1 - * 1 L B B R 2L B N R I A
* . NO I L4 LIST = *
L eGP NfT CONVERGED * END OF DO *-4 1 * (TRA(J)od = LyNS) #
1 * [Ralel * 1 1 LI I LI
1 * . 1 1 1
1 <23 * hd 1 1 I
meeesccmancceen . cses 1 1 18
/ WRITE TO UEV  / 1YES « 32 o1 e essssmesone
/ L3 I ! . 06 .1 / WRITE 10 DEV 7/
/ VIA FORMAT / I eees 1 4 6 /
/ 9813 / 1 1 / V1A FORMAT ’
/ FRCM THE LIST 7/ 1 1 / 9862 /
----- B 1 1 / FROM THE LIST /
H 1 t vm———— - ————— .-
I END LOOP =-PRINT i 1
1 NOTE 0S5 VALUES i 1
PEESE SRR B R I A 1 1 1 NOTE 19
« LIST =2 TRAIN), * 1 1 R R A AR A A
« TE2, CFy TP, QTOT * 1 11 1 = LIST = .
* % 6 % & 0 & & kS em—mmr e m———— -————— 1 *® (TRBUJDIsd = 14NS) *
4 / WRITE TO DEV / { L L L A .
1 / [ / 1 i
1 / VIA FORMAT / 1 1
WEXT CASE / 984 / 1 i 20
I / FROM THE LIST / 1 semmemmee= -——ee-
t =m=—- ————— ———— 1 / WRITE YO DEV  /
1 06 1 I / & /
e 1 1 /7 VIA FORMAY /
. 1 NOTE 12 1 7 9863 /
« 2401, LI S IR L ! / FROM THE LIST /
. . * LIST = QTOT, WA, * 1 e it
«ss 800 * STEP * 1 1
LEE I B B B 1 1
1 1 1 NOVE 21
1 1 LEERE B BN T I
[ 13 1 hd LIST = .
meee———— - 4 ® (TEQUJ),J = 1.NS) »
Vi 7 H P R »
/ WRITE To DEv 7/ 1 1
5 / 1 1
/ VIA FUORMAT / 1 1 22
/ 985 / T mmmee- s e————
semm——— vomessme= t / WRITE YO DEV /
1 1 / ) /
! 1 /  VIA FORMAT /
t . 14 1 / 4987 /
wom——- wmmmmem—— 1 / FROM THE LISY /
/ WRITE TN DEV 7 | e e R LT
/ [ / 1 {
7/ VIA FORMAT 7/ 1 t
4 98k / 1 1 NOTE 23
/ FROM THE LIST / 1 €5 8 & XS K E SR
B Rl bt I © LIST = (Lid),yy = ¢
1 1 . 1eNS) *
1 t * 8 8 E B E eSS
P —— —————— N 1
1
1
NEXT CASE
Tl
{
1 24
e 2.01,
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CHART TITLE ~ NON-PROCEDURAL STATEMENTS

BRI

DIMENSION S(1001,T(100)

DEMENSION TRA{30},TRBU430),TEOL30),WEV(30),L(30)

DIMENSION FWTI30},FXW{30),SWT{30}

DIMENSION TQ(20),TYX0(20),PTI20},WTTL20)

DIMENSSON T41(20),TQL{20),TRDO(20}4TXO1(20)4PTL{20),WTTL(20),
T42{20),WC1(50)+4TQ2(S50), TROGLE50),TXO2(50)+PT2(50),WTT2(50),
T43(50)

2CFY(301,PH{30)

COMMON X1700},LA,NPER,PP

EQUIVALENCE

(XCLOL) o FRTEL D}y EXOL3L Do FXWETD Do UX(161),SHT(L})

e UXULL) s PHEL) ) (XE2210,CFTLL)}

EQUIVALENCE

(XU 1) ,TCAB )y {(Xt 2},PCAB ) iX( 3),RA Y Xt &), TROIN 3,
(X0 S5)1,WCIN ) (XL 6)4CPC be (XL THsCPR Yol XU 2),RHOC 1,
(XU G)4RHOR D)o (X[10)+WCO2 D p{XULL)DAYN ), (XCE12),QSM Ve
(X{(13%,QSE PelX(le}, QLM Yo (XUL5),QCPL ), UX{16),QCP2 ),
1X017),QFC Yo UXE181,QSUBL )4 (X{19),A1 FoUX0200,42 L}
tx(21),07x PotXU22),TOLP  3,(X(23),TVOL ), U{X(24),DAYE 1,

(X251 oRMAX ) (X{26) ¢HXIM Dy (XU27),SPLITM),(X{28),CONDM )}

{X(29) yRHMAX },{X{30)+WRAT )

EQUIVALENCE

(X{31}eFNWL Pt XU32),FW2 1+ {X(33),PPF Yo XU34},PPV 1.
{X{35)4FuUS Vel X{363,EX o Xt371,EY 1s¢X038),0NC 1o

{X{39),FWO 1o (X(40)+FWlO ) yiX(41),DP1 Yeix(42),0P2 Ve

(x(43),0P4 Ya{X({4a),DP6 1,(X(45}),D0P9 be (XL G6),DPIO ),

EX(&4T),TS et X{48),CPA 1o (XU49) ) AMAX) 4 (X(50) ,FEXP)

ﬁQUlVALENCE

UXE51) s QAMIND 4 (XL52),QCPM FoUXIS3)QEL 12 {X(54),QE2 ),
(X455),TEL ),(X{561sTE2 3, (X{STI,0PEL J,(X{58),0PE2 )

EQUIVALENCE {X{59)+FRAD)»{X{60},FCO2){Xt61),FNCO21,(X{62),TCHMAX])

EQUIVALENCE

(STLYeX(301)),0(TCLY X {40L})

s EXC63),CHSB) o [X{64)EH20 14(X(65),CYCLYI(X{66),QER2)

W AX{TTILFRESH Do IX{O6THoQCHIL 1 {X(68),TOLQ )4 IX{69),WFC )

+ [XLT0) RN To(X(T1)4NC 1edX(T21,T2 1o dXET3),FACT )

y (XTLOO0)sPERF 1o (X{1Q1)sPWILD Do UXE221},CFTHLN)

e (XE2511, VL1 Do UX{252)5V12 ) 41X(253),V9 Fs(X[2541,v10 )

P (XU2550, V1T e (XU2560,V19 )

s IXETALTCRY )4 UXUT4)TSUR )4 (XUTS) o TFCU), LXET6),TFCO )
»(X{100), PERF }

fUXCTB V,FEMIS 1o (XIT9 ) STEP ). (X{80},TAU )

FORMAT (IHO*SENSIBLE FAN *,F8.2,8H FANWT  F8,2,RH WTIVK )

FURMATHIHOYCNNDENSER FAN ', FB. 2, 8H FANWT F8.2,8H WTVK 1

FORMAT {1HO* COMPONENY FLOW RAYFS-CFH'/F8.1,' CONDF *,FB.1,' SENF
TeFB.1," AVFANR *4F8.1+' AVFANR " F8.1,* VENTF ',FB.1,' LIOH *)

FORMAT (1HO®CUMPONENT FACTORS-UALEFF FTC.*/1H 15F8.2/1H 15F8,2 )
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CHART TITLE - NON-PROCEDURAL STATEMENTS

961

963

962

9621

G641

964

965

L LY

567

968

It

901

902

903

304

90%

904

$Q7

RO L

FORMAT (1HO* SUBLIMATOR LOOP NOT CONVERGED®*/1H F8.1,8H QTOT FBa.l,
8H QREJ FR.248H TRI F8.2,8H TRO FB.248H TSUBO )
FORMAT{1HO*CONDESER PERFORMANCE NOT CONVERGED®/FB8.1,° WCOOL '
FB.2,% TC1 ¢,FB.1,% QCABS *yF9.1,°' QCABL *,FB,2,* TCAB *,F8.1,*
QSH TyFBals* QLH  */FB.1,'VAIR ',F8,2,' PWFAN ')

FORMAT {1HO*REHEATER REQUIRED®/ FB8.1,' QSENS *+FB.2,' TCAB *',FB.1,
¢ VSENS ' FBa2,* TCIN * )

FORMAT (LHO*SENS HX FLOW LOOP NOT CONVG'/FB.2,° TAI *4F8.2,'TAD
*9FBaly' WAIR *,FB.1,° WAIRMAX * } I
FORMAT {1HO*CABIN TEMP NUT CONVERGED'/FB.2,' TCAB *,FB.1,* WASEN',
F8e1s* QSENSX *yF8,1¢" QCSEN *,FB8.2,* TCDT *,FB,2,' TSI '
1FBol,BH QSMET  FB.1,8H QLMET 1

FORMAT (1HO®HSC=CABIN TEMP LOOP NOT CONVERGED®/1H £B8,2,8H QSM
FB.2,8H QLM FB.2,8H TCAB FB.2,8H QCABS '~ )

FORMAT (1HO*WATER COOLED AVIONICS BAY*/1H F8.1,8H CQHX F8.2,8H WC
PAIR FB8.2¢8H TBAY F8.2,8H THXAO FB.2,8H THXCO )
FORMAT{1HO*WATER COOLED AVIONICS BAY*/F8.1,* QHX *,FB,1," WCPALR®
1FBe2y* TBAY *,FEB.2,' TXxO *) ‘
FUPMAT(1HO*RADIATOR LOOP COOLED AVIONEC BAY*/

FByl,® QHX *,FB.1,* WCPAIR *4FH.2,* TBAY *,F8.2,* TXD '
FORMAT (1HO®FUEL CELL HX ¢/

FBolo® QFL  *4FB.14% WFC *,FB.2+° TF/CI $4FB8.2,% TF/CO *)
FORMAT [1HO* CABIN LNCP TEMPS *)
FORMAT (1HO'RADIATOR LOCP TEMPS *}

FORMAY (1HO* HEAT LOADS */

£8.1," QCOND *,FB41,* QSENS  *,FA.1,' QCPUMP *,FB.1,¢ QINTX *,

FB.1,% QRPUMP 9,FB,1,* QRAD  */FR.1,* QEVAP *,FB.1,* QRY '

FR.1,* QLAT ¢ )

FORMAT (1HOY SENS HX PERFORMANCE ¢/

FR.1,AM QSENS FB8,1,8H VHX  FB.2,8H TXAl  FB.2,8H TXAD  F8.2,
8H TCAB  FB.1,8H QMETS )

FORMAT (20H QULAT NOT CONVERGED /1H F8,2,8H TRO  FB.2,8H TIHXO
FB.6,BH PH2OT FR.4¢8H PH200 1

FORMAT{20H CANNOT MEET QSENS  /1H FB,2,8H TRO  FB.2,8H TIHXOD 1§

FORMAT(1H FB.1,BH QHXS  FB.2,8H TEQHT FB8.2,BH HXWT  F8,2,8H WAL

LWT FB.7,8H FANPR  FB.2,8H TAOX )

FORMAT (26H1SYSTEM [TERATION WEIGHTS /1M FBe1,8H TINXI F8,2,8H TIH

X0 F8.2,8H TEQWT FB.2,8H TOTWT FB.2,8H TOTPW FB.2,8H TADS

£8.2,88 TAOC )

FORMAT{114H0 H2OREM HXSLNS W/S PUMPC  HXINTF  PUMPR  RADWT

SUBLIM CO2REM VENT  CONTC  FAN L FAN A FAN MS )

FORMAT (14F8,2)

FORMAT (27THO COMPUNENT POWERS (WATTS) /65H H20REM SENSF  PuMPC
PUMPR  CO2RFM VENTF  EBAYL  EBAY2 )

FUPMAT { 30HOCOMPONENT FLOW RATES CFM ’

IH £10.1,8H H20PEM F9,1,8H COZREM FO.1,8H SENHX F10.1,8H VENT

F10.1,8H CONTM  FLOL14AH FAN C F10.149H FAN A/
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CHART TITLE - NON-PRCCEDURAL STATEMENTS

IH F10.198H EBAYL F10.1,8H EBAY2 }
909 FORMAT(1H FB.4,8H POPO F8.1,8H WCDOL FB.3,8H WBCO2 F£B8.3,8+ WBD

€S FB8.2.8H ULLPEN F8,1,B8H ARAD F8.2,8H WTEXP

910 FORMAT(13HO INPUT DATA /
1H F8.2,8H TCAB FB.2,8H PCAB FB.2,84 RGAS F8,3,8H TRADO
F8.2+8H WRAD F8,2,8H CPLOOL FB842,8H CPRAD FR.2,8H RHOC /
1H F8,2,8H RHOR F8.2+8H WCO2 FB8.2:8H DAYS F8,1,8H QSMET
FBaleBH QSENE FB8.1,8H QLMET FB8.1,3H QCPY FB8.1,8H QCP2 /
IH FB.1s8BH QFCELL FB8.1,8H QSUBL FB.1,8H KEY CO2F8.1,8H KEY HZd
F8.2+8H DTIHX F£8,3,8H TOLP FB.1,8H TVENT FB.3,8H DAYEM /
1H F8.248H NO TRADFB,2,9H NO TIHOF8.2,8H BLANK FA,2,8H NO QLAT
F8,3,8H PHMAX FB.2,8H WC/WR FB,4,8H DT RADUFB.4,8H EF FC /
IH FB.%,8H PPFIX FB8,5,8H PPVAR FB8.2,8H KEY HXSFB8.4,8H KEY OPT
FB.4y,8H ND WC FB.%y8H FACT WCFBa%¢8H KEY RADFR.4,8H KEY CON /
1H FB.248H OP H20 FB8,2,8H DP SHX FB.2,8H DP CP FR.2,8H DP RP
F8.2+8H DP CC2 FB.248H DP VFNTF84248H T SINK F8,2,8H CPA /
1H F8,2,8H AMAX FB.298H FEXP FBe.2,8H QAMIN FB8.2,8H QUPM
f8.,1,8H QE1 FB.148H QE2 FBe2484 TEL FBe24+8H TE2 /
1H F8,2,8H DPE] F8.2,8H DPE2 FB.2,9H F RAD F8,2,BH F CO2
FBs2,8H FN CO2 FB.2,BH TCMAX FB8.3,84 CO02L FB8.3,8H EFH20 |
911 FORMAT(1H FB8.1,8H ULLDES FB.1,8H ULLCOZ FB8.148H DEW PT FB,1,8H TAD
€11 F8.1,8H TAGE12 FB.1,8H TEB1 FB8.1,8H TEB2 /1H FB.1,8H TADE?2
)
912 FORMAT {1HO®* €8hX1 EBFANL  EBHX2 EBFAN2 FCHX CRYHX WTH20

WTHYD FEVAP GSE  *)

Q30 FORMAT (26HOCOMPONENT WEIGHT FACTORS /

1224 COND SENHX W/S PUMPC HXINT PUMPR RAD sue
LIOH VENT FANC FANS c HSC CONTM /

1H 15FB.4 )

931 FORMAT (20H SUBSYSTEM FIXED WT 7 IH 15F8.2 )

932 FORMAT(23H STRUCTURAt WT FACTORS /1H 15F8.4

9311 FORMAT(LHO' COMPONENT WEIGHT FACTORS®'/'  EBHXIL EBFANL  EBHX2 ]
FAN2  FCHX GSEHX CRYHX CHILL SusLT FEVAP A Be
/15FBe4 )

934 FORMAT (20H SUBSYSTEM FIXED WT  /1H L1S5F8.4)

935 FORMAT(23H STRUCTURAL WT FACTORS /1H 15F8,.4)

936 FORMAT{29H0 RAOQIATOR LOOP TEMPERATURES

37 FORMAT (2940 CABIN LOOP TEMPERATURES

938 FARMAT (32HO ERAYL EBAY2 SUBLIM

940 FORMAT (18H CASE DID NOT RUN 1}

941 FORMATL1IH 4fF10.1)

anp FORMAT(20HO DPTIMUM CHONNDITION FB.l,5H W( /50H TRVEQWT TR0

TINHXO TOTPA TOTWT)

a8y FORMAT(1H SF10.1)

382 FORMAT (32H FLOW RATE L0OGP DID NOT CONVFRGE)

NS FORMAT (1M 6F10.1)

054 FORMAT [40HO  TOTLQWTY TINHXD TOTPW TOTWTFRL145H WC  F8,2
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955

960
970

97s

s

981

983

9R&

986

98¢€1

9862

9867
987

9819

AUTOFLOW CHART SET - H2478B PAGE 37
v4H TRO)
FORMAT{28H0 OPYIMUM CONDITIONS SUMMARY/60H TOTEQWT W
TRO T INHXO TOTPW TOTWTY

FORMAT(13HO OUTPUT DATA)
FORMAT {1H 11F10.1)
FORMAT (12HO HEAT LOADS/119H CONDMX SENSHX INTERHX FUELCEL
L RADIATOR EXP HX YOTLAT SENSCO2 LATCO2 SENSH2DP LA
TH20P QSINK J
FORMAT (1H F8.1,8H CYCLE F8.1,8H QERA2 J
FORMATI(1H 15F8,3)
FORMAT{1H FR.24BH QCHIL F8.3,8H TOLQ FB8e.1,8H WF/C F8.1,RH XEY
SK  FB,1,8H WCOOL FB.148H TIFXI FB,2,8H TIMECY FB,2,84 TIMESS /
1H FB,2,8H TFCI FB.2y8H TFCO FB8.1yBH NUBFRH F8.448H EMIS
FB.1s8H STEP FBe2¢8H TORBIT FA,1,8H PERF ]
FORMAT (THO*RADIATOR/EVAPORATOR EXPENDABLE USAGE NOT CONVERGED'/LH
FB.1,84 TRADIN FB.1,8H TEVAPD FA.1,BH QEVAP FB8,1,84 TRADO
FB,1,8H QTOV )
FORMAT (1H19RADIATOR/EVAPORATOR EXPENDABLE USAGE'/1H FB8.1,8H QTOT
FB.1,8H WEVAVG FB8.1+8K NO.STEP )
FORMAT (12HO ORBIT STEP * 1716 2717 3718 4/19 5720
6/21 7722 8/23 9/24 10725 11726 12727 13728 1

“/29 15/30°%)

FORMAT{11H WEVAPORANT 15F8,2/11H 15F8.,2 )
FORMAT(11H T RAD IN 15F8.2/11H 15F8,2 }
FORMAT{11H T SINK 15F8,2/11H 15f8.2 )
FORMAT{11H TEVAP OUT 15FB8.2/11tH 15F8+2 )
FORMAT{11H OFF TABLES 1518 /11H 1518 )

FORMAT (1HO*COMPONENT POWERS -WATTS*/1H 15F8.2 )



. SP 01772
10712/ 72 AUTOFLOW CHART SET - H2478 PAGE 38

CHART TITLE - SUBROUTINE LIOH{J,DAYOPFoWLoWT,PHyV,QS,QL)

/7 LIoH 7 / 12 /
1 1
03.06%-~)1 38.01---}1
1 01 1 14
L e e T L T P
I COMPUTED GO TO I 1 Qs =
1 FOR  NPER 1 I 35.*WC02#FCO2 |
$omemmmmce e ————= 1 1
11t 38,02 1 1 o = 1
12 38.14 1 T 17.5¢WCD2¢FCN2 |
Prm s e, . ——————— L e L it bt
1 1
1 1
1 i
IF OUTSIDE THE RANGE CN2 PARTIAL PRES
1 1
1 1
1 1 15
P ERF ORMANC £ L e -
CALCULATIONS 1 PHMIN = '
WT OF LIOH + CHARCODA! I WCD2¢(TCAB + 1
1 1 459.6) i
38.01---11 I «ENCO2%FCC2/ 1
11 1 02 I FRESH/V/1.870 I
— - - - 1 1
= 1 PMAX = I
WCO2#DAY#1.263 1 PMIN®.95/CFTLUI
L LT LT T —

IN =

*
1

1

I

1 1
1 WCN2¢DAY/ 8,606

1

[

I

3

.

1

1

1

I I
1 I
1 PRINT DATA
1

1

*

/ WRITE TQ DEV 7/
&

~

/ VIA FORMAT /

/ 20 /
/ FROM THE LIST /
(-/0) * . B ---
$mmm—- « TN - WN - * 1
1 * 001 * 1
1 ® ® I NOTE 17
1 * ® L LR 2R BESY B
f * ®  LIST = PMAX, ]
1 1 (+) ® PMIN, QS, QU *
1 1 tmmrememman [T, )& £ % ¥ & % B F B K XD
i 1 I 1 1
LIOH M-VALVES 1
[ eecenea ——————
1
1 o8
Brerrerm—e———— —————— *
I8 1 H
11 WTV2 H
1. 1 (Ve 1 HTM) H
101 H
it H
L —————
t WLEWN/TN 1 1
L L Bl bt ® 1
! 1 09
1 L et T
1 I WT = (WLRFWTULJ) ¢
FAN POWER 1 FXW(L) ¢ 1
t I 2.%WTM)&SWT{J} 1
1 L ®
1 06 1
L ————— * 4

1 1
1 1
1 L H ] COMPUTED GO TG I
i 1
1 1

VEOPF/510./CFY i FOR LA 1
(11 S 3

D ———eeee- ® 121 38413
t 122 38,11 1

1 B e e ————————— ——m———

1

1S PUWER TON LOW 1

HEAT LNADS
1 IF DUTSIDE THE RANGE
1 1
1 07 38,10--=31
A b b O hd 22 1 11
I Qs = r 1 smesse-sece-ee-o
I 38.%wCO2¢FCO2 ¢ I / WRITE TO DEV /
( PHE3 414 1 6 /
1 1 /  VIA FORMAT /
1 L = 1 / 23 /
I 17.58WCN2#+002 1 / FROM THE LIST /
D ittt Py L et P

s et ey et R me b e iy et b ot ot Pt P e rh 4 e et o e bt b ot T e bt e St g e

T NOTE 12
* & & % ¥ & & ® & % %
€ LIST = WN, WM, *
* WL -
% ¥ & ¥ & % & ¥ & &
!
384108--) [ (===m-wamemmmm e .

21 13
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DIMENSION FWT(15) ,FXW{15),SWTI15)
DIMENS ION
CFT{30}
COMMON X{T00),LA,NPER,PP
EQUIVALENCE
(X101 D o FWTEL DD o (XCL31)  FXWELID2EX{161),SWTEL))
EQUIVALENCE (X(60)+FCO2),{XL62),FNCO2) ,
(X(22114CFTI1)) +IX{100),PERF) ,(X{10),WCO2}
eUX(11,TCAB }oiX(TT) FRESH)
23 FORMAT(1HOFB8.1,8H NOJCAR FB8,248H MVALVE FB,2,8H LICHWT 1}
20 FORMAT(1H] *LI0OH SUBROUTINE-CO2 PARTIAL PRESSURES'/F8.3,¢ PMAX .

2FB8.3,* PHIN *,F8,1,* QS *eF8.1et QL ' )
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CHART TITLE ~ INTRODUCTORY COMMENTS

COND HX SUBROUTINE
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CHART TITLE = SUBROUTINE CHX{QS,QLeTC,TCI,WCPC,RHO,CPA¢PMAXsDPFyTAD)JsQCSIVPH,

/ CHX /

07.0%3==~)%

MAX. DEW PT. YES
$ DEBUGIALL)

41.08---)#
*
1 o1
Keaconcnvramasemevan
1 H
[ KANDK H
Tt (PMAX,TMAX,1) H
1 1 tormm e ¢
11 H I
L et —————— 1
1 1
1 1
1 02 1
L I
1 TMAX = TMAX - [ 1
i 459, ¢ 1 I
1 t 1
1 W20 = QL/10654 | :
1 1
1 313 = Qt ¢+ QL2 1 i
focmeem—ae e 4 1
1 1
1 1
1 1
0 !
* » 1
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50s10=---)%
{
16 * 20
.« x
* *
{=) =
tm—=—as  THT - TWTS
1 * .
1 . *
1 s *
1
+ {07+

*
1
I
1
1
1
]
+

R

1
1
1
!
§
1
1
1
1
1
!
1
I
1
I
!
!
1
+

40,0782 s

19 i
Fmrmrrmcmcane e ————
1 PW = PWS
1
{ WT = WTS
1
1 CFTLJ} = UAS

SP 01T72
PAGE

LAST ITERATION VALUES

21



10712772 AUTOFLOW CHART SEY - H24TB

CHART TITLE - NON=-PROCEDURAL STATEMENTS

DIMENSTON FNT(1S)eFXWI15),SHTI1S)
+CFT(30)
COMMON X{(T700) ,LA¢NPER
EQUIVALENCE
(XCLO1) o FUMTEL Do (XT3 ), FXMELY D EXTT61),SUTIRY)
2 IXE221)4CFYL1D}
30 FORMAT {1HO*SENSIBLE HX *,FB.2,8H WTHX F8,2,8H WVALVE

10 FORMAT (224 HX CANNOT BE BUILT )

SP 01T72

PAGE

51



i SP 01772
10/12/72 AUTOFLOW CHART SET - H2478 PAGE 52

CHART TITLE - INTRODUCTORY COMMENTS

ELECTRONIC BAY COOL ING SUBROUTINE



SP 01T72
10/12/72 AUTOFLOW CHART SET -~ H2478 PAGE 53

CHART TITLE - SUBROUVTINE EBAYI{QE,TE,YCL ¢WCPCyRHOCPAPP+DP (MTHX WTFANSPW,V,TCO,

/ EBAY /

09,168%=-=)¢
FAN TEMP RISE HX CAN BE BUILT - AIR
FLOW RATE
L]
1 01 $3.05-=-1}%
L T ———————— k} 1 10
1 DTF = 1 PO, emm———— .

I DP*3,414/(510.% 1 QE/cPAsiTE = ]
U RHOSCPASCFTILF + I . TAQ)/RHD 1
! (9 0] T Mmemme e e »

[ T N, ——————— [

1 1

1 : FAN POWER
ATR [NLET TEMP :

1

1 1 11

t 02 foccmmmm———————— —_——.
g - . 1 Pw = 1
{ TA1 = TE + DTF I { OPsV/S10./CFTILF
PO ————— - 1 + !

l P e - .- —————— L

1 I

1 1
INITIAL AIR QUTLET 1
TEMP TOTAL HEAT LOAD

t 1

! 1

1 03 1 12
K- e e — - -- —emmw ool L B e ————-—- .-
I TaD = TCI1 # 1. 1 1 QY = Q& «
$ocmeenrer e e - 1 PWE3, 416 1

1 Pumwrm v m e ——a e - -

1 1
1

1
OPTIMIZATION LOOP
i COOLANT NUTLET TEMP

1 1
1 NOTE 04 1
L BB B RE B N B 1 13
«  BFGIN DO LONP  * : L it e L e *
A 100 N = 1, 20 * 1 TCG = TCI + 1
LR BTN B B A L 1 QT /WCPC i
1 L et T *
55.04~~-=)1 1
1 1

CAN HX 8E BUILT 1

CAN KX BE BUILT

1
05 1
* * = 14
* * b .
« = (-/0) ’ * .
* TE - TAD Bt * * =1
* . 1 . = TCO - val s-¢
* . 1 HX CANNOY BE BUILT IS * . 1
* * ! THIS FIRSY TIME THRU ° [y 1
* 1 LooP - * 1
1 (+) I * enen
! bo e mran—ee§53,058-~ )8 FIRST TIME THRU - USE 1(0/7+) « S&
1 1 LARGE VALUES AND ! . 01
1 2 * 06 PRINT MESSAGE 1 e
1 * * 1 11
1 * L] L LR T D et A 1
1 - « (-/0) % 12 1 (24 1
. . N -1 S R 1
. . . - / / cos
2534104 . . / WRITE TO DEV / . .
. . . . / 6 / «52,06.
ves 3 . / VIA FORMAT  / . .
1 (e} / 10 ’ cee P
1 cceccomerm e
1 1
1 1
1 T 08
1 L et T 3
1 I WYHX = 10000, ¥
cee I
. . { WYFAN = 10000. I
«55.10. ] 1
. . 1 PW = 10000, 1
eee 19 1 1
1 TCO = TF 1
1 1
1 QT = 100000, 1
L S e e
. 1
1
1 09
L LD T T D ¥
1 v = 10000, 1
1 1
] TAO = 7CI 1
L R ————
1
1
1
s
‘ . .
455405, ,
. .



: SP 01T72
10712772 AUTOFLOW CHARY SET - H2478 . PAGE S

CHART TITLE - SUBROUTINE EBAY(QEsTEsTCIsWCPCoRHOCPAZPP 4DPyMTHX ¢ MTFAN, PNV, TCO,

HX CAN BE BUILT - LOG NOT FIRSY TIME - IS
MEAN TEMP DIFF TWT DECREASING
$3.14---)% B bt DL DL ]
1 1 [+28 1 I
Lt D et D B L 1 16 ® 11
1 DYLM = (TAl - 1 1 * ®
1 TCO - TAD ¢ I 1 * *
I TCI)/ALOGE(TAY - 1 1 * » {~}
I 1C0)/7tTAQ - TCIY) 1 1 * TWT - TwTS ¢
PRI SO — 4 . LI |
1 1 * * 1
1 H ® * 1
! 1 * vtess
HX UA 1 1(0/+4) . 55 .
i 1 1 « 01,
1 1 ! cens
1 02 1 T 15
LR e B et ] 1 1
1 UA = QT/0TLM 1 1 1
1 1 1 1
1 CFT(LF) = UA 1 1 see
Bom e e 1 B .
I 1 +56410,
1 1 . .
1 1 vee 19
F AN WT 1
1 )
H 1
1 03 1
L e —————— 1
171 H ! 0
te 1 FANWT H I
1.1 (V,DP,WTF) H 1
101 H 1
f11 H 1
N ———————————— 1
1 1
1 1
! 1]
CHECK VALVE WT 1
1 !
1 I
! 04 1
T ———— ————— - ———— [ ]
181 H 1
111 LARZ H 1
1.1 tVe2+WTK) H 1]
to1 H 1
111 H 1
e —— - - —— —————— 3
1 1
1 * 1
1 1
CFH TO CFM 1
i 1
1 1
1 05 1
Cmme e emmccccacmcaen® 1
1 ¥ = V/60. 1 1
Tt m e ——-- - -, ——————— 1
1 1
1 1
1 1
HX WT 1
1 1
4 1
1 06  #-mcmcmccceccccca}s 1
e I | | 09 1
1 WTHX = 1 1 Lttt et SE LER PR t
I FRT(LF)*UA 1 1 1 THNT = WTHX + 1 1
T FXW(LFI®SWTE(LF) 1 1 1 WTFAN + PPepy I 1
—— t Fmmmmcmeea ————ea—ao® 1
1 I 1 1
1 1 1 1
1 1 1 1
F AN PACKAGE WT I IS THIS FIRST TIME 1
1 1 THRU tD0OP 1
1 1 1 1
1 e 24 1 I 1
e r————— » 1 1 1
I WIFAN = (FWT(LF ¢ | 1 = 10 1
1 1V5{WTF & wWiK) ¢ | f LI 1
1 FXWILF + t 1 * * 1
T 1)I*SHTILF + 1} ! 1 * & (-/0) I
R ettt ————— ) * N =1 Gy 1
1 1 - * 1 T
1 1 * * 1 t
1 1 “ * 1 1
TOTAL EQUEV WT 1 * eses 1
1 ] F s} o 55 . 1
4 1 1 . 01 o 1
D ) ! eves 1
1 15 1
1 I
! 1
+



SP 01T 72

10/12/72 AUTOFLOW CHART SET - H2478 . PAGE 55

CHART TITLE - SUBROUTINE EBAY(QE.VE, TCI,HCPC,RHOCPALPP,DP s WTHX, NTFANSPW,V, TCO,

1S FIRST TIME OR TWT
DECREASING - STDRE
VALUES

NOT FIRST TIME THRU
OR TWY INCREASING -
USE PREVIOUS VALUES

$6.10%=~}» 53,06¢--1%

15 1 01 19 1 10
L T R L *
1 THTS = TWT 1 1 PYW = PWS 1
I 1 1 1
1 WTHXS = WTHX 1 1 WTHX = WTHXS
1 1 1 1
I UAS = VA 1 1 WTFAN = WTFS !
I . 1 1 . 1
1 WTFS = WTFAN 1 1 CFT{LF} = UAS 1
4 1 ! 1
1 WFS = WTF 1 1 TCO = TCOS 1
1 1 1 1
1 WNKS = WTK 1 I 1
. . . .

1 PWS = PW 1 1 Vo= Vs 1
t 1 1 1
1 TCOS = ¥CO 1 1 VAD = TAD - 2. I
1 1 R .
! QTS = OF 1 1
1 1 1
1 Vs = v 1 1
LR e L aes

1 . .

t + 55405,

1 . .
END LOOP - STEP AIR ves 20

OUTLET TEMP

1

1
100 1 03
L D T PR Py
1 TAn = YAD + 2, H
L e T Y ]

1
1
« 04
. *
. .
* * NO
A ENG OF DO -
- Looe * 1
. * 1
« = 1
b vece
1Y€ES « 53,
1 . 05 &
1 enve
t
1
53.09¢-~11
20 ! 0s
L LT T PP
! COMPUTFD GO YO 1
1 FOR LA I
T
121 55,09 1
1 22 55.06 1

L LT E LS ]
1
1

1
1F QUTSIDE THE RANGE
1

55.06==-=11
22 1 06
T, P s
I WIX = FRTILF)®UAS 1|
R

1

H
1 07

/ WRITE YO DEV /
] /

7/ VIA FORMATY 4
/ 23 /
/ FROM THE L1ST /
1
1

tm—— PR m————)t
[ NOTE 08
e e E & 2 KRS
* LIST = WTX, WFS, *
. WKS *
¢ F e TP EEE LD

1

55.05==-)1

‘ 21 1 09

*  EXIT .



SP 01T72
10/12/72 AUTOFLON CHART SET - H2478 - PAGE 56

CHART TITLE - NON-~PROCEDURAL STATEMENTS

DIMENSION FWT(30),FXW{30),SKHT(30}
+CFTL30)
COMMON X(T00}.LA,NPER
EQUIVALENCE (X(101),FWTULID,(XEL31DoFXW{L) DoUX{16L),SHT(2))
VX221 0, CFT(1D )

23 FORMAT(1HO*AVIONICS BAY *,FB8.2+8H WTHX FBe2,8H WYFAN FB842,8H WT
CK )

10 FORMAT (22H HX CANNOT BE BUILT i



. SP 01T72
1071212 AUTOFLOW CHART SET - H2478 - PAGE 57

CHART TITLE - INTRODUCTORY COMMENTS

HSC ROUT INE



1w/712/12

CHART TITLE - SUBROUTINE HSC‘“CDZ-QLAY.DAV'RHO}PVl'PD'L.IT.PN.V'HB.IU.VCH.NF)

/ HSC /

05.13%~~)%

D IMENSION

*

1 01
L T S
1 COMPUTED GO YO I
H FOR NPER 1
L B Tt Y
1 4 58.02 1
1T 62 60,01 1!

e e e ®
1
1
1

[f DUTSIDE THE RANGE
T

SEY UP FOR LOOP
t

58.01---)1
41 1 02
o e e ———
1 ve =1, 1
I 1
H WH20 = 1
1 QLAT*CYCL/63900, 1
1 1
1 WRC = 1
I wCO2/CHSB*FCO2* |
L] CYCL/ 1440, 1
1 1
1 NC =1 1
B o e e e o

1

1

1

ENTER LOOP

1

1
[ NOTE 03

LR N B B B

» BEGIN DD LGOP ®

hd 10 N=1, 9 *

LR B I A ]
i

59, 16=--}1
1

SIZe BED FOR H20
1

o 06
B re - —-—- - —-——————
11 H
[ UNBAR H
I 1 (T(11,26,¥B, H
I 1 PVI,BL,K) H
[ H
$ rmme e e m cr e —- -

1

1

1 05
e e - e ——— —————
I COMPUTED 60 TO 1
I FOR LA 1
L U ———
I 16 58,08 |
1 19 58.06 1|

LF NUTSIDE THE RANGE
1

58.05---11
19 1

/ WRITE TO DEV /
6

/  VIA FORMAT /
/ 21 /
/ FROM THE LIST /

NOTE Q7
[ N

LIST = VB, PVI,

#ocemmceneo58,058--)4

B e e i ot b ot Mt ey e ot o Pt et R o

AUTOFLOW CHARY SET - M247B

C02 LARGER
DR iy Py
11 I 11
1 WBS{N) = wBC 4

Il e R itk K U iy o N RN I

16 1 [1].]
I WBSIN) = WH20/8L I
1 1

1 V = WBS{NI*vB*60. |

Hmmemcmctn c———— —————
1
1

SIZE CO2 BED
I

[ Y

1 VSI(N)

ettt — e ——

1
I
*

T At b ettt b et T et e et Bt R ot bt Rk bt o o Rt o b o et et it t

® *
. * (-70)
* WBSIN} - WBC #-e---¢
* *
. *

{+)

$ -

Feowmcma—an PN

VACUUM VALVE WT
1

mmeeccceaa

12 1 12
R ittt T S -
t WiV = 1

! «2155%VEE,5 o 1
1 .000835%v ¢ 2,7 1|

P e e e e et 4t P g et St e b o e ot Pt Py e bt e b b ome

17
L e T, .
18 1 H
111 LAR'FS H
fe 1 (Ve2,WTK) H
o1 H
11t H
L T L g ——————t

Ymmmcmma e [PRSR—. ——
1
1
1
* 13
* =
® *
. € (0/+)
O OHTV = 7.5 seemeey
* L3
® *

FAN POWER
1
[(memcmmeemaasy

18 t 15

[ - — o —————— x

i DP = PD « 1

I 0.275%(vBI%=],5 |

1 1

1 PHSINI = t

1 V#DP/180. 1

H o - - ——————-——
1
1
I

FAN WT
1
1
1 16

L e - - -

171 H

14 1 FANNT H

Ie I (V,DP,WTF) H

10 1 H

nt H

E S, ————

SP 01T72

PAGE

58



10712772

AUTOFLOW CHART SET - H2478

CHART TITLE - SUBROUTINE MSC(HCdZ}QLAT.DA'.RMO.PVI.PD.L'HY.PN.V.HB|NU.VCN-HFI

58.18---1%
1 ()]
L e L LS 3
i WVC = 3.2 + 1
1 .0646%tV/604) 1
! %, 835 1
E —

1
1

ULLAGE PENALTY
1

1 02
L o T
1 WUSIN) = 1
I 83.4#RHNKDAY#WBS
1 {N}/CYCL

L et n b
1
1
1
CANISTER WT
1

1 03
T et ST R
1 WiX 1.3=WB8SIN) 1
R m- - - -

1

1

r
SYSTEM WT

1 04
[ et
1 WIS{N) = 1
[ (FWTILI®(WBSIN) ¢ ]
| WIX + WTV) ¢ 1
1 FXWIL) + 1
1 WVCIESHTIL) 1
1 1
{ AFSINY = (WTF ¢ I
3 xwIKI*SWT(12) 1
R ————————

4

1

1
SYSTEM Wl

1

1

1 0%
[ e R B ettt astad 4
1 WISYSIN) = 1
I wTSUIN) ¢ WFSIN) ¢ 1
1 PWSIN) PP 1
Koo - -

1

1

i 06
P it d
1 COMPUTED GO TO I
1 FOR LA 1
B - - -
T 31 55.11 |
1 32 59,07 1
fmms cm - - ———

/ L}
7/  VIA FORMAY /
/ 22 /
/ FROM THE LIST /
t
t
I NOTE O
s e * & & ® * &
LIST = WISEND,
WFS(M)e WTSYSIND,
WAS{N)
s & & & E & ®
1
1

PR 2
«a*a®eD

pomr e me————

O et L4

1
1
1
1
1
1
1
1
1
1
1
1
!

1
1
1
1
1
1
1
1
1
1
1
!
1
1
1
1
1
1
+

1 09
/7 WPITE TD DEV /
/ & /
/ VIA FORMAT /
/ 70 /

/ FROM THE LIST /

1
1 NOTE 10
PRI B B B I A
LIST = WYX, WIV, *
WVC, WTF, WTK *
%k K K & KK
1
1
1
FIRSY [TERATION

LR N ]

1
59,06---11{
1

31 * 11

o = e -

e59.18.

see L4

~FIRST ITERATION

SP 01T72

PAGE

NOT FIRST IVERATION
59,11-=-)*
1

14 * 18
* *
*

*
(-70) *WTSYSIN) - *

poemmn® HTSYS(N = 11 *

PP I P il el

¢oremmmeemmesccccen) f{mmmancscasn e

13 1 12

e

{ NC = NC ¢+ 1 !

1

1
10 1 13
e e L T P L L Ot
1 VB = VB + 1. 1
e e ———————k
1
1
1
* 14
- *
. * *
4 * NO

* END OF DO -4+
* toorp * 1

* * 1
* » 1
* X
1YES . 58 .
t . 04 .
1 eses
1
1
1
1
NOT CONVERGED
T
1
1 15
/ WRIYE 10 DEV /
/ 6 /
/ VLA FORMAT /
20 /

/ FRDOM THE LEST /

{ NOTE 1

6
* & £ ¥ & 2 5 % ¥ &
« LIST = WBSINC - +
« 1), VSINC - 1) =
* & & & % ¥ & & & B

1
59,20%==) [ (==~~~ e
20 [

* .
- *
* -
*
1 (+)
1
1
i
H
1
pommmmmm =
CONVERGED
*{mwmmmmmeae
15 1 19
L P et .

{ WY = BTSUNC = 1) 1
1
WF = WFSINC - 1) I
1
!

V = VSINC - 1}

1 i
1 PW = PWSINC - 1) I
Hmmmem e o eam ek

1

I

1 20
Bmrwwrmam—----———-- - *

I WA = WBSINC - 1)

1
1
1 WU = WUSINC - 1) I
1 1
!

Tt

it o van s vt T ot T b b e Pt o it o oty et e e e P AW e sm St e e

@ et b bt bt i e e bt e



: . SP 01T72
10/12/12 AUTOFLON CHART SET ~ H2478 PAGE 60

CHART TITLE - SUBROUTINE HSC(UCDZ,QLAY:DAY'RHO'PVI'PD-LvHT.PH.V.HB.HU-VCN.HF)

OFF DESIGN H20 NOT
CONVERGED-SHOULD AIR
58.01-=--}% BE BYPASSED
42 1 01
LR R TP * + e emsemm——— ¥
1 WH20 = 1 1 H
I QUAT®CYCL/63900. T I 43 * 06
1 1 1 * *
H WB = CFT{(L) H 1 * *
1 1 f o) * = (=)
1 V8 = V/WB/60. 11 +=% WH20C = WH20 #eewm-y
t 1 1 1 * * 1
! VBM = VB 1 1 ® * 4 UP CABIN DEWPOINT-IS
$ommmmm e ittt -+ 1 I * = ! FLOW AT MAX FLOW RATE
T i cees * 1
1 I . 61 , I (+) tome e c———— ——————— X
1 1 .« 05 . 1 14
ENTER LONP TE FIND 1 cves f 44 « 07
ATR FLOW REQUIRED FOR I 50 1 o
HUMIDITY CONTROL 1 1 * -
L 1 I * (=)
I 1 1 * VB - VBM €y
I NOTE 02 1 sen * *
2 & & % K & Kk B * & 1 . - ® ® 1
«  BEGIN DO LODP #* | «61.01, LI
« 4T N =1, 15 s 1 . . . cene
LA I I | s 45 11074y o 61
1 ! I « 01,
61.02-~=)1 1 1 cees
1 1 1 &5
FIND WATER LUADING 1 1
H 1 1
! I 46 1 08
I 03 1 Femommaraaae ————— *
# o R | i PVI =
[ Ho1 [ PVIX{WH20/WHZ0C) |
1 UNBAR oo il e emm———— *
I I iT{1)y26,v8, H 1 I
I PVI ,BLK) Ho1 1
[ Hod [
A et EE TP * 1 cee
I I . .
! 1 61,02,
{ t . .
H20 REMOVED t cee 47
1 1]

IS WATER WITHIN

TOLERENCE
1
f
1
£ 05
® x
. * (-/0)
* ABS{WH20C - %=+
*WH20) - L0S* |
® * 1
* = [



10712772

AUTOFLON CHART SET - H2478

CHART TITLE - SUBROUTINE HSCINCO2¢QLAT,DAY RHD PV 4PDsL ¢WT ¢P We Vs WB o4l VCM,WF)

CHANGE AIR FLOW RATE

60,06%--) %
45 1 01

- ——————

-
1 VB = t
1 VB*WH20/WH20C 1
L s Ll LT T upsp—-—

60,08=-==}1
1
7 b 02
£ =
LI .
. v NO

. END OF DO L XY
* Loor & 1

* - f
L] L 1
* oo
1YES . 60
1 . 03
1 even
1
1
1

1
H20 LGCP NOT
CONVERGED-PRINT
1
1

1 03
/ WRITE TO DEV 7/
/ & /
/7 VIA FORMAY  /
/ 101 /
/ FRIM THE LIST /
1
1
[ NOYF Q&
& & K & 5 &5
¢ LIST = wWH20, .
¢ WH20C, VB, PY1, =
L] 3L -

T EE L E ST T E S
!
1
1
LOaP .10 FIND 202
PARTIAL PRESS -CD2
LOADING,
1
60,050==}1
59 1 25
P )
WZ 1
1 WCN2sFCO2&CYCL /7 1

! 1440,
Bermmmmiceem e ——— - S
I
'

!

FLOW RATE
1
I
1 06

VBeWRe &0, 1

———

BED LOADING

REQUI FEC

1 07

R P

09

[ L L L T T Y 1

I PCO2

1
[ WC/7VC/CYCL*(TCAB |
I ¢ «59,6)%1175.1 1

1
ENTER LOOP TO FIND

PCN2

i
1
1

60 J =

* e

1

LA IR IR A
8EGIN DO tOOP

1,

LR R BN R I B A A

NOYE 1

15

* %% 80

11

#mmmmcmmm———m ———————

D v

S BFED LOA
TOLERENCE

- ——

*

!
1
1
1
{
1
i
1
1
1
1
(
1
1
1
1
1
1
1 61.19~=«}1
1 1
t
1
1
1
t
1
1
1
1
1
1
1
!
1
1
1
1
1
!
f * 81LC)
1

IN

*

*
¢ ABRSUIWCR

H
UNBAR H
(X(351),1,V8, H
PCO2,BLCIKC) H
H

.

G WITHIN

12

.
- {-/
-

* J10*WCR *»

bommceccccm s acceac} &

o)

1
1
1
1
1
H
!
1
1
1
1
I
1
1
1
1
1
1
1
1
I
{
!
+

56 1 13

KANDK

$ommcme et e m———— ——
1

f TOP = TDP - &59.6

Herwmmmmm—— —————————r

/ WRITE YO DEV /7
L3

/
/ VIA EQRMAT  /
/ 103 /
/ FROM THE LIST /
1
1
1 ONOTE 1
* % & & A ¥ & ¥ 8
LIST = vC, v,
PVI, TDP, PCOZ,
Ke KC
® & % & % & & &
1

* oo aw
®ew®n>

1
1

+59.17.

ses 10

et et e v ot b e v o o e

SP 01T72

PAGE
NOT CONVERGED-NEW
GUESS PCD2
6le12-==)%

51 1 17
Bmm o —————————— *
1 PCO2 = 1
1 PCO2*WCR/BLC
Bemmemm—— e —————— *

IF OFF TABLES -HIGH
C02 - PRINT
I

1
1
-

(0/7¢) * *
b KC = & b

P T R

&0 19
» &
* . N
* END OF 0O -t
® tnoe * 1
1
1

LNOP NOT CONVERGED
=PRINT

I
1
t 1
1
1
1

/ WRITE TQ DEV ¢/
/ 3
/ VIA FDRMAT /

/ 102 /
/ FROM THF LIST 7

1 NOYE 21
& 2 & ¢ %2 e
* LIST = WC, VC, *
*  PCO2y WCR, BIC, *
- KC .
[ B L I

1

1

1
RETURN

1

1

1 22

+59.17.
«se 30

FORMATS

61



10/12772

SP 01T72
AUTOFLOW CHART SET - H2478 - PAGE 62

CHARY TITLE - NON-PROCEDURAL STATEMENTS

21

70

22
101

102

103

20

DIMENSION FHWT(30),FXW(30),SWT{30)
sPHS(10) ¢WTSH10),WBS(10),WUST IO}, WFSI10),VvSI10) ,WTSYS(10)
+TU100),CFTL3Q)
COMMON X(700) .LAsNPER,PP
EQUIVALENCE
IXCTOL  FWT O By EXUL3L) oFXNEL DD o IXEL6LE,SRTELDI(EX(63 },CHSB)
P (X064 )yEH20 Dy IX{60),FC0OZ )4 IX165),CYCL)
pAXE401) e TUL) Do XUy TCAB) o {XL221),CFT(L))
FORMAT(14H BED LOADING 3F10.3,12 )
FORMAT{1H FB,2,8H WTCAN FB8.2,8H WVVAL F8.,298H WCVAL FB.2,8H WTF
AN F8.248H WKVAL )
FORMAT(IH 6F10.2)
FORMAT (LHO*HSC WATER LOOP NOT CONVERGED®*/1H FB.2,8H WH20 FR.2,8H
WH20C FB8.2,8H VOLF FBe4,8H PVI FE.4,8H BEDLD )
FORMATL1HO®*CO2 100P NOT CONVERGED*/1H F8,3,8H WCO2CY F8,1,84 FLOW
FB.3,8H PLO2 FB8,3,8H BLOADR FB,3,8H BLOADC 13,8H OFFTAB )
FORMAT (1HO*HSC PERFORMANCE */1H FA,1,8H VREQ F8.1,8H VAVAIL FB.4
+8BH PVI FB8.2¢8H TOEWPT F8.3,8H PCO2 12,12,8H DFFTAE )

FORMAT(19H NOT CONVERGED HSC / 2F8,2



10712712

CHART TITLE ~ SUBROUTINE CONT(J,OP,DAY¢WT,V,QSC)

AUTOFLOW CHART SET - H2478

/ CONT /

03.05---1%
VOL FLOW RATE

.
1 01

P Y . 4

i vV = WCN2#300. 1

[ P —
1
1

1
BED WEIGHY
1

1
t 02

e LD T ]
! wYg = 1
1 DAY*WCO2*.118 1

P
1
1

!
VALVE WEIGHT
1

1 03
L e lettatetattadatd
18 I H
1t Wiv2 H
e 1 {Vy2,WTV) H
10 1 H
1t H
LI R L PR Ty
1
1
1
TOTAL WT
!
I
1 0%
—— .
1 WY = 1
1 (WFB*FWT( ) ¢ 1
1 WV ¢ 1
1 FXWULJII®SWTOJ) 1
" ————— -——————

t

1

1
FAN HEAT LDAD

1

1

1 [:13
1 QSC = 0. 1
L et -f-----—-‘

1

i

1 06

*  EXIT *

SP 01T72

PAGE

63
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PAGE b4

10712772

CHART TITLE - NON-PROCEDURAL STATEMENTS

DIMENSTON FWT(15),FXW(15),S4T(15)

»CFT(304

COMMON X(700),LA,NPER,PP

EQUIVALENCE
lX(lOl),FHT(l').(X(l)ll.FXH([II.(X(l6ll'SHY(ll)
s IXU221)CFTIL) )+ {XU101,WCO2)



107127712

CHART TITLE - INTRODUCTORY COMMENTS .

OOUBLE ELECTRONIC BAY C,OUI.JNG SUBROUTINE

e .- ._.AUTOFLOW_CHARY SET = H2478 . _ .

SP 01T72
PAGE 65



10/12/72 - - -

e e e . AUTOFLOM CHAR

T SEY = H2eTB . __ .

CHART TITLE - SUBROUTIME EBAY2(Q81,Q82,TE,TCL, MCPCoRHO,CPALPP 0P s WTHK , WTFAN, PU,

/ EBAY2 /

1
09.19---)1

1 at
L
{ DTF = i
I DP%3,4164/(510.% I
1 RHO#CPACCFT(LF ¢ |
1 1N 1
1 1
1 TAI2 = TE + DTF
1 T
! 182 = TE 1
1 1
1 TCI2 = TCI + 1
1 QBL/WCPC 1
Smmmmemmaa P
1
1
1 02
LR P
1 Ta02 TCI2 ¢« 2, 1
$ommmmaea B et
1
{
I NOTE 03
LRLIE R B B B B
*  BEGIN DO LNOP  *
* 100 N = 1, 20 *
£ 25 5 0 %KX E XK
1
66.,27---11
1
* 04
* s
* .
. * {+)
. TE - TAD2 *-e
* . 1
* * H
* * t
b PRy
1t-70) . 66
1 . 15 .
] cors
1 3
1
66,19---)1
1
2 * s
* *
3 *
* * (-/0)
. N -1 oo
* *
* *
* .
*
1 (e}
1
1
1
1
1
1
«67.08,
see 19

Vmomemmenaa66,05%--]%

bt et ot vy et ot P bt b bw ot e e iy P S by Pt e P s e ot

1
i
1
3

pom———

1
i
1
I
1
f
1
1
1
1
1
1
1
I
1
1
1
I
1
!
1
§
1
1
1
1
1
1
]
1
1
I
.

12 i o6

cmmemmea e ———

/ /
/ WRITE Y0 DEV /
6

/ /
/ VIA FORMAT 7
/ 402 /
I
1
1 o7
B LT R
I WTHX = 10000, 1
1 1
I WTFAN = 10000,
1 1
1 PW = 10000. 1
1 1
1 TCO1 = TE 1
1 1
I 1C02 = TE 1
E
1
1
1 08
I QTl = 100000, 1
i 1
I QT2 = 100000, 1
1 1
1 v = 10000, 1
1 1
1 181 = TE 1
1 1
1 TaD) = TCI 1
1
1
1 09
L e e L DY
1 TAD2 = TCI t

1
67.12%~~)1
I
300 * 10
* *
* *
TRUE # *
LA LEQ. 1 -
. *

e m—————
1 NTX = 1
I CFT(LFI*FNTLLF) I

Srcrmcaem———— —————— -

/ WRITE TO DEV /

6
/  VIA FORMAT /
l4 403 /
/ FROM THE LISTY /

I NOTE 13
XK Rk

5 LIST = WTX, WFS, *
. WKS »
% k8 ¥ F PR
1
memmeemmecen) ]
301 114,

* EXIT -

/ 3 /

1
66,06~--)1
1

15
1 vV = {
{ QB2/CPA/(TB2 -~ 1
! TAO2) /RHO i
1 I
i PN = I
I OP®V/S510./CFTILF I
] + 1) 1
1 1
1 QT2 = QB2 + 1
1 3.610%pPY 1
1
1
1 16
Lt T a——
1 Qr1 = 0Bl + 1
1 3.414%PW 1
1 1
1 TCO1 = TCL + i
1 Qri/swcec 1
1 1
1 TC12 = 7CO1 i
1
H
i
* 17
* =
* -
* * (-/0)
* TAD2 -~ TCI2 #=--c-s
. -
* »*
s
*
1 te)
1
I
1
t
1
4 4 18
L Y
1 TC02 = TCI12 + 1
1 QT2/%WCPC 1
L S
1
1
1
- 19
* x
- *
* * (0/¢)
¢ TC02 - TAI2 *-«
* * 1
3 * t
P 1
* sese
1 (=) o 66 &
1 « 05
t ceee
1
1
1
11 1 20
Lt Ly
f OTLM2 = (TADZ2 - I
1 TCt2 - TAI2 + I
1 TCO2) 1
1 /ALOG((TADZ - 1
1 TCI2)/7¢(TAL2 - 1
1 1Co211) 1
1 1
I UA2 = QT2/DTLM2 1
t 1
1 CFTILF) = vA2 1
P m e e —— - ————-———
1
1
1 21
LT P pa—y
171 H
16 1 FANWT H
1. 1 (VyDP,WTF) H
o1 H
n i H
L Y
1
1
1
1 7
/67,01

SP 01T72
PAGE 66

T L

30 i 23

» .
* *
* * (0/¢)
* N - 20 LETY
* . t
* . 1
* * 1
* e
T 1{-) . 66 &
1 « 06 .
1 ceee
1 12
1
1
31 ! 24
fm————— et ————— -t
I T¥WT = 10000, -~ {
1 TAQ2 1
1 1
1 WTHX = 10000. 1
1 1
1 WIFAN = 10000. I
1 1
! TC02 = TE 1
1 1
1 TAQL = TCI 1
Sommemaa B T T *
[
1
1 25
o mm—- - - —————-
1 v V/60. 1
L el LT Y
1
67.07---11
100 t 26
T T LT TR
I TAD2 = TAQ02 + 2. 1
Mmoo ————
1
1
I
= 27
- *
® *
* s NO
* END OF DO Ll
+  LoO0P . 1
* * 1
* » !
hd LR NN}
1YES .« 66 o
1 06 o
1 sean
1
1
1
! 28
I /
/ WRITF TO DEV /
6 l4
/  VIA FORMAT /
/ 400 /

. .
+67.10.

oo 20
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10712772 L. ... _.AUTOFLOM CHARY SET - H247B . PAGE o7

CHART TITLE - SUBRGUYIhE EBAVZ(QBngBi.TE;YtlnUCPC'RNO'CPA'PP.dP.I?HX:IYFANoPHv

/ 19 /

66.22~=~-)% 66.05%-~)1
’ o1 1 o8
L R L ettt e ettt 4
181 H t WTHX = NTHXS {
111 WYv2 H 1 1
1.1 (Vp2,HTK} H 1 WTEAN = WIFS 1
101 H I 1
1t H 1 PW = PWS 1
L ettt 4 1 1
1 ) 1 CFTILF) = UA2S 1
t 1 1
1 02 I TCol = TCO1S 1
P T e L TR P 1 1
1 ¥V = V/60. 1 I €02 = TC02S 1
1 1 T et LAt
1 WIHX = 1 1
1 FHTILFISUAZ + 1 1
I FXWILF)*SWTILF) ! 1 09
1 1 P D L el
1 WIFAN = (FWT(LF ¢ 1 Q71 = QT1S§ 1
I 1} {MTF ¢ WiK) + | 1 1
1 FXWILF + 1 1 Qr2 = QT2s 1
I 1YI*SWTILF ¢ 1} I 1 1
Fermmercccccccnaeaw- 1 vV = VS 1
1 PSPPI,
1 1
I 03 66,28~--11
Lt bt et et 20 i 10
1 WIHX = WTHX®2, 1 $ememmeenrres et
{ 1 1 TAD2 = TAD2 - 2. |
1 WTFAN = WYFAN®2, I 1 1
1 1 1 EFF = {(TAI2 ~ 1
t PW = PH*2, 1 1 TAD2)/7{TAIZ - 1
1 ] 1 Tcr2 1
1 THT = WTHX ¢ f ] 1
1 WTFAN ¢ PPePW 1 i Y81 = TCI # 1
LR R RS e bt bt dd 4 1 QY1/EFF/V/RHO/ i
1 1 CPA/&0, ~ OTF 1
1 s -
1 {
hd 04 ' 1
- . 1 11
* * L .
t-70) » * I TAOLl = TBl - 1
tom—— N -1 * [ QB1/RHO/V/CPA/60, 1
] * * L et e P LD b L bt ]
1 . » I
1 L4 * 1
! . 1
1 1 (e . 12
1 1 * 8
1 1 * *
1 1 * * (0/+)
t 1 *  TE - T8l -
I 1 * * I
1 1 * - 1
1 16 = 05 * * 1
1 . L * seee
1 . . 1 (=) . 66 .
1 * * (0/¢) 1 « 10 .
] * Twl - TWTS .-—e 1 eeoe
! . * 1 1 300
1 . * 1 1
1 * . 1 1
t * eses 110 1 13
1 1 (=1 o 67, e Miiuiminded ————
1 t . 08 o 1 Ta0l = TCi ¢ 2, 1
1 1 cens 1 1
1 1 19 1 T8l = VTE 1
1 t L
tremcemnmnaaa) | 1
1% 1 06
L b 1 NOTE 14
{ TWTS = YWT 1 LEE I BE R B BN
1 1 * BEGIN DD LOOP L
! WTHXS = WTHX 1 * 200 M = 1, 20 .
1 1 £ & & &£ & & % & & & &
1 WIFS = WTFAN i t
1 1 ' 68.12---11
1 PUS = PW 1 ]
[] 1 e -
1 TCO1S = TCOL 1 R et A et A . 1 vV =
1 ' 1 o7 1 QBL/RHG/CPA/(TBL |
1 1¢028 = 1C€02 1 1 L ittt i - TAO1) t
T ettt 4 1 1 WFS = WTF 1 1
1 1 I 1 1 W = 1
! 1 1 WKS = WTK ] 1 DP#Vv/S10.,/CFTILF |
S bt 3 1 1 1 + 1)
1 UA2S = UA2 1 1 1
1 1 ! QV1 = QB1 + 1
1 Qris = QT 1 1 3 1
1 1] * *
1 Qr2s = QY2 1
1 1
1 Vs = V 1
* B
1
1 /68,01
1
s66.260

.
eea 100



10712772

. . - AUTOFLOW_CHART SET - H2478

CHART TITLE - SUBROUTINE EBAY2{0B1sQB2s TE,TCI,HCPC ,RHD,CPA,PP,OP JMTHX JWTFAN, Pl

6Tel15-==)%
1 o1
R T T —
1 TCal = TCl + 1
Qri/uMCpPC

TAIL = T81 + OTF

1
1
1
1
OVLML = (TAOLl - I
TCI ~ TAIl + 1
TC01) 1
/ALOG{ (TAD] -~ 1
TCI)/LTALL ~ 1
Tcon ) 1

»

B . e oy

1

1

1 02
L L DTy
1 UAl = QTi/OTLM1 I
1 1
1 CFY(LF) = uAl 1

P

LEST T LT B ek 1 1
1 1 120 * 038
1 1 * *
t 03 1 * .
P S ] . * (0/+)
171 H 1 * THT - TWTS L I*
141 FANWT H 1 * . * 140 1 1
el (V,DP,WTF) H 1 * * *
1o1 H 1 * * 1 WTHX = WTHXS
111 H 1 * 1
Arereccenrrcmrm ek 1 I {-} 1 WTFAN = WTFS
1 1 1 I
1 1 1 1 PW = PWS
1 04 1 1 I
L et Sl et L O 1 1 I TCOl = ¥CoO1s
1e t H Ll e et B | 1
1 Wrv2 H 1 1 121 I 09 I CFT(LF) = UAlS
1.1 (V2,WTK) H 1 1 Lt e L L DL LD ] 1
101 H i 1 1 TWTS = TWT 1 1 Qr1 = QT1s
i H 1 1 1 1 *
bt et DLt t Lt 1 ) 1 WTHXS = WTHX 1 1
1 1 1 I 1 1
1 1 1 1 WTFS = WTFAN 1 1 15
t 05 1 1 ! ! * *
e Tt et ] 1 1 1 PHS = PH 1 I vV = vs 1
1 V = V/60. 1] 1 1 1 1] e e b e L
1 1 1 1 1 UAlS = UAL i 1
1 WIHX = o1 11 e } |
T FWTILFIsuAL + [ 1 I I TCOLS = Tcol 11 141 [ 16
I FXW(LFI#SWTLLF) I 1 L e e S S T | L
1 [ 1 I 1 I TADOl = TaDl - 1
I WIFAN = (FWTILF + I t 1 1 I 1 1
I LIS(WTF ¢ WTK) ¢+ | 1 1 1 10 1 1 EFF = (TAll - 1
1 FXWILF « 1 1] 1 * * t 1 TAOLM/(TAlY - 1
T 1})ISSWTILF « 1) 1 I 1 1 QF1s = QT1 1 1 1 TCcH) 1
Lt el e D e 1 t 1 ’ 1 1 1 1
1 1 1 1 WFS = WTF 1 1 1 QT2 = QB2 1
1 I 1 1 I 1 1 3.414%PW/2, 1
1 06 1 1 1 WKS = WTK 1 1 1 1
ittt e 1 1 1 I i 1 TCI12 = TCO1 [
1 WTHX = WTHX*2, I 1 1 1 Vs = v 1 1 R it
1 1 1 1 e e e Dl ] 1 !
I WYFAN = WTFAN®2, ! T 1 1 1 1
1 1 [} 1 1 1 1 17
1 PW = PUx2, 1 i 1 200 1 11 1 e et ec—e—at
1 1 1 1 | ittt Rttt el 4 1 1 T82 = TCi2 + 1
1 THT = WTHX ¢ 1 1 1 I TAOl = TAD1 ¢ 2, I ! 1 QV2/RHO/V/CPA/ 1
i WTFAN + PPepw 1 1 1 * . 1 1 EFF/60, 1
LR et DD LS DSt ] 1 1 1 1 1 1
1 1 1 1 1 1 TAQ2 = ¥B2 ~ 1
1 1 ) 1 1 1 QB2/RHO/CPA/V/60. 1
I 1 1 * 12 1 1 1
- o7 1 1 * * 1 1 TCO2 = TCI2 « 1
L » 1 1 » - 1 I Qr2/wCPC 1
. 3 1 1 * « NO I it S
. * (=70} 1 1 * END OF 00 ®-¢ | 1
. M- ] L EEE T 1 * LooP * 1 H 1
s . 1 . . [ { 1
* * I * b 1 1 vee
. » 1 * eees I . .
. 1 IYES o 67 o 1 «66.10.
1 (+) 1 1 « 15 4 1 . .
1 ! 1 eses 1 see 300
1 1 1 1
i 1 1 1
1 1 1 1
1 1 { 13 1
tmm———— —m———— ——————— B b L St 1
/ / 1
/ WRITE YO DEV / I
/ 6 / 1
/ V1A FORMAT / 1
/ 401 / 1
t
1
1
*

R T R RSN Sy

SP 01T72
PAGE 68
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CHART TITLE - NON-PROCEDURAL STATEMENTS

DIMENSION FHT{30),FXW(30),SWTE30)

WCFTL30Y

COMMON X(TOO}+LA,NPER

EQUIVALENCE (X{10L)FWTILI Do ¢XC131)4FXWILDD,E(X(161),54T(1))

e (X€221),CFT(2))

403 FORMAT(1H °*DOUBLE EBAY *,FB8.2¢* WIHX *4FB8.2," WIFAN *,FB.2,' WTKV
v

400 FORMAT (22H EBAY2 NOT OPYIMIZED )

4«01 FORMAT (22H EBAY1 NOT OPTIMIZED 1

«02 FORMAT{26H EBAY HX CANNOY BE BUILY )
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CHART TITLE - INTROQDUCTORY COMMENTS

FLASH EVAP SUBROUTINE

.. AUTOFLOM: CHART SET - _H2478

SP 01T72

PAGE
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CHART TITLE - SUBROUTINE FEVAP(Q.NCP,TCI,LsTCOMT)

4 FEVAP /

11.218==)¢
STZING OR PERFORMANCE

.

1 o1
I COMPUTED GO TO I
i FOR NPER 1
L L L D L T -m---
1 10 T1.02 1
111 12,06 1
I 11 72,04 1

IF QUTSIDE THE RANGE
1
1
1
STZING-COOLANT OQUTLET

TEMP
1

- AUTOFLOW CHARY SEY - H2478

71.01---11 Y00 tow
10 1t 02
- * . 1.
1 7CO = TCI - Q/WCP 1 1 12 1 04
. . 1 . .
1 1 1 TCO = 36, 1
! | S ———————— .
1 1 1
IS OUTLET TEMP TOO 1 1
Low 1 1
1 1 HEAT LOAD
1 1 1
1 1 $mmmmmmeeeee) §
= 03 ] 1 13 1 0s
L . 1 1 v rmccac=- ———— e ——— *
. . 1 I 1 QR = WCP®(TCI - 1
. . -1 11 1co) 1
*TCO - 34, * 1 - .
* * 1 1
L ] * H 4 1
L - 1 1
. I UA REQUIRED
100/+) 1 1
1 1
1 t 1 06
1 1 » .
1 1t CFT(L) = 1
i 1 I QR/LTCO = 30.) I
* Lol .l L
1
: !
1
 WEIGHY
1
1 07
i WY = 1
T (FUT(LISCFTIL) + 1
I OFXHILIIeSWTILY I

1
WATER USAGE RATE
1

1 08
[P T -
1 WH20 = QR/965. 3
PO e a———— -

1
1
i
1S THIS THE LASY

ITERATION
1
1
1
* 09
s &
. *
b4 * (-/0)
. La -1t =
- * 1
- * 1
. 1
L vense
1 (e} o 72,
U « 03 .
1 vene
1 14
1
1
1
ene
. .
«72.01.

ees 15

SP 01T72

PAGE
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10712772 .

CHART TITLE - SUBROUTINE FEVAP (QsWCPsTCIoL,TCO,NT)

LAST ITERATION=-PRINT

T1.09-=~)*
15 1 01
/ WRITE Y0 DEV /
/ 6 /
/ VIA FORMAT /
/ 51 /
/ FROM THE LIST /

1 NOTE O
% % k% X FE TR
* LIST = QR, TCI,
b TCO, WH20, WT
5 6 e ¥k E RS
1
71.09%--11
14 1 03

LR R R TN

PERFORMANCE =MINT MUM
OUTLET TEMP

T1.01¢-=} %

11 1 04
e A A Y
1 TOMIN = 30. + 1
I Q/CFT(L) 1
L S ————

1
1

1
IS TEMP TOO LOW
1

1
1
+ 05
* *
- *
¢ « (=)
¢ TOMIN - 34, %e-e-as
" *
* L4
» -
*
140/+)
1
]
1
1
1
o cmr e —- -y

700 LOW

16 1 06

SR ——

1 TOMIN 34, 1

M
1
1

1
MAXIMUM OUTLEY TEMP
1

B |

17 1 07
L T e P ]
1 TOMAX = TCI - 1
1 Q/WCP !

oo ——————t
T
1

1
USE LIMITING TEMP

-

* *

. * (-/0)

* TOMAX ~ TOMIN #-~~==¢
* »

* * 1
. * 1

AUTOFLOW CHART_SET -~ H2478

USE MIN TEMP

S S L Y&

19 1 09

L T )

! TCO = TOMIN 1

[ PR,

SP 01T72

PAGE
USE MAX TEMP
72,08---)*
18 1 10
Sommmmae mmmme—————— *
1 TCO = TOMAX 4

I
1

1
HEAT LOAD REJECTED
1

#ememece ) ]

et et e ot vt oot bt S et bt it et bt St by b e bt fan Bt bt ot . i

B T T e T T e U UV U USSRy

20 ! 11
L P
I QR = WCPe(TC! - 1
I TCO) 1

L ek BT
1
1
1

WATER USED

1
1
P
1 WH20 = !
I QR/965,.*TSUR 1
- e
1
1
PRINT

1
1
1 13

/ WRITE TN DEV /

/ 6 /
/ VIA FORMAT /
/ 52 /
/ FROM THE LIST /

1 NOTE 14

40 8% s
s LIST = QR, TCI,
L TCO, TOMAX,
* TOMIN, WH20
LRI R B
1
1
1

LI 3 A

RETURN

FORMAT S

72
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10712772 L . AUTOFLOM. CHARY SEY = H24T8 PAGE 73

CHART TITLE = NON-PROCEDURAL STATEMENTS

DIMENSION FHT(30},FXN{30),SWT{30),CFT(30)
COMNON X(T00)LA,NPER,PP
EQUIVALENCE
(XCLOLY o FUTCL D o IXCE3L) o FXMLLD ) o AXELOT) o SWTEL) Do IXU2210,CFTIL})
+ (XE100) o, PERF Do (Xt T4),TSUB )
51 FORMAT(LHO*FLASH EVAPORATOR SIZE */1H FB8.1,8H QREJ FB8.248H TCIN
F8.2,8H TCOUT FB,1,8H WH20D F8.2+8H WEIGHY )
52 FORMAT { 1HO*FLASH EVAPORATOR PERFORMANCE®/1H F8.1,68H QREJ F8.2,8H
TCIN FB8.2¢8H TCOUT FB,2,6H TOMAX FB8.2,BH JTOMIN F8.1,04 WH20
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CHART TITLE = SUBROUTINE FANWTCFH,0PMT)

/ FANWT /

06.02%~=)8
WHAT 1S SPECIFIC
SPEED
*
1 o1
1 CFM = CFH/60. I
1 t
I A = CFM/DP**]1,5 |
1
1 R e e SR X ]
1 1 3 t 04
* 02 1 & *
* . 1 1 WY = 1
* * 1 I 1.3%{0.08%DP + 1
* * (=70} I 0.036%DP*s,5 + 1
* A - 10. e 1 0.086%(CFM%DP) 1
* & i *»,6) I
* * D Y
. * 1
* 1
1 (e} L e L T
1 1
1 {
1 1
t 1
I 1
I 1
4 * 03 1
* 3 1
* * 1
* * (-/0) !
* A - 200. Somvmae 1
* * ] 1
* * 1 1
. & 1 1
* bmvemm e mm e mccana] &
1 (¢} ¢ L 1 05
1 1 * -
t 1 I WY = 1
1 { 1 +086%(CFM*DP) 1
I I 1 6.6 ¢+ 1
t [ 1 0.017%CFM + 1
tommmmcemcacwat H 1 0. 13%{CFM*DP) 1
I ¥ I e 4 - 1
1 1 1 {0.0075%CFM + 1
1 1 I 0.057*(CFM*DP} t
1 1 1 s, 4) ¢, 5 I
! 1 LR e e
1 1 1
R ] 1 1
1 1 1
1 1 * 06
1 1 * L]
1 1 * *
1 1 (-} * . (o)
1 I(e-em® WT - 7.8 S *
1 1 * o *
1 1 . *
1 1 . *
] 1 *
1 1 1 t+)
1 ! t
1 1 1
1 1 1
I 1 1
tmmmomfemmemeemenen)]
6 1 o7
t L B e iaithd
I 1 WT = 6.5 ¢ 1
1 1 CFM®,001%(3. ¢ 1
1 1 oe) 1
I D e LT
1 1
4====T4,06%-~)1
1

1
!
!
1
1
1
1
1
!
1
1
1
1
1
1
1
1
1
1
10 * o8 I
1
1
1
1
1
I
1
1
1
1
1
1
1
1
1
1
1
1
1




- - SP 01T72

10712772 . AUTOFLON CHART SET_= H2478 PAGE 75

CHART TITLE - INTRODUCTORY COMMENTS

CRYOGENIC HX SUBROUTINE



i 10412472  ___

CHART TITLE - SUBROUTINE CRY(Q.NH,TIN,NC,WH2)

/ CRY /..

23.03%--) ¢
OUTLET HOT TEMP

-

1 L0
R g
I THO = TIN - Q/WNH 1
L e T

1

1

1
FIRST GUESS OF H2
FLOW RATE-OUTLET TEMP

1

1 02
Seeremcner e
t TH20 = (TIN + 1
1 THOY /2. 1
fomccrmmem e

1

1

1
ENTER LOOP

1

1

1 NOTE 03
* % & &£ £ & % * &R
* BEGIN DO LOOP *
* 10 N = 1, 10 *
* & & % & & ¥ € ¥ ¥ ¥

1
T6e13--=)1
H

FLOW RATE-MASS
1

1

1 0%
L e T e
I wWC = Q/(TH20 ¢ 1
[ 420.) 1

R T R e
1
1

1
CALL HX SuB
1

1

.- AUTQFLOM CHART SET - M2478

CONVERGED PRINT

$emmccmccmmcmcnnene )R

1 .05
L R T St T
[ ] H
191 HX H
e 1 (QiWHsWCy = H

10 1 420,4NC,YOC) W |

ot H o1

B e it o e 1

1 t

1 1

1 1

1S TEMP CONVERGED I

f 1

1 1

1 1

« 08 1

* * 1

= * 1

. (=700 1

* ABS(THO -
* TOCY - 3, *
.

PO

2 1 07

I WH2 = WC/3.12 I

1

1

1
IS THIS LAST
ITERATION

1

1 08
I COMPUTED GO TO I
1 FOR LA 1
1 20 76411 8
I« 76409 (

1
1
IF DUTSIDE THE RANGE
1
1
1
PRINT
1
16.08=-==}1
4 I 0%

/ WRITE TO DEV /
6 /

/
/  VIA FORMAT /
/ 51 /
/ FROM THE LIST /

I NOTE 10
LIE AN I BN I I I N
* LIST = TOCe WH2, *
* TH20 *
IR N
14

T6.08%~=) [ [~=mmmmmmmm e

« 20 tn

* EXIT *

NO -H2 OUTLET TEmMP

T6.086--~)8
3 1 12
1 TH20 = TH20 - 4
1 T0C ¢ THO 1
1
1
1
10 * 13
* >
* *
* * NO
* END QOF DO =4
* toop » 1
* * I
* » 4
* vese
1YES e T6 o
1 « 04 .
1 sese
I
1
1
t
NOT CONVERGED
1
1
1 14

/ WRITE YO DEV /
] 6 /
7 VIA FORMAT 7
/ 50 /
7 FROM THE LIST /
1
1
1 NOTE 1
* & % ® & & ® &%
LIST = THO, TOC,
WCo Q¢ TIN
* % % & % 2% & &
1
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OTMENSION_CET{30)

COMMON X(T00) sLAJNPER,PP
EQUIVALENCE (X(2210,CFT(1))

50 FORMAT (1MO® CRYOGENIC HX NOY CONVERGED'/1H F8.2,8H THO FB.2.8H T

HOC FB,2¢8H WH2CP FB8,2,8H OCRY FB.2¢8H TIN )
FORMAT (1HO® CRYOGENIC HX PERFORMANCE®/1H F8,2,8N THOTCAL F8.2,8H WH

YO  FB.2¢8H THYDO )

51
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CHART TITLE - SUBROUTINE HX(Q,MH.WC,TCT,NCONP,THO)

———— - ————

. A"

26.020--1%
IS THE MFR =1

-
.1 o1

et

1 R = WC/WH 1

O e 1

B o . -

-

- -

. .
«79.06,

23

*

1

1 MFR NOT 1

1

bro—mm—- remreecaem-)k

22 1 03

I EFF = (1, ~ 1
1 EXP{IR ~ 1
T 1.)/ReCFTINCONMP) 1
1 TALIRYAS OY4 304 1
1 EXPL(R = i
1 1.,)/ReCFTINCOMP} I
1 /WH)) I

HOT DUTLET TEMP

1
1 04

I THO = TCI » I

T Q/WH*{1./EFF - 1

1 1.} I
1
[{reerroreosmcaconns

30 1 08
* EXIT .

_AUTOFLON_ CHART_SET = H24T8 .

P i R T L e el ke e el L R )

MASS FLOW RATIO =}

79.02-~-)¢
23 I
[
1 THD = TCI + i
1 Q/CFTINCOMP) 1
frwem——- e ———— *
1
1
............. .
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CHART T1TLE - NON-PROCEDURAL STATEMENTS

DIMENS ION CFY (30}
COMMON X{TO0} LAJNPER,PP

EQUIVALENCE (X(2211,CFT(1)}
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CHART TITLE - SUBROUTINE WTVZ(V.N.MT)

¢ wv2 s S

1
06.07¢--)1
!

o1
* * MANUAL VALVES
1 COMPUYED 60 TO I i
| S FOR N 1 8le.01===)"
* . - 3 1 08
1 3 81.08 1 *
| ) Bl.11 1 1 WY = ,0229%Ves,56 |
1 11 B1.02 1 .
1 12 81.05 1 1
hd 1
! I
1 * 09
s .
IF OUTSIDE YTHE RANGE s »

1 to/sey = .
81,01-=-=)1 et NT - 1. .
11 1 02 1 * *

- 1 - -
1 Wl = 1 1 * .
1 «0768%Vee, 489 1 1 *
* * 1 I (=)
1 1 1
1 1 1
1 1 1
. 03 1 1
s o« 1 ¥
. » 1 5 1 10
L4 * {(0/+) 1 * L]
. WY - 2.2 Lkt + I 1 uY = 1, 1
1 1 * *
» . 1 1
L 1 1
* 1 1
1 =) i 1
1 I 1
1 1 1
1 1 1
t 1 1
1 i 1
14 1 04 1 1
* 1 1
1 WY = 2,2 ] 1 1
* 1 I
1 1 1
1 1 1
e ——— 10 1 1
1 1
1 1
1 1
1 1 CHECK VALVES
1 1
1 1 8l.01-==}¢
N 1 1 L 1 11
1 1 b *
i 1 1 WY = 1
1 I .1 +00275%Vves,606 1
cececmvam—— 1 1 - -
/ 12 / 1 1 1
———— ———me 1 t 1
t 1 1 t .
81.01-==)1 1 1 - 12
1 05 1 I * *
T e ittt - 1 1 . *
1 NY = 1 1 1 (0/7¢) = .
{ «0053%Ver, 725 1 b} {{==-" HT = .2 *
- . 1 1 * .
1 1 1 * .
1 1 1 . *
1 1 1 *
b4 06 1 1 1 {(~-)
. * 1 1 1
. L T 1 1
. * to/e) I 1 1
L WY - 2 *enec) t 1
L L4 1 1 {
. * t 1 6 1 13
. » 1 1 D ettt —————— .
. 1 1 1 WY = 0.2 1
T t-) A 1 L e Sufatuiataind *
1 1 v 1
1 L it Ble03%~~}1
1 A 10 1 14
1 1 ~cerovaca
1 1 * EXITY *
15 4 07 1 memmesmos
1
1
1
1 1
1 1
P e +
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CHART T1TLE - SUBROUTINE RADITL,T2oHCPoWR AR WE T J)
/ RAD /
13.06%--1%
SET INIVIAL VALUES
.
1 02
fmcecccmomccamaemn—ak
1 COMPUTED GO TO I
1 FOR NPER 1
1 60 B2.03 1
1 61 82,04 !
1 61 82.04 1
1
1
1
1F OUTSIDE THE RANGE
1
82.02---}1
60 1 03
R e E RS PR
I AREA = AMAX 1
B
1
1
e ettt
1
1
1
4
1
1
1
1
1
1
1 -
1 ’ 61 /
1 -
1 1
1 B2.,02%--11
1 1 0%
1 P .
4 I AREA = AACT*1,002 1
1 * -
1 1
L L b B §
62 ! 05
L TY = T2 !
13 1
1 B = 2,06-10 !
[ 1
1 T = (7 - 1
1 15.1/7$ 1
e
1
1
1
= 06
*
* *
* * {+})
- Tt - 1. * )e
* ® 27 1 o8
- * *
* * 1 LETA = 1
* 1 +25%ALOGILTI « I
1t-/70) T 104710 - ted) ¢ 1
1 1 «SEATANITIY 1
1 1 1
1 1 ALPHA = ]
1 I 1.T7T12E-9%EMIS*. 7+ 1|
1 1 T5e33 1
26 1 07 Bomereemmemceoaeeaok
PR 1
t 12="N 1 1
T D TR Y 1
1 « 09
1 *
1 * .
eee . « (~/00
. . * 7Y - TS - 5, ®-¢
«B83,22, * . 1
. . * * 1
ves 22 * * I
* eese
I t¢) . 83,
1 « O1 .
) seee
1 15
1
1
1
083,02,

ses 16
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CHARY TITLE - SUBROUTINE RAD(T1,T2,WHCPoWRyARsWE,TY,J)

OUTLET TENMP TOO HIGH

82,09-=~)¢

15 ] o1
Bmmcrommmiccscan=——el
I TY = TS + 6. 1
Bommeeae eremceccane®

i
82,09---11
1¢ 1 02

I TO = {TY « S,9/7S 1
1 1

! BETA = BeTSes3, |
Srrecsrroncvancre emel
1
1
1

ENTER LOOP TO
CALULATE REQUIRED
AREA

SP 01T72
PAGE 83

AREA TOO SMALL -
INCREASE HEAT LOAD

83.09~-=)%
67 1 15

.

1 TY = TY - 1. 1

i
83,14---1}1
25 1

110 = (1Y = S.4/T5 1
B o e m- - == - -
1
1
T
« 17
4 L
* *
D +  NO
*  END OF 0D  *-+

* Looe * 1

1 NOTE 03 . »* [
8 50 T EDR * * 1
. BEGIN DO LOOP . * ceve
* 251=1, 100 = IYES « 83 .
S X9 e EEEE RS 1 . 06,
t 1 cees
83,17--=11 1
1 1
Q PER UNIT AREA D nd L J LOOP CONVERGED i
1 I 1 -RADIATOR WT 1
1 1 (1] * 08 PRINY LOOP DID NOT
1 04 1 . * tommmmcecasf3,088--)8 CONVERGE
L et bt s Rl tiatted 4 1 . * 1 68 1 11 1
1 QA = ALPHA®(T]l - 1 1 * * (-/0) 1 * * 1
H Y) H I * ABS(AREA - rm—any 1 AR = AREA 1 1 18
1 700,25%AL0GL(TD ¢ 1 1 ® AR) - 25, ¢ * . =eme—ee emcvmeco=
T 137070 = 100 ¢+ | 1 * * 1 / WRITE TD DEV /
1 +SEATANLTD) - I 1 - * et el B 6 /
1 ZETA I 1 * § 1 1 12 /  VIA FORMAT /
[ BETASALOG((TI®ss, | 1 1 (¢} 1 e it / 50 /
1 - 1.0/7870%%4, - 1 1 1 1 1 WR = 1 / FROM THE LIST /
1 10001 1 I 1 1 1 ARSSWT(JIEFXWLJ) 1 —ememe s a————
$ommeco e mrmm————e et 1 1 1 = . 1
1 1 1 1 t 1
1 1 1 1 1 1 NOTE 19
1 0s 1 1 1 1 * &t &S LS S E TR
L B T T | 66 « 09 I IS THIS THE LAST * LIST = T1, T2, ¢
[ AR = WCP*(T] - ) 1 . * 1 ITERATION - TSy TY *
1 TY)/QA 1 1 * . 1 1 % 5 % & X & S 0S8
e L S (o) * =) 1 1 1
1 ] - AREA - AR $ommm=d 1 1 1
1 1 1 * 1 1 * 13 D T ot
! 1 1 * . 1 1 * = 1
COMPARE WITH AREA 1 1 L * 1 1 . * 1
4 1 sene * ] 1 * * {=/0} H
1 1 . 83 . 1 (e} 1 i . LA -1 *ocmee + 1
1 06 1 o Il & 1 1 1 » - 1 1
. 4 4 aees 1 1 1 . * ! 1
T COMPUTED GO TO I 1 68 1 1 1 * * 1 1
1 FOR  NPER 1 1 ! I 1 »* 1 1
L bt s il 4 1 1 t 1 1 6+) 1 4
1 63 83,07 1 1 1 1 1 1 1 1
1 64 83.10 1 1 .os 1 1 1 1 1
1 6% 83,10 1 1 . . 1 t 1 1 I
#ecmcmenmcccacnccanal ] «83,15, 1 1 1 I 1
1 1 . . 1 1 1 1 1
1 1 eee 87 1 1 1 1
{ { 1 1 1 1 1
{F NJTSINDE THE RANGE 1 1 1 1 1 PRINT-LAST 1
1 1 1 { 1 1 1
83.06-=-11 1 1 ! 1 L et e LR L] 1
1 ! 1 1 I 12 I 20 I
63 » [:}4 ] 1 { 1 —memm e ——— 1
LI I 1 ! 1 / WRITE TO DEV /7 i
. - 1 1 1 1 / & / 1
. s (0/+) 1 1 i 1 7/ VIA FORMAT 7/ £
« - FRAD - 1. L ¢====B3,06%-=)* I I 1 / 51 / 1
. * 1 1 1 1 1 / FROM THE LIST / 1
* * t 66 * 10 1 1 I eeeersecmceee—e— I
Y . 1 3 . 1 1 1 1 1
. T * * 1 1 1 1 1
1 t-) I . (=) 1 t 1 1 NoTE 21 I
i 1 * AREA -~ AR s----}1 I 1 5k 5k St e 6D 1
1 1 . . 1 1 AREA TOO LARGE - t * LIST = Tl, T2y * 1
1 ] . - 1 1 REDUCE HEAT LOAD 1 * TY, AR, AMAX, WR ¢ t
1 1 . » 1 t 1 LEE IR BENE B R AN BN A 1
1 1 . $ommee====B3,09¢--)* 1 1 1
P T ] 1t0/+) 1 10 1 14 [T T B2,0T¢==}[{=cmomuun .-t
! L Rttt d 22 122
1 1 I TY = TY&1. T
I ] L e T *
1 1 1
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Pttt et bt pdd 1
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CHART TETLE - NON-PROCEDURAL STATEMENTS

51

50

DIMENSION FWT 15(,FX¥W 15(,SHT 15(
+CET130)

COMMON X(T00) ,LA,NPER ,PP
EQUIVALENCE B
(XC1011 o FHTLLI 1, EXT1310,FXWEL DD (XE161),SHTLLYD
s X 39(,FHOly X 400sFWI10(s X 47(,TS(, X 49(,AMAX{, X SO(,FEXP(

s X 22104CFT 10ty X TBULEMISE, X 59(,FRAD(, CFT T{,AACT(
FORMAT (1HO? RADIATOR SUBROUTINE '/FB.2,% TIN *,FB.2,' TOUT *,F8.2,
t TOUTC *4FB8e2s% ARADC',FB8.2,' ARMAX'oFB,2,% WIREQ °* |}
FORMAT {1HO*RAD NOT CONVG®/F8.2,% TIN ',F8.2,* TOUT *,F8.2,* TSINK

*yFB8e2,* TOUTC * }
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/ cx2 /

1 -
25.02-~-=}1
1 01
L L TP
1 QM QSM + QLM 1
L et ]
1
1
1
1=0
AIR DENSITY
1

1 02
B —— ek
) RHO = 1
i PCAB/RA/LTC + 1
1 £59.6) %144, I
I 1
1 WF z V11e¢RHD*CPA I
1 1
1 TFU = YC + !
I QCAV/MF + 459,86 1

...... - - - - -

1

1

H 03

- - ——- -
U RHN = RHO®(TC ¢ [
1 459,861 /TF1 1

L TP
I
1

1
MAX ATR FLOW RATE
1

1
1 04

B e e cccc e ———

I WAM = VERHD*CPA |
1

1
1 WF = V11®RHO®CPA 1
P v e ———— - ——
1
1

1
FIRST GUESS OF HX AIR
FLOW

1

1
1 05

Fommmeeee P

1 WH = WAM 4

[ B
1
!

1
H20 CONDENSED

1

1

1 06
L T Y
f WH20 = (QL + I
1 QL2)/1065. 1
P e an ——

MIN AIR QUTLET TEMP
1

1
1 o7

TAMIN = TCI ¢ 2, 1

1
Sommeeea cemmmccma———t

1
FAN HEAT LOAD

1 AF = P*3. 614 |

L L L i

1

1
1

MAX  HX SENS LDAD
1

rrmm e mm——

D L T P '

1

1
1

1
1
!
1
1
I
t
1
1
1
1
1
1
I
1
1
!
1
1
i
+*

SYSTEM
1
1
1
+ 1
- *
L] *
*
. 3
*
* *
* .
*
1 (¢)
1
1
1
1
I
1
ces
. . N
«86,17,

wae 102

CHART TITLE - SUBROUTINE CX2(MC,TCI4QSeQLoTCsQS2¢GLZsV P NLsKoTCOIVIT, 1,05%)

10

Y

1 QSMAX = QS ¢
{ Q$2 + QCav

T LS 1

1
1

I
IS THIS A SINGLE HX

* (-/0)

*

[ P
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SINGLE HX-TAI

D .

e L

@ Rt e bt ot e gt b st bt Gt by Bt T4 St it P Pt P et (b P et e =t e e et (e pe gt et e

101 1 12
L T
1 TAT = TC + (QF + I
I QCAVI/WF # QS2/MH 1
L e Tty

1
1
1

AIR OUTLET TEMP
1

1

1 13
L Ty
t TAD = TAl - 1
I . QSMAX/WH 1
. .

1

1

1
SET SENS LOAD=MAX
1

1
1 14
1 QSX = QSMAX 1
1 1
1 MA = 0O 1
i I
1 MB = O 1
1
1S TAO TOO LOW
1
1
1
» 15
. »
* .
. . (=)
* TAQ - TAMIN $-»
. 1
. * ]
*  x 1

. LN
110/+) . 87 .,

1 « 01
1 veae
i 104
1
1
1041 H 16
L T |
i M =0 1
L e e T Sy
1
1
1
. .
874054
. .
ess 103

T © 8P O01T72

PAGE

DUAL HX ASSUME TAD

86411-==)%

102 1 17
Lt LT
1 TaAQ = TCl ¢ 5, 1
D s v

1
1

1
SET HX AIR FLOW
!

1
1 18

L ettt L STy
1 WH = WAM !
L e e E L BT
1
1
1
CAL HX INLET TEMP
1

1

1 19
L L et D T T
I TAL = ¥C + 1
I QF/WF + QS2/uWH 1
Commm- - bt L Sl

I

1

1
CAL SENS t0aD
1

1

1 20
Fomc e et
I QSX = WH{TAI ~ I
1 TA0) 1
L L TS

1

1

CAL HX uA

-

86
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CHART TITLE - SUBROUTINE

YOO LOW -SET OUTLET
TO MIN

86,15-~=)%

104 1 01
. .
1 TAD = TAMIN 1
! 1
1 N 1
t 1
1 TAL = TAD ¢ 1
1 QSX/WH 1
1 1

T TCN = TAT - (QF ¢ I
1 QCAVI/WF - QS2/WH 1
L D e T ]
1
1

1 02
L e N L Lt ]
19 1 H
141 QMET H
Te I (QSMoTC,TCNy H
101 QSN.KL)Y H
11 H
Sewmmcncccnanrcne ol

1

1

1 03
.
1 QSX = QSX ¢ QSN - 1
1 QSM ]
1 I
1 QSMAX = QSMAX ¢
1 QSN - QSM 1
1 1
1 TAG = TAI - 1
I QSX/NWH 1
1 1
1 TC = TCN 1
Srmmrecnmeneranee —e-l

1

1

1 04

T QUL = QU + Qs5M - 1

QSN

1 3
1 i
1 WH20 = (QL + 1
1 QL2)/1065, 1
1 1
1 1
.

QSM = QSN
S —
1
!
{
ENTER LOOP VO CAL
UA/FLOW/TC
1

86s169==11
193 1 NOTE O
PRI I B
BEGIN DO LOOP
200 NP = 1, 20
e s s EsS

» e o8
LI N R ]

1
92.15---11
1

QUTLEY DEWPOINT PRES
1
{

1 06
]
1 H
[ KANDK "
1 1 (PXD,TAD & W
1t 45946420 H
1 H
P ettt L

1
1
1
WATEX LEAVING HX
1

]

1 07
P et 4
1 WWO = i
I (PX0/0.,595/¢4TAG & 1
1 459.6) )€ VEWH/WAM |
P il 4

1

1

T el

S e — .. AUTOELOW. CHART_SET = H2478

L I

1
!
1
1
1
1
1
{
1
1
1
1
1
1
1
(
I
I
1
1
1
1
1
1
I
1
I
1
I
1
1
1
1
{
I
|
13
1
1
1
1
1
1
1
1
1

1
1
1
1
I
1
1
1
1
i
1
1
1
1
1
1
1
1
1
1
1
1
1
i
1
1
1
1

i

1
1

I
1

[
1
1
!

1
1
]
1
1
1
I
H
1
4
3

. 1

INLET VAPOR PRESS
o1
1

1 1}
1 PXI = (MWD ¢ 1
1 WH201%,595%(TAD + |
1 659,6)/V/uHaNAR 1

1

1

1
INLEY DEW POINT

1

f

1 09
1o H
11 XANDK H
T 1 (PXI.TDP,1) H
11 H
11 H
1
1
1 10
1 PXI = (WWO ¢ 1
1 WH20) 1
1 ¢,5958T0P/V/WHe |
1 WAM 1
1
1
1 11
1 1 H
11 KANDK H
1T [ (PX1,TDP,1) H
11 M
11 H
Semccovcanacmenwanees
I
1
i
COOLANT TEMP WHERE
COND STARTS
1
1
1 12

Semmrrramrccnacacsvenk

I TY = TOP - 460.6 !

1

1

1
HX TOTAL LOAD

1

1

1

13
1 QF = 0SX + QU « I
1 QL2 1
P e L TS T DLl ]
1
1

1
COOLANT OUTLET TEMP
1

1
1 14

I TCO = TCI + QT/wC 1

1
1S COOLANT OUTLETY
LOWER THAN TAl

1

TEX2AMESTCls0Ss By TCsQS2,GL2sVoPoNLs Ko TCOVIT o1 4Q8KE

S i 1

1 1

P -

S R TR

+88.01.

.
ees 152

PAGE

AIR TEMWPS TOO LOW

e | ]

151 I 17
F et *
I TALl = TCO + 1. 1
1 1
I TCN = TAL - (QF + 1
1 QCAV)/WF - QS2/WH 1
P
1
1

1 18
L et —————
191! H
14 1 QMET H
foe 1 (QSM,TC,TCN, H
101 QSNWKL) H
ni H
L P L PR LR ]

1

1

i 19
L it —————————
1 QSX = QSX ¢ QSN - I
1 QsM 1
1 1
T QSMAX = QSMAX ¢ I
1 QSN - QSM 4
1 1
1 TAQ = TAl - 1
1 QS X/WH 1
1 1
1 TC = TCN 1
e e s T »

1

1

I 20
L it cm—————
I QU = QL ¢ QSM - I
1 Qs 1
1 1
1 WH20 = (QL + 1
1 QL21 /71065, I
1 I
1 QsSM = QSN !
L D

1

1

1
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. PAGE 88
CHART TITLE - SUBROUTINE CX2(WCTCI+QSeQoTC,Q52¢QL2sVsPsNL»KeTCO,VLL,L,QSX)
HEAT I[N WET SECTION
8Te16~==} %
152 1 133 . -
L R ettt 1
1 I = WCE(TY - 1
1 TC ) 1
[ . ————
3
1
1
IS HX ALL WET
1
I
1
* 02
* *
* .
* * -
* QoW - QY omem—y
& - ]
* * 1 HX DRY~ QDRY
* * t
. D el b
1(07¢) 153 1 03
1 L T T
1 1 Q0 = QT - Qw 1
1 * .
1 1
1 1
1 1
ces AIR OUTLET TEMP
. . I
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. . 1 04
see 154 * *
! TAGD = TAL - 1
' 1 QD/WH 1
L T ]
1]
1
1
{S THERE A TEMP PINCH
PROBLEM
1
1
1
* 05
s »
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L4 * {-/0}
. *  TAOD - YY  #---——¢
* 1
* * i HX TOO SMALL-HAS MAX
* * . FLOW BEEN REACHED
* 1
1T (s} towmceceeuafB Q5= )%
1
1 108 * 06
1 . *
1 * * :
1 * - )
1 * MA - 1 L el EE e e RS 1
ves * - 1
. . . * 1081 = 08
«89.01. * * * *
. * L3 .
ses 156 1(0/¢) * * t-
1 * WH - WAM ¢ o] s-¢
1 v * 1
T * . 1
1 L] * 1
I * enee
1082 1 o7 1(0/7¢) . 91 .
it e Lt ] ] . 10 .
1 Mg = 1 1 1 cves
e et ] 1 111
! 1
I !
I 1
‘e vee
. . . .
292,01, «92.01,
. . - .
see L12 eas 112



1012712 . [T

CHART TITLE - SUBROUTINE CX2UMCoTCIoQSeOLsTC,Q524QL20VoPoNLI Ko TCAsVLL Ty

LNTD
88,05--~)*
156 1 01

T e Y,
L 0T = (TAT - TCO = 1
1 TAOD + 1
1 TY)/ALOGILTAL = 1
1 TCO)/(TAOD = TY ) 1
frvm e ——- o a— -

1

1

1
DRY UA

I

1

1 02
$mmmmcencmcmaen e el
1 uso = gosoT 1
Gemeemmo———mm—m— e

1

1

1
GO TO NET SECTION
1

1
1 03

ves
. .
«89,06,

. .
ese 157

*

e g

1 1
151 * 04 1
s »
. .
* ABS{UAR ~ ¢ {-/0)

CFT(NL))Y - e
® TOLQ®CFT * 1

* (NLY * 1
L] * 1
* esee
1 (¢} o 89 .
1 « 11
1 cone
1 250
1
1
1
ees
¢
. .
+«90.01,

eee 158

P

AUTOFLOW CHART SEV - H2478

+QSX1

NO DRY SECTION

88,02-~-)%
154 {

o

R L L R X

UAD = 0.
QD = O,
Ty = TCO
TAOD = TAl
QW = QFV

1
1
1

8t

WET LMTD

89.0%3-=-=)1
157 1 06

o7 = (YAQD - TY ~ I
TAOQ ¢ t

TCIV/ALOGLITAQD -

TY)/4TAQ - TCE))

Q01 /D7

OIS Y 1

1
1
{
UAW = (QSX - 1
{
*

1
TOTAL UA REQ
{

1
1 o7

$emmncecccncenomananl

I UAR = UAD ¢ UAW I

1
1
1 08

/ WRITE TO DEV /

/ 6 /
/ VIA FORMAT /
103

/ Q /

/ FROM THE LIST /

1

1

1 NOTE 09
e ks s E R EEEE
* LIST = UAR, *
® CFTINL), WH, TAL, *
L TAD, TC *
s XS N B EN

1

[

1
1S UA WITHIN
TOLERENCE

B . -

10
L
* -
. * (0/¢)

*
1
1
1
1
1
1
+

T

SP 01T72
PAGE 89

SUBROUTINE
CONVERGED=-PRINT~
HX FLOW RATE

bomcmcmeenf9,06%--}*

250 t

S m———

WHX = 1
1 WH/CPA/RHO/60. 1
1 1
1 TFANI = TC ¢ 1
1 QCAV/nF 1
t 1
I TFANO = TFAND ¢
1 QF /WF 1
focmmm o —————— ——

CABIN DEW POINT
1

1 12
T ettt DDt )
1 PXC = (WWD # 1
t QL/1065.) 1
1 *,595%(TAD + }

I 459,6)/V/WH*NAM |
e T )
!

!

. v MR i e e e P e vt By R R St e b et e R et (b G bt ey b e e e e S

1 13
L ittt §
11 H
1 1 KANDK H
I I (PXC.TDPC,l} H
11 H
1 1 H
D et
1
4 t
1 1 14
1 Fommm———— e mcescen—®
1 1 PXC = (WHD ¢ 1
1 1 QL/1065.) I
1 I *,5958TDPC/V/WHe 1
1 1 WAM 1
1 N etk
1 {
1 t
1 i 15
1 L et D e TR d
1 1 H
] ! I KANDK H
1 f 1 (PXC,TOPC,1) H
1 11 H
I Tt H
1 L e e
1 1
1 1
1 1 16
1 L e e L LTS
1 1 TDPC = TOPC - 1
{ 1 459,6 1
1 L ettt vm———
+ 1
1

/ WRITE YD DEV /
/ & /
/  VIA FORMAT /

/ 102 /
/ FRCM THE LIST /

1 NOTE 18

PN B N I 2
® LIST = TC, TAl, *
* TAQ, WHXy TOPC, *
* QSXs QSMy QLo *
* TFANL, TFANO *
e 5t kst EEE
1
92.18---)1
300 I 19

P

{ QLM = QM - QSM 1

L it d



10/12/72

CHART TITLE - SUBROUTINE CX2(WCoTCI,QSsQL,TCeQS2,QL2sVsPeNL K, TCOVIL,T5Q8X)

NOT CONVG ~1S THERE 2

HXS

890 04~==) *
1

158 A o1

o et
+*

. .
«92.08.

ees 106

- o

AUTOFLOM. CHART SEV -

SINGLE HX [ISUAR
GREATER UAA
------------------ 13
!
108 ¢ 02
. x
* *
(o} » d =)
+=% UAR = CFTINL) Scc~c=y
1 . * 1
1 * * 1
1 * - 1
sese * t
« 89 T {+} +
11 t
coee 1
250 1
1
t
1
cen
. .
+88406,
. .
ses 108

H2478.

HX LARGE -1S TAO
=TAMIN

* -
* *
* * {(-/0}
* TAD - TAMIN =2-¢
* s 1
. . 1
* * t
* ceee
I {¢) . 89,
1 « 11 .
1 seee
1 250
t
1
1
cee
. .
+«91.01.

. .
ese 109

SP 01T72
PAGE 90



-0 - T : T T T e SP 01T72
1012772 el AUTOFLOW CHARY SEY - M26TB - . PAGE 91
CHART TITLE - SUBROUTINE CX2UMCsTCIsQSsQLyTCoQSZ,QL24VsPoNLy K TCOLVIToTQSXY
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DIMENSTON EWT(30),FXu(30),SWT{30),CFT(30}
COMMON X (7001 ,LA.NPER PP
EQUIVALENCE .
(XE1OLYsFHTELIDEXUEITD, FXMELD 3o (XE161D o SHTELY 0y (XE221)2CFTILD)

e UXU68),TOLQ) 2 UXE2),PCABY ¢+ EXEII,RANs (X148),CPA)

PUXC1209QSH), EX(14),QLN) 5 (XI84),QCAV )

FORMAT(1H 6F10.2)

FORMAT (1HO *CONDENSER NOT CONVERGED */F8.1,*UAREQ *,FB.1,° UAAVAL
" FB. 1y WAMAX

TyFB.10" WAIR

L "WF8.2,* TAI *4FB.2y* TAD

*4FOB.148H QSEN /1H FB,1,8H QSHET FB8,.1,8H QLMET )
FORMAT ( 1HO® CONDENSER PERFORMANCE */ F8.2,* TCASB $9FB8e2¢¢ TAIRI
€, FBe2s" TAIRO 4FB.1,' HXCFM *,FB8.2,° TOPCAB °*yFB.1,* QSENS *

oFBeLeBH QSMET FB.1,8H QLTOT /FB.2s8H TFANT FB8.2,8H TFAND )
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