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ABSTRACT

SHUTITLE ENVIRONMENTAL AND THERMAL
CONTROL/LIFE SUPPORT SYSTEM COMPUTER

PROGRAM

by

WILLLAM J, AYOTTE

CONTRACT WAS 9-12411

DECEMBER 1975

This user's guide describes the computer programs developed to
simulate the BSECS (Representative Shuttle Environmental Control
System). These programs have been prepared to provide pretest
predictions, post-test analysis and real-time problem analysis
for RSECS test planning and evaluation. Hamilton Standard has
provided these programs to the NASA on a magnetic tape cassette -
and on a disk device that is part of Crew Sys*ems Division's
WANG-2200 series computer system. ‘
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FOREWORD

This report has been prepared by the Hawilton Standard Division of
United Technologles Corporation for the National Aeronautlcs and Space
Administration's Lyndon B. Johnson Space Center in accordance with

the requirements of Contract NAS 9-12411, Space Shuttle ECS Computer
Program. This interim xeport covers the work accomplished during
calendar year 1975, Previous reports SPOZT73, "Ugers Manual, Space
Shuttle Atmospheric Revitalization Subsystem/Active Thermal Control
Subsystem Computer Program' covered the work performed under this
contract during calendar year 1973; SVHSER 6529, "Shuttle Environmental
and Thermal Control/Life Support Cystem Computer Program' covered the
work performed under this contract in 1974. Appreciation is expressed
to the NASA JSC Technical Monitor, Mr. James Jaaxs, for his support dur-
ing the conduct of this program.

The Hamilton Standard technical personnel responsible for the work des-

cribed herein 1s Mr., William J, Ayotte, The program manager is Mr.
Harlan F. Brose.
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INTRODUCTION

To fulfill the requirements of Contract NAS 9-1241l, for calen-
dar year 1975, Hamilton Standard has developed the computer pro-
grams listed below. These programs were wrlitten to support the
RSECS (Representative Shuttle Environmental Control System) test
program presently being conducted.

* "RSECS" -~ Caleculates a steady state heat balance for a com-
bined RSECS ARS (Air Revitalization Subsystem) gas
and water coolant loop system. Required input data
consists of RSECS heat loads, flow rates and con-
troller settings, and GSE (Ground Support Equip-
ment) flow rate and inlet temperature.

» "RSECS2" - Draws flow charts of RSECS air loop and water loop.
This program is used in conjunction with program
"RSECS".

* "350-M Hx"- Analyzes 350-M heat exchanger test data. Calcu-
lates heat loads and heat transfer coefficients for
the heat exchanger. Required input consists of
operating temperatures and flow rates at the heat
exchanger.

. * "CONDHX" - Calculates 350~M RSECS cabin heat exchanger per-
formance using measured inlet air conditlons of
temperature and dew point, and inlet coolant con-~
ditions of temperature and flow. Used to predict
results of heat exchanger tests.

+ YARS DP" - (Calculates the corrected pressure drop of the
Hamilton Standard supplied RSECS ARS gas loop
equipment. The calculations are detalled to the
package level, Required input data includes the
total air flow rate, and the number of RS~-11
fans operating.

* "PLOT" - Generalized plot program used to produce plots of

results of RSECS analysis or any other desired
data, using a WANG 2200 flat bed plotter.
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* "RADIATOR"- Calculates thermal performance for a flowing

+ "WINDA"

radiator panel system, Used to predict perform-
ance for the Shuttle radiator system.

Uses environmental inputs (absorbed heats) in
conbus tion with physical input (flow rate, Tin,
Area ) to generate predictions.

Generalized model thermal analyzer program. Used
to model any desired thermal system. Inputs are
in standard SINDA format - thermal conductances
between nodes, thermal masses, boundary condi-
tions, etec.
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RSECS STEADY STATE COMPUTER PROGRAM

File Name  "'RSECS"

Abstract "RSECS" calculates the steady state operating point,

for a given set of input data, for the combined
RSECS gas and water coolant loops. The program is
designed for use with a WANG 2200 - series computer
system. ‘A sample case is shown in figure 1.

Program Description

This user's guide is written for the pernon who has an under-
standing of the BASIC computer languapge and is acquainted with
the WANG 2200 - series computer system. The program models the
functional gas, figure 2, and water loop, figure 3, schematics
enclosed.

Rotating equipment characteristlies are supplied as input data.
However, performance mapg for the 350-m and RS~261 heat exchangers
are stored in the program as internal data, in addition to Freon--
21 and water vapor properties. These data tables are interpo-
lated by using an adaptation of the Hamilton Standard Division's
"UNBAR" routine.

As written, the program uses Freon~2l as the R5-261 heat ex-
changer's cold side fluid. Minor changes to the data tables are
required if another fluid is to be considered. The Freon en~
thalpy table must be revised to reflect the new fluid., A re-
vised RS-261 heat exchanger performance map must be genérated
and incorporated.

The "Input Data Definition'", Table I, provides the user with the
information required to supply the program with the appropriate
input data. The input data for all the cases is loaded into its
storage array prior to the executlon of the first case. At the
completion of the first case, the results will be printed, the
data array cleared and up-dated for the second case, and the
second case started. The user has the option of matching the
RS-261 heat exchanger's heat .Load or hot side rperating tempera-
tures to Shuttle conditions. When the Shuttle temperatures are
duplicated, the NASA-supplied heat sink will compensate for the
heat not rejected through the RS-261 heat exchanger.
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Table I
INPUT DATA DEFINITION

Q avionics
€O, flow
RS-11l flow.

RS~11 pawer
R5-51 flow
R5-51 power

RS~251 flow

Q cham avionics
COZ inlet flow
RS-11 flow

RS5-11 power
R5-51 flow
R8-51 power

RS-251 flow

CRT PRINTED .

SYMBOL SYMBOL DESCRL?TION

# of cases not printed number of cases to be run (1 - 10)

date date Time identification (16 characters,
max)

are flow not printed 1 if yes

charts de~ 2 if no

sired

is printout not printed 1 if yes

desired 2 1f no

run desig- run # identifying notation for individual

nation case (64 characters, max)

T RS-20 SETPT T RS~-20 SETPT RS-20 temperature controller setting
for chamber; program will try to
balance system at this point (°F)

Q cham-8 Q chamber-S sum total of all non-RSECS sensible
heat added to the chamber (Btu/Hr)

Q cham-L Q chamber-L sum total of all non—-RSECS latent

heat added to the chamber (Btu/Hx)

sensible heat supplied by the cabin
avionies simulator (Btu/Hr)

CDZ injeckion rate into the chamber
{Lb/HT)

total air f£low generated by the
RS-11 fangs (cfm)

RS-11 fans input paﬁer (watts)
RS-51 separator air flow rate (cfm)
RS-51 separator input power (watts)

RS-251 pump flow rate (Lb/Hr)

[——
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Table I

INPUT DATA DEFINITION (CONCLUDED)

Q gimulator

T 350M He0 in

T 261 Hp0 in

T 261 F21 in

261 F21 flow

Q Hy0 avienics

not printed

not printed

T RS-261 F21 IN

W RS-261 F21

CRT PRINTED

SYMBOL SYMBOL DESCRIPTION

RS-251 pawer RS-251 power RS-251 pump input power (watts)
bypass flow Ho0 bypass flow RS-251 pump package bypass flow

rate (Lb/Hr)

sensible heat supplied by the H,0
loop avionics simulator (Btu/Hr?

desired 350-M HX H,0 inlet temp, If
>0 the heat req'd to compensate for

the difference between this temp.
and the RS-261 HX outiet will be
calculated.

If = 0 the Hy0 heat sink Q will be
set at 0 and the K3-261 HX outlet
temp., will be used (°F)

desired RS-261 HX H,0 inlet temp.
must be >0 if T 350M H,0 in is
>f’:/ormust=01f‘1‘§

0 (°P)

RS~261 HX cold side inlet tempera=~
ture (°F)

R5~261 HX colid side flow rate
{(Lh/HT)

50M H90 in =
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The "Output Data Definition", Table II, provides the user with a
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deseription of the output data's printed symbols. Two sample
cases are provided to assist the user in understanding the data
tables and the program operation.

For user reference, th: following information is enclosed:

1.

2,

loi

RS-11 Fan Performance Map, figure &
350-M Heat Exchanger Performance Curves
Hot Side Film Coefficlent vs. Alr Velocity, figure 5

Cold Side Film Coefficient vs. Water Flow Rate Per
Starc, figure 6

RS~261 Heat Exchanger Performance Maps, Effectiveness vs,
Hot and Cold Side Flow Rates.

Uses Cold Side Fluid of - Freon-21, figure 7

~ Water/Glycol, figure 8.
-~ Water, figure 9

Internal Nata Summary, Table III

Data Array, Table IV |

Input Data Array, Table V

Logic Key Array, Table VI

Scalar Variable Summary List, Table VII

Subroutine Descriptions, Table VIIT

Program Listing, Table IX

10
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total air flow

Q RS~11
T dewpoint
WCP RS-11

Q RS-50-8

T RS~11 in

WCP 350-M
Q RS-50-L

T RS-50 in
vV 350~M

Q RS~51

350-M in

<

bypass

350-M-§

- O

| ¥ condensate

Q 350-M-L

350-M out

HAMILTOMN STANDARD Vi, b
TECHNOLOGIES v
Table 1T
OUTPUT DATA DEFINITION
PRINTED
SYMBOL DESCRLPTLON
T chamber steady state chamber temperature (9F)

alr weight flow at the RS-1l fans (Lb/Hr)
sensible heat generated by the RS-1l fans (Btu/Hr)
chamber dewpoint temperature (°F)

air welght flow X speelfic heat at the RS~11 fans
(Btu/Hr - °F)

sensible heat generated by the LiOH/CO, reaction
(Btu/Hx)

RS-11 fans inlet temperature (°F)

air welght flow X specific heat through the 350~M HX
(Btu/Hr - °F)

latent heat generated by the LiOH/CO9 reaction
(Btu/dr)

RS-30 LiOH assembly inlet temperature (o)
air flow rate exiting the 350-M HX (cfm)

sensible heat generated by the RS-51 separator’
(Btu/Hr)

350-M HX air inlet temperature (°F)

air flow rate through the 350-M HX bypass (cfm)
350-M HX sensible heat load (Btu/Hr)

350-M HX air outlet temperaﬁure (°F)

condensate flow rate exiting the RS5-5] separator
(Lb /Hx) ‘ ' :

350-M HX latent heat load (Btu/Hr)

11
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Table 1L

QUTPUT DATA DEFINITION (CONCLUDED)

T RS~261 Ho0 out
T 350-M Hg0 in
T 350-M Hz0 out
T BS~-251 Hp0 in
T avion Hy0 in
T RS-261 H90 in
T BS-261 F21l out
W RS-261/350-M
Q Hp0 HTSINK

Q RS-251

Q RS-261

PRINTED

SYMBOL DESCRIPTION

T RS-51 out RS-51 separator alr outlet temperature (°F)
UA 350-M 350-M HX UA (Btu/Hr - ©F)

Q 350-M -TOT 350-M HX total heat load (Btu/Hr)

RS~-261 HX Hp0 outlet temperature (°F)

350-M HX Ho0 inlet temperature (°F)

350-M HyO outlet temperature °m

RS-251 pump inlet temperature (°F)

HoO loop avionies simulator inlet temperature (°F)
RS-261 HX Ho0 inlet temperature (o)

RS-261 HX cold side outlet temperature
RS-261/350~M HX HoO flow rate (Lb/Hx)

Hg0 loop heat sink load (Btu/Hr)

heat generated by the RS-251 pump

RS-261 HX heat load (Btu/Hr)

12
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HANMILFON STANDARD

\fz, Brisonal
TECHNOLOGIES

Table III
INTERNAL DATA SUMMARY

STORAGE
LOCATION

DATA DESCRIPTION

1-25

26-30

51-7C
71-90

91-118

119-138

139-211

Freon temperatures, 0-240°F in 10° increments

Freon enthalpy, Btu/Lb, corresponding to tempera-
tures in locations 1-25

Water vapor temperatures, 32-70°F in 29 increments

Water vapor pressure, PSIA, corresponding to tempera-
tures in locations 51-70

350~M HX air side film coefficient curve, T h

velocity 91: # of X values (13) '
92; # of Y values (0)
93-103: air velocity, 100-1300 ft/min in
100 ft/min increments .
104-118: 7 h_, Btu/Hr-Ft? - °F, corres-
ponding to alr velocities in locations
93-103

o VSI

350-M HX Hy0 side film coefficient curve, h, vs.

flow/start

119: # of X values (9)

120: # of Y values (0) _

121-129: flow/start, 100-500 Lb/Hr
in 50 Lb/Hr increments

130-138: h,, Bcu!Hr—th OF, corresponding to flow/
start 2a locations 121-129 ’

RS~261 HX effectiveness map,

H 0/F21 T F21 - in = 40°F

139 # of X values (8)

140: # of Y values (7)

141-148: Hy0 flow, 200-900 Lb/Hr in 100 Lb/Hr
increments _

149-155: F21 flow, 1500-4500 Lb/Hr in 500 Lb/Hzr
increments

156-211: HX effectiveness in following order: Xy, Yy, |

Xys Yz, —ommme—s X1Y7,XY~——=X2Y 7, ~-~-XgY7

19
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HAMILTON SYANDARD

[ —

-

Vg, Dvveseanrod

TECHNOLOGIES

Table IV
DATA ARRAY
— Provides storage Eor individual rase
calculations
ARRAY
LOCATION DATA DESCRIPTION
1 RS-20 temperature controller set point
2 Non-RSECS sensible heat added to the chamber
3 Non~RSECS latent heat added to the chamber
4 Cabin avionics simulatox heat load
3 COp injection flow rate to chamber
6 RS~11 fans total volumetric flow rate
7 RS-11 fans power requirement
8 RS-51 separator volumetric flow rate
9 RS-51 separator power requirement
10 RS~251 pump total.mass flow rate
11 RS-251 pump power requireament
12 HoO bypass mass flow rate
13 H,0 loop avionics simulator heat load
14 350-M HX H90 inlet temperature
15 RS-261 HX H,0 inlet temperature
16 RS-261 HX F21 inlet temperature
17 RS-261 HX F21 mass flow rate
18 Chamber temperature
19 RS;ll tan heat load
20 Sensible heat generated by the C0p/LiOH reaction

20




HAMILTGN STANDARD ity ?':;xuﬂ

ED
TECHNOLOGIES v

Table IV
DATA ARRAY (CONTINUED)

- Provides storage for individual case

calculations
ARRAY
LOCATION DATA DESCRIPTION
21 Latent heat generated by the CO,/LiOH reaction
22 RS~-51 separator heat load
23 Sensible heat at the 350=M HX inlet - alr side
24 350-M HX total semsible heat
25 350-M HX total latent heat
25 350-M HX total heat load
27 RS=251 pump heat load
28 HoO loop sink heat load
29 R5-261 HX heat load
30 RS-261/350~M HX's Hy0 mass flow rate
i1 RS-261 HX Hy0 outlet temperature
32 RS-261 HX F21 ocutlet temperature
33 350-M HX H90 outlet temperature
34 RS-251 pump H90 inlet temperature
35 HoO loop avionics simulator inlet temperature
36 RS-11 fan air mass flow rate X specific heat
37 350-M HX air mass flow rate X specific heat
18 RS~11 fan ipiet temperatﬁre
39 R$-11 fan air mass flow rate
40 Chamber temperature from previous iteration

21



HAMILTON STANMDARD

Wiz, Do
UNITED
TECHROLOGIES 1w

Table IV

DATA ARRAY (CONCLUDED)

ARRAY
LOCATION DATA DESCRIPTION
41 350-M HX UA req'd from previous iteration
42 Chanber dewpolnt
43 350-M HX minimum air flow rate - decimal fraction of
total flow
44 350-M HX air inlet temperature
45 350-~M HX air outlet temperature
46 350~M HX UA
47 350-M HX volumetric air flow rate
48 350-M HX bypass volumetric air flow fate
49 RS-50 LiOH assembly inlet temperature
50 RS-51 separator air outlet temperxature
51 RS-51 separator condensate-mass flow rate
101~ Reserved fox intérnal data storage for
200 table interpolation

22




HAMILTON STAMDARD 3% Ownd

ED
TECHNOLOGIES

Table V
INPUT DATA ARRAY

- Provides input data storage for a maximum of

it

10 cages
ARRAY
LOCATION DATA DESCRIPTION
1,1 - 1.17 Case #1 input data: corresponds to X-arvay
ocations 1-17
2,1 - 2,17 Case #2 input data
10,1 - 10,17 Case #10 input data
Table VI
LOGIC KEY ARRAY
- Provides storage for program keys
ARRAY )
LOCATION DATA DESCRIPTION
1 Case # being run
2 Max # of cases to be run
3 Flow chart key
4 Print-out key
Table VIL
SCALAR VARIABLES SUMMARY LIST
BS M2 12
El Ql U3
E2 Q2 Wi
H T1 Z
H1 T2 zZ1
H2 U
K v

23




HAMILTON STRRDARD 3/ s

UNITED
TECHNOLOGIES »

Table VIII

SUBROUTINE DESCRIPTIONS

SUBROUTINE
NUMBER SUMMARY
01 Interpolates data curves that have been transferred to the

X~-array in locations 101-200
Array must be set-up in following order:

X(101) : # of X-values (N)

X(102) : # of Y~-values (M)

X(103) - X (102 + N): X~values in ascending order

X(102 + N + 1) - X(102 + N + M) : Y-values in ascending
order, omit if M= 0

X(102 + N+ M+ 1) - X(200) : Z-values in following
order - Z(N1’ Ml), Z(ng Mz), "'"""Z(Nl, M),
Z(Ngy M) y———mm= Z(Ng, M) ,—=——=
Z(N, M)

Array and scalar variables used:

AL(6)

X1(6)

Y1(6)

cl

c2

c3

c4

D

Dl

D2

I

Il

J

J1

J2

J7

J8

J9

K1l

K8

L

L7

L8

M

N

N1

N2

N8

24
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HAMNTON STAMDARD V. Dro
UNITED

TECHROLOGIES v

Table VIII

SUBROUTINE DESCRIPTIONS (CONTINUED)

* SUBROUTINE
NUMBER

SUMMARY

02

03

04

05

06

N9
Z1

Calculates air flow rate X Cp by iterating 350-M HX air

outlet temperature and chamber dewpoint
Scalar variables:
B

Calculates air dewpoint at 350-M HX inlet
Scalar variables:

A2

c

P2

A

Caleulates 350-M HX hAhot and UA
Scalar variables:

E

Hl

H2

Vi

zZ1

Calculates 350-M HX NTU's
Scalar variables:

E3

K

M3

Calculates chamber dewpoint
Scalar variables:

A2

F

P2

A

25
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HAMILTON STANDARD S ed

TECHNCLOGIES s

‘Table VIII

SUBROUTINE DESCRIPTIONS (CONCLUDED)

SUBROUTINE
NUMBER

SUMMARY 5

07

08

10

1l

Caleculates air weight flow and Cp by iterating RS~11
fan inlet temperature
Scalar variables:

c3

G

Pl

P2

Rl

K2

R3

Z1

Calculates density of dry air and water vapor
Scalar variables:

P4

R3

Ré

Calculates RS-11 fan, R5-50 LiOH assembly and 350-M
HX air inlet temperatures ‘

Calculates 350-M HX z2ir outlet temperature

D 2
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HAMILTON STAMDARD 3. vreno

TECHHOLOGIES v . . .
Table IX

PROGRAM LISTING

—

50

an
70

80

90
on

1n

1n

1an

140

150

10
17n

ien

RFM RSECS ARS/H20 LOOP PERTVORMANGE

COM X(200),A(10,17) ,AS(AL0)64,B%,V(4)

IF Y(1)1L TP 250; Y(1)=1

R FREON PROPERTIES = TEMPERATURE (1):

DATA 0 ,1n ,20 ,30 ,40 ,50 ,60 ,70 ,80 ,90 ,100,110,120,
130,140,150,160,170,180,190, 200, 21.0, 220, 230, 240

REM TREOH PROPERTIES ~ FNTHALTY (26):

DATA 0,44 ,11,01,14,71,36.61,19,04,21,49,23.70,26,49,2¢,019,
31,59,34,18,36.79,39.46,42,13,44 86,47 ,62,50,43,53,2

DATA 56 ,50 ,62 RS ,G68 ,71 ,74

REM WATFR VAPOR PROPERTIES - TEMPLRATURY (51):

DATA 32,94,36,38,40,4%,44 46,48,50,52,56,56,58,00,62, 64 F,
68,70

RIM nATrR VAPOR PPOPLPTIES - PRESSIRE (71):

DATA ,03854,,.096N3,,10401,,117256,,121.7 ,,1315 ,.14100,
.15323,,16575,,17817,.19182,,.20642,.222 ,.2386

DATA .2567 ,.2751 ,,7951 ,.3164 ,.339 ,.3631

REM 350-M TI¥Y AYR SYIDE FILM COPFFICIFNT (01):

DATA 13 ,0 L1060 200 ,300 ,400 ,500 ,000 ,700 300
90N L1r0N,1100,1200,31.300

DATA 9.6 11.0,1, 6,17,7,19,5 ?1.°,°? f,26  ,75,3,70,4,
27.5,%9.5,70 5

REM 3503 J17 rzn SINT FILM CORFFICIENT (110):

DATA @ N 100,150,200, 250,300, 350,400 £50, 500,134,107,
?ﬂ?,17ﬂ,661,ﬁ60,655,765,Qﬁn

RIM 261 I EFFPOTIVITIEES MAD = F2L/1°20, T=F21=4PF (130):

DATA 8,7 ,200 L,i00 00 500 600 700 L pen
apA 15N 90NN L3500 L3000 L ARONG L4000 LASON 1
DATA L 1 1A Ll 5.0976,.0095,1

S R T °%4 ,,0836,,005 ,, 0007, conn,
1 .1 ..76 ..7113,.070%,.0057,,0037, 0006, .co0n
DATA (1R ,. P07, 0090 n747, 0017, 0063, , 6017, 5308, ,7077,

LOANS, n'v';f‘ .n(qo SR04, 0007, JARLO, L RLAD, L7556,  RAD
L0987, . 9635, . 081 ,.ﬁ11°,.6406,-6797,-7°14,-”73°,-°°6"
DATA 0577

?

INPUT M4 OF CASES (1-10): ",¥(2):
NPT "“ATT : ".BS:
INPI"T WARE FLOY CUARTS DPSIRED, (VES=3/0=2): U.¥(3)
IPET "TS PRINTOUT NTRTPID, (VrR=1/10=2): ",v(4):

FOR =1 PO V(2Y: SPTECT '!‘"T’?'“ NOS: PPINT MCASY {1 = My

LUPITT "It RIS TN ATIO t "LASC7)
19N TEPIT T RE-TA SPTPT (MO TY = MOASR 1) -
T prer iy c!"ﬁ}!‘_‘q (1‘*}’1]/"") = N ’\(" -’): | .
TP N QUANT, (vTU/IRY = “:A(;::'a\ ORIGINATY PAGEIE
D TIPUT NA ARTONTINS (RTTY/EP) = LN Y o OF POOR RQUALITY,
TSI te0a Frov (LR/HPY = " A(Z.50:
TienRT Mpgatit rLov (cP) = "JA(Z,6)
27
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HAMILTON STAMDARD 3 0o

TECHNOLOGIES 1w

Table 1IX

PROGRAM LISTING (CONTINUED)

21n
22n
230
240

250
26N

270
290
2an
BQO
310
azn
330
340
3sn

360

170

EANY

INPOT M"PS-<12. POWIR  (WATTS) = "A(7,7):
THPIT "'RS=51 TLOW (OPMY = " A(7,0)
IIPUT "RS-5L POWER  (WATTS) = ",A(Z,0

INPUT "RS-251 FLOY  (LB/IR)

INPUT "R§~251 POTER  (VWATTS) = ",A(7,11): Or POOR QU

IFPUT “RBYPASS FLOIT  (LB/HR) = ",A(7,12)
TPUT Y0 SIMUTATOR  (PTU/IR) = Y,A(Z,13):
INPUT ™P 350M H20 IN (DFG F) = ",A(",14):
INPUT "7 261 H20 LI (DEG F) = ",A(Z,15)
DMPITT Y o9A1 FRILOIN (N0 FY = YA(R,1R) e

[T A R Y O S | N £ Y { A O

IPUT M261 F21 FLOW  (LR/TR)
NFXT 2

IF Y(1)[=Y(2) TIPT 260: Y(1)ab: REYLM ¢ 0OTO 240

FOR ©=1 TO 17: R{ZI=A(Y(1),7): NOXTP 7: X0O9)=X(1):
RCLO)=3,424%V(7) s X(20)=075%X(5): X(21)=427.5%7(5):
X223, 1A%V (0) s XL23I=Y, (A)+R(19)4+X(20)
X2AY=X )+ 7022)4+%(23) 1 ¥L25)=X ()+X{(21):

XL26)=X (26)47€25) 2 X(27)=3, 414K (A1) XI0)=X.(1M)-X{12):
RFESTORE 139: FOP Z=101 TO 173: READ X(Z): MNYT 27

GOSTR 'N3.(7(30),%(17)): El=73: IF X(15)=0 TIEN 290:
X{AL)=X(L5)-FL* (N (1L5)~X(16)): X{(29)=X{3M=*={X(15)-NX(31)):
X(2=X (3N % (231)-X(14)) 2, BOTO 300

X(28)=0: X{20)=X(26)+X(27)+X(13):
K{31)=NCLEEX (20 /X (300 %: (L/E)L-1) s X(15)=X(31)-FX(29)/X(30)
X(L4Y=X(31)

X(LN1y=15: X{102)=N: RESTOPE 1: FOR 7=103 TO 152: READ X(7):
MFXT Z: GOSHB '01(X(16),0): Hl=71l: I2=HI1+X{29)}/X(17):
RESTORE 26: FOR Z=103 TO 127: RFTAD X({7): NULXT 7

RESTORF, 1: FOR 7=172R TO 152: RFAD X(7Z): NEXT Z: .

GOSUR '01(12,N)s X(12)=R1: X(33)=RX{AMX(26)/X{(30):
Y(36)=CL3NAXLIMN (L) #XLL2) ) /R0

X=X (340700 s X(A0)=n: X(h1)=0: N(a2)=50:
X(43)=,1271676: X(39)=2380.6565%(6)/ (X(L])+A450,6):

WALRLITY e

CX(36)=,24%0(30): X(ATI=X(26) s VM1=X(30)/2; RESTORE 119

FOR Z=101 T0 12n: RTAD X(7): NEXT Z: GOSUB ‘01(W1,0):
M=7,3008%7Z1: GOSUDB '02: COSUB '10: GOSUB '1il:

IFP X(45)1=X{12) TN 360

NLARY=T0A5 YL X(AA)=X (45)+%{24)/%(37):
XOAM=rL4A=-X(23)/X(3R): cosum '02: GOSUR 'i0: GOSUR '1l
IF X{45) [X(L8) TUIN 340

GOSUR 'NA: AOSIR 'NLr H=II2/B1:
TL= (X (37)EVLAL)FL CAMK (MAF AN (A 2)=-X(3)) )Y/

(IR OIM+ (37

M=X(37)% (TL-X(45)): 02=01+¥(25): IF 02[X(26) THEN 380:
M=0: T2=X(11): TI=X(44): OL=X(24): 02=X(26): GOTO 390
TreX (A1 ("1=¥ (A7)): IF T21=T1 THEN 510:

Ple (VA ASTIN/ (Y (AA)=T2) 5 M=V (INY/X(IT): GOSUR '05(E1,M1):
R ISR

9)
13’A(z’]_0) . OB-IG]NAB PAGE E
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HAMILTON STANDARD 3V Oveoma
éidfﬁiﬁﬁxna:sm
Table Ix ’
(ﬁ{REHEAE:EUNGE3IS
PROGRAM LISTING (CONTINUED) OF POOR QUALITY
390 E2=(TL-X(45) )}/ (TL-X(1A)) s MP=X(30)*0)/X(37)/02:

400
410
420
430

44n

450

LA
L7
49N
4an
500
510
- 520

51N

540
550

560
510

s

GOSUB "05(E2,M2): U2=K#X(37)%Q2/0L:
U3=((L/H)/ (L /MY )50 /024 01/ (A+L /M) Y 2 UsUL412%03

IF U=X(46) THFEN 550: IF UIX(46) THEM 51Nt IF X{14)1=X({45)
THER 550: IF X(18)1X(L) TITH 430: IF X(37)1x(43)%X(36)
THEY 430: X{45)=X(14): X (37)=XC(43) %X (36)
X(ALY=X(45)+5(20) X (37Y s X(AR)=XK(44)=X(23) /% (36) s GGSUR 'Nes
GOSUR 'n7: X(37)=X(43)*X(36): ansSNB '10:
T1=X{44)=X{24) /X (37)

El=(ABS (TL-X(45)))/X(65): TIF E1ll=,5F=-4 THEN 410: GOTO 550
IF X(18)=X(1) T &440: X(AM=R(18): X(41)=1:
X(1R)=X(1")~.1: COSUP "N2: COTO 46N
F1=(ABS (=X (ARYYY /X (4RY s TF T1{.5E-2 TVF:' 550

X(45)=X (L0)+ (1 (L5)=X (LAY YST/R(AR) s
X(37Y=0020) [ CL(AH)=X(A5)): ROSUR '06: GOSUT 'N7: GOSYR '1r
K(37)=(28) (VAR =X (AR ) s IF XL37Y1=X (A AX(IF) THEN 460:
X(37)=X(£3)#7(3h) :
ROSUR '10: GORED '11: IF Y(45)I1=X(1&) TITY 360:

IF XM ¥(1) TITN 4903

XLATI=X (2L (R23) /R 03I6)+X (LPY-X(14) D A5 =X(14)

GOSUR T0f: GOSIE TN7: COSUT '1n: X37¥=028)Y/ (QL(40)Y=%{45)):
IF Y37V IsX4DET(36) TFRET 3603 X(37N=Y(43)%%(36):

GOSIH '11: GOSIT 'nA: GOSUB 'N7: costie '1n
X(37)=XLANFX(IRYs qOSIT "11: 000 360

X(L5)=X004Y s XOIRY=X(AS)H(V.(26)=X (22 [ (3A) s GOSHR 'nag
GOST'R "10: TI=X(A4R)=X(24)/X(37)

El=(ADS (T1-X.(45)))Y/X(A5): T7¥ Fll=,5F~4 THED 490: GOTO 550
IP X(45)=%(44) THEN 530: T1l=(ABS(U-X(46)))/X(46):

IF EL1[.50~-2 TIEN 550: X(37)=(28)/ (X (44)-%(45)=,1)

IT X(37)1=X(36) THIE! 52C: 1(37)=X(3C)

GOSTR 10 00SI Y11 GOSUB '06: GOSUR '07: GOSUB L0
=X CLAA)-X(45)) s IT X(37)[=3(3R) TR’ 36C:
A=Y ONSUR *11l: GOTO 360

IP (A0~ (1) [].1 TIEN 54N:

L= DR A (P=-X A0/ (=3 (41))) s QOSTR '02: GOSUR '10:
COSI'T '11: GOTO 550

X{12)=2(1")+1: COSUR '0Ps COSUR '10; GOSUDR '11: GOTO 360
AOSTR 'nf: GOSUR 'n7: COSUT '1N: GOSUD *11:

KA =X (Y (30X (37N N36) ¢ XLA= (R =R (42)=X(P):
XEONYsN (AR ANEX(AY /T CIRY X (]) s X (51)=Y (25} /1065

IF V(4)=1 TP 8705 GOTO GAN

SELTCT PRIVT 211(156) : PRTT PEX(ODOT):

PRI URSYOS SUPARY STATT. CMPITER PRACPAMT,

PRI I'FY(NADADA)

PRI O™ ' M ASEY(L)):

PRIN™ "MATT ¢ "sBSs PRINT NRX(DAOA) ¢

PRI UTUPIT. PATA =V

PRIITUSLC 600,%(1),:0(2),:0(3):

PRI AT an":' ((‘) ,x(ﬁ) ,}' (ﬁ) H

PRI AT 70N 00(T),X(8) ,K(9)

29
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TECHNOLOGIES 1w
Table IX

PROGRAM LISTING (CONTINUED)

- mr

600 PRINTUSINN
PRINTUSINN

A20 PRINTT'ST)I?
PRTT™TIGTNN
PRINTUSTNG

630 PRINTUSTIC
PRINTUISING

PRILN™STMAR
PRIMTUISTN
A50 PRINTUSTYN
PRINTUSING

710,%(10) ,%(11), K (12) s
720,X(13) ,X(16),%(17) =

PRINT HEX{OADA)

ALD PRINT "GAS LOOP QUTPI'T DATA ~''3 Ory,
PRUNTTSING 730,%(18),Y(39),7(10) ¢ Op
PRINTUSTHG 740,X(42),X(36),:1(20) -

760,%(37),%(37),%021)
760, %(40) ,X067) ,X(22) 5
770,X(44) ,X(4RY X (24)
700,%(45) ,X(51) ,%(25) ¢
700, % (50, X (4F),2(26) 3

PRINT HEX(NA)
64N PRI MCONTANT LOOP OUTPIIT DATA =":

RNV (31),7(14),3L(30) s
210, %(34),(35) ,X(L5)
20,X(32),%(30),X(28)
q30,X(27),%(27)

PRINT HIEX{(NADADANANANANADANANADA)
AEN IF Y(3)=2 TP™ £70: LOAN "RSICS2M

S0y,

POOR PAG@I.S'

o

A70 V(L)=Y {1)+1: coTn 250
680 IT RS=20 SITPT =l SfEEEA MY 0 CNAMBTR-S
CTAMBER-L cofftia La

67N 70 CLIAM AVIONICS ==F#{f.f¢ €02 INLET FLOW

meft 1

= fHIRE I

f—11 FLOW

8~51 POWFR

20 BYPASS TLOV
RS~261 T'21
73 7T CIINILET
RS~11

R8-50 ~8§

RS"'SD -1,

RGN O™
350-H 120 O

RR-"0 170 1

700 ZRS-11 POULR

110 JRS~251 FLOW

740 ™ DEMROINT
7501 7™ RS-11 TN

760 2T RE~5N 17

700 U1 RELAT OUT

TN T RE=TFT N0 OFT meft A8 M2

STTYIRY
=S 0F RS=51 FLOV
IRy

= M D

AR B2

=—f {4 RS=35) POWNR

wnf f B0, 40

el L I F

720 £0 120 AVIONTOS s<@pfan 88 P pouog] TIL T =={#PdiE I8

et T, POTAL AIR FLOV  ==f A 40

g

afAMS IS UOP RG=11

o Jiftnnn fn
t S o E

S EALA ER O UOD 350-M

Y YT

== Y Y 3500

RS~K1 S

770 ¥ 350 TY wmaft A EE F BVPASS
350-M =S ==fIIRER I

780 3T 35011 OUT =S IR W CONDTNSATY
350=M o, ST YT I

S R LI (TR Y {3 Y

T LY
A BAED P

redt it 1

2_.{[ :‘Jl;l}l_l_l'l. ,I!‘Jl
=
= f Y 1
e OB 0
LN

=t Are "

T OASOM WO T m-{aRs 00

o AN Tt S IR IR TA B a_y{l.‘q;‘-:‘l.i’m "OAVTOR 1120 T =._"llf:.}l,".~"i’

av

s

W

Q!‘
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HAMNTON STANDARD 3, dvono

Iugé%ms.. ) -
Table IX R ORI
k m -
PROGRAM LISTING (CONTINUED) oF PoogjLQ%A?E 15
ALITY]

/70
40

aan
ann
91.n
920
30
940
950
960

an
a92n

990

820 2T RS=261 F21 OBT ==##IF1.4 U RS=2617350-M  ==ffi{a, 1]
1120 WISINK m{RER

£30 70 RS-251. s A Q RS=261 aafHH IS B8
R40 END

850 DIFFNTOL(CL,DL)
260 DD ALCR)Y,YL(6),YL(A)

I1=1013 Ne=3: M2=2

IF X(I1)=3 TUEM 920: IF X(11)13 THEI 930:
IF X(I1) 00 TN 950: IF X{Il)=0 THER 9203
IF X(I1)=2 THI™ 900: IF X(I1)]12 THEN 920
N=1: GOTO 910

N=2

N2=]

T1=11-+1

N1=N+1

L=Il: IF X310 TPRT 960

Rl==1: Z1=0: GOTO 1230

N9=X{L):

IF X{IA41) 10 TR 060 IT X(141)70 TULT *80

H8=0: GOTO 200
NR=CL(TAAL)
Kla: Kl=n: C2=C): J1=Il+2: J2=01043141:

IF C2[X(IL) THRET 1030: IF €2=X(J1) THE! 1040

1000 FOR J=¥1 TN J2: IF C2[=X(J) TID! 1050 NEXT I
1010 K1=2: Q2=X(]2)

1020 Je=J2-1: COTO LRGN

M0 X1=1s €2=X0T1)

1040 J9=J1: ROTN 1NAN

1050 IF J-J1f1 TI'NIT 1030: IT J-J1l=1 TER LraQ:

IF J=32 TPItT 1020 I J1T2 TITT 1010
;T9=\. '—‘T?.

1NAO C3=02; TIF NA]M 2rT 1070 FOR. L=l TO Il XL(L)=X(T%):

LO=T00: YI(L)=XLT8): J0=T041: YT¥T L: TI=1; GOTO 1150

107N J1l=J14700 T9=I24M8: N2=01: IF N2TN({ILY THEN 1100

IF D2=(TL) TURY 1110 TOr J=71L TO J2:
IF P2 {=""1T) TUEN 1170: YNXT J

109A Eo=f: A =Y 12)

1000 19=1220 0N 1130

1100 Kh=": RA=XLT1)

1110 I8=T1: nOTO 1190

1170 Tr J=J101 TPTY 1100: I J-31=1 7T 11308

IF J=77 T 100p: 1T J17° TITT 10°0: TP=1-M0

TN 17=00 1%=J0 08 (T7-T1-1): 1,75L%: TNP IL=1L TO K1:

Y1=007): YL(L)=X(L7): 17=L7+s T7=T74L: NIXT IL:
I=Ns AOTO 1150 '

1140 ¥1(1)=F1: FOR I=1 TO MN: L7=L8+L: Y1(T+1)=03 FOR M=1 TO 'l:

VL(T+L)=VYI(T4L) (L7 RL 00 L7=L7+18s HEXT M: NLXT I:

O™ 1=1 70 M1t FLIL)=T(T8Y: J%=I%4L: MTNT Te GA=D2: T=1
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Table IX i -

PROGRAM LISTING (CONTINUED)

o
0y,

1L50

11460
117n
1180
1190
- 1200
12an

1220
1230

1240
1250
1260

12N
1270
1290

1300

1310

1320
1310

1340
135n
134N

137N
1990
1399
100
lan

an
1430

~Porp

D=l: XLO-2)=30 (L) : XLO=)=Y1(2): POR J=1 T Nl

AL (T+L)=XL (TR =X3 (1) s Ca=03=-y1(T): IF 4110 TITRY 121708
Z1=sYLET): X1(L)=0: XL(2)=n: X1 {D=0: X1L{A)=0

21 (Ty=1: 6O™0 1220

D=D*C4: O} 11 GOTA 1180,1190,1200)

NLAT)=04/A1(I+1) s GOTO 1210

¥L(T)==04: GNTO 1210

Y1 (T (X3, (TR2) X1 (1) Y*=Ch

WEXT T: AL(L)=ALQ12) s 21=0: TOR J=L TO Ml:
FLET)=D/ AL (T RAL CTRLYSRL(T) ) s Z2A=Z0 VL (T4 (1)
MFY™ J

IF I[=0 TR 1140

Kl=K1+I%: SFLFOT PRINT NNSs

PRIN™ YORF TARLE INDICATOR =';¥3

RETIT

DEFTNON

FOR B=1 TO 4: GOSUR '07: X{37¥=X(3/):
X(48)=X(18)~(X({24)-Y(22))/M136): GOSUB '06: GOSUR T07:
HEXT B X{37)=X(3h)

RETIIRM

DEFMITO3

X(101L)=2n: X(102)=0N: RISTORE 51¢ FOR C=1N1 TO 142:
READ X(0): NIVT C: GOSUT 'NL(X(45),0): P2=21:

A2z, 06224592/ (14 . 696-P2)+V(25) %X (36) /1.065/X(32) /% (37)
TOR C=1 TO 3: P2=A2% (L4, FOG-02)/,5622: NWIXT C:
RESTORI® 71:; FOR C=1n3 TN 127: PRAD X(0): "EXT C:
RESTORT 5%L: FOR C=123 TO 142: READ %{(C): ME¥T C
GOSI'D 'N1(P2,N): X(42)=ZL:

RETIIRT

NIFmIns

V1=X(6)"2(27)/, 101 5/X(36): RRATOPL 91: FOP. T=111 TO 129:
RTAD Y (I"): “TPT Tr GOSHR '0L(VL,N): H2=L1R,48028%71:
X€46)=1/ (L/H1+1/H2)

RETIT

DEFFNTNS(13,M3)

IF 3=1 Trr 1370 IF M311 TILH 1380

F=M3/ (-MSLOG{3-E3)/ (1-F3/H3)) s GOTD 1300

=1/ (1-F3): ¢aTo 1390

=33/ (M3-1)41.00 ( (L-L3/11) / (1-13))

RIS

nrEEiag

OOSPT 1n3: A=A2.7(21)/1065/X(30): FOP F=1 TO 3:
PA=AR% (LALLOG-P2Y /L F22: HTXT T: GOSUR "OL(P2,0): X{42)=71:
RETUR'! _

DEFFIINT

X(1N1)=20s L(1N2)=N: RESTORE 51: FOR N=103 TO 142:
READ X(CY: NTT G GOSTUR 'O (N(42),0): Pl=71:

rOSrR 're(P1,85.74): R1=R3: P2=14,694~P1
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Table IX

PROGRAM LISTING (CONCLUDED)

1440 GOSUB '0R(P2,53.35): R2=R3s
' R3=(85,7A*R1+53.35%R2) / (R1+R2): Cl=, 24+, 27904TP1L/P2;
FOR G=1 TO 6
1450 X(39)=12R973,44%Y.(6) /R3] (X(1LB)Y+X{(4)/¥.€A0)+459,0) ¢
X{(36)=C3*¥%(39): NEXT G:
RETURN
1460 DEFFHINR (Ph,R‘!)?
R3=1A4LNPL RG] (X(LE)+459,.0)
RIITRA
1470 DEFFA*ING
XCIPY=Y. (LRI (4) IX(3FR):
X(40)=X (LR)+(X(4)+X(19) ) /X(36)
14RO X(4L)=%(1LR)+X(23)/X(3F):
RETURY
1490 DEFFN'11; -
X(45)=X{4a)Y=X(24)/%X(37):
RETIRN
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RSECS FLOW CHART ROUTINE

File Name "RSECS2"

Abgtract "RSECS2" automatically produces flow chart output (on
previously prepared schematic drawings) of the case cur-
rently being analized by the program "RSECS". The flow
charts are produced using the WANG 2200 plot bed plotter.

Program Description

A data block containing values generatéd by "RSECS" is transferred
through use of a common block to program "RSECS2". This program then

sorts the data and prints out the values in the appropriate location on.

the schematic. Two separate schematics are used, one for the alr loop
and one for the water loop. Samples of program output are given in
figures 10 and 11 followed by a program listing Table X included for
reference.

The only user action required for this program is the loading of the
appropriate schematic on the plotter as required,
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CASE: ‘N ON ORBIT R/P = 500 DATE: 10/17/7h4

T = 67,08
CABIN CONDITIONS: —
TDP = 61.27
68 = bs52,0
oL = 306h.0
COO = c880 N
' RS-50 ILiOH
ASSEMBIY
FROM = 350=-M HEAT EXCHANGER
&!‘;I'I L 1 F = 83.89
A Lr 1] ! N | [ as = 4803:s
—— CABIN ! QL = 34h0,2
: AVONICS — S | — 7 = 33.67
T=70.00 | e 1
@ = 1301.0 F = 350.0 a— — _
T = 73.31 Q = 1990,3 @S = T770.,0 T = 32.99
T = 78,84 QL = 376.2
T = 80.67 H,0 COOIANT ICOP
T = TEMP DEG F F = 10.00 P
TDP = DEW PT D%RF Q = 290,1 T o= 21.31
5 = HEAT BTU/ . W = 450,0
QS = Q SENSIBLS — e 8— —omg——e=t!| Q = 8243.7
o%, =QmI‘QTENT T = 60.3%
F =FIOW CF¥ = Bl
W =FIOW IB/MR RS-51 SEPARATOR _—
W - 3.23

FIGURE 10 RSECS ARS GAS IOOP SCHEMATIC

~ SITOIONHIZL

[+c FTT 4]

o 1Rz}

%% GHYANVLS NOXTIWVH
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CASE: MIN ON ORBIT B/P

500 DATE: 10/17/7h

) T = 08,12
T = 87.3¢F
*g Pl AVIONICS
RS-251 PUMP q = 13043,
¥ = 950.0 T = 81.85
o o= 6964
HFAT FXCHANGER BYPASS A = 500
N 350-M HEAT
> EXCHANGER
'W = 83,99
Q = 8243.7
NASA HEAT SINK
W = 450.0 |
T = 51 31 P = 32.98 < ‘
' T = 32-99
Q = .000
FIGURE 11 RSECS WATER IOOP SCHEMATIC

T = 50.29

‘:1'\\% GHVYANVLS NOLTINVH

P

[LEE ]

RS-261 HEAT
EXCHANGER

W= 5200.0

Q = 21983,

GSE COOLANT
INOP

T = 33.00

HEAT BTU/HR
TEMP DEG T

Q
T
W = FIOW IB/HR
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Table X

PROGRAM LISTING

10
LR 20

40

50
- 60

70

30

100
110
120
130
140
150
160
170
180
. 190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340

350
360
370
330
390
400
410
420
430
L4

460
470
480

450

REM RSEGS2 PROGRAM LABELS DTAGRAM

oM §§%g8%>nci?légg 1A (10)064,155,Y(4)

JI I. ) O H

SELECT PRINT 005:PRINT MEX(03): gRIGINAL PAGEIS
PRINT “RSLCS FLOW CiiART ROUTTNE" s PRINT F POOR QUALITY,

FOR I=1 TO
IF ABS(X( 100000 THEN 60:
IF ABS(I 0000 THEN 90:
00 THEN 100 ‘
00 THEN 110: ' o "
0 THEN 120:
THhN 130:G60
)

st Sl b et e S omd

~Msa nnnnn

#uﬁ# CO0TO 150
0T0 150
GOTO 150
GOTO 150
GOTO 150
GOTO 150
tGOTO 150

-1
-1
o
:d
J"\
=24 :ﬁ:f\f‘\ﬂf‘\l"\

CONVERT
CONVERT
CONVERT
CONVERT
CONVERT X
CONVERT X
NEXT I
SELECT PLOT 414

STOP "LOADIG?§3L00P19?HEIATIC 0N PLOTTER THEN KEY CONTINUE"
PLOT c},[13,0,5),1,,

PLOT 1g;50*1g 29]5?* 0, ,%Bélg%*l3 ,0,U0]

PLOT [-7%13,-20,u],[,,X ,

PLOT [-7%13,-20,U),(,, i
PLOT [-7%13,-20,U],[,,X
PLOT [-7%13,-20,U1,{,
PLOT [-17%13,-7.25%2
PLOT [3%13,-30,U],(
PLOT _—7*13,~2o v, i
PLOT [5%13,0,U).(,.%
PLOT [~7%13,-20,U], [
PLOT [-7%13,-20,U],I,
PLOT [7%13,2%20,u],[,
PLOT [-7%13,-20,U],{,
PLOT [-7%13,-20,U],|
T=(X(44)5X(48)+3(h5)%
IF ARS(T)]=100 THEN
1 THEY 370:IF ABS(T)
CONVERT T TO TS, (-##
CONVERT T TO T§,(~#f#
CONVERT T T0 TS, (-ft«#4
CONVERT T TO T5,(~.#7)
PLOT [-2%13,18,25%2n,0])
PLOT [11%13,-10,25%20,U
PLOT [-7%13,-20,U],[,,X
PLOT (-7%13,-20,T),
PLOT [~7%13,-20,U],
PLOT [-10%13,-3%20, ¢
PLOT [=7%13,-6%27,1

—# ##)

1
1
1
1
1
0
0
T
T
T
T
T

el I B e e~
e il | R =

IR B 3 = X ]

¢ 3¢ e 14 14 v
wwwwwmﬁ
P oV oV e Y ol
BRI = Own v

(1)
X$(1)
16!
$(L
$(1
$(I
§(1

oo-o-to.-“}

k]
)
)
)
)
)

OO0 0O0

WL
R S N e 3]

LNy L L3 N .th.—n-.a
= LN = e— -

Pyl i W T N

O bttt 3o

e F 0 L L e
bt b e A (D} DR e v

v e w -

OO0 o—ocacn
-

M W W Mg

v e oe O

ar

BN D I W L e s s I
W WL Le—tly ~O00

- R

. I QOO
[ N = L VSRS I L ol g

[o—

e ke L e Tt
P Tt o e gl e LR PLY N P P

¥ o w W

S
e u v w v /~o e w

e Ja P A Lk~

L

v P DAL LN LN Lt

D et o i e el e o i o Ko B e L Lo S

Ya LS LU B N e

-<,

D Oy S e 53 52 >

0 TUEN 360:1F ABS(T)]=

e L)

H
fi

I N=IE I O WOADm GO s R
DI, w e v o (he

FIAI DS I TS Ll 5 O e A e [, e e et N ey

~—r ta
R Porlee T DN RS N Bt

DD
SItEe DO OO NO RN ELEED RS AT

Vo
—
—

coo

PLOT (-7%113,-20,0),
PLOT [-7%13,-20,U},
PLOT [-29%13,-2%20,

o8 Lo T BC S PS . , ST o |]

e W e Dew o e Lfpher |
G St S L) S e v e LS
A WL e M N N LD
3 e e D et e D RS
b G L3 3R L3 LY I O
e w h= e e W Dew
- QoW OO~NC

T v w LIV w4 Sl
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TECHMOLOGIES
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Do ot
g

e s ke e e
L

!
+

HUHH“JTH!SHHMNEMMRﬂiﬁﬁi
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3
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©o ®kea
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o s e
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560 PLOT
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1580 PLOT
590 PLOT
600 PLOT
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620 PLOT
630 PLOT
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350-M HEAT EXCHANGER TEST RESULTS DATA ANALYSIS

File Name "350-M HX"

Abstract "350-M HX" analyzes test data and provides revised
performance curves for the 350-M heat exchanger.
The program is designed to be used with a WANG
2200 - series computer system.

Program Degcription

For a maximum of 50 data points, the program will dterate the hot
or cold side hA to obtain a UA balance. Curves of hot side film
coefficient verses air velocity and cold side film coefficient
versus water flow per start are stored in the program as internal
data. These curves and water vapor properxty tables are interpol-
ated by using an adaptation of the Hamilton Standard Division's
"UNBAR" routine. See Appendix B for detailed description of
analysis and computer program listing.

350-M HEAT EXCHANGER PERFORMANCE PREDICTION PROGRAM

File Name "CoNDHX"
Abstract "CONDHX" uses inlet temperature and flow data to

predict performance of the RSECS 350-M condensing
heat exchanger. This program runs on the WANG
2200 minicomputer system.

Program Description

This program uses predicted curves of air and water side hA's
versus flow combined with a "pinch point" analysis to predict
performance of a condensing heat exchanger.

The user supplies input temperatures and flow rates as requested
and the program generates values for outlet temperatures and total
heat exchanger load.

Presented here is the result of using these programs to analyze
the results of testing conducted on the RSECS 350-M condensing
heat exchanger. Also presented are the analysis methods for the
data analysis program and the HX thermal performance program
along with listings of the two programs. See Appendix C for
detailed description of analysis technique and program liscing.
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APPLICATION OF WANG HX DATA ANALYSIS
AND

PERFORMANCE PREDICTION PROGRAMS

1.0 Summary

The RSECS cabin condensing heat exchanger was tested Nov., 26 -

Dec. 5, 1974 to determine thermal and pressure drop performance

and alsn the operating characteristics of the integral conden-

sate removal device (SLURPER) for both design and off design opera-
ting conditions. (Reduced test data presented in Appendix A).

Thermal performance was evaluated by measuring alr and coolant
inlet outlet temperatures over a range of (1) air flow, (2) cool-
ant flows and (3) inlet air dewpoints.

Pregssure drop performance was determined by measuring inlet and
outlet pressures for the air stream and coolant lines. ' This per-
formance was measured over the same range of conditions as the
thermal performance.

The slurper was evaluated by collecting and measuring the conden-
sate removed by the heat exchanger and also observing visually the
air ducts downstream of the unilt to detect smy water carryover,

Test results showed that the unit performed as expected and met
all heat and condensate removal requirements for the RSECS system.

This testing was done for two major reasomns.

{1) To verify that the heat exchanger thermal and condensate
removal performance is within orbiter operating limits,

(2} Verify the analytical procedure used to predict the con-
' densing heat exchanger performance.

Satisfying item {1 indicated that the RSECS condensing heat ex-
changer could be used in the RSECS system to simulate the orbiter
condensing heat exchanger (in terms of heat and condensate removal
ability). The RSECS unit for the same inlet conditions will not
perform exactly the same as the orbiter unit because of basic
differences. The RSECS unit is a tube fin design and the orbiter
is a special plate fin design. 1In spite of this difference,
results of thils test show that the RSECS unit can be configured to
perform exactly as the orbiter unit. The problem is to predict
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what configurations are required to produce various desired opera-
ting levels., To do this the analytical procedure mentioned in
item #2 above must be used. This procedure gives heat and conden~
sate removal performance as a function of .inlet conditions for the
air side (temperature, dewpoint, flow rate} and coolant side
(temperature, flow). Data from this test was used to verify and
modify the prediction procedure. This medified procedure can now
be used with confidence to set the inlet conditions to those values
required to produce any desired orbiter heat removal or condensate
removal rates. '
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2,0 Thermal Performance Analysis

2.1 Dbata Modification

2.2

Test data was hand recorded for each test point after the heat
exchanger had apparently reached steady state conditlons.

Initial review indicated some problems with this data. TFirst of
all, the air side outlet dewpoint consistently read above the out-~
let air dry bulb temperature. In a real system this effect cannot
occur because the water vapor would immediately condense to form
liquid water on the duct walls., Also when the amount of heat
removed from the air side was compared with heat added to the
coolant side (heat balance) these values agreed within less than
85% in most cases. A good heat balance (95%) indicates good test
data taken at a steady state condition.

Both of the problems mentioned above were resolved when the results
stored by the automatic data recording system during the test were
reviewed. This data was presented in the form of computer gen-
erated plots of each test parameter vs test time. Detail review

of these plots indicated errors in the hand recorded data due to
instability in readings and errors in picking steady state condi-
tions.

Corrected values were tabulated and used in subsequent analysis of
the RSECS condensing heat exchanger thermal performance.

Data Reduction

The modified and corrected test data {Appendix A) was input into
a data reduction computer program stored on the WANG minicomputer
system, The program used this test data to derive curves of film
coefficient vs flow rate for both the air and coolant sides using
an iterative procedure described in Appendix B.

Results of this analysis are presented in Appendix B.3 and the re-
sulting film coefficients for the air and coolant sides of the BX
are plotted in figures 12 and 13, From these results (App.
B.3) it is seen that the overall heat balance for each test point -
was 96%, indicating that the test data analyzed was very good. It
is also seen from figures 12 and 13 that the film coeffi-
clents behave exactly as predicted in the original Hamilton:
Standard RSECS condensing heat exchanger documentatiom.
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Results of this procedure satisfled the principle objective of
this test; that is, to provide realistic information on £ilm
coefficient behavior that can be used to generate heat exchanger
performance for any desired conditions.

43




HAMILYON STANDARD %, ovan

UMTED
TECHNOLOGIES 1

;15555 TEST DATA

rarey

g

.. 1
tprmanpr O

EEIE

i
H

L

e .
enomut i biom o

It

dweieny
Pt 94
eran

T fapiuencbag.

Senseafitysabery

Rt el I T s cgeg-tmndmt g awrr
b wr———— e s I

Tyl Yyt poplmry
it b b e

-..-.-.4..,......_..[.-....-4-'..- .
P
+

s 2 4

-
et b e

: PR
3 - e habss L -
st Tetrs tbl !

e o gy o i bren.mtient 1 P e SOk SRS

[rev-y
sdmad 1a-

pos ‘
rrnnalont Beakshiadt oot

- bt

g frprhtges

= § warm femew e -+

...-i..-.-r....,....i,....&-_.._.... 1 —d by

amrey . 4 gy eeefom evabtoses [y pe 2 R ATPRI LI R

! Rt *

2ad ase Adn Do GV av op Bptoce ¢

.
. .
4

: . VELOCITY (F_Tlrrm)

/05 D A

FIGURE 12 350-M CONDENSING HEAT EXCHANGER AIR SIDE FILM

COEFFICIENT VS AIR FLOW

44

8 & 7 » 0ol

. S




-

HARILTON STANDARD % 0no

ITED
TECHNOLOGIES

4 rabs
[N

B s o0
eitggee

3

T S Y T s s I RN L
Laess

3 e

i ! G Sl pud Soviiutiie
S b B Py
10 D OSSRIIS Spipymn

I ot
[T ——

EPIPUGEN R

P
-

E

3w
- D] Svk

- P N Y B oA

MR b i p s heiaem e e om din B4 4 LA AP

v b te it g mebvbe a.amrd

] -—
ol et bort o
R Sl et B
‘::-.-.... [T P ,-...--..-::...,. ...-..J._....-.A--:_ R 1o
- — e} 3 .—-g-.--'-
[t s v f ot v e et e gk ——— Sre e e
it e——ad e ¥ u-—u-.lq—--lnoi'-—--v-—‘-—l—- . uool.. ‘ -
- gr———i LY. + - l
r ——sf lal—-l!m-nh‘l — -b.---[---
"tq—-—--bLL —— r ———t 4 v eed b oafram
‘D {oe :- "_‘--1_‘-.""” .1..—-.—.......-.-.....‘.;,. .u.t ——

20 S A0 o 00 o0 oo

T FLOW RATE (LB/UR/START) .

¢ .
r

FIGURE 13 350-M HEAT EXCHANGER PREDICTED COOLANT SIDE FILM
COEFFICIENT VS FLOW

45




HAMILTON STANDARD /. Dwoono

ED
TECHNOLOGIES v

2.3 Performance Prediction

The film coefficient information generated by the data reduction 1

program is used as input into another WANG minicomputer program

to produce RSECS condensing heat exchanger performance predictions. 1
i

This program used a procedure described in Appendix C to generate
predictions of air and coolant outlet temperatures and heat loads
(sensible & latent) and outlet dewpoints for the heat exchanger |
based on the film coefficient data and input data for air and

coolant sides of temperature, dewpoint and flow rates,

One problem area noticed during this test was an uneven split in
heat rejection between coolant loops when both loops were working. .
This condition indicated that for the same inlet temperature into

each coolant loop the outlet temperatures were not equal, indica-

ting some sort of uneven flow distributlon inside the heat ex~

changer itself, Test results showed that the split between loops

varied with inlet dewpoint, coolant inlet temperature, coolant

flow rate and air flow rate. Analysis of these results produced

a technique for predicting this heat load split which was incor-

porated into the performance program (see Appendix C2 for details)

to produce a program capable of matching all test results.

This final modified procedure allows the RSECS condensing HX to

be configured to simulate any desired orbiter operating conditions.
This procedure will allow the RSECS unit to be substituted for the
orbiter unit in any RSECS system level testing and still maintain
any desired level of thermal performance.
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3.0 Conclusions and Recommendations

It can be concluded from this test and subsequent analysis that
the RSECS condensing heat exchanger can meet orbiter performance
requirements and it can be used as a substitute for the orbiter
condensing unit in the RSECS system level tests.

The testing provided correlation with a thermal analytical per-
formance prediction procedure for the unit and subsequent analysis
of orbiter operating points indicate the ability of the unit to
match orbiter requirements for heat and condensate removal and
delivery temperature., Using the correlated procedure it is possi-
ble to configure the RSECS unit to match any desired orbiter point,
For example: to meet some defined heat removal, delivery tempera-
ture and latent load; the prediction procedure will provide
necessary settings for alr and coolant inlet temperatures or air
and coolant flow rates depending on which parameters are fixed.

It 1s recommended based on the results of this test that the RSECS
condensing heat exchanger be used as a substitute for the orbiter
condensing unit in RSECS system level tests until an actual orbi-
ter unit becomes available.

47




HAMILTON STANDARD 3 0o

TECHNOLOGIES v

RSECS ARS GAS LOOP AP ROUTLNE

File Name "ARS DP"
Abstract “ARS DP" calculates the corrected (59°F, 29.92 in Hg)

pressure drop through the Hanlilton Standard supplied
RSECS hardware. The program is designed to be used with
a WANG 2200 - series computer system.

Program Description

By inputting total RSECS air flow and the number of RS-1l fans opera-
ting, the program will calculate the corrected pressure drop through

the RS-193 Filter Package, the RS-191 ARS Fan Package, the RS-190
COy/Temperature/Humidity Control Package, the 350-M heat exchanger,
and the ARS outlet duct. The results are displayed on the CRT,

A program listing, Table XL is enclosed for reference.
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ORIGINAL, PAGE
.10 PoOR QUALITIYj'S

Table XI

PROGRAM LISTING

10 RFM -~  RSENS GAS T.OOP PPTESIIRT DROP
20 IIPUT Mf RS-1] FANS OPERATIVG = M 7
30 LIEPUT "TOTAL AIR FLOW  (CR) = ",01
40 RT™ —  R§~101
50 P1=(,0765/,0700%%(,0235%0112/173} 24,3801, /1A7)
60 RT¥ - PRS-101 _
70 P2=(,0765/,0700)4( ON3OALEOLT /173124 61+, 11% (01 /T1) 1 2/5001 0
+,0205580,12/17212)
an PEM - nSel0n
0% PA=(,NTFEG/ NTACYEL NASSENT /1721 24, 0164, N12550112/17317)
1An M - orTLeT preT
110 P4=(.0765/ 0700 ( 0047011217380+, %0112/ 7001 2)
120 REM - 3501w :
110 Gl=+,0120R11734E=4 ¢ Q%=+, ANAAG05ANRLEAS
£3=+,1106130274000~52 Ch==,11754E5200F~7
C5=+, J0"RPRAANIIT=]N: (fim=, 130225522022 -17
140 C7=+,A1057)01725T=152 (==, 210270°10736587<12
150 P5=(.N765/.0709)%9, &% (QL+02% (01/ . S15)4+CH% (01 / . D15) 1 2+
4% (017, 715) 13+05% (01 /, B15) L &+CH% (N1, AL5) L 54
07%(01/,815) VAHCB®(NL/,R15)17) '
160 Pe=4% (L44H01%SORE(,0765) /28, 26/1098) | 2475
170 P7=P1+P 24P 3HHPALPH

180 PRINT
190 prIy™
210 pRITIT 'RS~107 T (T n20) = "3P1
21.N PRIV Mnga1n) np (T oY = ".p2
220 PRI "Re-10C DP (T K20) = ";73
290 PRI NSNS Y DT (T r20) = MiPr

2N PRIV "ODTLIT (0T DPLTH HANY = T4

250 PRI M -
26N PRPTHT HTO™AL NP (T PI0) = Map7

2710 1 m
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GENERALIZED PLOT PROGRAM

File Name "plot"

Abstract "Plot" uses the WANG 2200 flat bed plotter to automate
production of plotting of any desired set of data. This
program can plot point bv point or plot a desired fune-
tion in equation form, and in addition, completely label
the resulting plot in any desired format.

Program Description

"Plot" uses the WANG 2200 flat bed plotter and the WANG 2200 minicom-
puter system commands to produce plots of data or equations. As sup-
plied, the WANG had no software to run the plotter; program "Plot"
provides this function.

Required inputs are requested on the CRT and responses are keyed in
followed by keying "execute'.

Available options of this program are:
1, Point‘by point plotting.
2. Equation plotting.
3. Matrix point plotting.
4, Regression analvsis plotting.
For user reference the following items are included:

Table XII Description of input requirements for program and plotter
set up procedure

F%gur%% Samples of results of program use in different modes
l.—

Table XIII Program listing.
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Table XIT

PLOTTER SETUP AND PROGRAM INPUTS

data

Plotter Setup and Program Inputs

This example is for operation where the user has pgenerated a set of

points in some other program (RSECS), stored them in an array

and a plot of the points is desired.

Initially the user must do two things; 1) set up the plotter and
2} decide what type of plot is wanted,

1. Plotter Set up

set plotter power switch in "on" position

* set pen switch in "down" position

* set chart switch in "release" position

insert paper - line it up with bottom ridge and ridge on left
of plotting surface

* get chart switch in "hold" position

using control knobs set pen at 0,0 zero reference position and
press check button. Press scale adjust check button and set
pen at 10,10 using control knobs, then press scale adjust check
button again. :

2. Type of Pl.t
* Determine desired location of axis intersection point on page

* Pick X axis's increment for major divisions (units/in)

Pick Y axis increment for major divisions

Pick X and Y axis ranges

* Pick X and Y axis labels
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Table XII

PLOTTER SETUP AND PROGRAM INPUTS (CONTINUED)

Example:

2.5
Position 2,2 2.0
X axis unit/in 2 1.5
Y axis unit/in .5 1.0
X axis range 0,8 .5
Y axis range 0,2.5 n

llt

U 2 4 b 8

3. Now proceed to auswer questions that appear on the CRT.
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Table XII

PLOTTER SETUP AND PROGRAM INPUTS (CONTINUED)

QUESTION TYPED IN
ON CRT RESPONSE DESCRIPTION
X axis increment 2 Delta between major
units/in? divisions on X axils
Y axis iIncrement «5 Delta between major
units/in? divisions on Y axis
Location of axis 2,2 Location of 0,0
intersection point on plot is 2"
(position on page in over and 2" up from
inches - X, Y)? pen reference point
Limits of X axis 0,8
(min value, max value)
Limits of Y axis 0,2.5
{(min value, max value)
X, ¥ values at 0,0
intersection
X axis label Delta dew
point (F)
Y axis label Hp0 flow
Lb/Hr
Location of X axis 2
labels
(l=above, 2=below)
Location of Y axis 1
labels
(1=left, 2=right)
Plot points or curve 1 Purpose is to plot
(l=point, 2=curve) points generated by
previous program
Desived plot svabaol Entering nothing
' cousies centered dot
to be used as plot
symbol
53
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Table XIT

-

PLOTTER SETUP AND PROGRAM INPUTS (CONCLUDED)

QUESTION
ON CRT

TYPED IN
RESPONSE

DESCRLPTION

Are data points to
be loaded from array

First and last points
to be plotted

Key continue to
plot points

Do you wish to
connect points
with line segments

Do you wish to add
labels to plot
(O=no, l=yes)

. Desired character

size

Do you wish to
continue plotting

1

1,15

Continue

Reset

Array was loaded
for previous program

15 points were gen-
erated and are to be
plotted

Starts plotting of
points

Connects data points
to form desired
curve

End of plot routine

Activates portion of
program that makes
plotter act like a
typewritar

Selects size of
characters for la-
bels

({smallegt=1,
largest=10)

Ends program
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E T
100
110
120
130
140
150
160
170
130
190
200
210
220

230
240
241)
250
260
270
284
290
300
3190
4=01:

321)
Y:
330
)3
340

350

[s
33

39“
490
410
NTS
430
D
-0 ;”n
D)
J)O
YETIN
o i)
Ja4

“"DESIRED PLOT INCREMENT",D

Table XIII
PROGRAM LISTING
10 ne SU(WOI1IHL("SL?T“( xS ; 51 0RKHNAI:¥?£H3L
20 COM X9{1D0),¥Y9(100),C(10),X525,Y525,P ATTTY
30 DEFFN'GO"PLOT[" OF POOR @
40 DEFFN'Ol"CONVERT"
50 S$ELECT PRINT 005:PRINT HEX(03)
60 PRINT :PRINT " WANC 2200 GENERAL PLOT ROUTINE ":PRINT
" DEVELOPED BY 'WILD' BILL AYOTTE (9/74)":PRINT :;PRINT
70 INPUT "X AXIS INCREMENT (UNITS/IN)", xo
80 INPUT "Y AXIS INCREMENT (UNITS/IN)",¥
90 PRINT "LOCATION OF AXIS INTERSECTION': EVPLT "(POSITINN ON PAS

¥ INCHMES- X, Y )",xi,yl
INPUT "LIMITS OF’X AXIS (MIN VALUE, “AX VALUE)",S1,S82
TNPUT "LIMITS OF Y AXIS (MIN VALUE, ‘TAX VALUE)",Tl,T2
INPUT "X,Y VYALUES OF AXIS INTERSECTION",Cl,C2
INPUT "X AXIS LASEL", XS
INPUT "Y AXIS LABEL",YS
F1=100./40:F2=100, /Y0
Gosu3 500
PLOT [1,,C),[,,5]
INPUT "PLOT POINTS NR CURVE (1=POINT,2=CURVE)",Ul
IF Ul=1 THEN 310 :
PLOT {,,R],[100%X1,100%YL,U]
X4,Y4,E,E3,E4,8E0, Eo L7= O.As— "
INPUT "DESTRED PLOT RANGE (MIN AND “1AK VALUES)",Wl,Vv2: INPUT

sTOP "INPUT LQUATION TO sk PLOTTEp ON LINE 250 ThHEN SEY RUN

1t

FOR X=Wl TO W2 STEP » .
Y=C{L)+C(2)*X+C(II*XI2+C(4)*XI1I+C(3)*L4+C(H)#L!15+C(7)*X16
X5=X-Cl:Y5=Y~-C2

IF A[]Wl THEN 280:ULl=1:G08UB '02(X5,¥5,X4,Y4):01=2:50T0 240

cosus '02(xX5,Y5,%4,Y4)

NEXT X

PLOT [,,U]l:PLOT [,,R]: 60TO 1350

Ng= "'PRINF s PRINT I‘\IPUT "HESIRED PLOT SY'ISOL",.\s K=1:tX4,Y
INPUT "ARE DATA POI‘Tb 10 LE LOADED FRO{ ARRAY (NO=0,YES=1)"

,D:IF D=1 THEN 340

PDEVT +PRINT "INPUT DATA POINTS (STOP PLOTTING BY SETTING (,

4 )" :PRINT

INPUT "X,Y = ,x95,v9s:1v A98="N"THEN 410:CONVERT X9% TO X9(
CONVERT Y95 TO Y9(K} :GOTO 160

PRINT :INPUT "FIi®ST AND LAST DATA POINTS TN BE PLOTTED",X,KS

STOP "KEY CONTINUE TO START PLOTTING POINTS IN ARRAY"
X=X9(K)-Cl:Y=Y9(K)-C2:X&4,Yé=0

1T K]1 THEN 380:PLOT [,,"],[100%X1,100%Y1,v]), [F1*x,F24Y,U],

J 1,0, ,X$1:60T0 390 ,

GOSUR VA2 (X,Y, X4, Y4)

PLOT [-A5F1,-V#F2, U]

X=X+l TF D=0 THEN 330:IF K]=x5+1 THEN 410:40T0 360

INPULT "DO YOU JISU TO COMNECT PLOTTED POINTS WITH LINE SEGHE

(YES=1,N0=0)"

IF =0 TuEN 1354: INPbT "FIRST AMND LAST POINTS TO 3F CONNECTE
L3, Ly ,

AA,V y L B3 A KO, L8, L7=0l=2:0LOT [,,P],[100%X1,100%Y1,U]}
"OR [=LJ T LY

ATAR(I)=ChsYayu (1)~ , 4
1P T[S e A0l i=lsa0sUs 0208,V ,84,Y4)1UL=2:0T0 480
Sasug T \\,V,{q,va)

EXT 1

PLoT [,,u}:PLOT [,,R]:GOTO 1350
\1ILCT PLOT 414
T LIS SUSROUTINE DRAVS AND LABELS AXIS
PLOT [1,,«],[12,,5}
INPUT “LOCATION OF X AXIS LASELS (1l=ABOVE,2=BELOW)",L1
IAPUT "LOCATION OF Y AJIS LABELS (l=LEFT, b= PIGhT)",L

.

—
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Table XIIL
PROGRAM LISTING (CONTINUED)

52 A%?FL*ABS(SI-CI):A2=F1*ABS(SZ-CL):Jl=F2*ABS(T1nCZ):%z=F2*ABS
c
0 PLOT [,,R],[100%X1,100%y1,C),[~A1,9,U],[AL+A2,0,0],[-A2,~71,
[0,31+B82,0]
éSO(AB?(Gl ~CLY+ADRS(82-CL))/X0:N5=(ARS(TL~C2)+ABS(T2=-C2)) /Y2
§31=81~X0
[-3,-(B14+82),U]
673 gngI%ZIDTO]N?+1 Ul ORT

b
630 IF I3=N5+1 THEN 640:PLOT [-6,F24Y0,U] OF’gmAﬂPAGELg

[#)

e

b o e T4

GOV L L O L~ n
=]
o
b
o
=

3 DD G~ TV ]

640 NEXT I3

650 PLOT [~-(Al+3),~-(B2+6),U]

660 FNR I4=1 TO M5 +

670 PLOT {0, 12,»] H

680 IF L4='th+1 TnEw 690:PLOT [Fl®x0,-12,L]

690 NEXT 14

700 IF Li=2 THEN 710:PLOT [-(Al1+A24+24),20,U]1:R0T0 720

710 PLOT [-CAL+A2+24),-36,0]

720 FAR I=1 TO. !5+1

730 IF T}M5+1 THEN Jd49

740 $3=83+X

750 IT ABS(33)1=Llnif0, Ll 77917 ALS(91)i=1G0, THEV 730:1F ASS( 5

3)1=10.THEN 790 :IT ABS(53)]=1.THEN 800

760 CONVERT S3 TO 53$,(~.###):60T0 510

770 CONVERT $3 TO ass,(-ﬁ###) GOTO 810

780 CONVERT S3 TO $3$,(-##i#+):60T0 410

790 CONVERT 83 TO S3$,(-##°#):GOTO 510 _

800 CONVERT $3 TO 835, (~#«##):60T0 £10 :

810 IF K[]O THEN 320: PLOT [,,518]:00T0 &40

820 TF S$3{]Cl THEN 330:PLOT [F1%*X0,0,U]:50T0 &40

830 PLOT [{FLi%Xd)-60,0,U},[,,835]

844 K=K+1:NEXT I

350 IF L2=1 THEN 860:PLOT [-(A2+20),0,U}:H0T0 $70

300 TLOT {~(A2+100), 0 , Ul

870 IF Ll=1 THEN oB0:PLOT [ 0,-(Bl- 31),UG]:n2T0 390

£§30 PLOT [0,-(81+24),U]
890 w=0
900 T3=Ti-Yu
919 FOR 1I2=1 TO N5+l

920 v TI2]N5+]1 THEN 1330

930 Tl=T3+¥N

940 TF A3S(T3)1=1000,TIlEN 96” IT ABS(T3)]=100,.THEN 970:IF AB3(T3 .

)1=10.THEN 980:!F AYS(T3) 1=1.THEN 990 : |

959 CONVERT T3 ™0 T3S, (-.###):chn 1000 : : '

960 COUVERT T3 TO T3$,(—####):coro 10049 3

97) CONVERT T3 To T3§,(-###+):00T0 1000

930 CONVERT T3 T0 T3S, (=f#+#):40T0 1990

990 CONVERT T3 TO TS, (-#«#4#):60T0 1000

1000 IF £[10 THEN 1010:pPLOT [,,135]:60T0 L1030

1010 IT T3[J¢2 THEN 1020:PLOT {9, F2%Y0, U].GOTO 1030

102 PLOT [-60,F2%v0,U],[,,T35]

103) l’\ i\'}'lo \L\T I-..

1940 PLnT [,

1354 x§=" i THEN 1110: PLOT [100%X1,100%Y1l,U},[-A1,0,U]

1300 11 L1=2 TLEN 1070:¢LOT [0 su U]-bOTO 1060

170 PLOT [u,—un,t}' ' . )
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PROGRAM LISTING (CONCLUDED)

1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220

1230
1240
1250
1260
1270
1280
1290
1300
1319
1320
1336

40
0

13
135
1=YES
1360
1370
1380
1390
1400

IF A2[]0 THEX 1090:PLOT [Al/5,0,U]:GNTO 1100
PLOT [Al+A2/5,D,U]
PLOT [,,X §]
IF vé=""" THEN 1180
PLOT [,,R],[100%X1,2100%Y1, u] [0,-B1,U]
IF L2=1 THEN LL40:PLOT [90,0,U]:60T0 1150
PLOT [-90,0,U]
IT B82{]0 TUEN 1160:PLOT [0,2%81/3,U)}:70T0 1170
PLOT [0,Bl+B2%2/3, U]
PLOT [0,-20,S87, [,.¥81,[12,,51,[,,R]
RETURN
DEFFN'02(U,V,X4,Y4)
RI=U:¥Y3=V
D1=X3-R4:D2=Y3=-Y4 :X4=X4+D1:Y4=Y4+D2
IF Ul=2 THEN 1230: PLOT [Flsbl,F2%p2,t],(,,D),{,,%%),[,,U]

$E3= INT(FZ*DZ) E7=INT(Fl%D1):60T0 l3&0

El=F2%Y3- INT(FZ*YB)

E=E+EL+E4

P3=F2%D2+E:P9=INT(Py)

E5=F1%X3~INT(F1#%X3)

E6=LE6+LES+ES

38=F1%D1+E6:59=THT(58)

PLOT ([59%,PY, D]

E3=E3+P9

L4=F2%Y3=-E]

E7=59+E7 '

E8=F1%X3-L7

RETURN

§§PDT "DD YOU WISH TO ADD LABELS QR CO'MENTS TO PLOT (0 NO,
G

TF G=0 THEN 1480

INPUT "DESIRED CHUARACTER SIZE (NUMBER FROM L TO 5)",K

PLOT {X,,C],[,,S]

AEYIN PS,1410,1420

GOTO 1390

1410 IF PS$=HEN(OD)THEN 1430:37TF PS=HEX(N2)THEN L440:1F PS=iEX(N3) |

THEN 1450:PLoT {,,P$]1,[13%K,,U]:00TNn 1390

1420 IF PS=HEX(OD) THEN 1460:1F PS HEX(UL)THEN 1470:
IFT P$=UEX(02) THEN 1370:G0T0 14380

1430 PLOT [0,~20%K, U],[-999,u,l].n0ro 1394

1440 PLOT [13*&,0 ‘]:Goro 1380

1450 PLOT [~-13%K,0,U):60T0 1390

1460 PLOT [0,20%,U]:GNTO 1390

1470 pPLOT [0,-20%K,U]:60T0 1390

1480 INPUT “Ho voU JISH TO CONTINUE PLOTTING (0=10 l=YES)",G:
IF G=1 THEN 180

1490 END
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RADIATOR PERFORMANCE PREDICTION PROGRAM

"Radiator"

~ "Radiator" calculates thermal performance for a

flowing radiator system (Q rejected, T out) given
environmental and physical system inputs.

Results from this program have been used to generate
a data book of Shuttle radiator performance for
various environments that are a function of orbit
parameters (altitude, beta angle, vehicle roll
angle, ete,). Samples of results presented in this
data book are included here. (See figure 17).

Environmental inputs (Quuss . *%¢ ) were obtained
using a computer program TRASYS which uses a
detalled geometric model of the Shuttle vehicle
along with values for the surface absorbtivity
and emissivity.

A program listing, Table XIV, is enclosed for
reference,
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PROGRAM DESCRIPTION

INPUT DATA

DEFINITION

CRT SYMBOL

Evaporator Hy0 Flow

# of Panels

Inlet temperature

Data below is repeated for each panel
in system

Panel Type

Flux '
Shape factor to space
Flow source

Last panels in system

DESCRIPTION

Maximum radiator system heat
rejection is affected by evapo-
rator water flow and it must be
input

Usually equal to 6 or 8 (base-
line and space lab missions)

System inlet temp. Op

Single (1) or double sided (2)
Panel absorbed heat (Btu/Hr-Sq-Ft)
View factor to space (dimensionless)
# of panel supplying flow

#'s of last two panels in system
(flow from these panels is mixed
and becomes inlet to evaporatox)
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ASSUMPTIONS: RADIATION FIN ? = .9

FLUID TO TUBE AT = 3.0°F

ANALYSTS: GUESS VALUE FOR Tout

t.f.
'71'/#»4 = (é?.c:‘,u;'{,/a{ /%Y
(7 = LNERI0T)

Y = @Y7 ) (Fone >3 A) FF >/M/F9-I

T = (zﬂ-4T+466)/7fe;m/z
O =(Tour —4 7’+4w)/7slm |

-
U7 = CQS)ZZ 6, (_%—f’f)+.s“(ﬁﬁc7‘ﬁ/v(l)%_'
Ua= (25)/L06, (Oi—_:f:-;'—) +,5_(Aﬁcmn/(o);]
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Find F21 enthalpy in (H1) and
: enthalpy out (H2)

AVG Cp = H2-HL
0-T

U3 = UL + Y/Cp

If U2 equals U3 within desired tolerance, then model is converged
and Tout 1s the correct value, otherwise re-estimate Tout and

L

return to Tsink calculation., Continue looping until balance is

within desired tolerance.

This procedure is then follcwed for each panel in the system.
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Table XLV

RADTIATOR PROGRAM LISTING

F(l )10 DIY E7(10),E9(10),ES(10),A9(1LN),FL(11),51(10),TL(L1N),CL(1N)
RE* PROGRAM "RADIATOR"
C2=,N166E-4
Ll 3,2
1=—,1624E~4
co-.,az
c-.zs
.1713E-8
M— nnnnl tN =,0000001

SELECT PRINT 005 _ :

INPUT "EVAPORATOR 120 FLOW (LB/HR) T F1 ' |
INPUT "NUMBER OF PANELS",P1

PRINT : INPUT "RADIATOR INLET TEP (DEG FY",I: 16 I

.FOR I=1 TO P1

PRINT

PRINT "DATA FOR PANEL #", I

PRINT

INPUT "PANEL TYPE (l=SINGLE SIDE,2=DOUBLE SIDE;",T9

INBUT "FLUX (BTU/HR-S0 FT)",E7(T) . -

IF T]1 TIEN 201:INPUT "FLOW (LB/URY", P1(T1) _ |
FL(I)=FL(L)

INPUT "WLOW SOURCES (XY,X=SOURCE#1l,Y= GOURCF#Z)" 51(1)

F(1)=0:INPUT "SHAPE FACTOR TO SPACE (DEFAULT=1.d) "oF(I):

IF r(I)[]O THEN 227:F(1)=1.0

IF T9=2 THEN 230:E8(1)=.032:E9(I)=.8:AQ(1)=166.00:G0OTO 240
E8(T)=,N44:E0(T)=,841:A9(1)=332,00

NEXT I |
INPUT "LAST PANELS IY SYSTEM",L1,L2

Q6=0:SELECT PRINT N05: PRINT HEY(OB) PRINT " TIN = ";I6;" |
oW = ";FL(1)#2 . |
FOR I9=1 TO Pl |
E=E7(19):E1=E3(I9):E2=E9(T19):R1=A9(I9):R2=F1(I9):FN=F(19)

§2= IVT(GI(ID)/IG) §3=51(19)-52%10 1
X,Y,X1,Y1,X2,X3=0

IF §1=0 THENY 320: gero 330 4
IF S2[]1N THEN 330: :1=06:G0TO 380 |
IF S1=0 THEN 340:X=FL(S1)*TL1(S1)*CL(S1):XL=F1(S1)*C1(S1) |
IF §2=0 THEN 350: Y= F1(52), T1(S2)*CL(82):¥Y1=FP1(S2)*C1(52) |
IF T19[]JBL THEN 360:X2=W#T#.25:X3=W*+25:G0T0 370 i
IF I9{}(BL~1+B82) THEN 370:X2=Y%T%«25:X3=W*.25 |
L= (A+Y+X2)/(X1+Y1+X3)

TS (E/S/FNY!,25:0=,2%(T5~460)+ B¥T:SELECT, PRINT nns:

PRTNT "RESULTS FOR PANEL NUMBER "; 3193

1T t[]n THEN 410:E=, 001

ORIGINAL PAGE IS
OF POOR QUALITY 65
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Table XIV

RADIATOR PROGRAM LISTING (CONGCLUDED)

1~

Y4+ 5%ARCTANCIL)

Y)Y+« S*ARCTAN(OL)
=I+-NNL

CO*0O+C1*%0!12 /24C2*%013/3

VQQ\Q\QW- —t

IF ABs(o T
H=CN*T+CL*T!
C=ABS((H1-H"
Uy3=ul+y/C
IF ABS(U2-U13)[=M THEN A60

Y=7

7=0

IF U3]U2+N THEN 619

0= 0+K

IF Y[]0n THEN 410

K=K/2

0=0-K

GOTO 410

0=0-K

IF Y[]O TUHEYN 410

K=K/2

0= 0+K

GATO 410

Ql=(I~0Q) %C*R2

PRINT "TOUT = ";0 . _

v #### i RAFOEE R fEfifte TR A
it TR ~fHEHEF = HERES —{tfife

QA=Q6+01
T1(I9)=0:C1(T19)=C:NEXT 19
1)+F1(L2) *T1

9)
04=(FL(LLY*T1(L (
60/((F1(L1)+F1( L2

05=04-F1%19
Q7=N6+F1 1060

PRINT : PRINTUSING 78N, 04

PRINTUSING 790,06

PRINT :PRINTUSING 80N, 05

PRINTUSING 81n,n7

% RADIATOR OUTLET MIX TEMP = ##ffefif

% RADTATOR TOTAL HEAT REJECTION = —#?4### i

 BEVAPORATOR OUTLET TEMP = ftitf- }

7 RADIATOR/EVAPORATOR SYSTEM TOTAL HEAT REJECTION = —{#{#{H{F

SELECT PRINT AN5
STOP :00T0 260
END - ' :

BN WNEDOVONOM D™ WNEFEDWVISNIIIN W

L2)) /(F1(L1)+F1(L2))
YY*a245)

QDD on R e ] DQ~DDOOOO:J““—D-3~DOODOQ D000 IIODDISIIIDINIDIDID
o

SR OITEI R Il N N O TNOAAR R LAUNUINU IR S S S e
Lo WD DO I DA DWW N OO
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GENERALIZED THERMAL ANALYZER PROGRAM

File Name ''WINDA™

Abstract "Winda" calculates steady state or transient temperature

profiles of constant property structural and/or fluid
thermal math models, The program is designed for use with
a WANG 2200 ~ series mini computer. A sample case is
shown in figure 18.

Program Degcription

This program is modeled after the System Improved Numerical Differ~
encing Analyzer "SINDA" (Referemce 1), Like any thermal analyzer pro-
gram, the program requires the user to convert his thermal system into
lumped parameter RC network. Reference 2 provides a discussion on
thermal mathematical modeling.

"INDA" can be functionmally divided into two programs, A thermal net-
work imput/output and conversion program, and a solution routine pro-
gram, Therefore, the following discussion has .been dlvided into two
partst I. Thermal Network INPUT and OUTPUT, and II. Thermal Network
Solution Routine.

I. Thermal Network Input/Qutput Program

This portion of the program'allows ﬁhe user to input his thermal math

model (TMM) elther from a tape or from the console, edit changes
and/or corrections to the network heat transfer paths (conductors)
and heat sources (Q's) and save the corrected version on tape.

A. Tape Lnput

The program will search through a tape containing several
models (Files) to pick out the user required model. WANG
2200 system tape handling rules apply. The models are written
as NAMED data files. '

h8

tm a1
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B. Console Input/Edit

1)

2

3)

Node Data

If the user’'s TMM was loaded from a tape no changes are
allowed to the node data. If not, the user is required

to supply the number of diffusion, arithmetic and boundary
nodeg in his problem. Then the program will number his

nodes sequentially, starting with the diffusion nodes

first, then the arithmetic and finally the boundary nodes. It

- will then request the required node definition data as

follows:

Diffusion Nodes Initial Temp (°F), Thermal
, Capacitance (Btu/9F)

Arithmetic Nodes Initial Temp (°F)

Boundary Nodes Constant Temp

Conductor Data

Upon completion of node data inpﬁts, the program request
edits (addition) or original inputs to the conductor
arrays.

Two node numbers specifying the hookup and a conductor value

(Btu or area) are supplied by the user for each conductor input.
Time-OF

'If the conductor is to simulate a mass transfer (fluid. £low)
conductor, and as such will allowy energy transfer only downstream,

the user is required to input a negative node number on
the upstream node only, The conductor value represents the
of the fluids..

If the conductor is to simulate a radlation hook up, the
conductor value is input as a negative A(area), If the con-
ductor is linear, it is input as positive ( KA (hA on bqﬁp
depending on type) _

Source Array (Q's)

The source array allows the user to input the network's heat sources
(limited to diffusion and arithmetic nodes). The input
procegs is additive; the equation being of the form:

new (node I) = Qg1q (node I) + Imput

Allcwing for input of several sources at 2 single node.
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4) Demand Mode Correctionsg

At this time, the program allows the user to modify his
input, limited to the following:

a. Changing temperatures or thermal capacitance
b. Changing sources

¢. Changing conductor values
and hookups (not. conductor types)

The node number is the index in the temperature (T) and
source (Q) array. The edit number printed by the program

is the index in thé& conduetor block arrays (61, G2, G and
Rl, R2, R), Note that only mass transfer conductors are one
way and all others need to be edited on two lines.

5) Model Save Option
If the user desires to save the TMM to tape drive 10B, he
"has the option oi writing over the old model or specifying
a new location (the next open file) on the tape.

Table XV summarizes the input sequence of the thermal network.

Thermal Network Solution Routinesg

The program has two solution routines available to the user: a
transient forward differencn routine and an iterative gteady state
routine, '

Table XVI contains the control variables required to execute the solu-
tion routines., The program selects only those variables necessary
for the execution of the selected sclution routine. At the com-
pletion of the solution routine the program can be restarted at the
final temperatures (or a new set of initial conditions can be input
at the CRT console).

A. Forward Difference Routine

The forward -difference solution technique extrapolates the new
temperature T (t +at) from the old temperature T(t). The solu-
tion is explicit, the only limitation being the length of the

time step. At each time step the solution routine first calculates
-the new temperatures for the diffusion nodes. The arithmetic nodes
are then given a steady state solution based on the "new" diffusion
temperatures. (See steady state solution discussion).
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The time step for stability purposes is calculated as follows:
The program calculates the CS8G for each diffusion node where

CSG (nnde I) = N = total number of nodes
N
.
Gﬁi = heat transfer paths to node
EE I .
Az linear or linearized radia-

tion conductors
Then the time step is caleculated as .95 times the minimum CSG
in the network divided by CSGFAC (a user optiocn to modify the
time step).

The solution algorithm for diffusion nodes 1g as follows:

_I (tﬂ\t) T +9-1-'—"‘-[Q +Z (-l:(ﬁ) -'TJ_-U.))

A (sTEMA) ZKI P (7 TR (W + ) [GO-T; u;))

LY -

T = temperature
t = time
. where At = tlme step
Cy = Thermal mass of node T
qh? linear (conduction, convection or mags transfer)
conduction from node I to J

SIGMA = Stephen Baltzman Constant
Q; = internal heat generation (source) at the I'th node

Ry ;= radiation conductor between node I and J (:ﬁfA ).
Note the linearization criteria used.

The forward difference solution routine will output (i.e.,
print temperatures) at the user specified output interval
and upon completion of the problem.
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B, Steady State Routine

The steady state solution routine is an iterative sclution
technique which treats all nodes (i.e., diffusiom and
arithmetic) identically. The network is assumed at steady
state when the temperature change between iteration is lass
than the user required minimum for both the diffusion and
arithmetic nodes, or the user supplied maximum number of
iteration is exceeded The solutSJ;n algorithm is as follows:

Qr + [Ee—r, cuﬂ [(,m.auﬁ) Res @l » Tet) (e +1:0) (T3 m)
X L(L-H)

[ ;;;G'Id ] E'_:.IGM.A

where T(+1) = D(X
L=6,1, 2. . .Iteration count
D = Damping factor

1 j

f\/#:'

Re (T ) ([ a4 @) ]
L))+ Ci=D) TR

;..

and all other variables are defined as in the transient snlu-

tion case.
The user may select different damping criteria for the diffusion and

arithmetic node in his network. Radiation dominated problems
require many iterations to reach steady state. It 1s suggested
to use a D = .5-.7 in these cases.
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TABLE XV

THERMAL NETWORK INPUT/OUTPUT SEQUENCE

CRT SYMBOL

7.

a) TIs network stored on
tape drive 10B

b) 1If the answer to part a) is
yes, then input model file
number

DESCRLPTION/COMMENT

1
2

File # [ 3 M

where model 15 stored

NOTE: If the network is stored on tape the sequence continues

at ﬂtep 6 .

Input number of diffusion arithm
metic and boundary node

Input for diffusion nodes 1l to
L7, initial temp. and thermal
mass.

Input for arithmetic nodes 1 to
Iy, initeal temp.

Input for boundary node 1 to
I3, constant temp.

Node Data Printout
desired

Input conductor data
NA, NB, value

11, 12, 13

Input for each node at a time.

Input for each node at a time.
Input for each node at a time.

1 =Yes Prints user node data
2 = No

At this point, the user inputs
each conductor one at a time.

The following rules apply to the conductor data:

a) Linear {conduction or convection). NA, NB are positive Node Numbers
and the conduction value is positive : ) :

b) Mass Transfer - The upstream node NA or NB is flagged with a
negative node number gnd the conduction value equals

¢) Radiétion Conductor - NA, NB are positive Node numbers and the
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TABLE XV
THERMAL NETWORK INPUT/OUTPUT SEQUENCE .
(CONCLUDED)
CRT SYMBOL : DESCRIPTION/COMMENT

8.

10.

11.

12.

c¢) continued

conductor value is input as a negative d;f A. (The negative sign
only serves as a flag to indlcate radiation). .

d) An image of the user input is produced at the typewriter.

Yes

Detalled heat transfer path 1
2 = No

printout desired

non

If yes, the printout shows all connections in the network.

Source data input N is the node (arithmetic oxr
N4 Value ‘ : diffusion), Note that the :
value is addéd to the previ-
ously stored Q rate.

Source data . 1 = Yes
printout desired 2 = No

Make changes to network from demand node. The user can now
(using the terminal) make changes to the network.

a) 1s the network going to be 1 = Yes
saved on tape drive 10B 2 = No
b) 1If part A is Yes then input File # | 2 M

model file number
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TABLE XVI

THERMAL NETWORK SOLUTION ROUTINE INPUTIS

CRT SYMBOL

DESCRIPTION/COMMENT

Type of solution desired

Initial time

Output interval

Final time

SIGMA

Time step stability criteria

Maximum number bf interations
Arithmetic node relaxation
criteria

Arithmetic Node damping factor
'Diffusion node relaxation criteria

Diffusion node damping factor

76

1 = Forward differencing
2 = Steady state

Problem start time

Used only with forward differnce
routine

Problem end time of the forward
difference solution. Also used
as the output time of the steady
state solution

Stephan Baltzman Constant

(A default of ,1713E-8 Btu
' M= Fre opt
is obtained by inputing 0.).

Used with forward difference
solution to modify time step.
(A default value of 1. is b~
tained by keying 0.)

Used in the steady state solution
routine

Delta temperature between steady
state iterations

Used in the steady state routine
Same as arithmetic node

Same as arithmetic node
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PART A - Qg = 1000 Btu Qg = =200 Bey

MINI TULRMAL ANALYZLR PROGRAM
LIMITED TO CONSTANT PROPERTY NETWORKS

#k% THERMAL NETWORK INPUTS #is

NODE DATA RLOCK ‘
DITT INIT TLVD 40,00 CaAP

Nonhe 1 1,8150008~02
NODE 2 DIFF INLT TREVP 40,00 CAP  1.815°00E-N2
NODE 3 DIFF INIT TEMD 40,00 CAP 1.815000G=N2
NODE 4 DIFF INIT TEMP 77.00 CAP 1.RB1I59700-02
RODE 5 DIFF IVIT TCMP 70.00 CAP  1.815001NE-02
NODE 6 DIFT  INIT TEMP 70,00 CAT 1.8130005=-n12
. NODE 7 1TF INIT TEW? 190,00 CAP  1.000000E+00)
NODE & DIFT INIT TE'D 50,00 CAP  1.090700T490
w0aL 9 DIFF INIT TEMP 645,00 CAP  1.000091904%0
X0ORE 10 DIFF INIT TEMP AN, 09 CAP  1.9n900N%+10
wODT 11 ARTTH  INTIT i0MP o, nn

LoD 12 ARTTH  INIT TEMD G0, 0n

¥OPL 13 BOUN COXNST rIﬂP 110,00

SODE 14 nOUN  CONST TLP -h59,017

NUMBER OF SNDES DIFF 1N ARITH 2 BOUMDARY 2 Te€TAL 14
CONDUCTOR DATA BLOCK

TYFE NA ND Co¥DY TOR VALUE
*NEW®R  LIW 12 1 1.25909r0401
T NEWA LIV 1 2 %,2537000400
*Vﬁ"f LIY 2 3 6.2500008+90
} NEW®  LTIN 11 4 1,257009E4D1
®REWT O LIN 4 5 6,2500005407
sypws LIN 3 £ 6,25000NE+00
RIEUR LIN 2 12 10009005403
dREYE LIN 10 11 1.10909NE+03
PR LIV -7 & 1.0000N5402
*W""“ LIN -3 Q 1.09001NE402
SENEYE COLTN -2 11 1.0000084+02
v Y RETE LI ~-19 7 1.0MNN0E+N2
3 KEW:s  RAD 1 14 0,10000NE=03
*ALWE RAD 2 14 6.,MN2000E-03
FNEW®  RAD 3 14 H,NNOANMELT]
NEUE LI 4 11 2, 00NNNANELND
3 NEME O LIN 5 11 2.000NNELA0
ENEWE LT h 13 2,000900E400
ORIGINAT, PAGE IS

OF POOR QUALI']?YI

FLGURE 18 WINDA SAMPLE PROBLEM (CONTINUED)

78




g

MME&?@N STMDARD My, Do

UNITED
TECHNOLOGIES 1

1 ETHORK HEAT TRANSEER PATHS .

EDIT NO+ TYPE NA(GL/R1) NB(G2/ 2)  VALUE(C/R)

G 1 LIN 12 1 1,2500908+01
G 2 LIN 1 12 1.250099E+91
G 3 LIy 1 2 6. 257000%400
¢ 4 LIN 2 1 f.2590008+00
a s LIY 2 3 6. 2500NNE+00
G 6 LIN 3 2 6.250900%400
G 7 LIN 11 4 1,2500n0E+01
G 8  LIN 4 11 1.250000E+01
¢ 9 LIN 4 5 G 25NNONE+0N
G 10  LIN 5 i 6.259000%+00
¢ 11 LIY 5 6 6,250000E+10
¢ 12 LN & 5 6.2529908+00
¢ 13 LIV g 12 1,000NNAE+NY
6. L& LI 12 3 1.000000E+N]
¢ 13  LIN 10 11 1.900769E+03
n 16 LIS 11 1n 1.0002005+03
G 17 LI 8 7 1.009900E+02
¢ 18 LIy 9 8 1.0000NOE+02
¢ 19  LIY 10 9 1.0N0NONE+N2
¢ 20 LN 7 10 1.0001NE+N2
4 21  LIN 4 13 2,n90590E+00
G 22 LI 13 A 2.009700E+0
& 23 LIY 5 13 2, 00NNADEHD
¢ 26 LIN 13 5 2,099004E400
& 25  LIN b 13 2.00NNNAE+D0
G 26 LIN 13 6 2.007900E#N)
r 1 RAD 1 14 6,00N0DOE-N3
R 2. RAD 14 1 6. AANANNE-03
R 3 RAD 2 14 6.00NNARE-"]
e b RAD 14 2 6,7NNNNNELN]
R 5  RAD 3 14 f.NNNASNE~(Y
R 6 RAD 14 3 &, ANNINOE-N3
NUMBER OF HEAT TRANSTER PATHS IN NTTWORK 32 ( 26 LINEAR, 6 RADIATION)

SDURCB DATA BLOCK
MMEN®  SOQURCE 7 VALUE 1.1009NAE4D3
*NEWA  SOURCE 9 VALUE -2,700770NE+402

NETWORK NET HEATING RATES ARRAY (1)

NQDE NQ- NET NHTAT —ATE ' '
I - 5 0.,0900 400 n,annaLenn 0,.009054+00 0.,0890540N N.0900E+N0
6 - 10 2.70900+00 1. DNANE+NTY n,na0084+00 ~2,.00005+02 0,.0000E4+ND
11 -~ 15 0.0NANT4NN N.0% "ELA0 0, NN0NELND n,n00058+90 N, 00905400

NETWORK SAVED TO FILE 1  SUCCESSPULLY e NOTE THAT NETWORK WAS SAVED

FLQURE 18 WINDA SAMPLE PROBLEM (CONTINUED)
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¥%% CONTROL CONSTANTS INPUIS %&*

TORWARD DIFFERENCE SOLUTION ROUTINE SELECTED (CNFRWD)
INITIAL TIME-TIMEQ O

OUTTUT INTERVAL-OUTPUT 1.7GRNOONONE-D3

FINAL TIVE-TIMEND 5.00R00NN0OE-03

RADIATION SIGYA 1.71300M0NE-N9
TIME STEP STABILITY CRITERIA-CSGFAC 1

MAKTUM NUMBER OF. ITERATIONS-NLOOP 3

ARITHMETIC NODE RELAXATION CRITERTA-ARLXCA 1.00000000E-02
ARITHMETIC NODE DANPING FACTOR-DAMPA +9

DIFFUSION NODE RELAXATION CRITERIA-DRLXCA 100000010
DIFFUSION NODE DAMPING FACTOR-DAMPD 1

**% END OF INPUT SEQUENCE - BLGTIN EXECUTION PHASE *%#

TIMEYN

NODE KO-
1- 5
6 - 10
11 - 15

TIMEY
NODE N0

1~ 5

6 - 10

11 = 15

TIMEN
NODE RO~

1 - 3

& - 10

11 -~ 15

TIMEN
NODE WO~
o1« 5
6 - 10
11 -~ 15

TIMEY
NODE NO- -
1 - 5
6 ~ 10
11 ~ 15

TIMEN
HO®E NO-
- 5

6 - 10

21 -~ 15

0.0009 DTIMEU B.379G3E-NP4 CSGMIN A8.746983E-04 AT NODE 4
TEMPERATURE (DEC F}

4N.00 4n,an 40,00 70,00 70.09
70.00 100,00 50.00 45,00 50,00
70.00 an.on 100.00 ~459.00 ~460.00

0.0010 DTIMEU 8,30963E-04 CSGYIN 8.74693E-04 AT NODE 4
: TEMPERATURE (DEG F)
6 312,96 72.60 73.25

40.63 39,0 Q
73.25 27.16 46,70 65.22 66.79

66.77 46,62 1n0.00 -459.00 -460.01

- U.OﬁZD DiIHEU 3.30963E-04 CSOMIN B.74698E-04 AT WODE §

TEMPERATURE (DEG F)
44,42 ‘ 40.32 39.94 71.89 75.77

76.14 85.11 51.57 45.24 64.66
66.73 51.43 100,00 ~450_00 -460.00

0.0030 DTIMEU B.30YR3IE-N4& CSGMIN B8.7467AE-N4 AT N¥ODE &
© TEMPERATURE (DEG F) ;

47.81 £1.61 40,09 71.33 77.16
78.55 93.07 55.74 45,73 £2.84
62.95 55.65 100,00 -450.00 =460.09

0.0040 ﬁTIHEU B8.30NG38-04 CSGYIN  8,74698F-04 AT NODE 4
: TE”PERQTUEE - {DEG ¥) .

3N, 99 : 3.21 40.R3 70,72 75.11
80.37 91.03 59,30 46.57 Al.27
651.39 59.19 100,00 - =452.00 ~-460.0%

-

0,0050 DTIMEU BR.3INUAIE-NE  CSGHMIE 8,74678E-04 AT NODE 4
- TEMPERATU&E_ (DREG Fz

53.88 : 44,08 1.53 CIn.,07 7R.72
B1.69 sa,ng £2,30 47.67 , 5a._95
60.09 62,19 100,80 -459,00 -460, 00

PR

TRANSIENT SOLUTION FOR .005 HRS.

gzgéiﬁ!fﬁﬁihfﬂﬂéﬁEﬁi&iﬂﬂﬂ%ﬁ?ﬁi
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#% CONTROL CONSTANTS INPUTS #*%*

STEADY STATE SOLUTION ROUTINE SELECTED (CINDSS)
INITIAL TIME~TINEO 1
ATTPLT INTERVAL-OUTPLT O

RADLATION SIGHA T.71300000E-09

TIME STEP STABILITY CRITERTA-CSGFAC 1 . SIEAPY STATE SOLUTION
HAXINUM NUMGER OF ITERATIONS-XLOOP 1000

ARTTINETIC HODT RELAXATION CRITERIA-ARLECA 1.000000005-03

ARITHVETIC NODE DAMPING FATTOR-DAPA 7

DTIFTESTON NODE RELAXATION CRITERIA~DRLECA 1.000090005-03

DIFFUSION NODE DAMPING TACTOR-DANPD  +7

*#*% END OF INPUT SEQUENCE -~ LGEGIXN CXCCUTION PHAST *#%

TIMEN 1.0000 DTIVEU 0J.006D0E+00 CSGMIN 0.00000E+CG0 AT SODE O
NODE KO- TEVPERATURE (DLG I)
1 -3 53.88 46,00 41.53 79.07 73.72
6 - 10 §1.69 Be.O3 62.30 47.67 59.25
11 - 15 . 60.08 . 62.19 10,00 ~459.00 -450,00

HSINDOIONHIAL
LN
fouomg

STEADY STATE IERATIONS PERFORMED 1000 XNLOOP 1709

TIMEN 100.0000 DTIMZU O0O.00CONE40D  CHEYIN  N.92000E+G0 AT XODZ 1

HODE HO- TE¥DPIRATURZ (D05 T)
1 - 3 215.31 214,173 213.70 ) 1339.62 151.46
5 - 10 138.93 218.52 216,32 ) 214,17 208,67
11 - 15 205.28 216.24% 190.89 -452.00 -5650.90

g AUVANYLS NOLHINYH

[P

e




8
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)

PA2T B - SAME NETWORK AS IN PART A Q7 = 500 g&z
T

. dg =, =400 3tu

MINI THERMAL ANALYZER PROGRAM dr
LIMITED TO CONSTART PROPERTY NETUCRKS

*&%k THEQRMAL NETUORK INPUTS #aw

WIRI THEDMAL ANALYZER PROGTAM
LIYITED T0 CONSTART PRCPRERTY NLTUORKS

#*#% THERMAL NETWORX IRPUTS #ux
Y¥ETWORK FROM FILE 1 WAS SUCCESSFULLY LOADED £&—— NOIE THE NETWORK WAS LOADED FROM TAPE

: (=3~
%ODE DATA BLOCX gz 3
TUM3IR OF MODES DIFF. 10 ARITH 2 3OUNDARY 2 TOTAL 14 30 =
CONDUCTOR DATA BLOCK §
TYPE WA R CONDUCTOR VALUL B
TUNIER OF NEAT TRANSFER PATRS IM NETUORR 32 ( 26 LINEAR, 6 RADIATION) ¥
€

SOURCE DATA BLOCK

HNEWNE SOURCE 9  VALUE -2,000000G-N2 . .
#*%Eh  SOBNCE 7 VALUE ~5.999000E+032 <&—— CHANGES IN Q
NETWORK NET BEATING RATES ARRAY (Q)
NONT NO- ¥ET KEAT RATD
1~ 5 0.0000E+00 0.02N005+1) 0.1000E+00 0. 00005+80 0.0000E200
6 - 10 0.0000E+ND 5.0000E+02 0.N000E+00 <4, DI0GERD2 0,09095L00
11 ~ 15 0.00008+00 0.0090E+0) N.OARNZH00 0. 0000E+00 0.09020590

#&& CONTROL CONSTANTS THPUTS =8

ISTTIAL TIME-TINEO

OUTPUT INTERVAL-OUTPUT 1.00000000E503

FIVAL TTML-TINEED -5.00000006Z-03 _

3ADIATION SIGuA 1.7i3000n0c-09 -
TI™E STEP STABILITY CRITERIA-CSGT :

SAZTMUT NUMDER OF TTERATINNG-4LOAD 3 TRANSIENT SOLUTICN FOR .GO5 RS,
ARITICIEIIC BOPET RNLANATION CRITERIA-ARLXCA 1.00000000L-92
ARITHMETIC MODT DAMPING FACTOM=DAMPA  +8

DIFFUSION NODE RELAXATION GRITERTA-DTLYCA  1N0r0BANG
DTFFUSTON YODE DAMPING TAQTAT—RA“Pn

FORYARD DIFFEREXCE SgLUTION ROUTINE SELECTED (CHFIYR)

: ‘,:% AQHVTRVLS NOIHNYEH
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TIMEN
NODE NO-
- 3
6 - 10
11 ~ 15

TINEN

HODE NO-
1~ 5
6 - 10
11 - 15

TIMEW
RODE ¥O-
1 -5

5 = 10

11 - 15

TINENW

NO0DE MNO-

B
6 ~ 10
11 - 15

TIMEW

JODE WO
1 - 5
6 - 10
11 -~ 15

TIMNEY
NODE KO-

2
6 10
1 15

R

1

#%% CONTROL COXST/

0.c000 DTIMEU

TEMPERATURE
40,09 40,00
70.00 189,90
70,00 49.90

0.0010 DPTIMEY 35.37063T-04

TEMPERATUTL
ﬁ9.63 39,96
73.25 5,40
66.77 46,62

0.0020 DTIMEU

], 3NOS3IE-04

f.309630-04

CSGUIN B.74G9RE-NE AT
{9EG ¥)
%0,99 70.00
5¢.40 45,00
102,00 =459,09
CSTMIN  35.74GDRARE-04 AT
(DEE T) _
30,936 72.68
LG, 6D 45,02
150,90 =450,00

CEGYIN

TEYPERATURE  (DLG T)
44,41 40,32 30,94 71.8%
76.14 9&.17 51,3531 44 86
64,72 31,42 110,00 -459,00
0.0030 DTIMET LINARAR-TE CSOYIN BLTHG6O8E-N4
EWFFRATPPE (buG F)
7.7 41 A1 50,09 71.36
78.5 5 .77 5%.59 45,10
62.19 55.4’-‘? inn,an =459, 10
0.0040 DTIMEU  23.30963E-04 CSGMWIN 8.75693E-04
TEVPERATURE (DEG F)
50.89 43,270 40,63 70,63
80,35 87,34 39.02 45,86
61.28 505,02 190,00 459,00
0.0050 DTI"EU 8.3094 3 =04 GSOMIN. 3.74693T-04
TEYPERATURL  (DLG T) .
53.69 hi, 04 41.52 70,400
81.69 A7.04 61,85 46.31
539.91 H1,.7! inn_non =450, N0
NTS INTUTS i

8.74690E-04 AT

AT

AT

AT

NODE 4

79.00
60.70
~460,93

XODE &

73.25
656,70
=469.00

NODE &

A
D B
P

Dot
=L =t

-4

NODE &

77.16
.78
~han_nn

78.79
3¢.73
=400 .95

[ee B3] 7]
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STEADY STATE SOLUTION ROUTINE SELECTED (CINDSS)
INITIAL TIME-TIMNEQ 1 ' ‘
QUTPOT INTERVAL-OUTPUT ¢

FINAL TINE-TIMEND 100

RADIATION SIGMA 1.713N0000E-G9

TINE STEP STADILITY CRITERIA-CSGFAC 1

MAXINUM NUMBER OF ITERATICNS-NLOOP 1900 ' STEADY STATS SOLUTION

ARTITHHETIC NODE RELAXATION CRITERIA-ARLXCA 1.006000000E-03
ARITIMETIC WODE DAMPING FACTOR=-DA™PA 7
DITFESION NODE RELAXATION CRITERIA-DTLICA 1.00000000E-23

DIFFUSION NODE DAMPING FACTOR=NANDPD -7

¥k END QF INPUT SEQULNGCE - BECIY EXNCUTION PHASE & _,//

TIMEN 1.0000 DTIMEU O0.50NNCESLR0  CSAMIN  N,.O000NE+DD AT NODE 9

NODE NO- TEMPERPATURE (DPEG F)

v 1 - 5 53.69 4t .04 41.52 70.00 72.70
6 - 10 81.69 17.04 61.23 56,81 59.72
11 - 15 59.21 61.7% i2n.n0 ~459,00 ~450,00

STEADY STATE IERATIONS PERFORMED 1000 XLOOP 1090

.

TINESR 10G,7000 DTINEU D.N00COE+DN  CSGHUIN  2.00020B+N) AT KORE O©

NNDZ WO~ TEM2EDATURLR (DEG F)
1 - 5 99.386 90,43 1%.23 26,93 87.94
6 - 10 93.42 190,75 160,23 26,19 25.81
11 - 15 95.32° ©IbhL21 120,90 =459,00 =460, 00

PE CHVaNYLS NOLIAVH
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Table XVII

"WINDA" LISTING

10 nEY MINI THERYMAL ANALYZER PROGRAM "WINDAM

20 DI T(40),TL(40),C(40),0(40),C1(250),G2(250),G(250),R1(250),R
2(250),R(250),X¢40) .Y (40):18=401:08,R8=230

30 SELECT PRIWT 211(95):PRINT " HMINI THERFAL ANALYZER PROGR
AMY s PRINT " LIYITED TO COMNSTANT PROPERTY NETWORKS':PRINT :PRINT
"hdd THERMAL NETWORK INPUTS #%%V:PRINT

40 §5=0:86 -1:INPUT "IS NETWORKX STORED ON TAPE DRIVE 10B (1l=YES§,0
=N0)",85:IF §5=N TIEN 80
50 INBUT "NETWORK TPILE NUMRER",S6:SELECT TAPE 10OB:;REWIND :IT S6=
1 THEN 60:SKIP (86=1) F
60 DATA LOAD "“ODEL":DATA LOAD I1,I12,13,19,G69,R9,T(),C(),0(),nl(
Y,62(),6(),R1(),R2{),R():IF FND THEN 70
706 SELECT TAPE 10A:PRINT " HNETWORK FROM FILE "+563" WAS SUCCESS
FULLY LOADED":PRINT
80 PRINT " ©NODE DATA BLOCK":TF S$5=1 TIEN 140:INPUT "NUMBER OF D
IFTFUSTION,ARITUMETIC,AND BOUNDARY NODES",I1,12,I3
00 19=T1+I12+I3:IT 19[ I8 THEN 100:PRINT "MAXI'UM NODE CAPABILITY
".78;" EXCEEDED, WILL TERMINATE": GOTO 1320
100 SELECT PRINT 005:IF 1110 THEY 110:PRINT "WARNING, THIS NETWO
RK DOES NOT HAVE ANY DIFFUSION NODESY:GOTO 120
110 FOR I=1 TO T1:PRINT "DIFFUSION NODR ";IsINPUT "INITIAL TEMP,
CAPACITANCE",T(I),C(I):NEXT I
120 IF 12=0 THEN 130:FOR I= (I1+1) TO (I1+I2):SELECT PRINT NO5:PK |
INT "ARITHMETIC NODE "“;I:INPUT "INITIAL TEHpH sT(IY+NEXT I
130 IF I3=0 THEN 140:FOR I= (L1+I2+1) TO 19: SELECT PRINT 005:PRIN
T "BOUNDARY NODE ";I:INPUT "COWSTAqT TEMP",T(I)NEXT I
140 SELECT PRINT 211(95) G0=0:INPUT "DETAILED NODE DATA PRINTOUT
DESIRED (l=YES,N=80)",GO:IF Gn 0 THEN 20Nn:IF Il=0 THEN 180:FOR
I=1 TO I1:PRINTUSING 130 I T(I)?C(I)'NEHT T
150 ¥NODE #{# DIFF INIT TEND #4484 CAP ~HeH##45#1111
160 ZNODE ## ARITH INIT TEMP -#{fif{{ffefif
170 ZNODE #{f BOUN CONST TEMP ~#{#{ffedti
1§n IF 1I2=0 THEN 19N:FOR I=(I1+1) TO (I1+I2):PRINTUSING 160,T,T(
TY:NBYT 1
190 IF I3=0 THEM 2N0:FOR I=(Il-+I2+1) TO I9:PRINTUSING 17n,1,T(L)
¢NEXT T

© 200 PRINT "NUMBER OF MNODES DIFF ";I1;"ARITH ";TI2;" BOUNDARY ";1I3
s" TOTAL "3;I9
510 PPIVT :PRINT " CONDUCTOR DATA BLOCK":PRINTUSING 220
220 % TYPE HA NB CONDUCTOR VALUR
230 IF (RO+2) ]R8 THEN 36N:IF (G9+2)]68 THEN 360:I=0:J=0:G0=0:INP
UT "CONDUCTOR DATA -NA,NB, cv- TO TERNINATE INPUT ENTER A ZERO NO
DT PAIR",I,J,G0
2450 IT I=0 THEN 370:IF J=0 TUEN 379:IF I1I9 THEN 330:1IF J]I9 THE
¥ 339:IF ABS(I)= Anq(J) THEN 340:IF Gn[n THEY 270
0 IT TEQ THEN 260:69=0G9+1: c1(r9)=1:c2(c9)=ABs(J):G(G9)=G0

’gg Ir J{0 THEN 290:69=G9+1:G1(G9 )=J:GZ(G9)=ABS(I):G(GQ)=GO:GOT0
il ' .

85 ORIGmAL A
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Table XVII

"HINDA" LISTING (continued)

279 1 2 +IF J[0O THEXN 350

2580 R9=RO+1L:RI(RI)=TI:R2(R9)=J:R{(RI)=ABS(GN) :RI=RI+1:R1(RO)=J:R2(
R9)=TI:R{RO)=ABS(C:0}:COTO 30NN

290 PRINTUSING 310,71,J,G0:G0T0 230

300 PRINTUSING 1320,1 J,Anq(rn) G0TO 2130

310 ZSNEW:  LIN ¥ it ~Le fEARFHILILY

320 ZENEWS  RAD - -t ~fe it

330 SELECT PRINT 005:PRIMT "HODE NUMBER NOT INPUT ,CONDUCTOR IGHN
ORED":3ELECT PRIVT 211(95):GnTar 239

340 SLLECT PRINT ON5:PRINT "NA=N1, CONDUCTOR IGYNORED" :SELECT PR

INT 211(95):G0TH 23N

350 SELECT PRINT O05:PRINT "RADIATION CONDUCTORS CAN NOT RBE ONE
WAY CONNECTIONS, CONDUCTOR IoNORLD" :SELECT PRINT 211(95):60T0 2
30

360 SELECT PRINT 005:PRINT "NUIRLER OF LINIPAR OR RADTATION {EAT T
RANSTFE? PATHS EXCEED PROGRAM LIMITS (";63;Rr%;"), UTLL TERNINATE"

:GOTO 1320

370 GO=0:INPUT "DRTAILED NETUORK PRINTOUT DESIRED (1=YRS,n=N0)",
GA:ITF G0=0 THED 440

35A PRINT :PRINT " DMNPETUORI NUAT TRANSFER PATHSY:PRINTUSINA 300

300 YESLT 30+ TYPE  SA(CL/R1) 3 rﬂ/n‘) vALur(r/")

400 %o #Af LI #4 o SAGEREILL

410 7R #f RAD i 4“ “-#4”“#ﬂ!!!!

A% )IT G9=0 THEN 437:F0R I=1 TO GO:PRINTUSING 470,1,61(1),62(1),
G(I)s$NRUT I

4%0)1r R9=1 THHEYN 44N:FOR I=1 TO PY9:PRINTUSING 410,T,R1(I},R2(I),
R .IIW!T I .

440 PRINT "MUMBER OF HEAT TRANSFER PATHS I NETWORK *ymo4ng;h (M
$69;" LINTAR, ";no;" RADIATION)" ,

L59 PRINT :PRIWT " SOURCE DATA BLOCK"

4670 I=0:I%PUT "HEATING/COOLING PATES~NODE,QRATE~-TO TERMINATE IN
PUT A ZERO NODE ",1,Nn0

570 IF I=0 THEY 510:TF TJ(I1+I2) THEN 480:0(I)=0(I1)+Q0:G0TO 40N

450 SELECT PRINT 005:PRINT "NODE NUNBER NOT RECOGNIZED ,SOURCE I
CUONEDT: SELECT PRINT 211(05):COTO 460

490 PRINTUSING 500,1,00:G0TO 460 . ‘
500 ZEMENSE SOURCE £t VALUL =#« f8881111

510 GO=0:INPUT "PETAILED NET HRATING RATE PRINTOUT DESIRED (1=YE
§,0=30)",G0:IF GH=A TIEN 560 :RLM END OF 0 INPUTS

559 PEINT :PRIKT " NETWORK NET HEATING RATES ARRAY (Q)":PRINTUS
ING 530

530 7 NODE NO- NET HEAT RATE
540 % #“ - it —feditfrny ~He Iy i Z A RREY =4t
#ELLIY e RERELLILY

550 FOR I 1 TO (I1+I2) STEP S5:N1=I1:N2=TI+4:J1= Q(I) J2=Q(1I+1):J3=0
S{I+2) 1J4=0(I+3):35=0(1I+4) :PRINTUSING 540, ’il,! ,J1,J2,33,34, J5 NE
T I

560 STOP ™MALL 1 LANCES TN THIS NETWORK FROM DE'AND MODE, TO TERM .

INATE PRES, COMTTIULY
577 <5=N3§6-1:I1PUT "DO YOU WISH TO SAVE THIS NETWORK ON TAPE 10
Bt sYES.0=10)N, 95
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Table XViI
"WINDA" LISTING (continued)

N IF 85=0 THEY 610:INPUT "FILE NUMBER WHERE NETWORK IS TO BE §
ED",56:SELECT TAPE 10B:REVIND :IF S6=1 THEN 590:SKIP (S6-1)T

0 DATA SAVE OPEN "MODEL":DATA SAVE I11,12,13,19,09,R9,T(),C(),Q
,510),620),6(),RL(),R2(),R():DATA SAVE END

0 SELECT TAPE 10A:PRINT :PRINT " NETWORK SAVED TO FILE ";S6;"
UCCESSFULLY ™:PRINT

10 FOR I=1 TO T9:T(I)=T(I)+460:TL(I)=T(I) :NEXT I

620 PRINT :PRINT :PRINT "#&# CONTROL CONSTANTS INPUTS #***¥;pPRINT

630 S=0:TNPUT "“TYPE OF SOLUTION DESIRED,Ll=FORWARD DIFFERENCE(CNF
RUD) / 2=STEADY STATE(CINDSS)",S
$40 IF S=1 THEN 650:IF 8§ =2 THEN 650:G0TO0 630

58
AV
59
Q)
60
S
6

650 01l=0:INPUT "INITIAL TINME-TIYEO",01

660 02=0:INPUT "OUTPUT INTERVAL~OUTPUT",02:IF 8=1 THEN 670:02=0

670 03=01+02:TUPUT "FINAL TIME-TIMEND",03

630 RS5=N:INPUT “RADTIATION SIGMA",R5:IF R510 THEN 690:R5=,1713E~-8

?gg INPUT "TIME STEP STABILITY CRITERIA-CSGFAC",F1:IF F1]" THEY
N0 :Fl=1

780 %NPUT UHAXINUM NUMBER OF ITERATIONS-NLOOP",Ll:IF L1]0 THEY 7

10:L1l=1

710 INPUT "ARITHMETIC NODE RELAXATION CRITERIA-ARLXCA",A :IF A]D
THEN 720:A=1018

720 INPUT "APITHMETIC NODE DAMPIIG FACTOR-DAMPA",A0:IF A0]N THEN
730:A0=1

7370 INPUT YDIFFUSTION NODE RELAXATION CRITERIA-DRLXCAY,D :IF DID

THEN 740:D=1013

Ygg IngT “"DIFFUSING NODE DAMPING FACTOR-DAMPD" ,DN:IF nnNlN THEN
759:D0= S

750 IF S=2 THEH 760:PRINT YFORWARD DIFFERENCE SOLUTION ROUTINE S
ELECTED (CHFRWUD)":rQTO 770 :

760 PRINT "STEADY STATE SOLUTION ROUTIWE SFELECTED (CINDSS)"

770 PRINT "INITIAL TINE-TIMEOQ ";01

780 PRINT "OUTPUT INTERVAL-OQOUTPUT ";02

790 PRINT "FIMNAL TIME-TIMEND ";03

300 PRINT "RADIATION SIGMAY;R5

810 PRINT “"TI"E STEP STABILITY CRITERIA-~CSGFAC ";Fl

820 PPINT "MAXIMUM NUMBER OF ITERATIONS~-NLOOP ";L1 - :
830 PRINT “ARITHYETIC NODE RELAXATION CRITERIA-ARLXCA ";A
840 PRINT “ARITHMATIC NODE DAMPING FACTOR-DAMPA “;A0 :
850 PRINT "DIFFUSION NODE RELAXATION CRITERIA~DRLXCA ";D
860 PRINT "DIFFUSIOY NODE DAMPING FACTOR~DAMPD ";DO

870 PRINT :PRINT "#&¥% END OF INPUT SEQUENCE - BEGIN EXECUTION PH
ASE #%4MiPRINT

880 SELECT PRINT 005:PRINT HEX(N3):PRINT :PRINT :¢PRIYT :PRINT :P
RINT tPRINT "MINT STNDA IS NOW IN ITS EXECUTION PHASE, PLEASE BE
VERY PATIENT":SELECT PRINT 211(95) »

800 09=01:04=01:F3,F2?,FO=0:sREM CALCULATE CSOMIN .

ann 1P N=2 THEN 97A:1F 00=01 THEN 910:1F RO9=0 THEN 970

G0 FOR T=1 TO 11:X(1)=031F ¢9=0 TUEN 920:FOR J=1 TO G9:X{61{(J))
=N (CL (VO Ty 2NRNT .

ORIGINAT; PAGR IS , 87
OF POOR QUALITY
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Table XVII

"WINDA" LISTING (continued)

IF RY9=0 THEN 930:FOR J=1 TO R9:Pl=T1(R1(J)):P2=TL{(R2(J)):60=
R{J)*(P1+P2)=(P l*P1+P2*P2).X(Rl(J))=X(R1(J))+GO:NEXT J
X(I)=C(I)/X(T):IF I]1 THEN 940:F2=X(1):r9=1

IF X(I)]F2 THEN 950:F2=X(I):F9=1

NEXT I:F3=F2:F2=, 95*?2/?1

IF F210 THUEY 9703PRINT : PRINT :PRINT “"TIME STEP LESS THAE O

EQUAL TO ZERO, WILL TERMINATEM™:GOSUB 1250:GOTO 1320
IT 09[]104 THEN 99N:G00SUR 1250:04=09+02:1IF 04[03 THEN 280:04=

IT S=2 THEY 1960:IF 09=03 TLEN 1240
P=F2:I7 (09+F2)[04 THEN 1000:F=04-09

WIS WO DD DDHOOOSD ¥D

0 09=09+TF:08=09~(+5%F): REM OB=TIMEM VARBLLl 0OPS FOLLOW THIS
¥ <

0 REH FORWARD DIFFERENCE DIFFUSION NODES

) FOR I=1 TO I1:X(I)=0,:1IF G9=0 THEN 1040:FOR J=1 TO G9

1 P1=G1(J):P2=02(J):X(Pl)= Y(Pl)+(G(J)*(Tl(P2) TL(P1))):NERT J
% IT RY9=0 THEN 1050:FOR J=1 TO R9:Pl= Tl(Rl(J); P2=T1(R2(J g):G
S5ER(I)H(PL+P2) % (PL*P1+P2%P2) s X(R1(JI))=X(R1(J))+(GN*(P2~PL)) N
J .

N X(L)=X(I)+Q(I):T(I)=T1(I)+(F*X(I)/C(I)) tVEXT I:FOR I=1 TO I
1(I)=7(I):NEXT I

0 L=03:REY¥ STFEADY STATE ITERATIONS

N L2=+1:TF (L+1)]L1 THEN 1220:L=L+1

30 IF §=1 TUEY 1150:nLY DIFFUSION NODES

)90 IF Il=0 THEN 1150:FOR I=1 TO T1:X(I)=0:Y(I)=0sIF GY=0 THEN

10:FOR J=1 TO GO

q%x$1 =GL{I) :P2=G2(J) :X(PL)=U(PL)+(T1(P2) =G (I)):Y(PLY=Y(PL1)+C(J

10 IF R9=0 THEY 1120:FOR J=1 TO RO:P1=T1(RL(J)):P2= Tl(R2(J)) G

R5%R(J) (P1+P2)%(P1”P1+P2fpv) X(Rl(J))"“(Rl(J))+(GﬂNP9) Y(Rl(J

=Y(R1(J))+CO:NEXT J

20 T(I)= (u(I)+0(I))/Y(I) T(I)= DO*T(I)+((1 DOY&TI(I))

30 IF ABS(T(I)~T1(I))[D THEN 1140:L2=

40 NEXT I:FOR TI=1 TO T1:T1(I)=T(I): NFXT 1

50 IF I2[=0 THEN L1220:REV ARITHHETIC NODES

gn rongI (11+1) TO (T1+T2) :X(T)=P:Y(I)=0:IF G9=N THEN 1180:FOR
T0 G

170 P1=Gl(J) :P2=62(1) :¥(PL)=X(PL)+(TL(P2)*3(J)) :Y(P1) Y(Pl)+G(J

tMEXT J

180 IF R9 0 THEYN 1190:F0R J=1 TO RO:P1=T1(R1(J)):P2=T1(R2{(J)):G

=R5%R(J) # (P1+P2)¥(PIKP1+P2=P°) \(Rl(J)) V(Rl(J))+(GO*Pz) Y(Rl(J

)= Y(RI(J))+F0‘N”“ J

199 T(D)=(X(D)+ (D)) /Y (1) : T(1) = An*T(I)+((1 ~AN0YETI(I))

1200 IF ABS(T(I)-TL(I))[A THEY 121n:L2=

1210 WEXT I:FOR I=(T11+1) TO (I1l+I2): Tl(I) T(I) NEXT I

1220 ITF Lz]n THEY 1230:GOTO 1070:REYM END OF ITERATION/TIME STEP

1230 IT S=1 THEN 900:PRINT :PRINT :PRINT "STEADY STATE IERATIONS
PERFORMED Y:L:™ NLOOP "3;L1:09=03:008UB 1250

1240 w0=9:INPUT "DO YOU WISY To CONTINUE THE PROBLEM WITH THIS N

LTWORE AT THE FINAL TEYPEPATURES (1=YES,0=NO)",NN:IT N0N=1 THEN 6

| g o 2 pan b-'o- !—‘HOD’_)O" OIHNo DOOMMOVUNWN vl wLh

HVDHVHQHAHHPV:HQWHHHHHHHMDH Pt it el 14 DD O 10 52O OO 10 D

88 OE‘;SE%FE?AEH?IS
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Table XVIT

"WINDA" LISTING (CONCLUDED)

N: SELECT PRINT 003:END
56 REM QUTPUT SUBROUTINE

60 SELECT PRINT 211(95)

70 PRPINT :PRINT :PRINTUSING 1230,00,F2 I-‘"!
5]

n
9

)

2 ,F3,F9:PRINTUSING 1290
290 YTINEN <£#88#.8404 DTIVREU -#e #3881 Ay
2

3

3

1

3

| ToseMTN =Zefpdlifigy
AT NODE ##

N “NONE NQ-« TEMPERATURE (DEG T)

N FOR I=1 TO T9 STEP S5:N1=T:12=T+4:J1=T(E)~46NsJ2=T{(I+1)=460:
TI+2)Y =460 T4=T(I+3)=460:T5=T{T+4) =460 PRTIUTUSING 1310,91,N2,
2,J3,J4,J5:ME%T T:RETURN

A i - # AT XY X! S EEE TR BN R YRR
# oy ¥ L3 RN

7 REY ERROR TERMINATION OUTPUT

N SELLCT PRINT 005

f END
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The raw test data was modified and corrected to produce the ad-
justed test data shown in Table A~l, The raw data was read and
hand recorded from real time recording instruments during the test.
Instrumentation and human factors combined to produce some read-
ings that were in error, fortunately computer generated plots of
the data were available and were used to eliminate the errors
involved. The computer plots gave a better plcture of when a
particular test point had actually reached steady state conditions
indicating the time when meaningful data could be taken. Computer
generated plots also resolved an anomaly in the data involving

the measured alr outlet dew point, which was consistently higher
than the measured outlet dry bulb temperatures; a condition which
was impossible. If this condition did exist, then the water vapor
would instantly condense and it would effectively be raining in-
side the ducting at the HX outlet. This was not observed to
happen, therefore, there had to be a error somewhere. Checking
the computer plots indicated that the outlet dew point reading was
unstable and inaccurate and the air outlet dew polnt was then
agsumed to be equal to the dry bulb temperature for further
analysis,
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REDUCFED SHIT KRIUILTG

a—

- ATH_O LT, GOt 10 — c:_gir_,? e Gt :*'r_g__ -
WL | piew 7(%F) e (0) b B | w(®) rz.gt *_%(OF)
rornt | (Citd) ' . )
) - In oUr | IH j oUp (au/am)| I (UT {La/n0) Ih 1A
1 100 [79,1 |he.chihs.5 |ha.ch 50 Lz.0 by .8 - - -
2 ih2.3 193,93 [45.67) 47.0 [N5.60 " u5,k2 |52,37 - - -
.3 199.25 | 78.7 |Ls.2 |L6.5 |hs.2 " kig0 | sk.ho - - -
th 2050 | BC.Oo | L6.L | h7.5 |LE. " W2  158.80 - - -
& 100.¢0 | 82.6 | k.85 52.9 [hh.E5 " Lh,E 151.030 - - -
6 391,50 {77.% {L5.1)50.0 [L6.L " k5.0 56.00 - - -
7 | eo8.70 {82.50 {49.8 {5h.0 |4g.8 " 46.50 | 61,80 - - -
8 99.70 [B2.5 |15.6[65.0 145.6 " 45,50 |[5h.90 - - -
g | 199.80 |79.0 |L6.75159.0 |k6.70 " 15.0 52,86 - - -
10 | 2897 [84hc |s3.8(6x |53.8 " Le.o {€6.35 - - -
1 298,70 | 84,0 |s5b.1slsh. b jok. 1L 350 k5,0 | 72.00 - - -
12 | 297.80 | &s.0 |kg.05 52.00|19.05 750 | 46,0 |62.20 - -] -
13 267.50 | 8.0 |52.5 |53.00|52.50 so0° | 5.0 [70.2 - -] -
i | 297.60 | 8k,0 | 50,25 5%.2 |50.25 €60 15,0 | 45,10 - - -
15 99.99 | ch.0 | Bl.Cz{ 45.50] bk.03 - - - 750 LL0 (k5.3
16 | g2.to | 77.8 | 45.25] 46,0 |b5.25 - - - 750 k.7 I53.92
17 257.5 |82.10| 46,9 |47.5 |K6.0° - - - 50 Lh,2 j53.72
i8 190.h | 84.0 [Uh.sslss  [45.55 - - - 750 M5 52,73
19 | 1688 | 77.7 {h5.6 (51 [L5.6 - - - . 750 kh.5 155.25
20 | 296 |61.8 [48.1(51.5 |48 . - - 750 5 |60.8
21 | 1003 | 840 | bl,25 61.5 | Mb.25 - - - 750 Lk.2 [53.20
, 2 | 1916 [82.5 |47.0|61.0|47.0. - - . 750 45.25|60.25
23 | 297.6 |84.0 [s55.0|62.0|55.0 || - - - 750 50.2567.0%
24 290.5 -1 83.8 |s52.2( 53.0 [50.2 - w - Loo J4s . |69.90
25 | 290.5 |B82.8 |49.1|5L.5 |tg.1 - - - goo ks |63.60
. 86 '100.0 | 82.5 }45.03 7.0 |L5.03 . 375 k5.0 |s2.7 375 45,0 |L3.70
27 | 200.0 80 |k5.h[45.5 [b5.h " k5.0 * | 57.0 " b5.0 |52.50 -
b el -
- ORIGINAL PAGE IS Af_g
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TAULE A-l

_ REDUCED 9FST RESULTS

. . AR SI00 CGT-'DI’I‘I(!?I!-! - .| : ) CDOU;I!’T [0 (30'..“_1'1‘1'0:.’3 -
TEST | pam 2%r) | wep Oy |V mrow i 2(°F) e I Y.
rorwe | (cen)

. IN | ouT | IN | oUT (18{/IR)| I our (Lp/ER) | 3w ol

.28 | 300  [E2.5 (48,9 [kB.9 [LB.9 375 [47.0 (6450 | 375 L7.0 199,00
29 1025 |'82.5 [ukL.65]52.0 |Lh.€5 " b6 [|53.30 o Lh.b6 Ji9.82
30 | 19%.9 {77.2 |U5.6 [52.5 [45.6 " o 5785 ] ¢ 55,0 Bhas
31 259.6 [82.5 [49.3 |50.0 |49.3 " h6,0 [63.50 " 15,8 [39.80
32 gr.6 {82 Ius.onl6r  |hs.oh u 4.0 |56.05 " t5.C pl.go
33 [ 199.3 [€0.0 [47.15[€0.0 [47.15 " 5,2 {61k o 15,2 [57.8
3 | 269.3 {82,5 [55.6 |62.0 [s5.6 || " 51,0 |63.8 o 51.0 5.0
35 | 2555 |82.7 {50.15{52.0 [50.15 250 |bho |ere | 250 5.0 |65
36 235.5 83 50.7 |53.0 {50.7 300 k5.8 [65.8 300 7.0 5.6
37 {2955 |[83.3 [50.8 525 [50.8 o (484 [6ub. | oo L0 [s0.k
28 | 187.2 |79.4 lbs.uslss.0 {bs.rs 375 k5.0 [57.9 | 37 5.0 [Bh.€
39 | 189.25 [78.8 {45.55/53.0 |45.95 " k40 57.20 " 5.6 [sh.S52
o 102.25 | E2.5. jLL.5h L6,25 750 ks  ]50.25 - - -
w1 lige o 19805 |hs.s5[93.5 [h5.5s || 375 (Mo [57.6 | 375 Lh,g |5h.30
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Listing of computer program used to reduce test data

Results of applying data reduction program to test points
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Presented bere is a description of thne anelyiical method used 1o
determine Ifrow ihe adjusted test data valuves for the hot side and

cold side film coefficients for the BSECS condensing heat exchanger,

Analysis by Hamilton Standard produced two curves

predicting values for both hot end cold side Tilm coefiicients

as & funciion of flow rates as shown in Figures 52 and B3. Reaults

of the procedure presented below wére used to vérify thesé predietiona.
The Hﬁ 1s imogined to be made up of two portions one wet and one dry.
The vel portion is where all the.condensing is éésumed to occur and

the dry portion is assumed to have no condensing. As air

passes thru the IX the wall température drops until_i£ eqpais the

inlet dew foint temperature (dry portion) and as the wall temperature
continues to drop water condenses out of the air stream (wet portion)

as shown in Figure Bl., The point where ihe wall temperature

~ reaches the inlet air dew point is called the heat éxchanger Pinch

Point and is the dividing line between wet and dry portions. The

analysis starts by assuming that one of the predicted film coefficient '

surves is correct and proceeds to calculate the other curve,

ORIGINVAL, PAGH 1§
OF POOR QUAL%?
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Test results for a particular test point for air and coolant iﬁiet and

outlet temperatures and flow rates are combined with a valuve for film

coefficient from curve B2 or B3 to find the air and coolant temps

at the pinch point and the overall heat itransfer coefficient for the

dry portiion of the heat cxchanger. |

The calenlated condensate flow rate is then combined with the test

data and the assumed film coefficient Lo find the overall heab ’
transfer coefficiernt for the wet side only. These two coefficients

are comﬁined to fbrﬁ ah overall heal transfer coefficient and then the
ot side film coefficient isg broken out of this overall number.

This calenlated valusz of hot side film coelficient is compared with the
original assumplion. vathe value is the same theﬁ it is the final
ansver; otherwise, this new value is used as a new guess and the

procedure is repecated until there is no change.

A simdilar procgdupe is followed for all the test points in order te
generate a curve of air side film coefficient vs. flow rate.

This calculated curve is then assumedwcorrect and the procedure is
repeated to generate a curve for coolant side f£ilm coefficient vs.
flow. Thi process of assﬁming;one'curve correct and calculating the

other continues until there was no change in the curve from one |

e A, PAGE 15 _
. pRIcNAL
OF BOOR QUALITY B-3
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iteration to the next. The resulting two curves are then the ones
o be uged in the heat exchanger performance prediction procedure.

(see Appendix C)
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HAMILTON STANDARD 3V o

10
20
39
40
50
60
70
8C

90
100

110
120

130

=
o
oo

170
h80

¥ TECHMOLOGHES

R ~ 350~ hX PERFORMANCE:

DIM A(50,14),X(200),Y(3):

IF Y(l)]l Thlw 150: Y(l) 1

REY -~ UATER VAROR PROPLRTIES ~ TEMPLERATURE

DATA ?? i«’i,?ﬁ’),fﬁu,ﬁﬂ G2,44,46,48,50,52, 54,56

&, 71

R¥YM - U“an VATOR PROPERYTIENS ~ PRESSURYE (Zl

3

(
-]
)1
DATAL +0EE54,.09603,,10401,,11256,.1217 ,.1315 ,.14199,
: .35373,.165?J,.17u11,.1n1 $52,.,20642,,222 ,.2386

DATA +2563 ,.2751 ,.295) ,,3164 ,.339 ,.3631:

REM = UATLR VAPOR PROPERTIFS - ERTHALPY (41): ‘

DATA 1075.6,1074,7,1073,6,1072.4,1071,3,1070,1,1068,9

NATA 1067.8, 1066.7, ]065 6, ]06&.4,1063.3,1062.2,1061 )
1059,9,1058.8,1057. 6 1056,5,1055,5,1054,3:

PEM - WATLR SIDE FILX CO]FFICTENT (61)

DATA 9,0 ,100,150,200,250,300,350,400,450,500, 134 191,
292)370, 463,560,055,765,8603

REM - ATR STDE Fil! COEFFICTENT (81)

DATA 13,0 ,100 ,200 ,300 ,400 ,500 ,600 ,700 ,800 ,
900 11090, 1100 71200, 11300,9.6 ,13.2,15,6,17.7,19,5,
91,2522,6,2%  225,3,26.4,27.5,28.5,29,6

INPUT "# OF CASES (150) = voy(a):

INPUT "DATE = " AS:

YPUT "HT BAL (HOT=1/COLD=2) = " y(3}

FOR Z=1 TQ Y(2): SELECT PRINT 005:

PRINT "“CASE # = M.z

IHpdY "1 o's-11 IN (DEG ¥) = ", A(Z,1):

INPUL “T "s-11 DEWPT (DEG F) = ",A(Z,2):

INPUT "T 350-2 IN (DEG F) = ",A(Z,3)

INPUT "T 35G~M DEWPT (DEG TF) = ",A(Z,4):

1¥PUT T 350-° oUT (DEG F) = “,A(Z,5):

INPUT "ARS OUTLET FLOW (CFU) = ",A(Z,6)

INPUT "RS~51 FLOW (Cri) = ",A(2,7):

INPUT YP CHAMBER (IN HG) = "“,A(Z2,8):

IHPUT "1 PRI H20 IN (DEG F) = ",A(Z,9)

INPUT "T SEC H20 IN (DEG F) = ",A(Z,10):

INBUT "T PRI H20 0OUT (DEG F) = “,A(Z,11):

wPyT “T SEC 1120 OUT (DEG F) = ",A(Z2,12)

INFPUT "PRI H20 FLOW (LB/HR) = ",A(2,13):

INPUT “SEC H20 FLOW (LB/nR) = WA(Z,14);

NEXT Z

IF Y(1)[=7T(2) THEN 160P Y(1)=0: GOTO 610

FOR Z=1 TO Ll&: X(Z)=A(Y(1),Z): NEXT Z: X(I7)=X(13)+X(14):

X(15)=(X(9)#X(13)+X(LO)*X(14))/(X(L3)+X(14)):

XC16)=(X(11)*X(L3)+X(12) *X (L&) )y (X(13)+X(14))

X(18)=X(17)#(X(16)~-T(1l5)): IF X(13)=0 THEN 180:

1F %{14)=0 THEN 180: X(30)=X(17)/4: GOTO L90

X(33)=X(17)/2

ORR;
o 5L,
ooy grathyy
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HAMILTON STANDARD 3V, B

UsETED
TECHHOLOGIES 1

430 PRINT "RSECS 350-) NX PERFORMANCE / NOT SIDDI BALANGE":
PRINT HEX(OA):
QOTO 450

440 PRIRT PASLECS 350~ WX PLERFORWANCE / COLD SIDE DALANCGE™:
PRINT HEX(OA)

050 PRILT V"CASL Mey (1)
PETST "DATE ¢ "iASe PRINT UDX(0I):
FRINT MIHPUT DATA ~"
460 PRPINTLSING 510,%(1),X(2),X(3):
PRINTUSING S20,X(4),%(5),4(0);
_ PRIDTUSZING 510 ?(7),x(3),x(9)
470 PRLIUTUSING 54 u X(10), K1) ,X(12):
PRINTUSING 550,X(13),x(14)=
PRINT HEX(OA)
89 PRINT "OUTPUT DATA =":
PRINTUSIY Juo,u(17),z(30),x(20):
PRINTUSIN& 570,%(22),%(206),%(28)
490 FLINTUSING soo,n(19),X(31),X(27):
PRIHTUSING 590,%(29),%(23),X(24):
PLINTUSING 6G0,X(18),X(25)
500 PPRINT HEX(DASIGAQICA):
Y(1l)= Y(1)+1- GOTO 150
510 %1 RS-11 INLLT =-#¥4“#-## T RS-~11 DEWPT s
350~ THLET e , ,
520 %% 350-°* DEUPT nnﬁf fiftefit T 350-° OUTLET  =~@iff#de
RS OUTLET FLOW =-~#ffifffefi .
530 %n&~51 FLOW =~Q@f####+#F CHAMBER PRESSURE =~###fiffe i
PRI MZ20 TNLET =-f#fif{. #? ,
540 27 SLEC H20 INLET =-###iff«f# T PRI H20 OUTLET =-Q####.#{
SEC 1!120 OUTLE =-G####-## : : ,
550 ZIRI H20 TLOV =-~f{#ffdedf SEC H20 FLOW ==Qf il i
560 FTOTAL 120 FLOW -vrf##'##‘ H2S FLOW/START s=##fil it}
OTAL AIR FLOW s AR et
570 ZAIR WEIGIT FLOU --u,zfﬁ-#{ AIR VELOCITY =  ==##{t{f#{
STAT. H% UA == R 3
580 %ZCOLD SIDE HA -~ﬂ¥”’#-## COLD FILM COEFF ==@#f{iff«{if
ST SIDE HA e Rt
590 ZEOT +ILM COEFF =@ Q SENSIBLE =« #H#EF S
HATENT s-#{E{FFHE - : '
ggg b(dTOTAL =it ﬁ f## HEAT BALANCE == e il
3
620 DTFF\'Ol(ES M3)
630 M3=1 THEX 640: TIT M3]1 THEN 650P :
-KﬁHB/(lnHB)*LOG((l Ea)/(lunslws)) GOTO 660
640 XK=E3/(1-E3): GOTO 660
650 K=M3/{(M3~ 1)~Toe((1 E3/M3)/(1L-E3))
660 BLTURN
670 DLFFN'02(CLl,Dl)"
680 DIM Al(6), Xl(&) Yh(G)
690 I1=101: N=3: N2=22

 ORIGINAL PAGR IS .
OF POOR QUALITY] 5-20
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HAMILTON STANDARD 3 Ovsono

DNITED
TECHINOLOGIES

3 THEN 740: IF

0 THEN 770: IF

2 TULN 720: IF
730

500 IF X(
I‘ u(
IF X(

=13

}T==2

=1

I1=13141

Hl=+l

L=T1s IP X(L)}I0 THEN 780

K}n-%f)21=0: GGTO 1050

wu=¥(L): : :

IF Z(LF1)[Q THEN 770: IF X(L+1)]0 THEN 300

neE=0y GOTO 810

Hg= (17l

Kl=0: KS=0: C2=0l; JI=I1:+2: J2=NO+Il+1:

IF C2[5(J1) THLN 8500 IT C2=X(J1) THEN 86(
+0R J=J1 TO' J2P IF C€22=X(J) THEN 870: NEX] J
Bi=2: C?=T(J2)

JC=J2~1%: GOTO 850

Kl=1: C2=X(J1)

J9=Jis COTU 8730

IF J-J1zZl THEY 850: IF J-Jl=1 THEK 860P

IT J=J% THEN 8401 IF J]J2 THEN 830:

J9=J-N2

11)
I1)
I11)
GOT

[
0T0

L3 TN T D L0 N e

COIC N COC:  CoMOW =IOl agints
CO0OOC OO LOoOOoOooDo

SOVt Wb O

880 €3=C2: IF N8]0 THEY 890: FOR L=1 TO HWl: X1(L)=X{(J9):
L6=J9+N9: YL{L)=T(L8): J9=J9+1l: NEXT L: I=1: GOTO 970
890 J1=J14¥IP J2=J2+¥63: D2=El: IF D2[X(Ih) TUEN 920P
IF D2s= X(J]; THEN 930: FOR J=J1 TO J2;
IF D2[=%(J) THEY 940: NEXT J
900 K&=6P D2=X%(J2) :
910 JB=J2-N: GOTO 950
920 Fé=3: D2=X(J1)
930 J8=J1: GOTO 950
940 IF J-J1[1l THEY 920P IF J-Jl=1 TUEN 930:
IF¥ J=J2 THEN 910: IF J]J2 THEN 900P J&=J~E2
950 J7=J9: L8=J8+N8e¢(J7~T1=1): L7=HS8: FOR L=1 TO HNL1:
X1(LY=3X(J7): YL(L)=X(L7): L7=L7+N8: J7=J74+1: NEXT L:
1=0P GOTO 970
960 Y1(l)=Z1: FOR I=1 TO N: L7=L8+I: Y1(I+1)=0P FOR M=1 TO ¥1:
YI(I+1)=Y1(T+1)+X(L7)*X1 (M) : L7=T74N8: NENT M: NEXT I:
FOR L=] TO N1l: XJ1(L)=X(J8): JB8=JS+1: NEXT L: C3=E2: I=1
970 D=21: X1(N+2)=X1(h): X1(N+3)=X1(2): FOR J=J TO N1:
AL(I4+1)=TL(J+1)~ XI(J) C4=C3~X1(J ): IF 64[]0 THEN 990+
S Zh=Y1(J): X1(1l)= X1(2)=0: X¥1(3)=0P X1(4)=
980 X1(J)=1: GOTO 1040
990 D=D*C&:; ON N GOTO 1000,1010,1020
1000 X1(¢J)=C4/A1¢J+1): GOTAO 1030
h010 ¥1¢J)=~C4: GOTO 1030
1020 ¥1(J)=(X1{J+2)~-X1(T))*Cé
1037 NEXT J:r AL(1)=Al{N+2): Z1=0: FOR J=1 TO NI1:
X1 (J)=D/ (AL (I) %A1 (J+1) % 1(J)) 21=Z1+4Y1(I)*X1(J3):
. REXT J - : :
1040 IF I[=0 THEN 960
1050 Ki=K1+K8:
RETURN

]‘S .
RIGINAL PAGE
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. O — )
SIS I
Y&

‘BSECS 330-1 4% PER

|,.-.:-. "r"""-‘-‘-"';""i"“--':"-!“' . PR © o wer o mea

]

: | | ,
30 TURS-13 DEWET Y s f 45.50 T 350~ INLET = 79,19
9 T 3539~ OUTLLET  =.. 42.D04 AR5 OUTLET FLOS =
9 CHAMAER PRESSURE = - 30,00 T PRI n20 TNLEY = 42,99
47°7 PRI #20 DUTLET % 7 "47.30 T SEC H20 OUTLET = 70,09
7 SEC H20 FLOY e s D, 00- Coee - S

& PRI K20 FLOW 50
¢ b . . . ~....‘.~,>,!

SIQUTPBT  DATA -v o cmmem e vt et e e eam e oot ot L e e e e

375.00 TOTAL AIR FLOY =

=y

W
()]
-
8
=
-
o
=
~3

¥pupn

w

o

)
[
u|
W,
-
o
L ¥

JTOTAL #20 FLOJ = 739,00 420 FLO.U/START =
AIR WEILET FLOY = 444,49 AR VLLOCITY J=07 113,44 TOTAL X A = 926,47
- COLD SIBE A = 4429.3) COLD FILY COELFF =  &06.68 HOT 3IvE nd = 1}7L1.E8
_MOT FILY COLFF .= 9:39%. 17 SENSIZLE . 7T= . ,3353.59 1 LATENT ' = T379.73 -
:Q TOTAL - = .4350.00 HEA: BALAGCE = 0,986 .. .
e g T e L O B N . :
b RS IR I R PET RSEETES RS .
KR : O 064 Iharesl I AT DA S IOE Ge Tl
b L R gt S i S5O
- : ~ RSBECS 350« uX ToRFCAMANCE '/ . HO0T SIDE JALANCE . Tyl - . ,
,..1 =A.._ ) ;.i. PR R TN S .. . -
—ICASE £: 120 Ll ' ;. e e e
:DATE 3 :7/3/75 o N T M ; :
NPT pata - CLlirCUIToTITIouITITOU v cbinoitermocccnvtoo oo o T
=+*T-RS~I1 INLET - -= - --77,30--T-R$—11 DEFPT --= - 47,00 T 1350-1t INLET = 75,94
‘ T 359!l GEWPT = 47.00° T 333-) QUTLET = 43.60 AR5 OYTLET FLO! =  137.30
- : i RS-51 FLOW a 5,39 -CJIATIGER YPROSSURE = 30.00 T PRI 440 ISLET = 435,42
: i T.SEC W20 INLET _=_ ' 0.9 'f PRI 420 PUTLET =  52.37 T SEC 129 OLTLET = 3,90

PRI 020 ILOY =777 750,307 3EC 27 F1Oi

[
13

R

: OUTPUT DATA - VRS DR o L : .
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CASE #: -3 S

DATE @ 778775 - X ; o
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7 RS-11 16LET = 77.39 T RS-11 LgNPT =
T 350-% DEJSPT = 44,59 T 35y-M CLTLET =

RS-51 FLO4 = '8.25 CHAI3ER PRLS3URL =
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;;ggt;azo FLO§  --=t- 750,90 ,SEC w20 FLow o =
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TCASE 55‘75““‘
'-BAIC :
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- T RS-11 INLET
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- A1% JEIGHT ¥LOS = 2&

.COLD SINDE Ea
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)
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-
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.
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e
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PR |
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I SR S LLUIT
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T PRI w20 IHLET

ARS QUTLET FLO) = 92.5
‘T SEC H2Q OUTLEY =
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q TOTAL

[

.
i
P .
i

~DATL ': 7/817; T

= 7089
T SEC 120 INLET =
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RSECS 3I50-M uxX PLRFORMASCE / 80T SIDE 3ALASCE -—
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CASE 4
DATE

IZPUT DATA -
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“-T RS-11 INLET = 80,60 T RS-11 REYPT = 34,99 T 150~ L[JALET = 32.53
T 330-¥ DEWDT = 54,00 T 350~ OUTLET - 43.38 ARS OUTLET FLOY = 231,29
R5-31 FLOU - 7.70 CnANJdER BRESSURE = 3J0.0J4 T PRI 120 ISLET = 46.530
T SEC 320 INLET = - - 0.00 T PRI il20 OLUTLET = 6l.5) T SEC 420 OJLTLET = 0.09
-PRT 420 FLOY = 750.00 " SEC i3y FLOJ = . g.430 ..
ITOUTPUT DATA -~ 0 L IUITTU Il IR N -z
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“PRI H20 TLOW . ~"=i--750.00 ‘SEC #20 FLOY  _ =  --Q. 00 _: = . __~ .. __ .. .tZti. .-
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CASE #: 11
DATE : 7{#8/753
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T R$-11 DENPT

T RS-11 INLE] = ‘82,460 = 54.50 T 33277 ISLET = 34,09
T 359-3¢ DEWPT = 54.30 T 356-% OLTLET = 54,15 AR3 DWTLET FLOS = 291.49
" R§-51 FLOY =TT 7,70 CHAWSER PRAESSCURE = 33,90 T PRI 120 IXLET = 45.90 -
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-4429,33 COLD FILM COSFF..=.. 6D6.63

12075 0d

—
—e

[THOT FILM COEFF - T=r:—-16744 ;0 SENSIZLE ~-———-=—1100Z2.79
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T 350~ DEWPT - =.---53.,00 T 350=-M NLTLET" = 32759 ARS DUTLET FLOY = 235,33 ﬁ
‘RS§=531 FLOW T o= T IUTEL50 0 CUAMBER PRESSLRE = 30,30 T PRI 20 IGLET = 45.38 4 o +
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L~T..350~1 DELUPT - Per——34.00...7. 353~ OUTLET .= ....50.25. ARS QUTLET FLOZ = 230,52 . ——
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—AIR JEIGET FLOW .= . 1310.&4 AIR VELOCITY = _337.860 TOTAL 4 GA = 122060332 __
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APPENDIX G

PERFORMANCE PREDLCTION TECHNIQUE

C.1l General condensing HX performance prediction analysis

C.2 Modification to account for anomaly in coolant outlet
temp with both coolant loops flowing

C.3 Listing of computer program used to predict HX performance
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APPENDIX C.1

Presenfed here is the procedure‘followed to predict thermal performance
for a condensing heat exchanger. Tnis technigue divides the HX dnlo

a wet and dry poriion az deseribed in Appendix B, and assumes ag

value for the air siream cutlet teﬁperuture to start the procedure.

The perfcruanca prediction is based on known values for alr and coclant
inlet temperatures and flow rates which in combihation with the filu

_ coefficient curves from Appendix B is used to predicted values for the
air side and coolanl side oullet tcmperatureé. If {his calcuiated
value for air outlet tamperature agrees witht he initial value the
prediction is finished. 1? net, then the proceduré is repeated using
the calculated outlet temperature as the new guess. This PTOCEd?fE
cﬁptinues until the guess and final prediction agree wilhin some desiresd

tolerance,

ORIGR\I AT,
VAl PAGE
O POOR ;S
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_Appendix C.2 Modifiecations Lo Heal Exchenger Performance Frediction

to Account for Coolant Cutlet Temp Anomaly

Table C.2-1 presents date for test points #26 thru 37 which shows how
the split in heat rejecticn between loops varied with eir flow rate,

inlet inlet dewpoint, inlet coolout temperature and coolant flow rate. i

A regression analysis program was used with the Wang minlcomputer
to menerate an empirical function that gives the percépt of total
heat transferred by the HX vhich was picked up By the-éecondary

coolant loop. The primary loop picks up l.minus this percenlage.
This percentage was expressed as a function of.différence between
air dewpoint in and seecondary coolant temperature in and air flow
rata {efm). This percent fs TDPin - TSECiﬂ and alr fiow-curve'is ' ' ;
shown in figure g.2-1.. . The‘same regression anal&sis Program was '

then used to generate a curve of correction factor as a function of

coolant flow rate. (figure C.2-2) The value of percent found from

figure C.2-1 is multiplied by this-correction factor to obbain the

actual percent of total heat that was'picked up by the secondary loop

and also the heat picked up by the primary loop.' Knowiﬁg the inlet

temperature and flow and the heat in each loop it is then a simple

step to find the outlet temperature for each loop.

o-1
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This procedure is incorporated into the heat exchanger perfromance
| prediction program and is activated sutomatically if both coolout loops

are flowing.
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e
.26
27
28
29
30
31
32
33
34
35
36
37

AIR W
1mm,0
200.0
300.0
102.5
194.9
299,6

97.6
199.3
299,71
295.5
295.5

295.5

PYY

TECHNOLOGIES 1

TRY ¥ SEC W

DP IN S¥EC %
47.00  67.54 32.45 375
45,50  6l.53 3B.46 375
48.90 59.32 &0.67 375
52.00 62,58 37.4% 375
52.50 58.88 41,11 375
52.00 57.51  42.48 375
61.00  61.55 3844 375
69.00 56,25 43,75 375
62.00 55,97 44,02 375
52.00 55,00 44.93 250
53.00 56,75 43.24 300
52.50 58.39 41,40 400
TABLE C.2~1
ORIG :
OF pogal PAGH 1g
Q[L&IJISJ
C-8

375
375
375
375
375
375
375
375
375
250
300
400

TNP-=TC
2.00
0,50
1.90
7.40
8.00
5.55

16.00
14,80
11.00
7.50
6.G0
3.80

PRI DT

. 2.00

0.50
1.90
7.40
8.50
6.00
16,00
14.80
11..00
8.00
7.20
4,10

SEC DT
2.00
0.50
1.90
7.40
7.50
5,10

16.00

) llig 80

11.00
7.00
6.00
3.50
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FIGURE C.2-1 HEAT LOAD SPLIT BETWEEN COOLANT LOOPS FOR 350-M HX
(FUNCTION OF DEWPOINT AND AIR FLOW RATE) '
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LISTING OF CONDENSING HEAT EXCHANGER PERFORMANCE

PREDECTION COMPUTER PROGRAM
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20
30

40
52

TECHNOLDGIES 1«

REM - 350-M HX PERFORMANCE PﬁEDICTIOH PROGRAM
GIVEN TIN FOR €4S AND COOLART FIND TOUT ARD Q -

DI x(%o)

DEFFH1(X)=3.1071¢7620~02+2,71331473E-04%X+4.56164060E~ 057X12

~7.l7044935ﬂ 08%513+4., 0196”010}-09*1‘441 C4575064E-11%315
DETFN2(X)=106, 7019036671*.79’56£8830407*h+l 4213784641-02%X12
~4,08702990%k~ 05%%13+6,35142232E~08%X1 4-4, 0&697326EH11*X15
DEFFHB(K)=?.304894511852+3.19172743P 02%X-1,83198194E~05%X!2

+6.788770562E-094213-1.19293620E-1L24%K)14+47. 52445916T~17%X15

NNy
W OwWo
oooOOoD

t]
I
o

250

3]
o
o

270

280
290
300
310

FIGURE C.3-1 350-M HX PERFORMANCE PREDLCTION PROGRAM

FOR I=1 T0 50:%(1)=0:NEXT I |
PRINT WEX(03):PRINT "INPUT AIR SIDE CONDITIONS" |
INPUT "ATR FLOW RATE (TOTAL GFM) = %, X5

INPUT "INTLRNAL BYPASS (%) = " , B4 (90)—(100~34)/100*x5:
INPUT “AIR TEHP I (F) = x( |
INPUT YAIR DEW POINT TH (F)= " X(Z).PRINT
PRINT YINPUT PRI GCOOLANT LOOP CONDITIONS"
TYPUT YPRI LOOP FLOW (LByHR) = ",%X(13):
INPUT "“PRI LOOP TEMP IN (F) =" X(9) PRINT
PRINT "INPUT SEC COOLANT LOOP coNDITLONSY
INPUT “SEC LOOP FLOW (LB/HR) = T x( 4) e
INPUT M“SEC LOOP TEMP IN (F) = X(lO) PRINT
PRINT HEX(03):PRINT :PRINT 'PRINT :
PRINT ¥ k%%#% COND HX PROGRAM IS RUNNING  #%#%"
PRINT :PRINT ™ T CALC T GUESS "
¥(17y=X(13)+X(14) \ _ : : |
X(15)=(X(9)*X (1) +X(10) *#X(14) )/ (X(13)+X(14)) ' 1
K9=(X(3)-X(h5))/2PX(5)=X(15)+K9 , |
IF X(13)=0 TUEN 210
IF T(1l4)=0 THEN 210:X(30)=X(17)/4:G0T0 220
X(30)=X(17)/2
X(8)=30:%(1)=X(3) .
¥(31)=PN2(X(30)):
IF X(13)=0 THEN 240:
IF X(14)=0 THEN 240: X(19)=27#5408¢X(31): GOTO 250
X(19)=27*+5408%X(31)/2
%(21)=%(2):X(26)=X(20)/.8815
X(29)=FN3(X(26)): X(27)=313%.5408¢%(29)
IF X(13)=0 THEN 280: IF ¥X(l4)=0 THEX 280:
K(27)Y=.8%X(27): GOTO 290
X(27)=.7%X(27)
Ri=X(19): H2=X(27)
N=H1#*H2/(H1+H2)
P1l=FNL(X(5)):P2=TN1(X(21)):
X(22)=144%60%(X(8 )*-4912)*x(90)/=3 33/(X(1)+459 6)

DRIG
Or éﬂgﬁé AGH}L?
JiLITT’ ' c-13
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0
2(18) X(22)*-24*(X(3) X(S)) X(23)=X(18): X(24)=0
X(16)=X(18)/X(17)+X(15)
‘PRINT PPRINT :PRINT : GOSUB 1040:
INPUT "LOCATIOQON SF OUTPUT (1=GRT 2= PRINTER)" B
SELECT PRINT Q05:IF B=1. THEN 750:SELECT PRINT 211(64)
PRINT HEX(03)," . **** RESULTS #%%%"

- - e am o e

320 IL=1
330 IF T(2)zX(15)THEN 340:%X(24)=0:L=0:G0T0 630
340 X(23)=.24%%(22)%(X(3)~%(5))
350 I3=,622%P1/(X(8)*-4912-P1):
A2=,622%P2/ (X(8)%+4912-P2): X(24)=1065%X(22)*(A2-A3)
260 IF X(24)]0 THEZ 370:X(1E)2X(23):X(24)=0:G0T0 320
370 X(18)=X(23)+x(24)
380 T(16)=(XN(23)+X(24))/%(1L7)+%X(15)
390 H=X(27)/%(19)
400 Ml=X(17)/(-24%1(22))
410 IF X{2)[X(3) TUEN 420:T1=X(3):T2=X(16):UL=0PGOTO 490
20 T1=(+25%X(22) %2 (3)+X(1L7)*(H=X(21)+X(21)-%X(16)))/
(U*Z(L7)++22%%(22)) ‘
430 T2=X(21)-H*(T1-X(21)) ,
440 TF T2]X(15) THEN 450:G60T0 630
450 El=(X(3)-TL)/(X(3)~T2)
460 IP E1[1.0 THEN 470:11=.99
470 GOSUB '01(EL,N1):Ul=.24%X(22)*K
480 IF UL[U THEMN 490:G0OTO 630
490 U2=U-N1 .
500 Q7=X(18)~-X(17)%(X(16)-T2)
510 Q8=Q7-%(24)
520 uz=u1*qs/?7
530 Kl=1/(1+1 d)+l/1*Q8/Q?/(]+l/H)
540 U3=U2/K1
550 K2=03% QB/%?/( 24%X(22))
560 GOSUR '02(M2,K2)
570 TO=TL-EL1%(T1-X(15))
580 QI1=X(18):Q2=X(24)+«24%X(22)*(X(3)~T0)
590 IF AB°(01~ 2)Y[+20 THEN 730PPRINT ,T0,X(5)
600 IF Ql1]Q2 TFEV 620
610 T(5)=X(5)-K9;K9= KQIZPX(S) T(5)+K9:G0TO 310
620 T(5)=X(5)+K0:K9=K9/2:X(5)=X(5)-K0;G0TQ 310
630-°2=X(17)/(x(22)+-94)
640 K2=U/(X(22)%+24) -
650 GOSUB '02(M2,K2)
660 IF L=1 THEYN 670P X{(5)= x(3) Eln(x(3)-¥(15)) GOTO 690
670 TO=X(3)~E1*(X(3)~T(15))
680 IF TO]=X(2) THEN 700:G0TO 580
690 IF x(s)]=x(2) THEN 700:G0TO 580
500 (5)=
710
720
730
740
750

| , ORIGINATL PAGE IS
FIGURE C.3-1 (continued) - OF POOR QUALITY]
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760 JOSUB 1420:IF X(L3)=U THEN 58U
770 PRINT " PRI COOLANT FLOY QLn/HR) "-x(]3) :
~ PRINT " PRI TIN = "3X(9); PRI TOUT = "; X6
780 IF X(l4)=0 THEM 800
590 PRINT " snﬂ COOLANT FLOW (LB/HR) Y3;X(1l4) P
PRINT " SEC TIN = ";T(10);"™ SEC TOUT = "; X
800 PRINT
810 PRIRT " AIR FLOW RATE (TOTAL CFl) = ";X(20)/(100~B4)%*100;"
BYPASS CFM = U, x<20)/g100 ~-B4)%B4
. PRINT " HX TIY = ;T(3) 3 HX TDP IN = '"; 1( )
820 PRINT " HX TOUT = "fxcs s HX TDP QUT = " X(5)
830 PRINT " MIX TOUT = ";T; " MIX TDP OUT = ";D
"B40 PRINY
850 PRINT "Q LATENT = "pX(24)
PRINT "Q SENS = ":;X(23)
PRINT "0 TOTAL = ";X(18)
860 PRINTUSING 270,%(19),X(27),U;
870% HAC = —f##ffift=## HAR = ~f#f##-44 UA = ~Q#REH 11
880 SELECT PRINT Q05 : -
890 GOTO 1030
900 DEFFN'O1(EL,ML)
910 IF EL[ Mh THEY 920:El=M1l-,01
920 IF °1]1 THEN 930:; IF M1[1l THEN 940PGOQTO 950
930 K=M1/(ML-1)*LOG((1-E1/M1)/(1-E1)):GOTO 960
940 K=M1/(1-M1)#LOG((L1~EL)/(1-E1/M1)): GOTO 960
950 K=E1/(1-El) .
960 "ETURN
970 DEFFN'02(M2,K2)
980 IF M2]1 THEN 990:IF M2[ 1 THEN 1000:GOTO 1010
990 Cl= EkP(hZc(H2 1)/42) :E1=(1-C1)/(1/M2~C1) :GOTC 1020
1000 C1=EXP(X2*(1-112)/M2):ELl= (1~ Cl)/(l-Cl/MZ) GOTO 1020
1010 Eh=K2/(1+K2) _
1020 RETURN
1030 STOP "FOR NEXT CASE KEY KONTINUE™:GOTO 60
1040 EEFFRA(T)=1,28¢96377E-02+2,00639183E~03¢T-2,02793661E-05¢7T!
2 +1. 19988908E 06%T13-9.17383683E~00*T14+8,06114440E-11%T15
~1.49070697E~13¢T!16
1050 EEFFNB(P)=101.6990348998+33.443410892*L0G(P)+2,312198303256
*  (LOG(P))!2++26B1769374251%(LOG{P))!3++1055287919424*(LOG(P))!
& +3,63241174E~-02%(LOG(P)) 15+4.87666468E~03%(LOG(P))!6
1060 DEFFNC(PLl)=.622¢PL/(h4.69-P1)
1070 DEFFND(T)=1061.542592593+-43548148148148%T
1080 M=,001:N=,00Ll:u=1. -
h090 Al=X(20)
1100 T1=X(5)3D1l=X(5
1110 A2=X(20)/(100~- 54)*34
1120 T2=X(3):D2=X(2)
1130 Wl=14.7%144%A1%60/53.3/(T1+460)
1140 W2=14,7%144%A2¢60/53.3/(T2+460)
1150 s1 Fwa(nl):sz FNA(D2)

FIGURE C.3-1 (continued) o koK ;”“15" TAER TS
DEF POUR QUALITY

.
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1160 V1=FNC(S1):V2=FNC(52)

1170 V1=V1#yl:V2=+2%}2

1180 W=Wil4+UW2:V=V1+V2

1190 Hi= F?D(Tl).h’ FND(T2)

1200 H=((W1=-V1)#-043T1+VIAAL )+ ((V2=V2) %24 5T2--V2%H2)

1210 T= (L]*-ZA*T1+J2‘-24'M?)/(i #a24+02%e24) =T

1220 NO=(M—«)#e24%THVEFHO(T)

1230 PRINT H,HO,T

1240 1F AB%(H Hu)[ ® THEN 13380

1250 ¥=Z

1260 Z=T v

h270 IF HOJH+N THEN 1330

1280 T=T+K.

1299 IF Y[]T TIEN 1220

1300 K=X/2

1310 T=T~K

1320 JOoTOo 1220

1330 T=T-K

1340 IF Y[]T THEN 1220

1350 K=i

1360 T= T+K

1370 GOTO 1220

1380 P=V%14.69/(V+W%e622)

1390 D=FuB(P)

1400 REM

1410 RETURY

1420 EEFFNG(X)=15.96522137769+'18580213063974”~4 01064465E-04%X!
2 *1.519097223—0?*K 3

1430 DEFFK7 (X)=3.3035u8138936 2.68317973E-02%X+6.01384427E~ 05”}{i
2 —5.12152777E-09 '3

1440 DEFFNEB(X)=-, 16]75067386541 49855664E~ 03%%~3,39129732E-06%X!
2 +1,.7361L1111E-10%%!3

1450 DEFFNY(X)=A+B*X+CHX12
- 1460 DEFFN5(X)=1.13931368132-5,08131868E-04%X%

1470 IF X(13)=0 THLY 1480:IF X{14)=0 THEN 1430PGOTO 1490

h430 nQ,K7=X(h6).GOTO 1510

an =FN6(X5) :L=+N7(X5) tC=FN8(X5) s F2=FN9(X(2)~- T(hO))

F2=F2*FNS(A(13))

%500 X6=(100-F2)/100*%X(18) /X(13)+X(9):X7=F2/100%X(18) /X(14)+X(10
1510 RETURN

FIGURE C.3-1 (continued)
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