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This user's guide describes the computer programs developed to
simulate the RSECS (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

WANG-2200 series computer system.

that is part of Crew Systems Division's
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FOREWORD

This report has been prepared by the Hamilton Standard Division of
United Aircraft Corporation for the National Aeronautics and Space
Administration’s Lyndon B. Johnson Space Center in accordance with
the requirements of Contract NAS9-12411, Space Shuttle ECS Computer
Program. This interim report covers the work accomplished during
calendar year 1974. A previous report SPOZT73, '"Users Manual, Space
Shuttle Atmospheric Revitalization Subsystem/Active Thermal Control
Subsystem Computer Program' covered the work performed under this
contract during calendar year 1973.

Appreciation is expressed to the NASA JSC Technical Monitor, Mr.
James Jaaxs, for his support during the conduct of this program,

The Hamilton Standard technical personnel responsible for the work
described herein are Mr. Frederick A. Elfers and Mr. William J.
Ayotte. The program manager is Mr. Fred H. Greenwood. °

It is expected that this contract will be continued during calendar

year 1975. Another report covering this additional work will be pub-
lished in December, 1975. '
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INTRODUCTION

To fulfill the requirements of Contract NAS 9~12411, for calen-

dar year 1974, Hamilton Standard has developed the computer pro-

grams listed below. These programs were written to support the

RSECS (Representative Shuttle Environmental Control System) test
. program presently being conducted.

@ "RSECS" - Calculates a steady state heat balance for a com-
bined RSECS ARS (Afir 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 Equipment)
flow rate and inlet temperature.

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

@ "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 oper-
ating temperatures and flow rates at the heat ex—.
changer.

@ "CONDEX" -Calculates 350-M RSECS cabin heat exchanger perfor-
mance using measured inlet air conditiong of temper—
ature and dew point, and inlet coolant conditions of
temperature and flow. Used to predict results of
heat exchanger tests.

@ "ARS DP" - Calculates the corrected pressure drop of the Ham—
ilton Standard supplied RSECS ARS gas loop equip-
ment. The calculations are detailed to the package
level. Required input data includes the total air
flow rate, and the number of RS-11 fans operating.

@"PLOT" - GCeneralized plot program used to produce plots of
results of RSECS analysis or any other desired data,
using a WANG 2200 flat bed plotter.

Hamilton Standard has provided these programs to the NASA on a
magnetic tape cassette and on a disk device that is part of
the Crew Systems Division's WANG 2200 - series computer system.
This user's guide is written for the person who has an under-
standing of the BASIC computer language and is acquainted with
the WANG 2200 system.
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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 person who has an under- .
standing of the BASIC computer language and is acquainted with
the WANG 2200 - series computer system. The program models the
functional gas, figure 2, and water loop, figure 3, schematics
enclozed.

Rotating equipment characteristics are supplied as input data.
However, performance maps 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-21 as the RS-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 generated
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 execution 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
R5-261 heat exchanger's heat load or hot side operating 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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RSFCS STFADY STATE COMPUTER PROGRAM

R #£3

TATE :  7/3/74

INPTUT DATA -

T R8-200 SETPT
0 CHAM AVIONICS
R5-11 POWER
RS-251 F1OW

0 HZO AVIONICS

[ N S

SAMPLE CASE 1 « MIV

70.060
0.00
97n.0n
779.00
11109,00

GAS LOOP OUTPYT NATA -

CHAMPER
DNEYPOTITT
RS-11 IN
RS-50 T
AS0-11 T
ARNM O
R&-51 OUT

-3 =] 9 =F =F g

70,00
50.N4
76,00
78,59
79,57
36.10
az.1n

COOLAMNT TOOP OUTPI™ DATA -

T R8S=-261 120 orrr

T R§-251 H20 In

T RS=2R1 F21 our

0 RE8=251

FIGURE 1 RSFECS

It

35,94
54,68
61,47

2ha, 20

LOAD 29000 P/1, SYS

1 CHAMBER-S

C0o2 T¥LRET FLOW
RS-51 FLOW
RG=-251 POVER

T RE="61 F21 IN

TOTAL AIT FLOW
Her RS-11

HCP 350-M

V 350-M

W TYPARR

W CONNFMSATE
LASE RTAT

T 350~ H20 IH
T AVION H20 IN
W RS=261/350~M
N RE8=761

B

8

1 i H

]

]

0,00
0.00
1m.nn
73.00
35,50

1418,04
345,21
90.68
73.27
233.72
1,19
798,027

35,00
55,00
408,00

16560,38

¢ CHAMRER-T.
RE-11 FLOU
RE-51 POWER

H20 RBYPASS FLOUW
W R5=241 F21

R5~11
RE-5C -5
RS=50 =L
RE=E1,
350-H -5
350-M -L
3L0-11 =TOT

2.20.0.09.20.2.0

350-M H20 OrT

=

T RS-261 H20 IN

0 H20 ETSIMK

STEADY STATE COMPUTER PROGRAM SAMPLE CASE.

¥ 0 i non

Wonon

no

Bonou

126%.00
317.00
i85.0n
281.n0

2587.00

3311.5%

n.no

0.00
631,50
3943,17
1262,.00
5211,17

46 4E
69,27
n,.0n
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NOLLYSOOT LAWHIIT GTLNN D nOSIAK



nd 9o00d I0
NIDISO

& 9OVd 1V

KLTTV

RSECS STEADY STATE COMPITTTR PROGRAM

RET #: SAMPLE CASE 2 - PRELAMICE 21500 P/1, §V§
DATF, + 7/3/74

INPIT DATA - '
2769,00

T RS=20 SETPT = 73.00 0 CUAMPER=-S = 6352,00 0O CHAMDER-L =

0 CIAM AVIONICS = 41°0,00 002 TLE? FLOV = N.0" RS§=11.FLOW = 317,00
RS-11 POWER = 970,07 RS=R1 FLOW = 10.n0  RS=51 POWLR = 135,00
RS=~251 FLOW = £97.00 RS-251 POWER = 60,00 H20 BYPASS TFLOW = 0.00
) H20 AVIONICS = 26051,7) T RS=°61 F21 T = 36,720 W RS=-1261 ¥21 = 2843,00
GAR TLOOP OTTTPIT DATA -

T CHAMTIR = 73.00 TOTAL ATR FLOW = 1376,47 0 RS-11 = 3211.50
T DIPOLIFP = 55.25 UCP RR-11 = 336,10 0 RS=50 =§ = 0.nn
T RS=11 I = N5.46 WHCP 350-M = 309,97 0 RS=50 -L = 0,00
T R8-S50 I = 25,31 W 350- = 282,35 0 RS=-51 = 631,50
T 350~} 117 = 05,31 WV BYPASS = 2% .64 (2 35020 -8 = 14435,17
T 350= o = AR,ER W OCMMMPLSATT = 2.60 0 350-M -1, = Q760,00
T RS-51 07 = 108,15 UTA 35011 = 1309,353 0 350=M ~TOT = 17254,17
COOTANT LOOP OTTTPUT DATA -

T RE=261 120 OUT = L2588 T 350=-M H20 IN = 42,80 T 350=M F20 OUT = 67.55
T RS=251 H20 T = G7.55 T AVION H20 T = 67.8% T RS=261 H20 IF = 105,20
T RS§=261 F21 OIT = 97.24 W RE=DAL/AZN-M = 607,00 0O }H20 HTSINYK = =14F,60
} R§-251 = 235,56 0 R&-7(1 = 43(39,79

FIGURE 1 RSECS STEADY STATE COMPUTER PROGRAM SAMPLE CASE (CONCIUDED )
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T RS-20 SETPT

Q cham-5
QG cham-L
Q avionics
COy flow
RS-11 flow

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

RS-251 flow

T RS-20 SETPT

Q chamber-5

Q chamber-L
Q cham avionics
€0, inlet flow
RS-11 flow

RS-11 power
R5-51 flow
BS-51 power

RS5-251 flow

®
Table I
INPUT DATA DEFINITION
CRT PRINTED
SYMBOL SYMBOL DESCRIPTION
# of cases not printed number of cases to be rumn (1 - 10)
date date Time identification (16 characters,
max)
1 are flow not printed 1 if yes
charts de-~ 2 if no
sired
is printout not printed 11if yes
degired 2 if no
run desig- run # identifying notation for individual
nation case {64 characters, max)

R5-20 temperature controller setting
for chamber; program will try to
balance system at this point (°F)

sum total of all non-RSECS zensible
heat added to the chamber (Btu/Hr)

sum total of all non-RSECS latent
heat added to the chamber (Btu/Hr)

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

COp injection rate into the chamber
{(Lb/Hr)

total air flow generated by the
RS~11 fans (cfm)

RS-11 fans input power (wattsg)
R5-51 separator air flow rate (cfm)
RS-51 separator input power (watts)

R5-251 pump flow rate (Lb/Hr)
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Table L
INPUT DATA DEFINITION (CONCLUDED)
CRT PRINTED
SYMBOL SYMBOL DES CRIPTION
RS-251 power R5~251 power R5-251 pump input power (watts)
bypass flow Hy0 bypass flow RS5-251 pump package bypass flow

Q simulator

T 350M Hy0 in

T 261 H0 in

T 261 F21 in

261 F21 flow

Q Ho0 avionics

not printed

not printed

T RS5-261 F21 IN

W R5-261 F21

rate {Lb/Hr)

sensible heat supplied by the H,0
loop avionies simulator (Btu/Hrg

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 outlet will be
calculated.

If = 0 the H,0 heat sink Q will be
set at 0 and the R5-261 HX outlet
temp. will be used (9F)

desired RS-261 HX H,0 inlet temp.
must be >0 if T 350M H,0 in is
>0/ or must = 0 if T 350M Hy0 in =
0 (°m

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

B5-261 HX cold side flow rate

* (Lb/Hr)
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The "Output Data Definition", Table II, provides the user with a
description 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, the following information is enclosed:

1. R3~-11 Fan Performance Map, figure 4

2. 350-M Heat Exchanger Performance Curves

Hot Side Film Coefficient vs. Air Velocity, figure 5

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

3. R5-261 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

4. Internal Data Summary, Table III

5. Data Array, Table 1V

6. Input Data Array, Table V

7. Logic Key Array, Table VI

8. Scalar Variable Summary List, Table VIT

9. Subroutine Descriptions, Table VIIIL

10. Program Listing, Table IX
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OUTPUT DATA DEFINITION
PRINTED
SYMBOL DESCRIPTION
T chamber steady state chamber temperature (°F)

total air flow
Q RS-11
T dewpoint

WCP RS-11
Q RS-50-S

T R5-11 in

WCP 350-M
Q RS~-50-L

T R5-50 in
vV 350-M

Q RS-51

T 350-M in
V bypass
Q - 350-M-5
T 350-M out

W condensate

Q 350-M-L

air weight flow at the R5-11 fans (Lb/Hr)
sensible heat generated by the RS-11 fans (Btu/Hr)
chamber dewpoint temperature (°F)

air weight flow X specific heat at the RS-11 fans
{(Btu/Hr - °F)

sensible heat generated by the LiOH/C02 reaction
(Btu/Hr)

RS-11 fans inlet temperature (°F)

alir weight flow X specific heat through the 350-M HX
{(Btu/Hr - °F)

latent heat generated by the LiOH/CO, reaction
(Btu/Hr)

RS-50 LiOH assembly inlet temperature (OF)
air flow rate exiting the 350-M HX (cfm)

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

350-M HX air inlet temper;ture (°F)

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

350-M HX air outlet temperature (°F)

condensate flow rate exiting the RS-51 separator
(Lb/Hr)

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

10
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Table II

OUTPUT DATA DEFINITION (CONCLUDED)
PRINTED
SYMBOL DESCRIPTION
T RS-51 out R5-51 separator air outlet temperature (°F)
UA 350-M 350-M HX UA (Btu/Hr - OF)
Q 350-M -TOT 350~M HX total heat load (Btu/Hr)

T RS-261 Hy0 out
T 350~M Hp0 1in
T7350—M Hp0 out
T R5-251 H50 in
T avion Hy0 in
T RS-261 H50 in
T RS~-261 F21 out
W RS-261/350-M
Hy0 HTSINK

R5-251

OO0 O

RS-261

RS-261 HX H70 outlet temperature (°F)

350-M HX Ho0 inlet temperature (°F)

350-M Hp0 outlet temperature (°F)

R5~251 pump inlet temperature (OF)

HyO loop avionics simulator inlet temperature (°F)
RS-261 HX H,0 inlet temperature (OF)

RS-261 HX cold side outlet temperature
RS-261/350-M HX Hp0 flow rate (Lb/Hr)

H20 loop heat sink load (Btu/Hr)

heat generated by the RS-251 pump

RS-261 HX heat load (Btu/Hr)

11
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Table IIIL

INTERNAL DATA SUMMARY

STORAGE
LOCATION

DATA DESCRIPTION

1-25

26-50

51-70

71-90

91-118

119-138

139-211

Freon

Freon
tures

Water

Water
tures

350-M

temperatures, 0-240°F in 10° increments

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

vapor temperatures, 32-70°F in 29 increments

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

HX air side film coefficient curve, ﬂoho Vs,

velocity 91: # of X values (13)

350-M

92: # of Y values (0)

93-103: air velocity, 100-1300 ft/min in
100 ft/min increments ‘
104-118: noho’ Btu/Hr-Ft2 - °F, corres-
‘ponding to air velocities in locations
93-103

HX Ho0 side film coefficient curve, hc vs,

flow/start

119: # of X values (9)

120: # of Y values ()

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

in 30 Lb/Hr increments

130-138: b, Btu/Hr—Ft2 OF, corresponding to flow/

start in locations 121-129

RS-261 HX effectiveness map ;

Hy0/F21, T F21 - in = 40°F

139: # of X values (8)

140: # of Y values (7)

141-148: HoO flow, 200-900 Lb/Hr in 100 Lb/Hr

increments

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

increments

156-211: HX effectiveness in following order: X5 Y1,

Ays Y3, mmmme X1Y7,%pY1=~—~XpY7,----Xg¥ 7
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OWISKON OF LMITED ARCRAE T CORBSOR & TION

Standard ®
Table IV
DATA ARRAY
— Provides storage for individual case
calculations
ARRAY .
LOCATION DATA DESCRIPTION
1 R5-20 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 simulator heat load
5 COy injection flow rate to chamber
6 R5-11 fans total volumetric flow rate
7 R5-11 fans power requiremént
8 RS-51 separator volumetric flow rate
9 R5-51 separator power requirement
10 R53-251 pump total mass flow rate
11 RS-251 pump powér requirement
12 H70 bypass mass flow rate
13 H,0 loop avioniecs simulator heat load
14 350-M HX H90 inlet temperature
15 RS-261 HX H,0 inlet temperature
16 R5-261 HX F21 inlet temperature
17 R8-261 HX F21 mass flow rate
18 Chamber temperature
19 R5-11 fan heat load
20 Sensible heat generated by the CO05/LiOH reaction

19




Hamilton

OIVISION OF UNITED JIRCHAET CORPOAATION

Standard ®
- Table IV
DATA ARRAY (CONTINUED)
- Provides storage for individual case
calculations
ARRAY
LOCATION DATA DESCRIPTION
21 Latent heat generated by the COp/LiOH reaction
22 R5-51 separator heat load
23 Sensible heat at the 350-M HX inlet - air side
24 350-M HX total sensible heat
25 350-M HX total latent heat
26 350-M HX total heat load
27 R5-251 pump heét load
28 HyO loop sink heat load
29 R5-261 HX heat load
30 RS-261/350-M HX's Hp0 mass flow rate
3 RS-261 HX ﬁ20 outlet temperature
32 RS-261 HX F21 outlet temperature
33 350-M HX Hy0 ocutlet temperature
34 R5-25] pump H50 inlet temperature
35 Hp0 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
38 R5~-11 fan inlet temperature
39 RS-11 fan air mass flow rate
40 Chamber temperature from preﬁioug iteration

20
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W IRH)A L

UNITED AIRCHAE T

CORPOAA TN

Standard ®
Table IV
DATA ARRAY (CONCLUDED)
ARRAY
LOCATION DATA DESCRIPTION
41 350-M HX UA req'd from previous iteration
42 Chamber dewpoint
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 rate
49 RS-50 LiOH assembly inlet temperature
50 R5-51 separator air outlet temperature
51 RS-51 separator condensate mass flow raté
101~ Reserved for intermal data storage for
200 table interpolation

21




Hamilton )

Standard A
Table V
INPUT DATA ARRAY
~ Provides input data storage for a maximum of
. 10 cases
ARRAY
LOCATTON DATA DESCRIPTION
1,1 - 1,17 _ Case #1 ipput data: corresponds to X-array
locations 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 VII
SCALAR VARTABLES SUMMARY LIST
BS M2 [14
El Qb _ U3
E2 : Q2 Wl
H Tl Z
H1 T2 Z1
H2 U
K U
M1 Ul

22
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CIVISKNY [F UNITED aIRCRAET CORPORE TION

Standard As
Table VIII
SUBROUTINE DESCRIPTIONS
SUBROUTINE
NUMBER SUMMARY
0] Interpolates data curves that have been transferred to tﬁe

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) : 7Z-values in following
order - Z(Nl, Ml)’ Z(N1, Mp), ~———Z(N1, M),
Z(NZ’ Ml), ““““ Z(Nz, M)’ —————
Z(N, M)

Array and scalar variables used:

Al1(6)

X1{6)

Y1(6)

cl

Cc2

c3

C4

D

D1

D2

I

11

J .

J1

J2

J7

J8

J9

K1l

K8

L

L7

L3

M

N

N1

N2

N8

23
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DIVISION OF UNITED ARCHAFRT CORPORA TN

Standard

As

Tabie VIIT

SUBROUTINE DESCRIPTIONS (CONTINUED)

t SUBROUTINE
NUMEER

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

Z1

Calculates 350-M HX hAhot and UA
Scalar variables:

E

H1

H2

Vi

Z1

Calculates 350-M HX NTU's
Scalar variables:

E3

K

M3

Calculates chamber dewpoint
Scalar variables:

A2

F

P2

Z1

24
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DIVITION OF LNITED 8IRCHAF T CORPORATION

- Standard o
Table VIII
 SUBROUTINE DESCRIPTIONS (CONCLUDED)
SUBROUTINE
NUMBER SUMMARY
07 Calculates air weight flow and Cp by iterating RS-11
fan inlet temperature
Scalar variables:
c3
G
P1
P2
R1
R2
R3
zZ1
08 Calculates density of dry air and water vapor
Scalar variables:
P4
R3
R4
10 Calculates RS-11 fan, RS-50 LiOH assembly and 350-M
HX air inlet temperatures
11 Calculates 350-M HX air outlet temperature

25




Hamilton BB OF UMITED MRCRAKY COMPORA FION
Standard =~ A,

© e L T AT e ————

Table IX

PROGRAM LISTING

e H T
b oy :

e . N

‘RFM Rqrrs ARS/H?O LOOP PTRVORIMHPF .

| COM X(200),A(10,17) A5 (1064, B4,V (4)

30 IF Y€1)13 TREN 250 Y(1)=1

| +40 - REM FREON PROPFRTIES - TFMPTRATURT (1):

. DATA 0: ,10,20 ,30°,40 ,50 60 ,70 ,80 ,90 ,1

R 130 Yan, 1%0‘160 170 180 1°0 ?00 2rn,220,2
-50 RBM PREON PPOPFRTTEQ - FNTHALPY (?6)

LREOS, N7 QRS0 0964, 0017 Aﬁq LR160
L0282, .9635..081 . L5132, .5496, 6797, . 7014
1A0 DATA 0577

non

nn,110,120,
30,240

DATA A4 11081,14,21,16,61,19.04,21,49,23.95, 26,49, 29,03,
- 31 59,34.1%,36.79,39.46 az 13 AA 86,47.62,50,43,531,2
60 DATA 56  ,50 62 65 68 L7174
70 REM WATER VAPOR PROPERTIES - TEMPERATURF, (51);
e DATA32,34, 76,38, 6047, 08 L6 A8 50,52 »54,56,58,60,62,64,6F,
1 68,70
]800 RIM WATER VAPOR PROPERTIES - PRESSURE (71):
-wf»f;nAvA 08354, ;09603 ,10401, . 11256,,1217 ,.1315 ,.1&100
SR .153?3,.16595,.17qll,.lﬁlq?,.?0642,.22? , 2386
- 90 DATA .2562 ,.2751 ,.2951 ,.3164 ,,339 ,.3631
““I0N REM350<M HYATR SIDE FILM CORFRICIENT (01): : ;
- DATA 13,00 100 200,300 400 500,600,700 %00 , .
S 9pn Jnnn 11nn 1200,1300
110 DATA 9L67,13.0, 15,6 W17.7 1q.s ?1 2,02.6,206 (25,3,26.4,
; ' 27, 5 28, a 20 6 : : : :
120 REM 35hﬁw n» 120 SIPK FIL“ corrrrcerT (110);
T DATACOS 5100,150,200,250,300, 360; 400, 450, 5AN; 134 1nn
S 9?9 170 JART, qﬁn 65) 7ﬁs,nro
130 RIM 261 nv Frrvrw1vrwrce MAP — FIL/U20, T-F21=40F (130):
- 'fDATA 8 LT S200 0,300 0N PST 0N £% 410 S 0. ¢ B 1 4T
apa L 1mAn aonn,,?snn ,3nno L3500 ,Annn ,nson )1
A0 DATA 1,1 10, L1 ,1 ,9376,.0095.1°
| IR BRI RN RS | s B84 L 0836,,008 |, 0007, oonn
1 , 1 , 736 ,.9113,.9793,.9952,.¢937,.9906,.nﬂ09
150 DATA LIS , 023, 0237 07473, 0017 0963, .09%7,.5308,.7002,

, 7556, 862 |
,.8739..9269

1700 TP "4 OF CASES ¢ (1=10): ", 7(2):
INPT “"DATE : YOBS:
INPUT "ARE FLOY CIARTS PTCIR]D (YES=1/10=2)1r ",¥ (3

10 IFPIT YIS PRINTOUT DERIRID (VES=1/110=2): ",V {&);
FOR 7=1 T \rvﬁ- SFLECT PPTT“ NN5: PRINT V'CASE # = ".7,
LIPUT "RIH DESTIOATION : "LAS()

190 THPUT T RS-2n SE™PT (PN ™) "LACZ,1):

TP Mo CPAM-S (BTU/HRY = " A(7,2):
NPT "0 CHAM-T, (PTH/ERY = "JA(7, )
200 THPUT M0 AVTONINS  (RTI/ERY = "LA(Z, )
T "eo2 Frou (LB/BRY = " A(Z,5):
TPUT YRS-11 FLOW (CPM) = ",A(7,R)
ORIGINAL PAGE 1§ 26
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Hamilton

CIVIBIDN OF UNITED atRCHART CORPORATION

Standard Rs :
. Table IX
PROGRAM LISTING (CONTINUED)
i
f,??;#,‘whA __g”w”w_-w.p““"w I .
© 210 INPUT MRS-11 POWER  (WATTS) = ",A(7,7):
. ZNPUT MRS-5L FLOW | (CFMY = " A(7,8):
C7IRPUT RS-S1 POWER © (WATTS) = ",A(7,0)
1220 INPUT MRS-251 FLOW - (LB/MR) = ", A(7,10):
- . - INPUT MRS-251 Povrw (WATTS) = ", A(Z,11):
U7 TIINPUT MRYPASS FIOV C U(ES/HRY = ",A(Z,12)
12300 TPUT M0- STMULATOR - (BTU/NR) = Y A(€Z,13):
[+ INPUT MTU350M H20 IN (DFG F) = “,A(7,14):
U TTINPUT TI2610 H20 1 (DEG F) = “,A(7,15
240 THPYT M O2A1 P21 IN (ONE F) = " A(7,16):
TIPUT 261 F21 Frov (LR/IRY = " A(2,17):
CUUUNERT T B
250 IF Y(L)[=Y(2) THE'! 26N: Y(1)=0N: RENIID : COTO 340
260 FOR Z=1 TO 17: X(Z)=A(Y(1),7): WEXT 7: X(18)=X(1):
T X(LOY=ALALARY(T) : X(20)=875%X(5) 1 X(21)=427,5%%(5):
L X22Y=3,61480(0) 1 XA2N=X (L)X (19X (20) :
270 X(26) =K (2)+7(22)+%(23) ¢ X X (25)=X(3)+X(21)

a0

CX(26Y=X(28)+K(25Y s X2 =3, 4145 (11 ) x(10)=Y(10)—vr12):
" RESTORE 139: FOR Z=101 TG 173: READ X(Z): VF¥T 7
GOSTR 1'N1L(X(30),X(17)): Fl=71: IF X(15)=0 THEN 290:

CX(A1)XS)-FI* (X(15)X(16)) : X(29)=X(30)% (X (15)=: (Bl)ﬁs

£ 300

10

320

a3n

340

350

360

370

34an

-;':.x(??\qx(3ﬂ\*(vf31)—X(14)3-£@ﬂmﬂ 300 ¢
-290 | |
hmmﬂxx(?])ﬁx(lﬁ)+yrpg)[xr3“) S(1/E1-1): x(ls)_x(11)+x(29)/x(zo)

'?R)uﬂ‘ X(?°)=X(?ﬁ)+x(77\+xf13)

;xrla}axfsl} .
X(101)=75' V(lﬂ?)uﬂ- RFQTORF 1: FOR 7=103 TO 157: REAQ X{?):
NFXT Z: GOSIIR 'NL(X(16), 0): H1=71: He=H1+X (29 /XNy

RESTORE 26: FOR 7=103 TO 127: RFAD X(7): NEXT 7 f'

RESTORE 1: FOR 7=128 TO 15%: RFAD X(Z): NEXT 7s o
GOSUR *01(2,0): X(32)=rl: X(3T)=X(LAM+X(26)/X(30)¢ "7

-X(34)=(X(31)*X(30)+K(15)*X(12))/X(lﬂ)

X(35)=X (34)+7(27) /R(10): K (&M =01 X{41)=0: X (42)=50:
X(43)=,1271A762 X(39)=2350.656%X(6)/(X(18)+459.6):
X(36)=,24%X(30): X(37)=X(36): W1=X(30)/2: RESTORY 119
FOR 7=101 T0 120: READ X(7): ¥EXT Z: GOSUB '01(w1 0):

S H1=7.3008%71: GOSUR '02: GOSUT ‘i0: GOSUB '1l:

IF X(45)1=X{14) TIEN 360

RLABY=T(45)+1: X(AM)=X(45)+X(24) /R(37):

X=X {4L)=-X(23)/X(36): €OSUT 'N2: GOSUB '10: GOQUP 'l]
IF X(45)[X(14) THEM 340

GOSUR '03: COSUR "n4: H=12/H1:

;Tl=(¥(37)fV(AAX+Yf%0)*(H*Xfﬁ?)+i(42)~x(31)\‘/

(IR CI+TITH S
OL=X(37)% (T1-X(45)): Q2=014X(25): IF 02[X(26) THEN 1330:
Ml=0: T2=X(33): T1=X(L4): 01=X(2&): 02=X(26): chO'idn
T2=X(42)-1*{TL-X(42)): IF T2]=T1 THEN 510:
r]—(Vf&’ﬁ—Tl)/(Y(ﬁﬁ)-T?) HJ"V(30)IK(??) GOSUB "05(R1,M1):
11=1067(37)
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CHVISION OF UNITED AIRCHAFT CORPORA TICM

Standard As

Table IX

PROGRAM LISTING (CONTINUED)

:390'E?=(T1—Y(45})/(”l—XflA)) M9=Xf30)*ﬂ1/Y(?7‘/02'
“GOSUB. "05(E2,M2) : U2=K*X(37)%Q2/01: :

4 U3=((1/H)/f1+1/H))*nJ/n7+(1/(1+1/H))' U=U14H12%13

400 IF U=X(46) THFN 550: IF-UIX(46) THEN 510: IF X(14)1=X(45)
[THEN. 550: IF X(18)1X(1) TIENM 430: IF X(37)]X (43Y*%(36)

1L TREN 430: X(A45)=X{14) 1 X(37)=X(43)*X(36) _

:410 Y(hﬁ)=X(45)+X(?h)/X(37) xrjs)—x(aa)—Y(?3)/f( €)1 GOSUB "0Nf:

L GOSUR:TN7: X(37)=X(43)*X(36): GOSUB '1n:

o Tl*X(é&)—xf?d)/Xf37)

_4?0 E1=(ABS(T1-X(45)))/X(45): IF Ell=,5E-4 TERN A410: GOTO 550

430.IF X(18)=X(1) THTN 440: X(40)=X(13): X{41)=U:

o X(1R)=X(10)-.1: GOSUT '02: COTO 460

A4An (E1=(ABS (=X (A8)Y)Y/X(46Y: IF F1[.5F-2 THLM 550

CIRCGS)ER (LA (A S) =N (14D Y ST/ (AR 5

1 X(3?)3“(?!)f(g(dﬂ}—Y(A5)) GOSTR '0f: ansyn '07: GOSUR '1r

K50 X(37\= ?/\/(?ran)-xrﬁ}))- IF vra?)]—Y(fa) tX(36) THEN 460

Yr37)*t(ha)*’(16)

. ;45n GOSUR: "10: GOSUR, '11: IF V(AS)]~X(14\ THEE 360z

T IP Y(lﬂ\]Yfl) THEN 400-

Y(37\=X(°&\/(Xf??)/Xf36)+Y(lH)-Y(1A)\ ¥(A5Y=X(14)

.fé?n GOSUR: '06: GNSTTB 'N7: GOSUR '10: X(37)= =K (28 /(R (44K (45) ) :
“IF Y(37\]-Xfﬁ?\*x(?ﬁ) THEN ?60 K(37\=Yf431 2N (36}

AOSTR: "11: GOSIR '0As rosnn '07: GOSHE '10

480 X(37J*Xf43\fvfiﬁﬁ- ‘GOSIE '11:!i00To 360

49N X(AS\*leﬂﬁ- Yf]ﬂ)=x(ﬂ3)+(v(?5 ~X (233} /7 (36) phop N9,

‘ rnqnn, 1Nt TI=X(44)-X (24 /X (37)

5300 El=(ALS(T1-X(45)))/X(45): TF El)=,5F~4 THEI 490: GOTO 550

510 IF X(45)=X(44) THEN 530; Fl=(ABS(U=-X({46)))/¥(46):

IF E1[.5E~2 THIN 550: X(37)=X(24)/(¥X(44)-X(45)=-.1):

o IF X(37)[=X(36) THI] 520: ¥(37)=X(3f) .

520 GOSUR '10: AOSUR '11: GOSUB '06: COSUR 'N7: GOSUR '1n:
XA7IY=XL25) ] (K (44 =R (45)) « IF X(37)[=(36) TIFEY 360:
AA=NI6Y: GOSUR '11: GOTO 360

530 IF (M(40)-X(181[).1 Ter 540
KOM=X(18), 1% fo—Xf&F\)/fU-}(&1\)) GOSUB '02: GOSUR '10

. .GOSUL '1l: €OTO 550

560 X(18)=X(12)+1: GOSUR "NP: GOSUR "10; GOSYR '11: GOTO 360

550 COSUR 'HA: GOSUR 'N7: 0SB '10: GOSUL '1l:

X(42)=R () (U(36)-X(I7)}/R(36) 1 X(AT)=(6)=X(48)-X () :
X(50)=X RTINS/ (I /X(]) 1 X(51)=X(25)/1065
560 IF Y(4)=1 TIFHN 5703 £OTO 660
570, SELECT PRIYT 211(156): PRLIT HEX(ODOE):
"PRINT “RSEOS STRADY STATE COMPUTER PROCRAM" :
{PRINT HEX (DADANA)D
SSO'PRINT_"PU“ fflr MAS(Y(1)):
PRINT "DATE ";B$: PRINT HEX{OANAY:
PRINT "DMPIT DATA -
58N PRINTUSING 620,¥(1),2(2),3(3):
PRITTRSTING 600,00 (4),X(5), Y(ﬁ)-
PRIMTIS TN 7nn,x(7),X(8),x(9)
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DHVISKNNY OF UMITED LIBCRAFT CORGPORATION

Standarq L

® _
. Table IX

PROGRAM LISTING (CONTINUED)

600 PRINTUSTHA
PRINTUSIRG

617 PRINT "GAS

PRINTIISTNN

Y. . PRINTUSING.

_, 620 PRINTUSTING

: _ PRINTHSING

- . PRINTHISING

'63d PRINTUSTHA

' PRINTUSING

. PRINTISTMG

. PRIYTUSTNG

650 PRINTUSING

© PRINTAISING

AIN V(1))=Y (1)+1:
CHAIBER~L.
§-11 FLOW -

$=51 POWFR

- RS=3A1 F21

730 ZT CHAMETR
RS&-11

R8=5N -5
RS—SO -L
R5-51

350-M -§

- AR0M L
350-M -TOT
A50=M 120 OUT

R8-261 H2O IM

680 IT RS-2N SETPT
62N %0 CHAM AVIONICS ° n—#4ﬁ## #

700 ZRS-11 POUER
710 %RS=F51 RLOW

20 BYPASS TLOY -
720 20 20 AVIMIICS

740 T DEEPOTNT
750 9T RS=-11 TN
760 7T RE-50" TN
770 T 350-M 1IN
780 7T 350-M OUT

790 7T RS-51 ourT

710,%(10),X(11),X(12):
| 720,X(13),X(16), X (17

- PRINT: HF} (QAOA\

LOOP OUTPITT DATA -":
730,%(18),X(39), v(ln):
7&nx@9)x(¢ 2(20)
750.%(3R) JX(37) %021 1
760,249, X(47) % 022) 1
~?70,K(4A),X(48),X(24)
790, % (45),X(51) ,0025) 1
700,X(50) X (4F) K (263 :

AP PRINT REX (DA)
CBAG PRINT "COOTANT Lnnr ONTPITT DATA ="

AON, X (31),%(14), % (32
R10,X(34),%(35),%(15)
820,X(32),%(30),%(28) 1
230,X(27),%(29) 1

.. PRINT HFL X(OAOAOAnAOAOAnAnAnAnAnA)
660 IF Y{3)=2 THIY 670N: LOAD "RSECS2M

coTo 250
=B
i P
MPEYIT Y
=-LARER S

= L S

=—F 18 TOTAL AIR FLOW

e pRENE

o gann
——#r:F:"!,:; ’.*J“I

. LS IL S [/
L

==FEARE
CmefH AR

_ flaxnn pn
"'-"'7,‘1‘7}7-“?'.?“;'

80N ZT BS=2F1 H20 0% =~f3#28 4 7 350-M H20 InL

==L

S10 U RS-251 W20 TN =L T AVIOT W20 1IN

=it IR £

=oAL R D GHAMEER~S
€02 MIET FLOV
Colppper o RS-51 POV

Dl == AR A R§=251 POWTR

=AML T RS=261 F21 TH

a4 38 HOP RS-11

S EREAE BE O uCP
o 7[#} ’lJ}ﬂ #fﬂ N ,,. e
==t AREE AR T 3500
=—fA#1E B4V BYPASS

=-#4414, 44 W CONDENSATE

SLPRIMELAE TA 350-M

Y RT

=h####f.#f

YV

=af i 2D

--###1,.f#

= f AR

- AERNNN g
SRR

b T LM

{t 1t J; I J[ f: i

—_ AN AN g
=R

LYy

=R 2L

—=rnn
== i’1* T W

S P10 ¥ A ]
s fif R o

ORIGINAT,
OF Poon rﬁgaﬁﬂg
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OIVISEW OF UMITED AIRCHAF Y COROR A TN

Table IX

PROGRAM LISTING (CONTINUED)

t

: 0
T - oy

820 %7 RS=261 F21 OUT =—#{#{##HF. 4 W R:—;ﬁlf?SO-M == A
H20 HTSINK =={{EAE LS
830 %0 R8=25) O =-#HREEE 0 RS-2F1 sefHEARE A
840 FND g
§50 DIFFH'01(C1,D1)
860 DM AL(R),¥1(6),YL(6)
870 I1=101: N=3: M2=2
850 IF X(I1)=3 THEM 920: IF X(I1)13 THEN 230:
IF X(I1)[(0 TPE 950: IF X(I1)=0 THEN 920:
IF X(I1)=2 THEW 900: IF X(I1)]2 THEX 920
ugp H=l1 GOTO Qlﬂ
,,.:(mn n=9 e o
910 V?mll-—
A0 T1=11+1
930 N1=N¥1"
940 L=Il: IF xrx)]n THEH 960
950.Kl=—1: Z1=N: COTO 1230

I 9rn-No=x(L):

~IF ka+1)[n THEN 950 IF x(r+1)]n THE 950
070 N8=0% GOTD 920
980 N8=X/(1+1)
99N Kl=N3 Kl=0N: P°=F3. J1=T1+2 J2=NO+T1+1:

IF CO[N(ILY THEN 1030:  IF G2=X(J1) THEN 1040
1000 TOR J=T1 TO J2: IF-C20=X{J) TIEN 108N: ERXT I
1010 K1=2: C2=X(J2)
1020 -Je=J2=21 GOTO 1060
1030 Kl=13 €2=X(J1) |
1040 J9=J1: GOTO 1060
1N50 IF J-J1[1 TNFEE 1030: IT J-Tl=1 THED 1040:
T IF J=J2 TREN 1020 IF J132°TPEM 1010:
J9=J-337
106N CA=C2: IF N210 TUT 1070 FOR L=1 TO 301: XL (LY=X{J%):
LA=JOHIN: YI(I)=X(T8): J0=T041: NE¥T L: T=1: GOTO 115N
1070 J1=J1+H0: I2=T24M8: N2=Dl: IF D2[}(J1) THEX 1100:
IF D2=Y(J1) TR 1110: For J=T1 O J2:
IF p2[=¥(I1} TPEN 117N: YTXT J

1080 KR 1 N2=Y.(12)
1000 18=12-17: GOTO 113N
iinn Ks—a: PRESAREN
- 131310 J8=J1: cOTo 1130

1120 TF J1=J1[1 TUPN JA100: IF J-T1=1 TI'T} 1110:
COTTTUUIRE J&T2 OTIEE 1NOn: IT LI THET LNN0: I8=T1-02
1130 I7=T0: L8=TQM%(T7-T1-1): L7=1.8: TOR IL=1 TO Nl:

KLI=T7Y s YU =X(L7): L7=L7418: J7=17+1: NEXT T.:
I=0: £OTO 1150

1140 Y1(1)=7L: FOR Tel TO N: L7=L8+I: Y1 (J+1)=N: FOR M=1 TO 1ii:

YL(THD)=YI(T+L)+ 7)1 00 s L7=1.7818: HIXT M: NKEXT T:
FOR T=1 70 {l: XICL)=Y(I8): JR=J0+1: MEXT L 03=N2: I=1

0
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Standard . == Ae

DIVISEON OF UNITED AIRCRAFT CORPOALTION

Table IX

PROGRAM LISTING (CONTINUED)

DeTt XLOH2)=XE(): XLEHD=X1(2): FOR J=1 TO Hl:

1150 .
CUAT IR =R (IFIY=XL LT 0A=03-Y (Y IF cATIn THEN 1170:
C 21=YL(T): XT(LY=0: X1(2)=N: X1(3)=0: Z1(4)=0

1160 X1{I)=1: GOTO X220

1170 D=D*C4: O M 6OTH L1AN,1190,1200
11RO I (I)=C4/AL(IH)Y: GOoTO 1210

11190 XU ==C4: cOTO 1210 '

1200 XLLT)= (X3 (TH+2)=X1 (T )*Ch
L1210 HEXT J: AL(U)=A10M2): 71=0: FOR J=1 TO N1:

XKLL =D/ (AL (TI2AL(IFL)EXL(I )1 ZL=2LAV LI *RL (T :
: NEXT J

C 12200 TR IT[=0 Tury 1140

1230 K1=K1+KSs SFLTOT PRINT N05:

- PRINT "OFF TARLFE IMDICATOR =";¥1

CigsoRETIRM O T

~i2s50 pERTHIOY
1260 FOR B=1 TO 4: GOSUR '07: X(37)=X{30):
T UK (BB) =R (A8)~ (X (28)=X(22) ) /X (36) 1 GOSKE . "06: GOSUB '07:
- HWEXT B: X(37)=X(36) :

1270 RETURH :
1290 DEFFN'03 : :

1290 X(101)=70: X(102)=N: RESTORE 51: FOR C=103 TO 142:
READ X(€): NEYT C: GOSUD 'AL(X(45),0): P2=21:

CADS, 6320 P 0/ (LA 696-D YN L25) RN (IEY/INES /X (3N /R (3TY

1300 TOR C=1 TO 3: P2=A2% (14, 676-P2)/.622: NEXT C: :
RESTORE 71: FOR €=103 TO 127: PEAD X(£): MEXT C:
RESTORE 51: FOR C=123 TO 142: READ Y.{C): }IFXT C

1310 GOSTD '01(P2,0): X(42)=71:

RETITR '

1320 DEFFN'NA

1330 VI=X(6)*N A7)/, 3515/X(36) : RTSTORE ©1: FON r=101 TO 128:
READ X(N): YNFT T: GOSUR '01(V1,N): H2=118.48928%71:
XO46)=17 (1/W1+1/n2) .

1340 RETURN

1350 DEFFN'O5(T3,M3Y

136N IF M3=1 TUEM 1370: IF M3]1 TI'EH 1380:

F=M3/ (1-M3YSLOG((1-F3)/ (1-FE3/M3) ) : GOTO 1390

1370 K=F3/(1-E3): €COT0 1390 :

1380 K=M3/ (13-1)Y5100 0 (L-FE3/113) / (1-t3))

1390 RETIRN

TAO0 MEFRNIOL -

LALN GOSN N3 A2=A2-3(21Y/1065/X(39): FOD F=1 TO 3:
P2=A2% (LA, 606=P2)/ , £22: NIXT F: GOSUB 'NL{F2,0): X(42)=71:
RETUR:!

1420 DEFRMI'NT

1430 X(101)=20: X(102)=0: RESTORE 51: FOR (=103 TO 147:

READ X(GY: NI G: GOSTIR '01(¥(42),0): P1=7l:
GOSTR 'NR{P1,85.74): RL=R3: P2=14,606-P1
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Standard

OV IBIDN CF UNITED AIRCRAFT CORPORATION

Ae

Table IX

PROGRAM LISTING (CONCLUDED) -

- 1470 DrFFR" Jor

- RFJURN

1440 Goqun 'nP(P? 53 33) R2= R%-
-  R3=(85. 76*R1+53 35*R7)](R1+R2) C3=.20k, ?799*?1/?2-
... FOR G=1 TD 6 .
‘ -1450 X(39)=1:26973, tm*x(e)/r{w(x(18)+x(a)/y('as)+459 6):

X(36)=CB*X ('N), NEXT. G:
RETURN . ne

” jmflémh' DREFFN'0R(PARA) s

R3—1M*PHR4/(X(18)+459 6)
RIETURYN ?

X (3R )=X (184X (A)/xcsﬁ)

L XGO=XABAREIEAN/RGE
,ngt;so‘xq&awx@awx(eza)/xr_aﬁ): ; - '

RETURN

1490 DEFFN'1%: .

X(&5)=‘{(44) mnm')
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DIVISKI (3% OMITLL ATRCHAF T COMBIY A T Gk

Standard As
RSECS FLOW CHART ROUTINE
File Name "RSECS2"
Abstract "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 generated 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 air 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 reqdired for this program is the loading of the
appropriate schematic on the plotter as required.
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CASE: MIN ON ORBIT B/P = 500 DATE: 10/17/74

T = 67.08
CABIN CONDITIONS: —
T = 70000
TDP = 61,27 TO CARLIN
Q8 = bks2,0
QL = 306L4.0
COr = .880
RS=50 LiQH
ASSEMBLY'
TROM J— r ’ ' 350~M HEAT EXCHANGER
CABIN ; F =83.89 |
] s L | F\J Qs = 1803.5 -
—— AVOS%(I;]S o QL = 3440,2
o ' T = 33-67
_ '—'—'] ,,L_—'— o
T = 70.00 J_l RS-11 FAN l |
Q = 130L,0 F = 350,0 _
T =7331 Q =1990,3 Q8 = T770.0 T = 32.99
T = 78,84 QL = 376.2
T = 80.67 T H0 COOLANT IOOP
T = TEMP DEG F F = 10.00 P
TDP = DEW PT DEG F Q = 290,1 T = 51.31
Q@ = HEAT BTU/HR . W = k50,0
QS = Q SENSIBIE ——— ﬁ Q = 8243,7
QL = Q LATENT T = 60.38
F  =FIOW CFM A
W =FIOW Lb/MR RS-51 SEPARATOR
e CONDENSATE
W= 3023

FIGURE 10 RSECS ARS GAS IDOP SCHEMATTC

_paepuerg

MNOLL Y BOCHOD L AYHIEIY TILING 0 MOIAO
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195

CASE: MIN ON ORBIT B/P 500 DATE: 10/17/74

T = 50.29

R3-261 HEAT
EXCHANGER

W= 5200.0
Q = 21983.

67 1 T = 88,12
T = 87.3
b@ Pmed  AVIONICS
BS-251 PUMP o = 13043,
W =950.0 T = 81,85
Q = 696.14
HEAT FXCHANGER BYPASS l W = 500
{ 350-M HEAT :
> EXCHANGER
’ W= 83.99
Q = 82k3.7
NASA HEAT SINK
W = 450.0
T = 51,31 - T = 32.98 < '
o T = 32,99

6 =,000

FIGURE 11 RSECS WATER IQOP SCHEMATIC.

GSE COOLANT
IoOP

T = 33.00

HEAT BTU/HR
TEMP DEG T
FIOW LB/HR
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i

pJepuelg
uoHILIeH
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NOIL T EQSEOD L A8 IHIY OALNA 30 MOBIAND



Hamilton
Standard A

: FOR I=1 TO 51
- 60 IF ABS(X(I))]=100000 THEK 80:
L IF ABS(X(I))]=10000 THEN 90:
10 1F¥ ABS(X(I))]=1000 THEN 100 o : i
70 IF ABS(X(1))}=100 THEN 110: = S e
. IF ABS(X(I))]=10 THEN 120: ' s
s 1IF ABS(X(1))]=1 THEN 130:GOTO 140
|80 CONVERT X(I) TO X$(I),(-####4#):B(1)=0:C0TO 150
90 CONVERT X(I) TO X$(I).(- #i#ile) sB(1)=0:GOTO 150
| 100 CONVERT X(I) TO X$(I),(-##ifi -#)-B(1)=O:GOT0 150
110 CONVERT X(I) TO X$(I),(-####) :B(I)=1:G0T0 150
~-120 CONVERT X(I) TO XS$(I).,(-##+##) :8(I1)=1:60T0 150
130 CONVERT X(I) TO XS$(I).(-#«##) :B(I)=2:G0T0 150
140 CONVERT X(I) TO X$CI1).(-.###)  :B(1)=2:GOTO0 150

150 NEXT I : :

160 SELECT PLOT 414 S ' o P
170 STOP "LOAD GAS LOOP SCHEMATIC ON PLOTTEK THEN KEY CONTINUEL"
180 pLOT [1,,C],[13,0,S],[,,R)

- 190 PLOT [19.50%13,29.50%20,U],[,,4$¢18)],[5(18)*13,0 Ul
200 PLOT [-7%13,-20,u]),(,,x342) ] Tn(42)%13,0,u]
210 PLOT [-7413,-20.U],[, X$¢2)],18¢2)*13,0.u]
-220 PLOT [-7%13,-20 U],[,,h$(3)],{0(3)*13,0,U}
230 PLOT [=7%13,-20,0),0.,.%3¢5)]1.{B(5)+i3.0.0} o

240 PLOT [-17%13,-7.25%30,U),1,,x$¢18)),[#(18)*13,0,U])

250 PLOT [3#13,-30,U]1,0[,,%x$(a) ] (8¢ay*13,0,0]

. 260 PLOT [-7%13, -20 it xs3831, (B (38Y%13,0,u] h

270 PLOT [5%13,0,U),[,,X8(6)],[8(6)%13,0,U]

280 PLOT [-7#13,-20,U],[,,%x$(i9)],[8(1H*13,0,vu]
290 PLOT [-7%13,-20,U1,[,,X$(49)],[B(43)*%13,0,U]
300 PLOT [7%13,2%20, Ul,[,,%$¢20)],[8(20)*13,0,uU}

310 PLOT [-7%13,-20, b].{,,<$(21)],[B(zl)*la,o,u]

320 PLOT [-7%13,-20,U],[,,X$(44)],[5(44)*13,0,U]

1330 T=(X(44)*X(48)+X(45)*%(47))72(6) ' | -

340 I¥ ABS(T)])=100 THEN 350:IF ABS(T)]=10 THEN 360:1F ABS(T)]=

1 THEN 370:IF ABS(T)1=0 THEN 380 S

350 CONVERT T TO TS, (=##8«##):T2=0:G0T0 390

360 CONVERT T TO TS, (-##4+##):72=1:GOT0 390

370 CONVERT T TO T$,(-#+##):T2=2: GOTO 390

330 CONVERT T TO TS$,{(~.###):T2=2: GOTO 390

390 PLOT [-2*13,18.25*20,U} [,,T$],[T2%13,0,U]

400 PLOT [11%13,-10.25%20,0],1) %5(47)),(8CA7)*13,0,u]"

410 PLOT [-7%13,-20,U),[,,%x5(24)], [B(24}#13,0,U]

420 PLOT [-7%13,-20,G1,0,,%X$¢25)],[3(25)%13.0.0]

430 PLOT [-7%13,-20,07,[, %8(45)],(BC45)*13.0.U]

440 PLOT [-10%13,-3%20 U] (,,%x3(14)],(8(14)%13,0,0]

450 PLOT [-7%13,%64%20,0U71,F, %5(33)7,12(33)%13,0, 0]

460 PLOT [-7%13,-20,u],0,,%x8(3037,[B¢30)%13,0 v}

470 PLOT [-7%13,-20,U],[,,X8(26)],[5(26)%13,0,U) -

480 PLOT [-29%13,-2%20,u},1,,x38(3)1,1B¢3)*13,0,u]
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Table X

PROGRAM LISTING
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REM RQFFSP PROGRAM LABELS DIAGR RAM
COM X(200),A(10,17),A5(10)64,185, Y{4) R e :
DIM, Y$(100)8 B(IDG) o T o
SELECT PRINT OO5:PRINT HEX(03): n :

PRINT "RSLCS FLOW CHART ROUTINE":PRINT
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DIvISIOn (X UNITED AIRCIEAE T _(HIMRA Ti

Standard A

350-M HEAT EXCHANGER TEST DATA ANALYSIS PROGRAM

File Name "350-M HX"
Abstract "350~M HX" analyzes test data and provides revised per-

formance curves for the 350-M heat exchanger. The pro-
gram is designed to be used with a WANG 2200 ~ series
computer system.

Program Description

For a maximum of 50 data points, the program will iterate the hot or
cold side hA to obtain a UA balance. Curves of hot side film coeffi-
cient 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 property tables are interpolated by usinz an
adaptation of the Hamilton Standard Division's "UNBAR'routine.

Expected program operation is as follows.
1. Run all data points for a hot side UA balance.

2, VUse calculation results to revise curve of hot side film co-
efficient versus air velocity.

3. Run data points again for a cold side UA balance.

4. Use calculation results to revise curve of cold side film
coefficient versus H,0 flow/start.

5. Repeat steps 1 through 4 until film coefficient curves no
longer need revision.

For user reference, sample cases, figure 12, and a program listing,
Table XI, are enclosed. The CRT prints the requested input data
requirements with notations for the required units. If one of the
dewpoint measurements is not available, or the secondary water cir-
cuit was not used, zero's should be entered in the appropriate
locations. The output data provides all information necessary to
revise the performance curves. 1In addition, a heat balance value

is printed to give the user an indication of the data point validity.
The heat balance calculation is the air side sensible and latent
heat divided by the water side total heat. The program listing will
provide the user with the calculation procedures vsed in the program.
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DIVIBHIN OF UNITED AIRCAAF T CORPOMA TION

Standard

RSECS 350=-M X PRERFORMANCE / HOT STDFE BALANCT

CASE #: 1
DATE « 7/3/74

INPUT DATA -

T R8=-11 THLET

T 350=-M DEWPT
R5=-51 FLOW

T SEC K20 IMLET
PRI H20 FLOW

OUTPIIT DATA -
TOTAL H20 FLOW
ATR WRIGHT FLOU
COLD SIDE HA
HOT FTLM CORFF
Q TOTAL

RSECS 350-M HY PRRFOPMANCE /

CASE #: 2
DATE & 7/0)74

INPUT DATA -

T R5=11 IMLET

T 350-M nEue™
RS~51 FLOW

T 8FEC N20 INLET
PRI 1120 Fr.OW

OUTPITY DATA -
TOTAL 120 FLOV
AIR UFIGHT FLOW
COLD SINE HA
HOT FILM CORFF
0 TOTAL

i H

n

| B 2 4

<0

®

70,00
5N, NG
m.,nn

0.0n
495,00

408,00
360,67
2639, 11

9,16
521406

88,46
55.725
i, an

N, 00
&97,.0N

hO7,00
1257.54
4067,10
15,02

17250,.75

T R5-11 DrwrT
T 350-M OUTIET

CIIAMDEF. PRFSSIIRT
T PRI H20 OUTLET

SHC N20 FLOW

20 FLOV/START
COLD FILM COIFF

(0 SENSIBLE
HEAT RALATICT

Ny

HOT SINT BATAICE

T RE=11 DRurT
T A50-M O

CIIAMBLR PRESSURF
T PRI 1120 OUTLE™

SEC H20 TT.OW

B20 PLO/START
ATPR VTLOCTITY
COTT TILM COEWF
" SEMETELE

HEAT RALANCE

u

H

il

fl

59,06
36,10
26,92
A6 L6

0,00

aL0.0n
Th AN
3ne2, 10
I857,.62

55,25
43,57
29,912
67.55

0,00¢

348,50
331.65
557,08
14206,96
. 076

T 350-M TiLET

ARS OUTLET FLOV
T PRI H20 INLIT
T SEC H20 OUTLRT

TOTAL AID FIeE”
TOTAL 1 U
HOT SINY A

0 LATEMT

T 35011 1NLFT
ARS OUTLTT FLOT
T PRI H20 INLTT

T SEC H20 OUTLET

TOTAL AIPR FLOW
TOTAL HY¥ UA
HOT SIDE HA

Y LATENT

il

i

It

1

]

79,50

73,7

25 00
P

3
n,nn

83,27
773,47
inee, "1
1257, 50

a5.31
252,35
42, 90

0,00

207 15
1233,.110
1874, 60
ey JY NS

FIGURE 12 RSECS 350-M HEAT EXCHANGER PERFORMANCE,/HOT SIDE BALANCE SAMPLE CASES

-
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Standard

RSECS 350-M HX PERTORMANCE /

CASE #: 1
DATE :+ 7/8/74

INPUT DATA -

T RS-11 IMLET
T 350-M DLRUPT
RS5=-51 FLOW

T SEC H20 INLET
FRI H20 FLOW

OUTPUT DATA -
TOTAL 120 FLOW
AIR WEIGIT FLOW
COLD SINE HA
HOT FILM COFRFF
0 TOTAL

RSECS 350-M HX PERFORMANICE /

CASE ff: 2
DATE : F/8/74

INPTIT DATA -

T RS-11 TMLLT

T 350=M DFEUPT
RS=51 TLOW

T SEC H20 TvIET
PRI 1120 FLOU

OITPIIT DATA -
TOTAT, 1120 FI.OW
AIR 1TIONHT FLOU
oD ST T TA
HOT TILM COpTT
QO TOTAL

®

|| ]

/|

HonoA

I

70,00
A0.06
1n.00
0,n0
498,00

AQR, 00
3R, 68
254108
a9.6n
5214,06

85.460
55,25
m.en

N, nNe
607,00

607,00
1287 .74
3e0e, o7

1e,2n
TT2RG,TS

COLD SINF RALAMCE

T RE-11 DFEUPT
T 350-M OUITLET

CHAMBIR PRLESSUPRE
T PRI H20 OUTLET

SEC H20 FLOW

H20 FLOW/START
AIR VELOCTTY
COLD FILM COETF
0 STNSINLE

HEAT TALANCE

ey

U

i

COLD SIDE PALANCE

T RS-11 nprypr
T 350-M OUTLTT

CHAMITP. PREASTER
T PRI H20 OUTLET

SEC 1120 FrLOW

120 FLOV/START
ATR VELOCTTY
COLD FI1M CORNT
N sItISInIY
HFEAT DALANCE

il

1

fl

H

it

51,06
36.10
10,92
460[}6

.00

262,00

D, hh
348,05
3853,63

f.081

»

o NPy [Nce I WPy RO |

N
fe I K VR
v O3 A

N
s I |

.

3AR,50
371,65
835.11
14106, 00
N, 07/

T 350-M DLIT
ARS OUTLET TFLOU
T PRY H20 INLET

il

It

T STC K20 OUTLLT =

TOTAL AIR FLOV
TOTAL ¥I7 UA
HOT SIDE FA

0 LATEN

T 350=M IFLIT
ARS MMLFET TI.OW
T PRI II20 TYVLYMT

T 80C H20 OTTIET =

TOTAL AT FLOW
TOTAL I UA
0T SIDT KA

0 LATENT

i

I

1t

70,50
73,77
3R, 00
0,00

33.77
TR5EF
1137,40
1238 .50

685,71
AR5
42,00

n.nn

202,35
126z .aF
an-j na
27404, LE

FIGURE 13 RSECS 350-M HEAT EXCHANGER FERFORMANCE/COID SIDE RATANCE SAMPLE CASES
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ORIGINAL PAGE 1§

Hami'ton VISION OF UNITED AIRCRAFT CORPORA THON Tab le XI

Standard As
PROGRAM LISTING

10 REM - 350-M HX PFRFORMANGE:
-~ DIM A(50,14),%(200),%(3):
O IF Y(1)11 THENCLSO: Y(1)=1 o ,
20 RIM - WATER VAPOR PROPERTINS — ”F‘W“VATUR? (1):
DA"“A 32,34,36,108,40,42 44,40, A 'iﬂ,_) Tl 00, BN, 60,12 64,00,
4R, 70
30 RIM - WATER VAPOR TROPTRTING - V“I“%l?* (21):
- DATA .0%3 %f,.00601,.1Pan1,.11?sr,.1°17 5+ 1315 ,.00100,
L <15303,.06525,,17501,. 10002, . 200642, .722 (356
40 DATA. 2563 ,.?751 ,- 7051 3164 310 ,_35a1-
' REM = WATFR VAPOR PPD“V””IFQ - TIITHALPY (41):

0 DATA 1075 ",1n74,7 1073,6,1072, 1 »1071.3,1Nn70,1,1063,¢
50 DATA 1067.8,1066,7,1065, 16,1064, 1”6? 2,1062,2, 1067
L. 105%,9,1058,8,1057, 6. 1f56. , 10555 10Jh.3'

. REM - YATFR SIOT FILI CORFFICIET fm
CRDCDATA G L0 1NN 180 200 250 ,300, 350,400,450, 500,71 34 , .09,

L 201, 33@,:(1 %an ng: 76;,,50
.0 REM - ATR SINT FILY roerIrz,nw (51)
U700 DATA LT .0 1,100 L9200 ann | AGD L300 L 600,700 ,snn ,
.ono 1nnc, tﬂﬂ,zznn 1200 9.6 13.,,15 6,17, 7 219

i 2L, 70.06,26 08 3,2ﬁ.4,°? 20,5,00,6
80w "” on rAqfq (1-50) = " Y(?)
C o DPUT " ORTH % | = ",A8:

,';.LM'T*PWT MIET TAT (V0w-1fcorn—o\ =" v(3)

: “J‘PRLWW TOAST £ f“ = “;v i A
CA00 TIPTT YT RS-11IN (Dac F)'= ULALT 1Y
: TIPUT "T RS-11 DEPT (DFA F) = ", A(7,2):
. - INPET "T350-M I (MEe FY = ",A(7,3)
119 IPUm M7 2SN-M DIMPT (DNG TY = " A(7 4);
CINPOT MT 35041 0T (DEC F) = A(z, y:

. LPUT "ARS OTTTLET FLOV (CTH) = A7, 6)
©120 INPUT “RE-51 TLOT C(CTHY = "LARLT)
INPHT "B CHAMPTP (T 16Y = " AL7,RY:

HPUT " PRI N20 T (W0 F) = A, )

130 IPUT T SEC H20 TIT (MR FY = " A(R,10):
NPT ™ PRI F20 OUT (DRQ TY = 1 A(h,Jl).
THPTT "7 SEC 120 ONT (DREC F) = M A7 ,12)

140 TPTT PRI H20 FLOV (LB/YR) = " A7, 13):
INPUT MSTC W20 FLOU (IL/NRY = " oA(R 1&}:
MIXT 7

IS0 TR YO =YY TIPS 160: Y(L)=0: 6OTO 610

166 FOR Z=1 TO 1A X(O)=A(Y(1),7): NEXT 71 Kfl?\*X(133+¥f14)
z()sx-rv(ox’vrj3\+vr1n\~v(34))/(vr11\+ (1))
TQAER= (ALK ANDFRANSR(LA) Y CTANHALY)

170 VIR (ITYA001A)-X(1E) Yy IR (13)=N T 150:
IF XOL)=0 TIEN 120: X=X (17)/4: cOT0 100

130 X(3M= 17/

170 RESTORE 61l: PO 7=101 TN 120: RFAD ¥(7): NIYT I
GOSTR '02(X(30),0): !31)- L: IF X{13)=N TUEE 2006:
TP X(1A)=0 TNEN 200: XN(10)=27%,5408%7(31): GOTO 210

OF POOR QUALITY
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Table XX

Hamilton [= 14 OF LaTED AIRCRAFT CORPORA TION
Standard Ae PROGRAM LISTING (CONTINUED)

200 X(1N=27% 54n8#X(31) /2
260 XE2MN=NLMN(T): IF X(2 10 TImr 270, (2= (4 6OTO AN
220 IF X(4)10 THEY 230: X(21)=X(2): GOTO. 240 .
2n K20 =(X(2)+3204)Y /2 ' '
- 280 X(101)=20: X(102)=n; RESTORE 1: FoP 7=303 TO 142: READ X(7):
‘ NEZT Z: GOSTR '02(X(5),0): P1=Z1: GOSUR '02(X(21),0): P2=nl:
_ X(22)=144*6:*{I(S)*.ﬁ@l?—??)*ﬁ(?ﬂ)/53;35/(K(1)+459.6)
250 X(2) =, 2453 (22) % (X (X (5} ) 3 Ad= R2DFPL/ (31(8)*,4012-P1):
= A2=.622*?2/(K(8)ﬁ.4912-?2):.xtza)=1065*x(22)*(A2-A3):
F(25)=(R(23+ (22N X(L2) s X(26)=X(20) /. 0R15
260 RESTORF 81: FOR Z=10T T0 128: RFAD X(Z): NTET 7
. ROSTIR "O2(X(2EY , M) X(20)=711 R(27)=313%_5403%2(20) -
270 IF X(13)=N THET 270: TP 3(14)=N THE: 200);
R(27¥=,8%¥(27): coTp 200
280 X(27)=,7%3(27)
200 F1=X(19): 12=X(27)
300 0% ¥(3) como 330,300
2310 X(27)=H2: GOTO 330
320 X(1e)=m1 -
330 R=X(27)/X{19): , : ‘
. Tl=(r24*X(22}*Y(3)+?(1?)*(H*X{21)+X(21)-X(16)))/

, XA+ 2450022y ‘ ‘
34N 1=, 2AFK(22) X (TI=(5)) s Q2=N14Y.(24Y: IF N2[X(18) THEN 350
e M=Ds T2=X(16): T1=X(3): Q1L=X(?3): Q22X{18): GOTO 60 .

1350 T2=X(21)=R# (T1-X(21) Y: Bl=(X(3)~T1)/ (x(3)-T2): ‘
T MI=XQ7)/ (L24%%(22)F1560STR 01 (111,11 ) .
e =g RARZL2Y W L S D,
1360 E22(T1eX(5))/ (T1-X(15)): M2=R(17)N0L/ (L2455 (22)) /022
- GOSTIR "N1(Rm2,M2): 2=, "ART (280 /07 '
: U3=((1/H)/(1+1/H})*¢1/02+(1/{1+1JH)): QRS IR R b T Toic]
370 0N V{3) GOTO 370, /00
320 M2=1/01/N00) =1 /50100y TR APECLNO2TYSH2) /3 (270 Y 1=, 513
THIET 300: X(2M)=X(27)V/313/.5408: IF F{13)=OH TUEE 3071,
- IR X(18)=0 TUET 30n: M/08)=Y(20)/.7: GaTo 420
3ON J(20)=F(20Y/ .72 coT 400 : .
A0 FI=1/ (1300 =1 /2273 17 APS (CLQOY-HL)Y /¥ (10)) 1= 551
TELE 3001 IF X(13)=0 TIT2 410: IF X{14)=0 TR 41n.
X=X 0Y/27/ 5009 moro 490 ‘ ‘
AL0 YO3NN=2%u010) /274 rana -
42N SELECT PUINT 211(156): PRITY TEX(CDOE) 2
0N YI) 6T 430,740 7
P PRIAT "RSECS R0 BY PRERATMAYCD / TOT SINE BATANATM.
PRI™ IIFTTLOAY ¢ ’ ‘
O™ AN
LAD PRINT "RERCS 3RO FX PERFOPMAMCE / COLD SIDF BATANCE" .
PRINT BEX(NA) -
450 PRINT “CASE #3: Mi¥(1):
PRINT "DATE 3 ":A%: PRINT HFY(NAY;
PRINT "INPUT DATA %
LEN PRINTTIISTIN SLOVRCLY 02, (),

: B
o AL ?AG!E
R QUALITY
5

0
OF POOR

PRUITHSTIN 520, %00) ;0053 X (A« e e

’-’I.
PRENTUSTNG 530,3(7),5(2),%(9)
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HamlltOn .

Standard

SEON OF LNITED AIRCRAF T CORPORATION

" Table XI

®

PROGRAM LISTING (CONTINUED)

[t?f"

- A0

ﬁhn

,540

'5 hOy:
56ﬂ

570

i - TJATRTV" s g

.nnn
610
HaN
£30

©RAN
f50
AEN TR
ARIN
RN
GO0
N0

710
720
730
C7ED
750
760
770
700

. PRI H20 IMIET: =_¥¥¢ﬁ” o

" SEC 20 OUTLET =-#apa o0

TOTAT ATROCFTON

COTAL K7 A

PRINTUSENG 540,% (1M, (11),X(12)
PRINTUSING. 550, $013),3(14)
PRINT AFY(NAY

PRIMT -"OUTPET DAmA ="y B
PRIATUSIIG 540,X(17),T(30Y,%(20):
PRIIITUSTIG 570,X(22), .(?’,F),‘_(28)
PRINTUSTIHG 590,%010),%(3),%(27):
PRINTUSTHNG 520,X(20),%(23),%(24):
PRITTUSTNG 690,;\fl“¢) 2(25)
PRINT-HEX (NACANDAOAOAY
Vfl\-Y(J)+1 GOTO 150

%T SEC HM200 TILET  =- '”#ﬁf(?ﬁ

ZPRI H20 FLOW - _— ’"i['!ql £ gop
ITOTAL H20. FLOU ot T

'_..iut.u#.:{i.-fc;ﬂ::; i
IATR WELGHT FLOV  =—t8 8 8y

.- #Jil" J} IJ[

N ﬁﬂﬂ\ ('OID ‘;IT)T' A = -"-“i"#-'; R
0"" STDE HA _— "””5}"} FLETEE A
590 2RO FIII COTPY  a R r

";:1#‘.""!-‘."““‘ '_,“.‘. e e

%O TOTAL, L aoppppa
D '

DEFFH' 01(R3,M3) | -
IF M3=1 TPET 64n: TF M3]1L TFFEN A50:
R=M3/ (1-M3)¥1.06 ( (1-F3) / (1-113/13) )

®=T3/(1-T3Y: COTO 6AN S
L=P3/(W3—1)kIOC((T-h1/M3)/(1—F1))
RETITRN

DEFFE'07.(C1 )

DI ALCR),Y1(R) VI(F)

T1=101: N=3: 112=7

TF X(II)=2 T 740: TIF X(T1)13 TIEX
IF X(I1)In THF 770s IF X(I1)=n THEN
TP X(I1y=2 THI 720: IF X(I1)12 THER

N=1: GOTO 72N

1=2

N2=1

T1=I141 -

M1=3+1

L=I1: TIF ¥{LYIn Tirnm 780
Kl==1: Fl=N: GOTN 1050
HO=Y (1Y s

TP ZOAL 0 THRN 7708 IF 3

nS=11 DRVPT

T PRI TI20 ONTLET =—il

B20 FLOW
N20 FLOW/START.  =-

0 "“"”TPIT .

TFAT BALANCE

510 TXRS-11 IMLAT =oAL 0w Y P
- 350=M INLET CmotAgAS g FELL el

520 . 7:1* ’J)F‘n-—]{ N ‘,"pm : - 1!. .ﬂ JL .l_l _" -;#?‘{" T3 Sr}__r{ OUTLET 3_{1 J’ ;,u ‘ »::. . :ﬂ

RS OUMTLET BLOW  =—fA80r, :c 4 o

RN IPELsY "FLOW - : __i':,niuu; u;n. CUAMTTR PUESSTIRN o f2ans an

lJ”"JJl' LU
it e

Il

= fERJE | BE
!t U3 .." H Jl A

U

AIR VELOCITY ==

("ﬂ;[.!) FILT COTT'F GRS

"}! "ta‘ Jl[ M J"

PSS LE(FIF O T
LR PR B PP

GOTO 660

75007
7401
740

3

3

n
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DRIGINAL PAGE IS

Hamilton

NVISION OF UNITED AIRCRAFT CORPODATION

Standard As

PROGRAM LISTING (CONCLUDED)

790 W8=0: GOTO 8L
. 800 u3EX(14+1)
© 810 Kl=0: K8=0: C2=Cl: 11=11+7- J2=FO0+T141 s
SRR ¢ 1 C21X(I1) TR 850 1R o -X(Jl) THEN 260
820 FOR J=J1 TO J2: IF C2[=X(1) TIEN £70: NENT I
R30 Kl=2: C2=Y.(I2) L
BAO JO=J2-N: GOTO REN L
£50 Kl=13 €2=X({T1)
B60 J9=T1: noTH 8an
TR0 IR, J-JL[L TYIEN 850: IR 1-11*1 THEN 36N:
IF JI=J2 THEN FAn- IP J1r2 TLEJ 830:
: JO=TaM2
B30 €3=C2¢ TF 181N THEN 890: FOR T=1 TO Hl: X1(1)=X(I19):
- LO=TON9: YL(L)=X(LR): JO9=I0+1: NEXT L: 1—1: GOTO 970
890 J1=J1+9: J2=J24N8: D2=Nl: IF D2IX(T1) THEYN 920:
IR D2=X(I1) THEN 936: FOR J=11 TO I2:
IF, D2[=X(J) THFH 940; Nrxr J -
900 KR=he D2=X(12). :
010 JR=J2-11: GOTO qso
920 K8=3: D2=X(J1). =~ !
930 J8=T1: GOTO 950
640 IF J-J1{1 THE 920 IF I-J1=1 TFT "030:
IF I=32 THEM 010: IF JIJ2 THEY on0: JosJ-1
950 J7=T9: LA=JS+NB*(J7-T1-1): L7=18: TOR 1~ =1 " n AR
D RIL(LYSNQTIT) VIR =2(L7): L7=L7+"8 J7=37+1: NRYT L:
S ]‘:0- coTo 9In
969“Y1(1) =Z1: FOR I=1 TO N 17-Lﬂ+1 Y1(I+1)=N: FOR M=1 TO [1:
. v1f1+1)—v1(7+1)+ (1.7) v1(w) L7=L7+48: NEYT M: NEUT I:
FOR L=1 TO M XL(LY=X(TI2): JA=T8+1: NIXT L: C3=DN72: T=1
970 D=1z X1LO42)=X1(1): x1rﬂ+%)*x1(?\- FOR.J=1 TO N1:
A (JHL)=X1 (1) =X1. (1) : CA=C3-X1(J): IF CATIO THEM 999:
Z1=Y1(3): X1L(1)=N: XL(2)=N: XL(3)=0: ¥1(4)=n
C980 X1{T)=1: 0OTO 1940
0aN P=N*CA: OF 17 GOTH 1000 ,1.010,1020
1000 X1 =C4/AL{I+1): A0TO 1030
101N ML ==c4: 6OTO 1070
1020 XL(D=N1(I+2)-XT (N y =04
1030 HIXT J: AL(1)=A1(¥H2): Z1=C: TOR J=1 TO 1i:
FLLDEN/ (AL (TY*RAD (T4+1) 4 AR BB EEA YA RS S NARL: WELLTY s
HEYT J ' =
104N IF If=0 THITT 940 . . : i
1050 [1=K1+8: o e
RETIRT

P

OF POOR QUALITY,,
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Hamilton

DIVISKIN COF UNITED AIRCRAF T CORPOT LTI

Standard As

350-M HEAT EXCHANGER PERFORMANCE PREDICTION PROGRAM

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

dict performance of the RSECS 350-M condensing heat ex-
changer. This program runs on the WANG 2200 minicompu-
ter 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 heat load. -

Sample output, Figure 14, and a program listing, Table XII, are en-
closed for reference.

CONDHX was used to predict performance for test points of the RSECS
cabin heat exchanger test.

kkdk RESULTS  A&%%
PRT COQLANT FLOW (LB/IHRY 375

PRI TIN = 45 - PRI TOUT = 359,37423365213
SEC COOLAWT FLOW (LB/HR) 375
SEC TiN = 45 PRI TOUT = 59.374723365213
ALR FLOW RATE (CFM) 317

TIN = 75 TDP = 53 TOUT = 48.59069824218

i LATENT = 1932.525554251

() SENS = 8848.149684856

) TOTAL = 10780.6752391

HAC = 3760.11 LAl = 2262.78 TUA = 1412,.66

FIGURE 14 RSECS 350-M HEAT EXCHANGER PREDICTION SAMPLE RESULTS
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Hamiiton

| Standard Ae

DIVISICN OF LNITED AIRCRAFT CORPORATION

Table XII :

' PROGRAM LISTING =~

'Qﬂﬂ

20,
.30
. ;Zbi—7 .17044935E-08*X13+4,01962080E~00%K 441,045 75064E~11%X15
50

60
- 470
- 80

90

1. 130

1 160

" REM - 350- M HX PERFORNANCE PREDICTION PROGRAM g S
GIVEN TIN FOR GAS "AND" COOLANT FIND TOUT AND" Q=

DIM X(50)

DEFFN1(X)=3, 10?19?62E 0242, ?1331473E—04*X+4 56164060E OS*X'Z

DEFFN2(X)=106,7019036671~,7925628830407*X+1.42137844F~ oz*xfz
-4,08702990E-05%X13+6. 35142232E-08%X 14~ 4, 04697326E-11*X!5
DEFFN3(X) 7.304894511852+3.10172743E~ 02%X— 1.83198194E~05%X12
+6.78877862E~09%X13-1,19293620E-12*X14+7, 524449163—17*x15 ‘
FOR I=1 TO 50:X{(I)=0:NEXT I ,

PRINT HEX(03):PRINT "INPUT AIR SIDE CONDITIONS"

INPUT "AIR FLOW RATE (CFM) = " _X(20): o

INPUT "AIR TEMP IN (F) = " X( y e

INPUT "AIR DEW POINT IN (F)= ") LX(2): PRINT

PRINT "INPUT PRI COOLANT LOOP CONDITIONS"

=100 INPUT "PRI LOOP FLOW {LB/HR) = " X{(13): - - -
INPUT "PRI LOOP TEMP IN (F) = ",X(9):PRINT
110 PRINT "INPUT SEC' COOLANT LOOP CONDITIONS"
120 INPUT "SEC LOOP FLOW (LB/HR) = " X(14):
INPUT "SEC LOOP TEMP IN (F) = " X(10): PRINT
PRINT HEX(03):PRINT :PRINT :PRINT :
g PRINT * >k k% COND HX PROGRAM I8 RUNNIVC LA R
140 PRINT :PRINT " . i T CALC - - T GUESS "
150 X(17)=X(13)+X(14) IO - \ -
| A(la)acx(s)*x(13)+x(10)*X(14)5/(X(13)+x(14)) i
170 K9=(X(B3)=X(15))/21X(5)=X(15)+K9 !
7180 IF X(13)=Q THEN 200 '
190 IF X(14)=0 THEN 200:X(30)=X(17)/4:GOTO 210
200 x530)=m(1})/2 . :
210 X s)aan-X(1)=x(3)
220 X(31)=FN2(X(30)
IF X{13)=0 THEN 230
IF X(14)=0 THEN' 230: X(19)=27%+54084X(31): GOTO 240
230 X(19)=27*%+5408*%X(31)/2 SRR
240 X(21)=X(2):X(26)=X(20)/.8815
250 X{29)=FN3(X(26)): X(27)=313%+5408%X(29)
260 IF X(13)=0 THEN 270: IF X(14)=0 THEN 270
X(27)=.8%X(27): GOTO 280
270 X(27)=.7%x(27)
280 HI=X(19): H2=X(27)
290 U=H1*H2/(H1+H2)
300 P1=FR1(X(5)):P2=FN1(X(21)):
X(22)=144%60% (X(8)*+4912-P2) %X (20)/53. 35/(x(1)+459 6)
310 L=1
320 TF X(2)]X(L15)THEN 330:X(24)=0:L=0:G0TO 620
330 X(23)=,24%X(22)*(X(3)=X(5))
340 A3=.622%P1/(X(8)*+4912-P1):
A2=,622%P2/(X(8)*+4912«P2): X(24)=1065%X(22)%(A2-A3)
350 TF X(24)]0 THEN 360:X(18)=X(23): X(24)=0:6G0T0 370
360 X(18)=X(23)+X(24)
370 £(16)=(X(23)+X(24)) /X(17)+X(15) o
330 H=X(27)/X(19) | e oo o
390 M1=X(17)/(-24*%X(22)) ‘
400 IF X(2) [X(3) THEN 410:T1=X(3):T2=X(16):U1=0:G0T0 480

46




Hamilton

DHWISION OF LNITED AIRCRARFT _CW’_TM

Standard Ae Table XIT |
PROGRAM LISTING (CONCLUDED)
K10 TI=(«24%X(22)*X(3)+X(17)* (H*X(21)+X(21)~X(16)))/ :
] (H*X(L7)++24%X(22)) ; S .
1420 T2=X(21)—H* (T1~X(21)) ¥ : I I R P ;
430 'IF ‘T21X(15) THEN 4403;GO0TO 620 A A |
| 1440 EL=(X(3)-T1)/(X(3)-T2) ! A S PR TR
11450 IF E1[1.0 THEN 460:El=,99 - R SRS T S
171450 GOSUBI"01(EL, M1)'s Ul=.24*X(22)*K R s R v S
| 470 TIF U1[U THEN 480::GOTO 620 e P
480 U2=U-U1 D S
4 .90 Q7=X(18)~ x(l7)*(x(16) T2)! . i ] .
‘500 Q8=Q7— X(24) . ' "w. SR SPURR A I TR !
1510 M2=M1%Q8/Q7 * S LI :
’520 Klal/(1+1 H)+l/H*Q8/Q7/(l+l/H) I
. ;,540,K2 U3*Q8/Q7/( 24*x<22)) - : i I s
Hi 1550 GOSUB :*02(M2,K2) : S Pk s ;
] 1560 TO=T1-E1*(T1-X(15)) ) ,;;';;%‘ i
1 570 Q1=X(18):Q2=X(24)+" za*x(zz)*(x(s) TO) I :
;_rfsao-IF ABS(Q1~Q2) [*20 THEN 720:PRINT ,TO, X(5) by o
“}: 590 1F Q1}Q2 THEN 610 oo
”W%&GQ“XES;” %53-K9-K9=%9/2'X(S)-X(S)+K9 GOTo 300 S e
1610 X(5) = +K9:1K9=K9/2 x(5)=x(5) K9:GOTO 300 | .~ , - |
1620 M2=X(L7) /(X(22)*»24) _ L
1630 K2=U/(X(22)%+24), - ! - T s R
640 GOSUB T02(M2, KZ) ' LT T
650 IF L=1: THEN 660  X(5)=X(3)~- hl*(X(J) x(ls)) Gorp 6805
L TO=X(3)-E1*(X(3)~X(15)) , 2 D {
- LB TD]=X(2) THEN: 690.:GOTO 570. P b MJ '..MW.,..,-;...-.@

CIF X(3)1=X(2) THEN 690:G0TO 570
0 IF L=0; THEN 700:X(5)=T0

00 X(18)=K(22) %+ 24%(X(3)~ (S))'ﬁf€§}=x(18) x(za;-
!j;!x(16)=x(1837X(1?)+X(15)

20 PRINT: s PRINT :PRINT . :
 INPUT, "LOCATION OF OUTPUT .(1 CRT: 2=PRINTER)“
0,.8ELECTI PRINT 005;:IF.B=1 THEN 740:3ELECT. PRINTM241(64)

H
H

oy

-t Joe
L6 A B
¢ v

. ,
B ) SN
i l ol L. .

740 PRINT: HEX(03)," %k#%k RESULTS #kxt. R
0" PRINT "' PRI COOLANT FLOW (LB/HR) ";X(13)" Ll b
~ PRINT! ™ PRI TINi = ";X(9);" PRI TOUT -.",x(lei S
CPRINTI M SEC COOLANT FLOW (LB/HR) - ";X(14) 1 {T“ﬁ“““WT?f#*
PRINT: " SEC TIN = ";X(10);" PRI TOUT = v;x(ls):: o
PRINT ' AIR FLOW RATE (CFM) "IK(20)yrreoi i - SR
. O PRIND ' TIN = "“;X(3);" TDP.="; K(Z),"‘TOUT t;X£il;:gR;HE;
780 PRINT MQ LATENT = “;X(24): o RS R
PRINT "Q SENS = "3;X(23):. A S S A
PRINT "Q TOTAL @-" s X(18) - S I R R TP NP
790 PRINTUSING 800,X(19),X(27) o T Lo
800% HAC = —####4#- ## HAH = i;#### cHt UM = -gf#gdEiRR
810 SELECT: PRINT 005 : : R R U A |
820 GOTO 960 o o N ?"“ff?”“'?‘ ;
830 DEFFN'OLl(El,M1) - : T x :
B840 IF E1[ M1 THEN 850:El=M1-,01 oL
850 IF ML]l THEN 860: IF M1{1 THEN B70:GOTO 880 ..1.
860 K=M1/(M1l- 1)*Locé(1 E1/M1)/(1-E1)):GOTO 890 . -} ;
870 K=M1/(1-ML)=*LOG{(1 E1)/(1- El/Ml))'GDTO 890 I ;
880 K=E1/(1~El) A i
890 RETURN - . .,-“"M - PRI L M A ,!.,,.}.M..~ b - o ..:
300 DEFFN'02(M2,K2) P :
510 IF M2]1 THEN 920:1F M2[ 1 THEN 930:G60TO 940 IS .
920 Cl=EXP(K2%(M2-1)/M2) :El=(1~C1)/(L/42+C1) s GOTO., 950, ... .
930 Cl=EXP{K2*(1-M2)/M2): E1=(l -C1)/ (1~ c1fm2) GOTO 950' ?
940 ELl=K2/.(1+K2) , ; B :
950 RETURN' o : ‘
© 960 PRINT :STOP "FOR;NEXT CASE. KEY- CONTINUE“'GGT@ @ﬂ'ﬁ"* L

A T et ¢ b e 6 e e
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OIEEN OF UNITED AIRCKRLF T CORPODAEA TION

Standard As
RSECS ARS GAS LOOP AP ROUTINE
File Name "ARS DP"
Abstract’ "ARS DP" calculates the corrected (59°F, 29.92 in Hg)

pressure drop through the Hamilton 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-11 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

€0, /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 XIII, is enclosed for reference.
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DIVISION OF UNITED AIRCRART CORPORE TION

Standard As
_Table XITT
'PROGRAM LISTING.
. e T
o i
Pl gLl o S
.10 RFM - Rqrrq GAQ LOOP Pprqan. DROP o i
(20 - INPUT "#RS-11, FANS: OPERATILNG = ©,FL S
<30 LIRUT. NTOTAL, AIR ELow (CFH) 9,01 BN
40 . RIN = RS-103,
50 P12(0765/,.0708)%(, 0915*0117/17%!?+ ?f01/16?)
.60 REM - . RS-101i

70

an
Son
100
.110
C1an
130 ¢

;140
2.150

P2z (. N765/.0708)% ('hnaaA*nlr°/173'9+ 61+.11% (Q1./T1)12/50012
nﬁﬂﬁrﬁn1r?/17ﬁ!7\

_RFM -~ BS-100¢

Pa={, 0765/, nvnﬂ\*( 0685“01'9/1?2!°+.9166+ n12 n1'2/173!2)
REM -  OUTLET Dree
Pi={(. 0765/ N7NS)* (L, 0047320112/1731 041, O*ﬁl'?}?nﬂ'Z}
REM - . 3502 #x
Cl=+. 91?or1]°?sr-a C2=+.ﬂﬂﬂ8Fq58064F—&

f”-C3=+.llQEl33“7iq r' Ch== 117546520907
C5%+,70263 ﬁﬁﬂﬂgTrn1n; Ch=e, ?ﬂ(9?5Jqoowor_1q

C744, 410571917255~ 153 €7==,2270C10736587~14
PST( NI65/.0700) %0, S (CLHC2% (0L 315\+c3*rn]/.u15)!2+
.r&*(ﬂl/ 91%)'3+r5§(n1/ 815)'!+Cﬁ*(01/ 815) 15+
la7® (01f. 8151 AHCBE(NL/ . 815)17) .

;Wwwlsawaﬁma*(lﬁa*nl*sqnc n7559/?8 26/1095\!?+P5

;A70 P7?P1+P?+P3+P!1P6 n 4
180 PRINT - o :
JgapRINT.. 0L .

20N PRINT "RS-197 DT 'f"(T* n20) = "p1c o
210 PRINT "RS~101 DP - (T HIOY = P2

- 220 PRIIZ. "RS=100. BF . (Twzuzn).= "ap3 L

- 230 PRITT "350-M 1Y nv LT RA0Y = ";P6
240 PRINT "OUTLET “U”T DP(T” H20) = ".Ps

250 PRINT M- et o
© 26N PRINT "TOTAL DD CUITITH2OY = "iPT o
270 :

Fim

i
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Standard A
GENERALLZED 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 by point or plot a desired func-

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 functionm.

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 analysis'plotting.
For user reference the following items are included:

Table X1V Description of input requirements for program and plotter
set up procedure

Figures Samples of results of program use in different modes
15 - 17
Table XV Program listing.
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Standard A

Table XIV

PLOTTER SETUP AND PROGRAM INPUTS

Plotter Setup and Program Inputs
This example is for operation where the user has generated a set of
data 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.

l. 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

* set 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 Plot

" 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 ¥ and Y axis labels
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Standard ~
Table XIV
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 N
X axis range 0,8 D 1
Y axis range 0,2.5 0
0 2 4 6 8

Now proceed to answer questions that appear on the CRT.
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Standard a

DHVISION Uik U EE () BWRCHAR 1T COBPOMA TIOr

Table XIV

PLOTTER SETUP AND PROGRAM INPUTS (CONTINUED)

{l=point, Z=curve)

Desired plot symbol

QUESTION TYPED IN
QN CRT RESPONSE DESCRIPTION
X axis increment 2 Delta between major
units/in? divisions on X axis
Y axis increment .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 wvalue)
Limits of Y axis 0,2.5
(min value, max value)
X, ¥ values at 0,0
intersection
X axis label Delta dew
point (T)

Y axis label HoO flow

' Lb/Hr
Location of X axis 2
labels
(1=above, 2=below)
Location of Y axis 1
labels
{(1=left, 2=right)
Plot points or curve 1 Purpose is to plot

points generated by
previous program

Entering nothing
causes centered dot
to be used as plot
symbol
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DOISKIN OFF UNITED AIRCARAF T CORBOFA A TR

Standard Aa

Table X1V

PLOTTER SETUP AND PROGRAM INPUTS (CONCLUDED)

QUESTION
ON CRT

TYPED IN
RESPONSE

DES CRIPTION

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
(0=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

ourve

End of plot routine

Activates portion of
program that makes
plotter act like a
typewriter

Selects size of
characters for la-
bels

(smallest=1,
largest=10)

Ends program

54




Hamiilton U

(VTSN OF GNITED AIACAAF 1 T

o o
s &
P S

~ P~rrmo
i
L
)

e s e

. S00 ¢

oD%

DR0R L TION

A

- POQ

2.99 4. 00 6.00
FLOW (LB/HR)

FIGURE 15 SAMPLE PIOT 1

55

b

8.0¢



Hanﬂnonmmm
Standard
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Hamilton

Standard Ra rable XV
S B PROGRAM LISTING

10 REM SULROUTINE "PLOT"

20 CoM X9(100),¥Y9(100),C(10),X825,Y825,PS81

30 REFFN'OO"PLOTI[™

40 DEFFN'O1"CONVERT"

50 SELECT PRINT OO05:PRINT HEX(03)

60 PRINT :PRINT. " WANG 2200 GENERAL PLOT ROUTINE ":PRINT

" DEVELOPED BY '"WILD' 3ILL AYOTTE (9/74)":PRINT :PRINT
70 INPUT "X AXTS INCREMENT (UNITS/IN)",XO . '

30 INPUT "Y AXIS INCREMENT (UNITS/IN)",Y0

90 PRINT "LOCATION OF AXIS INTERSECTION":INPUT "(POSITINK ON PAG
E IN INCUES- X, Y )",X1,Y1

Y00 INPUT "LIMITS OF X AXIS (MIN VALUE, ¥AX VALUE)",S51,S2

110 INPUT "LIMITS OF Y AXIS (MIN VALUE, “AX VALUE)",TL,T2

120 INPUT "X,Y VALUES OF AXIS INTERSECTION",Cl,C2

130 INPUT "X AXIS LABEL",XS

140 INPUT "Y AXIS LABEL",YS$S

150 F1=100./X0:F2=100./Y0
- 160 GOSUB 500 '

170 PrLot {1,,cl,I[,,5] -

180 INPUT "PLOT POINTS OR CURVLE (1=POINT,2=CURVE)",Ul

190 IF Ul=1 THEN 31U '

200 PLOT {,,R],[100%XLi,100%Y1,V)

210 X4,Y4,E,E3,E4,E6,E8,E7=0:1X5=" "

220 INPUT "DESIRED PLOT RANGE (MIN AND MAX VALUES)",W1,%2:INPUT
"DESIRED PLOT INCREMENTY,D

230 STOP "INPUT EQUATION TO BE PLOTTED ON LINE 250 THEN XEY RUN
240"

240 FOR X=Wl1 TO W2 STEP D

250 Y=C(L)+C(2)*X+C(3)*X12+C(4)*XI34+C(S5)*X14+C(6)*X!15+C(7)*%X16
260 X5=X~Cl:;Y5=Y-C2 _ :
270 IT X[]Wl TUEN 280:Ul=1:G0SUB '02{(X5,Y5,X4,Y4):U1l=2:G0T0 290
280 COSUB '02(X5,Y5,%4,Y4) : .

290 NEXT X

360 pLOT [,,U]:PLOT {,,R}: GOTO 1350

310 X$=" ":PRINT :PRINT :INPUT "DESIRED PLOT SYMB30L",{$:K=1:X4,Y
4=0:INPUT "ARE DATA POINTS 10 BE LOADED FROM ARRAY (NO=0,YEs=1)"

,D:IF D=1 THEN 340 _
320 PRINT :PRINT "INPUT DATA POINTS (STOP PLOTTING 8Y SETTING X,
Y=N,N)":PRINT
330 INPUT "X,Y = " X95,Y9$:IF X9$="N"TIHEN 410:CONVERT X9$ TO X9¢(
) :CONVERT Y98 TO Y9(K) :GOTO 360
340 PRINT :INPUT "FIRST AND LAST DATA POINTS TN 3E PLOTTED",X,K5

350 STOP M"KEY CONTINUE TO START PLOTTING POINTS IN ARRAY"

360 X=X9(K)=-Cl:¥Y=Y9(K)-C2:X4,Y4=0

370 IT K]1 TUEN 380:PLOT [,,R],[100%X1,100%Y1,U],[FL*%,F2%Y,U],
{,,2],1,,%X5}:G60T0 390

330 GOSUB "02(X,Y,X4,Y4)

390 PLOT [-X%F1,=-Y*F2,6 U]

400 K=K+1:TF D=0 TUEN 330:IF K]=KS5+L THEN 410:00T0 369

410 INPUT "DO YOU WISH TO CONKECT PLOTTED POINTS WITH LINE SEGME

NTS (YES=1,N0=0)", 0
420 TF 9=0 TiEN 1350:INPUT "FIRST AND LAST POINTS TO BE CONNECTE
D", L3,L9Y

430 X4,Y4,£,BE3,E4,H6,1u8,L7=0:U1=2:PLOT [,,R],[l00%X1,100%Y1 Y]
440 FOR I=L3 TO L9

450 X=XO9(I)-Cl:Y=YY(1)-C2

460 IF T[]IL3 THEN 470:U1=1:C0SU8 '02(X,Y,X4,Y4):ULl=2:G0T0 489
470 GOSUR '02(X,Y,X4,Y4)

430 HEXT I

490 rLoT [,,U]:PLOT [,,R]:G0TO 1350

300 SLLECT PLOT 414

510 ME'M THIS SUBROUTINE DRAVS AND LABELS AXIS

520 PLOT [1,,c],{12,,5]

530 INPUT “LOCATION OF X AXIS LABELS (1=ABOVE,2=BELOW)",Ll
540 INPUT "LOCATIOK OF ¥ AXIS LABELS (1=LEFT,2=RIGCHT)", L2
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Standard A

Table XV

PROGRAM LISTING (CONTINUED)

%52 Al;Fl*ABS(Sl—Cl):A2=F1*ABS(52~C1):Bl=F2*ABS(Tl—C2):BJ=F2*ABS
T2-C2

560 pLOT [,,R],[100*%X1,100*Y1,C],[-A1,0,U],[AL+A2,0,D},[-A2,-D1,
ul,[0,81+B2,0]

5%3 5= (AB5(S1- CL)+ABS(S2-C1))/X0:N5=(ARS(T1-C2)+ABS(T2-C2)) /Y0
5 K=10)

590 §3=51-X0

600 PLOT {-3,-(B1l+B2),Uu}

610 FOR I3=1 TO N5+1

620 PLOT [6,0,0},(,,U]

630 IF TI3=N5+1 THEN 640:PLOT [-6,F2%Y0, D]

640 WEXT 13

650 PLOT [-(ALl+3),-(DB2+6),U]

660 FNR T4=1 TO “5+1

670 PLOT f[0,12,n),{,,U]

680 TF T4=M5+1 THUEN 690:PLOT [FL*X0,-12,U]

690 NEXT 14

700 IF Ll1=2 THEN 710:PLOT [~(ALl+A2+424),20,0U]:60T0 720

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

720 FOR I=1 TO i5+1

730 IF T]M5+1 THEN 840

740 53=534X0

750 IF ABS(33)]=10u0,THEW 7
331=10.THEN 790:IF ABS{53)]
760 CNNVERT $3 TO S38%,(-,d#f
770 CONVERT 53 TO 53$,(-### +GOTO 8140

780 CONVERT 53 TO sS3$,(-###-):G0T0 810

790 CONVERT S3 TO S38,(-##+#):G0T0 510

800 CONVERT 53 TO 53S8,(-#-#4#):6G0T0 &10

810 IF K{]O THEN B820: PLOT [,,535]1:G0T0 840

820 1¥ S3[}C1l THEN 330:PLOT [F1*#X0,0,U]:GOTO &840

830 PLOT [(FL*X0)~60,0,U},[,,835]

840 X=K+1:NEXT I

850 IF L2=1 THEN 860:PLOT [=(A2+20),0,U}:n0T0 370

860 PLOT {[-(A2+100),0,U]

870 IF Ll=1 THEN 880:PLQT [ 0,-(B1=-31),U0]:09T0 390

880 PLOT [0,-(B1l+24),U]

890 K=0

900 T3=T1-YOD

910 FOR I2=1 TO N3+l

920 IV T2]35+1 THEN 1030

930 T3I=T34Y0

940 IF ABS(T3)]= 1000 THEN 960:IF ABS(T3)]=100,THEN 970:IF ABS(T3
)1=10,THEN 980:IF AB5(T3)]=1.THEN 990

9530 CONVERT T3 TO T3S, (~. ###) GCOTO 1000

960 CONVERT T3 TO T3$,(-####):GOTo 1000

470 CONVERT T3 TO T3S,(-###+):G0T0 1000

980 CONVERT T3 TO T35, (~é#+#):50T0 1000

990 CONVERT T3 TO T35, (~#«##):G0T0 1000

1000 IF K{]0 THEN 1010:PLOT [,,T35$]:G0T0O 1030

1010 IF T3[]C2 THEN 1020:PLOT [D F2*%Y0,U]+00TO 1030

1020 PLOT [-60,F2*y0,U),[,,T135]

1030 K=K+1: wh\T 12

1040 PLDT [f n]

1959 1F x§=" " THEN 1110: PLOT [lO00%X1,100%Yl,U0],[-A1,0,U]

1060 IF L1=2 THEN 1070:0LOT [0,50,U}: ¢0To 1080

1970 PLOT {[0,-60,L]

JeIF AGS{53)]=1G0,THEN 730:TF ABS( S
. THEN 800
:GOTO 814

uvupc_,
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Standard Ae

Table XV

PROGRAM LISTING (CONCLUDED)

LO80 IF A2[])0 THEN 1090:PLOT [Al/5,0,U]):G0TO 1100

1090 PLOT {Al+A2/5,0,U]

1100 pLOT [r,xs]
L1110 IF v§=" " THEN 1180

1120 pLOT [, ,R},[100%X1,100%Y1,0],([0,-51,0]

1130 IF L2=1 THEN 1140:PLOT {[90,0,U]:60TQ 1150

1140 PLOT [-90,0,U]

1150 ITF B2[]0 TUEN 1160:PLOT [D,2%R81/3,0G]:70T0 1170

1160 PLOT [0,BLi+B2%2/3,U]
. il70 PLOT [0,-20,S5]),[,,Y$),[12,,5),[,,R]

11830 RETURN

1190 DEFFN'02(U,V,¥4,Y4)

1200 X3=U:Y3=vV

1210 D1=X3-X4:D2=Y3-Y4:X4=NX4+D1:Y4=Y4+D2

1220 IF Ul=2 TUEN 1230: DPLOT [F1*#D1,F2*p2,U},[,,D},[,,%$],(,,Ul]
$EJ=INT(F2*D2Z}:E7=INT(F1l#*#D1):G0T0 1340

1230 El=F2*Y3-INT(F2*Y3)

1240 E=E+E1l+E4

1250 P8=F2*D2+E:PY=INT(PJ)

1260 E5=F1*X3-INT(FL1*X3)

1270 E6=E6+ES+ES

1280 S58=Fl*D1+E6:5S9=INT(S3)

1230 PLOT [§59,P9,D]

1300 E3=E3+P9

1310 L4=F2%Y3-E3

1320 E7=S9+E7

1330 L8=F1*X3-K7

1340 RETURN ‘

1350 INPUT "DO YOU WISH TO ADD LABELS OR COMMENTS TO PLOT (D=Xo,
1=YES)",5

1360 1F G=0 THEN 1480

1370 INPUT "DESIRED CHARACTER SIZE (NUMBZER FROM 1 TO S)",K
1380 rLOT [K,,Cl,[,,S]

1390 KEYIN PS,1410,1420

1400 GoTO 13990

1410 IF PS=HEX(OD)THEN 1l430:TF PS$=HEX(D2) THEN 1440:IF PS=HEX(N3R)

THEN 1450:PLOT [,,P8),{13%K,,U]:00TH 1390

1420 IF DPH=HEX(00) THEN 1460:1F PS5=HEX(OL)THEN 1470:

IF PS=IEX(02) THEN 1370:G0TQ 1480

1430 PLOT [0,-20%K,U),[=-999,0,U]:G0T0 1390

1440 PLOT [13*K,0,U]:G0T0O 1390

1450 PLOT [-13%K,0,U1:G0TO 1390

1460 PLOT [0,20*%K,U}:G0TO 1390

1470 PLOT [0,-20%K,U]:G0TO 1390

1430 INPUT "DO YOU YISH TO CONTINUE PLOTTING (D=40,1=YES)",G:

IF G=1 THEN 130
1490 END '
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