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ABSTRACT

A User's Manual for the Emulation Simulation Computer Model was published
previously. The model consisted of a detailed model (emulation) of a SAWD CO2
removal subsystem which operated with much less detailed (simulation) models
of a cabin, crew, and condensing and sensible heat exchangers. The purpose
was to explore the utility of such an emulation/simulation combination in the

design, development, and test of a piece of ARS hardware - SAWD.

Extensions to this original effort are presented in this manual. The first
extension is an update of the model to reflect change in the SAWD control
logic which resulted from test. In addition, slight changes were also made to
the SAWD model to permit restarting and to improve the jteration technique.
The second extension is the development of simulation models for more pieces
of air and water processing equipment. Models are presented for: ECD,
Molecular Sieve, Bosch, Sabatier, a new condensing heat exchanger, SPE, SFWES,
Catalytic Oxidizer, and multifiltration. The third extension is to create two
systems simulations using these models. The first system presented consists
of one air and one water processing system. The second system consists of a
potential Space Station air revitalization system complete with a habitat,

laboratory, four nodes, and two crews.
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FOREWORD

This User's Manual has been prepared by Hamilton Standard Division of United
Technologies Corporation for the National Aeronautics and Space Administra-
tion's Langely Research Center in accordance with Contract NAS 1-17397,
"Development of an Emlation/Simulation Camputer Model of a Space Station
Envirormental Control and Life Support System (ECLSS)". This manual describes

the use of the three models developed under this contract.

Appreciation is expressed to the Technical Monitors Messrs. John B. Hall, Jr.
and Lawrence F. Rowell of the NASA Langley Research Center for their guidance

and advice.

This manual was written by Dr. James L. Yanosy, Program Engineer, with
assistance fram Mr. Stephen A. Giangrande. The extensions to the program
presented in this manual were performed under the direction of Mr. John M.
Neel, Program Manager. Thanks is given to Joseph M. Homa for his efforts in

the development of the Space Station Model.
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1.0 INTRODUCTICN

The Original User's manual [4]* presented the instructions to use
the Bmlation Simulation Computer Model (ESCM). This model con-
sisted of simple models of a crew, sensible heat exchanger, con-
densing heat exchanger, and a cabin canbined with a very detailed
model of the SAWD 002 Removal Subsystem. The simple models are
called simulations while the very detailed model is called an
emulation. The purpose of the program was to explore the utility
of a cambined emulation/simulation program to assist in the design,

development, and testing of a piece of hardware—-SAWD.

This original effort was extended to update the ESCM model
following SAWD testing, to develop new computer simulations of
other air revitalization and wastewater processing equipment, and
lastly to develop two system simulations which would incorporate
various air revitalizgtion and wastewater processing equipment.
The purpose of these additional system simulations is to explore

their utility in system design.

This report presents in the form of appendices to the original
User's Manual the new instructions for ESCM, the instructions to

use ECLSB, and the instructions to use the Space Station Model.

*Numbers in brackets denote references listed in Section 2.0.
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ESCM was updated to incorporate the new control logic resulting from
tests. In addition several improvements were also made in the output
and the iteration procedure. ECLSB 1is one of the system simulations
generated. It models one ARS combines with a water processing system.
The User's Manual for this system has already been published [1], but
it 1s 1included as Appendix B for completeness. Lastly, a Space
station model was generated; it consists of a habitat, 1laboratory,
four nodes, and two crews. Only air revitalization processes are
simulated; the instructions for this model are presented in Appendix

c.
The following are errata in the original User's Manual:

( 1) Page 2, Figure 1: above the box titled Launch Operation the
words should be "Design changes" instead of Design chanes.

( 2) Page 17, Table 5: Delete VLH20 subroutine and its description as
ESCM never calls it. Also, change "Subroutine None" to
“Subroutine Name".

( 3) Page 18, Table 6: Delete DUCT subroutine and its description as
ESCM never call it. Also, change "Subroutine None" to
"Subroutine Name".

( 4) Page 47, Table 8, NSTR15 Card; add the following in the comment
field: "Pressure from secondary side".

( 5) Page 48, Table 8, NSTRE20 Card; add the following in the comment

field; “Pressure from secondary side".

2a
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( 6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

Page 49, Table 8, NSTR32 Card; add the following in the comment
field: "Tank fluid temperature is specified".

Page 50, Table 8; the second TITL 21 3 line should be renumbered
to TITL 21 4.

page 50, Table 8: the line after TITL 23 3 should be renumbered
from TITL 21 3 to TITL 23 4.

Page 51, Table 8: the lines beginning with VALU 71 14 and VALU 71
15 should have the numbers 0.315 and 1.000 deleted.

Page 53, Figure 8: in Note at top of figure, change the word
"nonzero* to "non-blank". The program checks for a blank field;
if the field is not blank, then the program takes the specified
action.

page 65, Section 4.3: add the following for the missing item (7)
in the 1ist of eleven values printed to the screen: "7) SAWD bed
#1 Hp0 loading, % of dry amine wgt.

Page 67, first six lines, references to Appendix B should be
changed to Appendix C.

page 67, item (3) at top of page should read: "3) Schematic
printouts at the requested printoff frequency. See Figure 6 and
Appendix C.

Page 67, item (2) in the middle of the page: change
"jndenpendent" to "independent".

Page 68, definition of NUMCAS: change sentence in parentheses to
read: "(Refer to Appendix B GPLOT.DATA)".

Page A-10, Section A.4: change ESCMZE to ESCM2E.

2b
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INTRODUCTION

The camputer program for the emulation/simulation of a Space

Station envirormental control and life support system (ES(M) has
been updated. Updates to the camputer simulation model include:
(1) the addition of an energy balance control logic (flow sensor

control) for the SAWD CO, removal subsystem, the capability of

2
restarting the SAWD subsystem, clamping the SAWD bed segment
temperature when iterating on the bed temperature during the enerqgy
balance of the bed segment, and the addition of a new output table

to the hardcopy and screen output.

A new type of control has been incorporated in the SAWD subsystem.
This control method is an energy balance method. Using this

method, the amount of water remaining on the bed after absorption
can be calculated from an enerqgv balance of the bed. Based on the
water remaining on the absorbed bed, the next absorb time is

calculated. Thus, the absorption time is regulated to control the
amount of water on the bed at the end of absorption. The time to

desorb the bed is dependent on the water flow as well as steam

generator power.

The capability of restarting the SAWD subsystem has been added to
the SAWD subroutine. Previously, the user was required to run the
program for steady state before the transient could be run. With
the restart capability, the simulation can be executed fraom a

transient start.
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A2 Description of Program

In order to incorporate the above changes to the ESCM model, two
subroutines were modified, These subroutines, GPOLY1l and IR45,
required logic changes. All input and output additions to these

subroutines will be discussed in this section.

A.2.1 GPOLY1 Subroutine

GPOLY1 was restructured to the following format:

IF (N .EQ. 3) Then

END IF

The following are input additions to be input once at the first

execution of GPOLY1.

KK(6,18) = Bed to be desorbed first at start of transient
solution

KK(6,19) = Type of SAWD control 0 = RH control
1 = Accum control

2

Flow sensor control

The following are input and output additions to be input and output
from GPOLY1 before the solution of component #14 (splitter for gas

flow from main cabin to SAWD Bed #1 or SAWD Bed #2).
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INRUT:
wW(29,68) = steam generator power, watts
wW(27,100) = H,0 supply tank flow, pph
KK(32,16) = Type of CO2 delivery 0 = overboard
1= OO2 reduction
wi(32,70) = CO2 accumulator temperature, F
OUTPUT:
CO2REM = co,, removed from air, lbm
C02LOD = CO‘.2 removed from air per # of bed, %
TCYCLE = Total cycle time, sec
H20ADD = H20 added to air, lbm
H20L.0D = H20 added air per # of bed, %
TBLD = Time for bleed down, secC
WAIR = Total air through bed, lbm
WLOD = Total air through bed per # bed, %
TA EX = Time for air exchange, secC
BH201 = Water loading, lbm
WLOAD = Water loading per # of bed, lbm
TABDT = absorption time, sec
BCO21 = CO2 loading on bed, lbm
CLOAD = CO2 loading at end of cycle per # of bed, %
CO2RR = CO2 removal rate, pph
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OUTPUT:

WCO21B
WCO21E
TDES
CO20BD
PCTCO2
TFLAG

AVGDLV

WSLOD

BH202
W0022B
BC022
WC022E
ACH20
AQO2
ACN2

ACQO2

PURITY

LOGIES

SVHSER 10639

Next absorb time limit, sec

CO2 removal efficiencv, %

002 at end of bleed, 1likm

CO2 at end of air exchange, 1lm

desorb time, sec

CO2 to accumulator package, lbm

CO2 to accumulator package per # of bed, %
Lag time after desorption, sec

average rate of CO2 delivered to accumilator
package, pph

amount of steam through the bed, lim

amount of steam through bed per # of bed, %
steam flow during next desorption cycle, pph
Water loading on bed, lbm

C02 loading at end of bleed, lbm

CO2 loading on bed, 1bm

CO2 loading at end of air exchange, lbm

HZO vapor flow to accumulator and flow sensor
O2 flow to accumulator and flow sensor

N2 flow to accumulator and flow sensor

C02 flow to accumilator and flow sensor
Total vapor flow to accumulator and flow sensor

002 purity to accumulator and flow sensor
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A.2.2 IR45 Subroutine

Additional logic was incorporated into the IR45 subroutine to allow
the SAWD subsystem restart capability. The SAWD can be started
fram a transient startup without the steady state solution being
performed first. The restart capability was incorporated in the
IR45 subroutine be initializing the SAWD inlet land exit header
values as well as each bed segment (i.e., temperature, pressure,
molecular weight ...) in the IR45 subroutine. Previously, these
values were initialized in the subroutine STAEDY which is only

performed during a steady state solution.

Additional logic was also added to IR45 in subroutine BAINCE. This
logic clamps the bed segment temperature which has just been
calculated thfough the iteration technique. If the bed segment
inlet temperature is greater than the bed segment temperature at

the start of the time step, then the bed segment temperature must

increase.
A.3 Program Use
A.3.1 Accessing Desired Job Control List

Instructions to access ESCM and use the program have not been
changed. However, the cammand list to be accessed is ESCMECL,CLIST
instead of ESCMCL.CLIST. A listing of the ESCMECL.CLIST is given

in Table A-1.
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CONTROL PROMPT NOMSG

ERASE

N1: DELETE PLOT.DATA

D
FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE
ATIRI
ATIRI
ATIRI
ATIRI
ATTIRI

LISTING OF ESCMECL FOR ESCM MODEL

ELETE OUT.DATA
FILE(FTOBFOO1)
FILE(FTO6FO01)
FILE(FT10F001)
FILE(FT11F001)
FILE(FT16F001)
FILE(FT20F001)
FILE(FT30F001)
FILE(FT81F001)
FILE(FT41F001)
FILE(FT42F001)
FILE(FT43F001)
FILE(FT44F001)

TABLE A-1

ATTRLIST(A1 B2 C8 D4 EB)

DELEIE DD1

DELET

E DD2

DELETE DD8
DELETE DD4
DELETE DDB
DELETE DD6
DELETE IN10

DELET
WRITE
WRITE
WRITE
ALLOC
ALLOC
ALLOC
ALLOC
ALLOC
ALLOC
ALLOC
ALLOC

ALLOC

E INI11

DATA SETS ARE NOW BEING ALLOCATED.
DS(DD1) F(FT41F001) NEW SPACE(844,200)

USING(AL)

Al BLKSIZE(844)
B2 BLKSIZE(10000) RECFM(V B.S) LRECL(10000)
C8 BLKSIZE(8404) RECFM(V B S) LRECL(8404)
D4 BLKSIZE(8890) RECFM(F B A) LRECL(188)

ES BLKSIZE(8980) RECFM(F B) LRECL{80)

DELEIE

RECFM(Y B)

LRECL(844)

SVHSER 10639

BLOCK(844) +

DS(DD2) F(FT42F001) NEW SPACE(200,200) BLOCK(10000) «

USING(B2)

DELETE

DS(DPE) F(FT48F001) NEW SPACE(200,200) BLOCK(8404) +

USING(C3)

DELETE

DS(DD4) F(FT44F001) NEW SPACE(200,200) BLOCK(8408) +

USING(C3)

DELETR

DS(DDS) F(FTSOF001) NEW SPACE(200,200) BLOCK(8408) «

USING(C8)

DELETE

DS(DD6) F(FT81F001) NEW SPACE(200,200) BLOCK(8408) +

USING(CS)

DELETE

DS(IN10) F(FT10F001) NEW SPACE(200,200) BLOCK(8408) +

USING(C8)

DELETE

DS(IN11) F(FT11F001) NEW SPACE(200,200) BLOCK(8408) +

USING(C8)

DS(ESCM2E.DATA) F(FTOBFOO1)

DELETE
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TABLE A-1 (Continued)

LISTING OF ESCMECL FOR ESCM MODEL

ALLOC DS(QUT.DATA) F(FTO6F001) NEW SPACE(200,200) BLOCK(8120) +
USING(D4)  CATALOG

ALLOC DS(PLOT.DATA) F(FT16F001) NEW SPACE(200,200) BLOCK(8408) +
UNIT(TSOWRKB) USING(C3)  CATALGG

ALLOC DS(%*)  F(FT20F001)

CONTROL MSG

WRITE

WRITE DATA SETS HAVE BEEN ALLOCATED. PROGRAM IS NOW EXECUTING.

TIME

CALL ’ENG.G18.LM(ESCM2)'

WRITE

WRITE THE PROGRAM HAS FINISHED.

TIME

END
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InEl._]_t Data

There is an addition to the existing input data set, ESCM2B. An
extra KARY card, KARY 19, was added to camponent #6 (cooling fluid
boundary conditions). KARY 19 represents the type of control to be
used for the SAWD subsystem. If KARY 19 is 0, relative humidity
control is used for the SAWD. Accumulator control will be used if
KARY 19 is 1. If KARY 19 is 2, then the newly implemented flow
sensor (enerqgy balance) control is used. This new data set is
called ESCOM2E. The procedure for accessing the data set is the

same as in the original User's Manual [4].

ESCM Output

Additional output is available to two of the three forms of the
output (screen and hardcopy output). At the end of each absorption
and desorption, a summary of SAWD calculated parameters is output
in tabular form. This table will appear on the screen and on
hardcopy immediately following the schematic corresponding to the
campletion of the absorption or desorption. The values printed on

the table include:

(1) CO2 removed from air during absorption, lbm

(2) CO2 removed from air during absorption per # of bed, lbm
(3) Total cycle time, sec

(4) H2O added to air during absorption, lbm

(5) HZO added to air (absorption) per # of bed, %

A-8
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(6) Time for bleed down (absorption), sec

(7) Total air through bed (absorption), llm

(8) Total air through bed (absorption) per # of bed, %
(9) Time for air exchange (absorption), sec

(10) Water loading at end of absorption, llm

(11) Water loading at end of absorption per # of bed, %
(12) Absorption time, sec

(13) CO2 loading at end of absorption, lkm

(14) (0, loading at end of absorption per # of bed, %

2

(15) CO2 removal rate, pph

_{16) Next absorb time limit, sec
(17 CO2 removal efficiency %
(18) CO, on bed at end of bleed (absorbing bed), lbm

(19) CO, on bed at end of air exchange (absorbing bed), lbm

2
(20) CO2 removed from bed (desorption), lbm
(21) CO2 removed from bed per # bed (desorbing bed), %

(22) Desorption time, sec
(23) CO2 to accumilator package, lim

(24) €O, to accumulator package per # of bed, %
(25) Lag time after desorption sec

(26) Water added to bed (desorbing bed), lbm

(27) Water added to bed (desorbing) per # of bed %

(28) Average rate of 002 delivered to accumilator package, pph
(29) Amount of steam through the bed, lbm

(30) Steam flow during next desorption cycle, pph

(31) Water loading at the end of desorption, lkm
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(32) Water loading at end of desorption per # of bed, %

(33) CO2 loading at end of bleed (desorption), lkbm

(34) CO2 loading on bed at end of desorption, lbm

(35) CO2 loading on bed at end of desorption per # of bed, %

(36) CO2 on desorbing bed at end of air exchange, lbm

(37) Water vapor flow to accumulator flow sensor

(38) O2 vapor flow to accumulator and flow sensor

(39) N2 vapor flow to accumulator and flow sensor

(40) CO2 vapor flow to accumulator and flow sensor

(41) Total vapor flow to accumulator and flow sensor

(42) Carbon dioxide purity of flow to accumulator and flow

Sensors

Sample Problem

A sample problem has been run using the updated ESCM computer

simulation/emulation model and the ESCMZE to input data set. The

case was run for four hours. The hardcopy output of this sample

problem is shown in Table A-3.

A-10
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TABLE A-2

SAWD PERFORMANCE SUMMARY OUTPUT

COMPUTER SIMULATION RESULTS FOR SAWD II CYCLE NUMBER 1 TIME = 2310.0 SEC

®eenaase ABSORPTION SUMMARY WIIHIOHEHIHIHEEE

IO FOR BED #1 WHIIHIHIHEOHERE
TOTAL PER & OF
(LBM) BED, 7%

" €02 REMOVED FROM AIR = 0.000 0.00 TOTAL CYCLE TIME = 2310.0 SEC
H20 ADDED TO AIR = 0.000 0.00 TIME FOR BLEED DOWN = 0.0 SEC
TOTAL AIR THROUGH BED = 0.00 0.0 TIME FOR AIR EXCHANGE = 0.0 SEC
WATER LOADING AT END = 2.550 30.000 ABSORPTION TIME = 2310.0 SEC
CO2 LOADING AT END = 0.005 0.059 CO2 REMOVAL RATE = 0.000 PPH
NEXT ABSORB TIME LIMIT = 3300.0 SEC CO2 REMOVAL EFFICIENCY = 0.00 PCT
CO2 AT END OF BLEED = 0.005 LBM CO2 AT AIR EXCHG END = 0.005 LBM
23600360066 DESORPTION SUMMARY IBHEHEHOHHEHEEE
I FOR BED #2 FIHHBEHHHHOHEEE

TOTAL PER & OF

(LBM)  BED, %
CO2 REMOVED FROM BED = 0.29% 3.46 DESORPTION TIME = 2310.0 SEC
€02 TO ACCUM. PKG. = 0.175 5.00 LAG TIME AFTER DESORB = 0.0 SEC
H20 ADDED TO BED = 1.620 19.06 AVG CO2Z TO ACCUM. PKE. = 0.273 PPH
STEAM THROUGH BED = 1.636 19.25 NEXT DESORB STEAM FLOW = 2.550 PPH
WATER LOADING AT END = 3.700 43.530 CO2 AT END OF BLEED = 0.300 LBM
CO2 LDADING AT END = 0.006 0.073 CO2 AT AIR EXCHG END = 0.300 LBM

SUMMARY OF FLOW TO FLOW SENSOR AND ACCUMULATOR

WATER VAPOR = 0.038 LBM
OXYGEN = 0.000 LBM
NITROGEN = 0.000 LBM
CARBON DIOXIDE = 0,306 LBM
TOTAL = 0.343 LBM
PURITY = 89.08 PCT

A-11



SVHSER 10639

TECHNOLOGIES

UNITED
RAMILrON
STANDARD

TABLE A~-2 (CONTINUED)

SAWD PERFORMANCE SUMMARY OUTPUT

004300000°0 =SXX
009%1°0 =d)X

00+4300000°0 =(98
00+300000°0 =(2¢
00°00f =(9L
00+300000°0 =(0L
00+300000°0 =(£2
6L0%°L =(21
8266°6 =(9
(] =dd

23S 0°900S

00¢300000°0 =SJISIA  00+300000°0

000%°0 =dISIA T0-36ST4L°0

JBA 00+300000°0 =(£6 )¥A 00+300000°0
J¥A 00¢300000°0 =(L8 YA 00+300000°0 =(99 )

J¥A 00¢300000°0 =( 1@ )4A 00+300000°0

J4A 00+300000°0 =(SZ YA 00+300000°0

=SOHY
=dOHY
=(26 )

=(08 )
z(®L )

J4A 00+300000°0 =(69 )¥A 00+300000°0 =(99 )
JHA 00¢300000°0 =(22 A 004300000°0 =(12 )

A S°690T =(TIT WA SL°G
A L°288T =(S J¥A 689"
2£6% =dd -- J3ISITTIN NI MIL @

= IMIL L8 ON SSVd dHDD

Wal
Hal
Hdd
Hdd
J3s
a3s

HE1
124
Hdd
J3s
J3s
J3s
J3s

0% =(01 )
T =(% )
3sdv13

0

»£0°0
0£0°0
0s§°2
250°0
0°0282
0°00%f%

$00°0
00°0

o2 o
0°00%s
0°0z1
0°09

0°09%%

23S 0°064S

A
YA
A
A
YA
YA
A
YA

00+300000°
(17887
00°0%T
00+300000°
00+300000°
00+300000°
00+300000°
00+300000°
»99°982
689" 51

0 =d001

¥os J3S

0 =SHIM 00+300000°0 =Sd)
s dHlM §5952°0 =dd)
=(16 )HA 00+4300000°0 =(06

0 =(5@ WA 0000°'T =(%®

0 =(6/ J¥A 00+300000°0 =(9L

0 =(£L )HA 00+4300000°0 =(2¢

0 =(19 )¥A 00+4300000°0 =(99

0 =(0Z )¥A 00+4300000°0 =(51
=6 JUA 01%52°0 =(8
=(€f J¥A vH6°6% =(2

T =dW0) -- S9VI4 IWNIIV4

JHA 00+4300000°0 =(68
14A 004300000°0 =( 58
J¥A 00+300000°'0 =(.L
J¥A 00+300000°0 =(TL
oA 29 LLY =(S9
J¥A 00+300000°'0 =(£T
JYA 004300000°0 =(L

YA £°2651 s=(1

1T YOS Iud £2 ON dans

1.7
A
A
M¥A
JHA
A
YA
WA

Nvd 21 ON 40D

12d 9%°L = ALTUNd
HE1 911°0 = wviol
HE1 600°0 = 3I0IX0IO NOBHUYD
HE1 £50°0 = NIOOULIN
HET 910°0 = NIJAXO
HE1 $£0°0 = YOIVA UI1VM

YOLYINHNIIVY OGNV BOSNIS MOT4 OL MOT4 40 AHYHHNS

(N3 9HIX3 ¥IV 1Y 20D 002°0 L10°0 = ON3 1Y SNIOQYO1 200
d3379 40 ON3 LAY 200 SHL' 2y 286°'e = ON3 1Y 9NIOVO) HILVM
MOT4 WYILS GHOSIA IXIN L9°f 62£'0 = a39 HONOHHL WYALS
‘ONd “WNIDY 01 200 SAY S1°21 280°T = a39 01 Q20aY 0ZH
SYOS3d Y314V MIL 9V 00°S 050°'0 = *9%d "HNJJY 01 202
INIL NOILJY¥OS3IA S1°0- 210°0- = 039 HOY4 03AOWIY 200

7 ‘a3g (Hg1)

40 8 ¥3d WwWi0L
FIIHIEIE M IR I 18 039 ¥o04 P

MHHOHHOHHH . AHYHMNS NOTLdY0SI0 MHHHHHOHE
03379 40 GN3 1V 200

ON3 9HIX3 ¥IV LV 202 W81 900°0

AINIIIII43 TVAOHIY 20D

J23s 0°0021

LINIT IL GUOSAY IX3N
ON3 1V SNIOGYO1 20D

31VH¥ TIVAOHIY 2023 999°2 222°0 =

ITL NOTAdHOSEY HT6°6T £69°T = ONI 1V ONIGVOT ¥3IVM
FONVHIXI MIV ¥04 MIL 0°12Z 92°19 = 039 HONOYHL ¥IV TVI0L
NMOOG 03319 04 MIL 29°€2 100°2 = ¥Iv 01 @300V OZH
IL FTIAD WVL0L  65°2 022°'0 = MIV HOWd G3AOW3IY 20D

Z ‘038 (KO}

40 8 ¥3d WiOL
TR 28 039 ¥o4 Eiaiadadod bt ol ]

3MIL 2

FIIHHHOOHHEHE ANVHANS NOTLJUOSEY M

YIGHNN 37042 II OMYS ¥0J S1INSIH NOILYINWIS HIINHOD

A-12



00+300000°0 =S¥X
00951°0 =diX

00+300000°0 =(88
00+300000°0 =(28
00°008 =(9/
00+4300000°0 =(0Z
00+300000°0 =(%2
mwieL =(21
§$0°0T =(9
0 =dd
338 0°990L

SVHSER 10639

TABLE A-2 (CONTINUED)
SAWD PERFORMANCE SUMMARY OUTPUT

i
i i
MM@ - B
e &
62 £
We=c &
= IERL
Sk=%
QA
Z

D

1A
A
[2.73)
WA
J¥A
YA
A
2 1)

00+300000°0 =SJISIA
000%%°0 =dISIA
00+4300000°0 =(£6 YA
004300000°0 =(18 )J¥A
00+300000°0 =({18 YA
00+300000°0 =(SZ )JHA
00¢300000°0 =(69 J¥A
00+300000°0 =(22 J¥A
89907 =(11 J¥A
£°20ET =(9 )J¥A

004300000°0
10-31%1LL°0
00+300000°0
004300000°0
00+4300000°0
00+300000°0
00+300000°0
00+300000°0
29°50%
189° 61

=SOHY
=dOHY

={ 26
=(98
=(09
=&
=(89
=(12
=( 0T
=Yy

$201 =dJ -- I3SITTIW NI MIL 03SdYI3
= WIL Iy ON SSvd

0D

Hgl [80°0
HEY (8070
Hdd 951°0
Hdd 992°0
J3S 079689
335 0°0021

Wa1 110°0

134 00°

0

Hdd Sv2°0
J3s 0°0021
J33s 0°0
J3s 0°09
23S 070921

00+4300000°0 =SHIM
€9.°82 =dlUM

A 00°0%T =(16
J¥A 00+300000°0 =(S8
J¥A 00+300000°0 =(6L
YA 00+300000°0 =(EL
JYA 00+300000°0 =(L19
J4A 00+300000°0 =(02
2. 1) 898°82 =(6
WA 189°51 =(%
0 =d001 1
¥Os J3S 1T

ON3I SHOX3 NIV 1V
03379 40 ON3 LV

YA
JHA
A
YA
YA
A
A
A

00+300000°0 =SdJ
YGYH2°0 =ddd
00+300000°0 =(06
0000°T =(%8
00+300000°0 =(9L
00+300000°0 =(2L
00+300000°0 =(99
004300000°0 =(51
80£%2°0 =(9
290°09 =(Z

A
YA
JHA
WA
WA
YdA
1.0
WA

=dH0d -- SOVI4 IWNIIVY

YOS Iud

HOLYINHNIIVY ONY HOSNIS

202
20)

MO74 HY3LS SH0S30 XN
“SHd “HWNJIJV 01 203 9AY
a¥0S30 Y314V MIL OV

JHIL NOIL4¥OS3IA

ON3 OHIX3I YIV 1V
AINIIIII33 TVAORIY
31vY¥ TVAOHIY

00+4300000°0 =(6%
00+300000°0 =(£9
00430000070 =(/LL
00+4300000°0 =(TL
28°LLYy =(99
00+300000°0 =(£1
00+300000°0 =(Z
Y 2651 =(1

YA
2.1}
A
2.}
A
[2.13)
A
A

€2 ON ¥ans Nvd 21 ON 0D
12d 91°82 = ALTYNd
HET 605°0 = wvioL
HEY §5T°0 = JOIXOIO NOSHYD
HE1 802°0 = N39CU1IN
HAl 650°0 = N3IOAX0
HE1 860°0 = YOdVYA H3LYM

»21°0 1100
Y0 4E  H68°2

00°S §2%°0
£T° 01 102°1
00°'S £60°0
2 912°0

Z ‘039 (HE1)
40 & W34 WiO1

SHHHHHHHRHHHN

202
20d
202

IIL NOTL4HOSEHY
FINVHIXI YIV ¥04 MIL
NMOQ 03378 ¥04 MIL

IHIL 310AT V.

104

W3t 11070

J3S 0°0021
911 660°0
/YL 9%E°2
»°292 0g°22
99°51 9%2°1
9% °0 290°0
Z ‘038 (HED)
40 8 ¥3d viOL

SHEHHHHHHEHHHE

2% 0

% 0

MOT4 OL MOT4 40 ANVHHNS

ON3 1V OSNIQYO1 20D
ON3 1V SNIOVOT ¥3LVM
G389 HONOYWL WY3ILS
03g 01 0300Y OZH
‘ONd “WNIJY 01 202
038 WOo¥4 GIAOHIY 20D

39 ¥O4 FHHEHOEE
WHHHHHAHHIHHHEEE ANVISINS NOTLJNOSIA 66 60
03379 40 ON3 1VY 202

LIHIT 3MIL GUOSTY IX3N

ON3 1V 9NIQGVOT 202
ON3 1V ONIOVOY ¥ILVM
039 HONOYHL ¥IV TViOoL
¥I¥Y 01 0300V O2H

YIV WO¥4 QIAOHIY 20D

39 ¥04 tgrx
FHHHHHHHHHHHHEE AYVINS NOTLAUOSHY s

23S 0°0S0Z = MIL € YIGHNN 319AD II GMVS ¥OJ SLINSIY NOILYIWIS ¥IINAHOD

A-13



SVHSER 10639

ORIGINAL PAGRE i3

TABLE A-2 (CONTINUED)
SAWD PERFORMANCE SUMMARY OUTPUT

TECHNOLOGIES

RAMILION
STANDARD

W/

N

e

004300000°0 =SXX 004300000°0 =SISIA  00+300000°0 =SOHY 004300000°0 =SHIM 00+300000°0 =Sd)
009%1°0 =dX 000%%°0 =dISIA  T0-3I59TLL°0 =dOHY 2%L°982 =dHIM 25%%2°0 =ddd
JUA 00+300000°0 =(£6 J¥A 00¢300000°0 =(26 IUA 00 05T =(T6 J¥A 00+4300000°0 =(06 J¥A 004300000°0 =(69 IBA
00+300000°0 =(89 JYA 00+300000°0 =(.8 JHA 00+300000°0 =(98 )¥A 004300000°0 =(S8 J¥A 0000°T =(%@ J¥A 00+300000°0 =(£9 JH¥A
00+4300000°0 =(28 J¥A 00+300000°0 =(18 )HA 00+300000°0 =(08 JHA 004300000°0 =(6L J¥A 004300000°0 =(9L JYA 00+300000°0 =(LL A
00°00§ =(9Z J¥A 00+300000°0 =(S. )HA 004300000°0 =(HL JHA 00+300000°0 =(SZ J¥A 004300000°0 =(2. J¥A 00+300000°0 =(1L YA

00¢300000°0 =(0Z J¥A 00+300000°0 =(69 J¥A 00+300000°0 =(99 JMA 00+4300000°0 =(L9 J¥A 00+300000°0 =(99 I¥A 28°LLYy =159 )UA
00+300000°0 =(£2 JYA 004300000°0 =(2Z J¥A 00+300000°0 ={ 12 JMA 00+300000°0 =(0Z J¥A 00+300000°0 =(5T J¥A 00+300000°0 =( £1 JHA
2£92°8 =(Z1 JHA $°890T =(1T J¥A 20°90f =(0T IHA 219°82 =16 A 905%2°0 =(8 YA 00+300000°0 =(Z I¥A
190°0T =(9 JUA L°29ET =(S J¥A 269°%1 =(% JHA 269°5T =(£ WA 651705 =(Z )UA 92651 =(1 I1¥A
[1] =dd 6265 =d2 -~ JIISITIIH NI IMIL 03ISdVII 0 =doo1 1 =dW0d -~ SOVI4 JUNIVI

335 0°SYHIT = WIL €97/ ON SSYd dHOJ [ ¥OS J3S 1 YOS Iud €2 ON ¥aNS Nvd 2T  ON dWO2
14 81'S = ALTUnd

Wal 90£°0 = Wi0L

a1 910°0 = 30IXOIQ NOSYYD

HE1 S502°0 = N39OULIN

Ha1 650°0 = N39AX0

HE1 920°0 = YOdVYA ¥ILVM

WOLYINHNIDY ONV YOSNIS MOTJ OL MOT4 40 AYVHHNS

ON3 1V SNIGVOT 202

WO 921°0 =  ON3 SHIX3 ¥IV 1V 200 S22°1 »0T1°0 =
Ng1 82T1°0 = 03379 30 ON3I 1V 207 §20°SE §%0°E = ON3 1V ONIOVOY ¥3AWM
Hdd 628°0 = MOTd HY3LS SN0SI0 LX3IN 022 91°'0 = 039 HONOUH1 WY3LS
Hdd £Z0°0 = *9id "HNIIV 01 20D SAY vE'9 60L°0 = G39 01 @300V OZH
23S wooen = GUOSIO Y314V WIL OV 00°S %%0°0 = ‘o%d “WNJIVY 0L 202
23S 0°02%Y = FMIL NOILJ¥OS3O 90°0- S00°0- = 039 Wo¥d G3AOMIY 20D
Z ‘039 (We)
40 8 ¥3d TVIOL
FHHHHHHIHENNHE 18 G349 ¥Od4 AHHHHHEH
IHHHHRHIHHEHHEE ASVHINS NOTLdUOSIQ 3-eemune
HE1 IT0°0 = ON3 OHIX3 ¥IVY L1V 20D W 110°0 = 03379 40 ON3 1V 20D
13d 00°0 = AIN3IIJI443 TVAONIY 20D 23S 0°002T = 1INIT MIL GHOSEY AX3IN
Hdd »12°0 = 31vY¥ TVADHIN 200 6ST°E 192°0 = ON3 1Y 9NIGVOl 20D
J3S 0°02¢%YH = IMIL NOILd¥OSEaY 110°91 198°'l = ON3 1V ONIGYO1 ¥3ILVM
235 0°0 =  FONVHIXI ¥IV ¥O4 IWIL 6°629 »5'§S = (39 HONOWHL ¥IV Tviol
338 0°09 = NMOO 03379 ¥04 WIL £0°91 €EG°T = ¥IV 01 4300V OZH
J3S 0°09%Y = IMI1 31IAD Ivi0l 10°€ 962°'0 = YIV HOYUY G3A0KIY 20D

7 ‘039 (WET)

40 8 ¥34 viOL
IHHEHHHHE LS 28 Q3@ ¥Od SHEHEHHEHNE
HHHHHHRHHOHHENE AUVHRNS NOTLJYOSEY ettt

235 0°0SHIT = IMIL &  HIGINN 31OAD IT OMYS ¥0J S1LINSIY NOLIVWHIS Y¥ILNS0D

A-14



SVHSER 10639

PAGE 13

E POOR QuALITY

-
i

ORIGIN AT

O

TECHNOLOGIES

UNITED
HAMILION
STANDARD

=

NZ

TABLE A-3

ESCM SAMPLE PROBLEM OUTPUT

0°0L =1
12°0 =M
AY3A0IIY

Cmm——

===

YVYVYVYVVYYYYV( 2213333332370 "6%1E =

jo2t 2z ozl
- |%0£°0 =200H|

e

B[ SSSSSSSSSSE 02 ) YVYVVVYVYVYVVYYVYVVYVVYYVYVVVYVYVYVYYY

X
X

X

X

X 4O 08A0 O1 Y000 =N 3 0°0Z =1 |(12) 2 038 | T'062=L S 00°0 =M v

X 2A Iy |2 o000 =NW| ININY  |S5°2 =H A S v

X 24 Iv {3 .00°0f =d ——-——-—-===un ls v

X 21 I v 12 {s v

R mmmemmem———- (] 1 %00 =H | s99 = v

X | €6°62 =d | vy v Is  =esmemee—— moomeees v
X | £9%°0 =H | <---- ¥  Cmme- 2 mme—- > s === _ G062 =8| <-~-- |'%E =Bl V¥V

X | 193322222€ 05 13332V 223IIIIN H2/52 ISSTSESSSSTSSESSSSSSSSSSSSSSSSSI 92/52 ISSSSSSSSI(62) NIS|MMeNM| (82)] Vv A
X [(28) HNJIV| 00°0 =NV Y00°0 aM 3 00°0 =H S 1°062=L | WvILS|v'Ee =1 | dNd| V |
X 1 200 | vi v 3 s  mmmmmmmme= mmemooes vi
K —mmmeemoo—ee v | v AD |Is 0°0L =L MA V|
X v v | 19 |Is §5°2 =HM| VI
X vy v | ] 200°0 =W | S00°0 =M L
X v v 19 e I's M v

X 0oL =1 v 19 |059°2 =0ZHM| Vs 1200 =03ISNH V

® 00°'0 =M vy k] |500°0 =Z00M| s JIVIMIINT O2H ¥

X NIGYI OL ¥V <==—= 3 C==== |0 = B| <===- § <---—- v

X (ST IVVVVVYVYV( LT IVVVVYYYYYY[(9T) T G38 | YVYVYVYVVV( STIVVVVVVVVVVYVVVYVVVVVYVVYYYYVVVVYYVVV( 51

X | v S0°69 =M 2765 =1 | INIMY | S°69 =1 00°0 =W v

X i1v G069 =M ——---c-neueen 00'0 =MW = —-w--- ceeremenn AY

X vy 0L°%Y =d | ‘0 =4I| iv

X YYYYYVYVYYVYVVVYYYYVVVVVVYYVVVVYVVVVVYVVVVVVYVYVVYYVY | ‘0 = b Iy

X e > 1(6T) Nv4 aMvS| v

X T =H AN emmemm—eeeeoeoo §°69 =1
X 910°0 = 0300V W :IIVIYIINI O2H <——-- M === v 00°0 =W
x emeccssrornca- - L] vi NIGVYD WOud
x ] ¢ = WiIf 0°Sy =in v |

X $°09 =L VVY| ST = BV A ‘056 =hn L°6S =4 ¥V |

X L°Ty =N ¥ (O} d3S O2H} V | » 00’0 =HV |

X emmmmme———e ¥ m—mememm - L 2 I e vy

X | -00f =Mid| Cmmme- v ¥ oo | | <=---- v

X | YWY] 8.6 = DBIYYVYYVVVVYYYVY( IT IVVVYVYVVVYVVVYV( 6 IVYVVVVVVY| @560~ =8| YVYVVVVYVV(IE)

X |V J(21) Nvd xH} 2769 =1 LA 2°6% =1 | () XH| 9°69 =1 ¥V A 13d €2°9S = AATOTHNH 134
X v ) anH 1M *T6ET =W | oM CTIIM] "26ET =W ¥ | w9 el = IN3LYT
X | ¥ mememeemeeeee e v WH/8 ‘$229 =  JIGISNIS
X vy o5 =iw v :b §S133
X v » $°69 =1 /e ‘992 - ANV
X 9'05 =p <= TR ‘2651 =M MW/e "S90LT 3 TIQISNIS
X C“Téfl = IHHHHHUE NIGV2 1® SS123 NON
X NIGYD OL % 0°09 =1 HOu4 Hdd 000°0 = dNINVH 2N
X » GBYI=H Hdd 000°0 = dNDIVH 20
X » Hdd £00°0 = 39VHVII SYO
X  mmmmmmmmeeee s Hdd 2652°0 = 00¥d 200 ON-M L9°2 = $S3¥d 209
X <—=—=--= | | 1°0012 =M4I| <----- Hdd 00220 = 3nvsn 20 viSd 99°2 = SSId 20
X YYYYYYYVVVYYYVVY| "TSHHT-cB|YWVVVVVYVY| "S682 = BYVYVYVYYY  NVW/UH/Q L £21 = AN YISd 0L 6T = SS3¥d IVI0L
X v I (51 XH| 2°02 =1 | (&) Nv4 XH| ¥ NVWEH/® £°92€ = 31GISNIS 4955 = 14 W30
X v | 37181SN3s| 1 319IsN3s| Y NYWMH/8 0°05% = B J1108ViM 4969 = dWaL
X Y o mmmeemmecees eecedeeeecees v YH/B 0°0SSET = ® 1oL WO G2°%6S = SSYH ¥IV
X 99 =)L L1769 =1n 9°69 =1 € = N 40 ON 14-NO ‘0008 = FINI0A
X "65%6 =M - “19€6 =M

u NIGV) 01 LT NIGVD HOY4 (1) M3¥2 (2) NIGVD

48/01/20 :31vQ0

(¥4 T0°0 ) J3S

‘0f tIMIL NOISSIN

“T300W NOILVULISNOWIO IT OMVS WILSASENS NOLIVZITVIIAIY VIV NOTIVIS 3)VvdS

EEEEELEEE

oW ONQEOMNM ORNDEPONNMEINOINDPrO M CNVEOMNMPONOINDR
¢ e gn.—c—nzEnu—o-lNNNNNﬂﬁN~Nmnnn=annnm~tcOeseoogwtg

A-15



SVHSER 10639

TECHNOLOGIES

UNITED
HAMILrON
STANDARD

2

NZ

TABLE A-3 (CONTINUED)

ESCM SAMPLE PROBLEM OUTPUT

X mememmmeeeoee %
X 0°0L = |95 € =0ZHH| X
X 120 = <—=-- <---=  JTIL°0 =20M] <-—-- Cm==-= X
X AYIA0IY YYYYYYYVYYYY( 2203732333033} "6452 = B SSSSSSSSSS( 02 IVYVVYVVYVVVVYVVYVVVVVVVYYYVYYVVVYYYYYY X
X ¥O O04AO OL Y000 =N I @-65t=1 {(Y2) 2 039 | 0°062=2 S 00°'0 =M v ]
X I A | v 12 o000 =W| IINY  |S5°2 =MW A S v X
X 24 lv ] 3 £6°62 =d -—====-=m--mn- |Is v X
X 21 iy I 2 IS v X
X cmmmmmmm———— i v | 200°0 =H | $95'2 =H v X
X | 99762 =d | vy v is  —mmmmme——- mmoeoe-- ¥ X
X | 20%°0 =M | <—--- | BT - 2 > s R 1°5062 =B) <-——- |°bf =B] ¥ b
X | 1333392930 0% 12232 }¥( 2329322 $2/£2 )SSSSSSTSSSSSSSSSSSSSSSSSSSSSSS( 92/52 1SSSSTSSSI(62) NIS|Heaseessl]l (82)] Y A X
X J(Z€) WNJIY| 00°0 =W V¥ v¥00°'0 =M b ] 00°0 =M S 0°062=1 ) Hviisiv'se =l | ddl V| X
X | 200 | v v 2 $  mmmmesmeme- mmmemees v| x
K —mmm—mmmm—ee v v A Is 0°0L sl MA V| %
X v v 19 1s §5°2 =sHM| V] X
® vy v | | 200°0 =W ] soo'o =M Ml v X
X v v 12  meeemee—eme—- is L v X
X @ 6st=1 vi (=] 1055°2 =0ZHN| vs GL2°t =QINKH ¥ X
X 00°'0 =N vy ] 1500°0 =203%) s JIVIYIINI OZH ¥ X
X NIGY) OL v <---- k] Cowmmm |00 = B <--- s Commme v X
X (ST IVVYVYYYVY( LT IVYVYYYYYYVY{(9T) T 039 |YVVVVVYVYVV( ST IVVVVVVVVVVVYVVVVVVYVVVVVVVYVYVVYVVVY(ST) X
X 1 v S0°69 = 269 =1 | INIWY | §°69 =1 00°0 =H v X
X | v G069 =W ~~==-cemmm—n 00°0 =H = —mmemmm———————- AV X
X vy 0L° b1 =d 1 ‘0 =k42] | v X
X YYVYYYVYVYVYYVYVYYVVYVYVVVYVYYYVYYYYYVVYVYYVVYYVVYVYYY | ‘0 = 8 iv X
X ——————> 1(6T) Nvd OMYS] v X
X 80 =H MMM 4 eemsescscecco-- 2°69 =1 X
X #£9°0 = 0300V W :JIVIHIINTI OZH <---- M <--n= v 00°0 =M X
X e [T v NIGYD WOMd X
X 1 6 = wWdd| 0°§Y =in v X
X 0°09 =L YWY| ‘ST = BIVY A ‘056 =Hw 2°69 =1 V¥ | X
X 2°'To s ¥ J(OT) 43S O2H| v | " 00°0 =MV | X
X eeeeecceeeeee ¥ e ————— | memeeemeeee- vy X
X | -o00s =Wid| <-—==- v ¥ Cmmmmm | <mmmm- v X
X | YWY C8l% =  BlYVYVYVVVYYVYYV( IT IVVVVYVVYVYYVVYV( 6 )VYVYVVYVVY] /84— =B VWVYVVVVVVV( I§) X
X |V 2T} Nv3 XH| £°8Y =) "@HEY =W 9% =1 | (2) XH| 269 =1 VA 13d 04°YS = ALTOTHNH 138 X
X |y | "o I3 ‘06T =W | oMM T3] CTEET =W ¥ | wi/d ‘ell = ANLYT X
X | ¥ mmmmemmeeeeee e v WH/Q °SL29 = IT1GISNIS X
X vy £°55 =In v :® $S133 X
X v » 2°69 =) /g ‘S92 = AN3LYT X
X 109 = <= . ‘T6ET =N WH/Q “S90.LT = IVNISNIS X
X CT6EX = FHHHHHHHHE NI®VD 1D $S703 NON X
X NIGY) 04 . 0°09 =2 7. 7] Hdd 000°0 = dNDIVH 2N X
X ® "6611=M Hdd 000°0 = dNDIVH 20 X
X » Hdd £G0°0 = 3I9VIVIY SY9 X
X  memmmmmem—ee mmmmmmeeeee Hdd 2652°0 = 00ud 303 ON-MM 65'2 = SS3Md 200 X
X <o | | 1°00T2 =MH43| <----- Hdd 0022°0 = 39YSN 20 visd €9°'2 = SS3¥d 20 X
X VVVYVVVVYYVYVYYY| “SLLST-=B)YYYVVVYVYY| ‘5682 = DBlYVYVVVYYY  NVH/¥H/@ 0°S2T = INTIV) VISd £9°%1 = SS3ud Ivior X
X v i () XH] 9°0Z =1 | (%) Nvid XH| ¥ NWW/Q 0°L28 = IJ19ISNIS 41209 = 1d M3 X
x v | 3181SN3S) | 318rSNIS| ¥ NVHWWM/Q 0°05% = B IT10GViM 4269 = aHIL X
X ¥  mmmmmmmeeeen e v WH/9 0°0GET = ® 101 NG 0565 = SSYH ¥IV X
X 9°€9 =21 999 =in 2°69 =1 € = N3 40 ON 14-N) 0008 = INI0A X
X "%556 =M » TO5E6 =M x
“ NIGY) OL RANN NIGYD HOYJ (1) MWD (2) NIGYD X

X

28/01/20 :31v@ (¥H 09°0 ) J3S 009 :INIL NDISSIH " 71300H NOIIVYISNONIG IX OMYS HILSASANS NOILIVZITIIAFY ¥IV NOILVIS 3IVdS

235353

non~ POMNMELNENDRONM TN DN PO NM U E LY LE-X-X. 1)
:—1—l-ls-lNNNNNNNNNNM!\Mmmnmmam#'#'s@’###mmmmz

£1

A-16



SVHSER 10639

TECHNOLOGIES

UNITED
RHAMILTON
STANDARD

o~

N2

TABLE A-3 (CONTINUED)

x . e X
X 0'0L = 19%0°2 =0ZHH| X
® 12°0 =M === == [080°0 =200M| <= === X
X A¥3IA0IIY VYYYYYYVYVVVL 22 IVVYVVYYYYY| "896- = Bl YYVVYYVYVYV( 02 ) YYYVYVVVYYVVVVVYVVVYVYYYYVVYYYYVYVVVYY X
X YO Q9A0 OL Y 6T°L9 =N ] £°98 =L |(T12) 2 030 | v'69 =1 S 20°99 = \ ) X
X JA |v 13 6149 =H| ININY  |28°99 =H A S v X
X 21 v 13 990 =d ~~cmmemece- s v X
b 21 |v 12 Is v X
X - ————— v | 200°0 = | Sso0'0 =R v X
X | ze'52 =d | vy v ls momomme—-- —--mmm-m ¥ X
X _ GS8°0 =H | <---- v <---- 2 sem—=> S <--==- |0 =B} <-—--- |0 =B] VY X
X 133333333005 13322 1¥( 3232222 $2/£2 )SSSSSSSSSSSSESSSSSSSSSSSSSSSSS( 92/62 )SSSSSSSS|(62) NIDIMMMMMMM| (82)f ¥V A X
X ..un- HNJJY]| 00°0 =M VY v00°'0 =MW J 00°0 =MW S 6°1892=1 | WY31Si0°0L =1 | &indl Vv | X
x | 200 | v v 3 b mmmmmm———— - vi x
X mmmmmmeemeee v v A3 I's 0'0L =LMA V| X
X v v 12 |Is 00°0 =HM| V| X
X vy v i | 200°0 =N ] S00°0 =N Ml vV X
X v v [ R 2 et e ———————— s L] v X
X L°8L1=] vi 13 |zes° € =0zHd] ¥ys 9961 =QISN K V X
X 00°0 =W vy u 1270'0 =20M] S IIVIUAINT OZH ¥ X
X NIGYD OL Y < €====  1°90%2 = B| <---—- S Cmmmee v X
X (§-14 _333::00000380_.0: T 039 | SSSSSSSSSSI ST IYVVVYVVYVYYYYYYVYVVVVVYYVYYYVVVVYYVV( b1 X
X | v =H £°081=1 | INIWY | 9'982=1 00°0 =M v 4
X v 00°0 =H --~---v--eeue00'0 =W e ——————— AY X
X Yy £9°92 =d *ST  =W4d| v X
X <§§§§§_ ‘UL = B Iy X
X ———e———> 106T) Nvs aMuvs| v X
X T =H MMM e essar—- 69 =1 X
X €LY = 0300V W :3IVINIINT O2H <---- M === v 29°99 =W X
X ———————————— - [ ] vi NISYD HOMJ X
X I "6 = Wi 0°G% =1 v | x
X §°09 =1 YWy} ‘ST = bivy A ‘056 =Hx 9 oa =1V | X
X 9°Ib =N V [(OT) d3S OZH] v | » 61°L9 =H V¥ ] X
X mmes—ess———e—— < memeeseccneaaa ¥ |} smemeeco——om - vy X
X | "00f =W4D| PR ¥ <¢~-—~-= ] === ¥ X
X | vwyl ‘914 = w_gg::gdi;.g_ *0899- ua_<<<<<<<<<<: ) X
X 1 ¥ [(21) Nv3 XM} Z2°6% =1 “LOEY =W 2'6% =1 | (1) XHl @°0L =1 VA 134 L4°1S = ALIOIWNNH 138 X
X 1 v | ‘oW 130 "9REl =M | “OMOH I3M[06ST =K V¥ | /8 59 = ANV X
X |V e -———-- mmwe—mseea——— vi YH/9 "SOSE = JIOISNIS X
X vy £°65 =in v b $S7103 X
X v ] 69 =l w/e "992 = ANV X
X 9°05 =1 oo T "Z2%T =N W/9 'S90LY = IVIGISNIS X
X ‘06%1 = I NIGYD B SSTI3I NON X
X NIGY) 01 * 0°09 =1 WHOY4 Hdd 000°0 = dNINVH 2N X
X »* "0081=H Hdd 000°0 = dNINVH 20 X
X » Hdd £60°0 = 3IF9VNVII SY9 X
X meeesemmmmee e ————— Hdd S662°0 = 00¥d 200 OM-WN 65°2 = SSId 200 X
X Commem——— | | |°0012 =M4I} <----- Hdd £62°0 = 39vsn 20 VISd 68'2 = $S3ud 20 X
X YYVYYVYVVYYYYYYVYY| "9S091-=b| YWYYVYVYVY| ‘§582 = B|VVYVVYYYYY NYW/YH/8 1T°68T = AN3IVY VISd 99°¢1 = SSI¥d WIOL X
X v ! (S) XH| 2°0L =1 ] (%) Nvd XH| v NVH/UH/9 6°08E = 3JTGISNIS 4 11§ = 1d M3I0 X
X v | 37891SN3S| 1 3grIsNas] Y NYWY¥H/E 0°025 = B IIV09VIM 4 969 = dHIL X
X v it b s I E P R ———— v ¥H/8 0°09ST = b W0t NEY 21" 969 = SSYH ¥IV X
X 9°%9 =} 6°'89 =in $°69 =1 € = NIH 40 ON 14-NJ 0008 = INI0A X
X ‘SS5%6 =N » ‘9956 =H X
“ NIGY) 0L 1 NIGVD WO¥J (1) M3¥D (2) NIgVYD X

- X

48/01/20 :31v0  (¥H 00°T ) I35 "009% :3MIL NOISSIH " 1300 NOILVNISNOWIG IY OMYS WILSAS@NS NOLLIVZITVIIAIN NIV NOILVIS 3IvdS

ag=

A-17



[~
0

X X 65
X 0°0L = 1252° T =0ZHN| X g5
X 00°'0 = <==== <====  |502°0 =200M] <---- Cmmmn X 5
o b FYETY R E] VYYVVVVVVVYVV( ZZ IVVYVYVVYYY| "BTL- = B YYYVVYYYYY( 02 JYYYVYVVYYYYVYVYVYVYVYYYVYVYYYVVYVYYYYY % 95
@ X ¥0 @8AD OL VI2'29=H I 9'SL=1{(12)2039 | £'69=1 S 98°99 =W v X §9§
S X 2A |l v 12 12°29 =M ) INIHY  198°99 =M A S v X b5
— X 34 | v 19 6901 =d ~—wmmmmmmmene |1s v X §£§
X i Ly 12 l's v X 25
X emom-omoooo- | v | 200°0 =M | So00'0 =H v X 15
X | 00°£2 =d | vy L] s === ~--= wommeee- ¥ X 03
X | L1£°0 sW | <—--- Y <-e-- < T s > S  <----- "0 =B| <--- |'0 =B| ¥ X 6»
x| 1333929934 05 13292 )¥( 3233223 $2/£2 )SSSSSSSSESSSSSSSSSSSSSSSSSSSSS 92/52 )SSSSSSSS| (62) N3O |Maeeseas| (82)] YA X 8%
X HZ2E) WNDIV| 80°0 =W ¥ v00'0 =N 2 00'0 =W S §£'S§/2s1 | WYIISIO'OL =L | 4N Y| X Lv
X | 203 | vl v 3 s e i X9
X —ommmmmeee- - v v AD |s 0'0L =L MA V| XSG
X vi vi 19 1s 00°0 =H M| VI Xob
b vy v ] 20000 =M | S00°0 =M Ml v X £9
X v vl 19 —--semcsmcee Is ] v X 29
X £'9Lt=y L] 19 |285°% =02 vs 996°T = Q03ISN MW VY X 1%
X 00°0 =M VY 3 1210°0 =2om| s JOVIYIINI OZH ¥ X 0%
X NISY3 Oi v < 3 === |'90b2 = B <---- s <---—= v X 6%
X (ST)IVYYVYVYYV(LT13333933322[(91) T 039 |SSSSSSSSSS(STIVVVVVYYYVYVYVVVVVYYVYVVVYVVVYYVVYYYY(SI) X ©f
X | ¥ 00°0 =N §£°091=1 | ININY | 9°@82=1 00°'0 =M v X Lf
ray ® v 00°0 =W ---—----—m ---00"0 =W = -———- e AY X of
X vy £9°92 =d i ST =W42| Iy X S
X YYYYVYYYVVVVYVYVY VYV YVYY VYV VYV VYV VYVYVYVYYYYYYYYVYYYYY | 73 SERN 1] |Iv X %
X e > 11612 Nv3 oMYs| v X €%
X 5T =H MIMNNIIN e e £°69 =1 X 2%
M m X 0S§5°2 = 0300V W :3DVIHIINI O2H <---- M === v 98°99 =W X 1€
m X —————— ———— e v NIGYD WOM4 X Of
~ m X f "6 = W4 0°G§Y =1x v X 62
~ X 06 =1L YYYl ST = BIYW A ‘056 =hix 1’98 =L v | X 82
L] X L°1o =M ¥ |(OT) 43S OZH| V¥ | » 12°29 =H ¥ | X 22
n_n X B LA Al | LR e T LR vy X 92
% | ‘00f =M4d} Cmmmem v ¥ <= | | <—---—- ¥ X §2
E X | YWV 9l% =  BIYYYVYVVYYYYYYV( TT )VVVVVVVVVVYYVVV( 6 IVYVYVYYYY] 8999 =B| YYYYYYVYYV( I5) X 42
X 1Y j(21) Nvd xH| 176 =1 ‘OHST =W ey =4 | (2) XH| T°0L =1 V¥ A 13d 02°25 = ALIOIWNH 138 X €2
X 1Y | "oWnH -I3u1 ‘69ET =W | "OHOH “13Y] “T6ET =H v | uH/Q "985 = IN3LVT X 22
Y S T 2 v ¥/9 'S0SE = 3GISNIS X 12
X VY T°95 =in v :5 SS133 X 02
: X v " €69 =1 uH/Q "§S2 = INZIYD X 6T
W X 09 i P— . ‘§25T =M YW/ "S90LT = ITBISNIS X ©T
| X CT6sT =M FEIII I HE N1GVD B SS133 NON X L1
7 v X NIGYD O4 ®x 0°09 =1 HO¥d Hdd 000°0 =  dNDIVH 2N X 91
T7] X » 229T=M Hdd 000°0 = dNINVH 20 X ST
| - X . Hdd £80°0 = 3OVNVI S¥9 X oI
X  emeccemaan — ————mmmme - Hdd 0255£°0 = 00¥d 202 OH-WH 29°2 = SSiid 200 X £1
@ % Ceewemmm | | |°00T2 =W43| <---—-- Hdd 199270 = 9vsn 20 viSd 68°2 = §S3¥d 20 X 21
= % YVYVYYYYYYYVYVYY| ‘S06ST-=DIYVVVYYVYVY] ‘$682 = B|VYVVYVYYY  NW/UH/8 §£°§52 = JUEIL ) VISd 69°5T = $S3ud WI0L X T
@@ X v 1 (S) XHl §°0Z =1 | (v) Nv3i XH| v NVH/UH/@ L°1SE = 31BISNIS 421§ = 1d 30 X Ot
Q mUA X v | 318ISNIS| | 38IsNIS| ¥ NVWUBH/E 0°S8S = B JI108YL3H 4569 = dHiL X 6
[ (= X ¥  emmmea- mmm—— memmmmme— o - v ¥H/8 0°SSIT = B WI0L  HEY 927965 = SSYH ¥IVY X @
“Hﬂ_m X §5'§9 =1 999 =i £°69 =1 € = N 00N 1i-Nd "0008 = MOIA X L
cm& X "0956 =W » ‘1956 =H xm
SWE = X NISVD 01 - NISVD WO4 (1) MWD (2) NIGYD x
X
UEMQ@ X £
2z
V// 18/01/20 :31¥0 (¥H 0S°T ) J3S "00vG  :3MIL NOISSIH ‘13004 NOLLVMISNOWIQ I OMYS HILSASENS NOLLVZITVAIAZN NIV NOIIVIS 3IVdS
—
7

A-18



SVHSER 10639

TECHNOLOGIES

UNITED
HAMILION
STANDARD

L

N2

TABLE A-3 (CONTINUED)

0°0L = 1029°2 =0ZHM|
22’0 = <---- <---- {61070 =20M| <---- <o
A¥IA0I3N VYYYYVVVYYYV( 22 IVYVVYVYYYY fansuun=  BIVYVVYYYYYVI 02 VYVYYYYVYVVYYYYYYYVVVYYVYYYYYYYYYVYYYY
¥O 08AD OL v 9%°5% =W £°181=1 |(12) 2 039 | 2°69 =1 25765 =MW

vGh =M | ININV [25°SE =W A
0L 6T =d -------- e I

8s=

o
<
c
"

z

<=m=== 94T =B| <---- |"b5 zb|
G2 )1SSSSSSSSI(62) NIS|mesmeeM| (82)]
6°192=1 | WY315|5°982=1 | dHNd]

nnLnaen

|
|
|
IIIIIIIIIIII _
| €8°62 =d | v
{ £05°0 sH | <-—--
| 133333332 0£ 13322}
142€) WNOIV[ 00°0 =W ¥
| 200 |

o

€3333220U
00°0 =KW

J
3
]
3
9
2
/'

FEEE LT

1

1

1

1

1

v
NN

2/€2 )SSSSSSSSSSSSSSSSSSSSSSSSSSSSSS( 92
00°0 =W

LA <«

20
2
b
2
J

————

|
(
|
v 200°0 =W 91'0 =

o A ¢«

u |||||| .
2 1£2°2 =02HH|
2 1821°0 =20M|
<==== 3 ¢-=-- |'SIT = B| <----
TIVYVYYYVYY(LT 123239339321 (9T) T 039 | SSSSSSSSSSI STIVYVYYYYYYVYVVYVVYVYVVYVVYYYYYVYYYYYY(
00°0 =N 696 =L |  ININY | 6°182=1 00°0 =W
00°0 =H --==---------9T7°'0 =M i it
S5 2T =d | e =WiI]
VYYYYYVYYYVYYYVYYVVYYYYYVYYYYYYVYVYYYYYYVYYYYYYYYYYYY] “TZT = B
——————> €611 Nv4 amys|
0°0T =H HOSIIISN mmmmemmmmoe e
691°% = 030QV W :3IVHYIINI OZH <---- M <mmm-
- IHOHHE
1 "6 = HWid| 0°SY =tn
LYWY| ST = blw A ‘096 =h 1 1
‘Io =M ¥ |(OT) d3S OZH| V | " b6°GY =H
o ¥ e vi —mmmmmmme o
1 o00g =Wi2| c-mmm v V- | | <
VYY) ‘86 = BIVVYYYYYVYYYYYYI TTIVVVYYVYVVYYYYYY(G IVVVYYYYYY ] 2592T-=B] YWWYYYYYYYL
<_.~:z:x=_ n.mmup .enn-uz o.mmup_ .:xz_—.iu»
<
<
<
<

-— -2
o = —
nunnnuuuun

0°ge =1
00°0 =H
NI€Y) O

YE'2 = GISNH

|
|
!
!
v JOVIHIINT OZH

(mm———

]
]
1
]
t
1
1
]
]
1
]
:
i
i
]
'
(AR EEE & & & & &8 &8 &EES S

-

L E X8 EEE KNS & XS

o ——

26°£5 =W
NIGVD HOWd

N eme=d>
LA & & & 9

-

-~ o
3
1]

o ————

4
13d 15°'S9 = ALIOIHNH 1Y
HH/8 "L6L10T = ANILYT
YH/Q "989¢ = 3I19ISNIS
:b 55133
‘ 2°69 =1 HH/8 °952 JUETL A
1°S9 =4 === ST ‘9fEY =H UH/8 "S90L1 IV8ISNIS
‘8LEL = PRty ty NIGVYD :® SS1I3 NON
NIGYD 0L ®* 0°09 =1 HOY4 Hdd 000°0 dNDIYH 2N
» ‘6981=H Hdd 000°0 dNINVH 20
» Hdd £90°0 39V3v31 SY9
||||||||||| - e ininieteteid Hdd HHiE°0 aoyd 202 OH-HH 8L°2 SS3Ud 2097
o } ] 1°0012 sH4I} <~---- Hdd 8.1£°0 39v¥Ysn 20 visd é8°2 SS3¥d 20
YYVYYYYYVVYYYYYY| "9T09T-=D|VVVVVVVYVY| £682 = B&|VVVYVVYVVY NYW/HH/G 6°L1% ANV YISd 0L°®1 SSYd VIOl
\ | (S) XHI %°0L =1 | (%) NVd XH| NYH/UH/8 ©°2%% FAISNIS 42728 id M3a
v { 319ISN3S| | 3719ISN3S] v NYH/¥H/8 0°059 8 21706ViIM 4 2°69 didil
Yy emmme————e- - eese———mee- - v YH/8 0°0561 b Iwviol Wa) £L° %65 SSVH HIV
959 =1 9°89 =1x 2°'69 =1 £ N3W JO ON 134-ND “0009 HNT0A
“19%6 =H » ‘8986 =W
NIGYJ OL 0000 NISVD HOu4 (1) MY (2) NIGVD

1 "o - 13d) ‘2LET =MW | ‘odnH 13| "2Z9ET =W

A
—_—

HHNW RN
wWHWwNuRN

XXX XKXEXX XXX XXX XXX RXEXXXXXXXXRXXXXAXAXXAHXINKX XXX XXX XXX
o
Ly

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
x
X
X
X
X
X
X
X
X
X
X
X
X

19/01/20 :31¥G (¥4 00°Z ) JI3S "00ZL :3WI4 NOISSIH ‘71300 NOILVHASNOWIO II OMYS HILSASENS NOILVZITVIIAIY YIV NOILVIS 3IVdS

A-19



SVHSER 10639

OE POOR QUALITY

ORIGINAL PAGE 1S

TECHNOLOGIES

R UNITED
HAMILTON
STANDARD

TABLE A-3 (CONTINUED)

ESCM SAMPLE PROBLEM OUTPUT

0oL = 1029° 1 =0ZHH|
00°0 = - Cmm- ISHT 0 =200u| g e
AN3IA0DIY YYVYYVVYVYYY(2Z IVYVVYVVYYY| "599- =  B|YYYVYYYYYY( 02 )YYYYYVYYYYVYYYYYYYVYYYYYYYYYYVYVYYYYYY
¥0 08A0 041 Y6895 =H O 6'08 =1 [(12) 2038 | £°69 =14 S 19°'vb =H v
I A | v | 3 6895 =i | NIHY  J19°%» =H A S v
21 v 193 0L'5T 2d ~-~-vccomme |I's v
3| {v | 2 | s v
memmmm e v | 200°0 =MW | S00°0 =u v
| »1°€2 =d | vy v Is memmmmeem e v
| £0£°0 =W | <---- Y <---- - T > S <----= |'961 =B] <-—~-- |bf =8| ¥
| 1332332221 0£13332)¥( 2322222 2 /2 1SSSSSSSSSSSESSSSSSSSSSSSSSSSSSI 92/52 1SSSSSSSS|H 62 ) NI MMIM]  182)] ¥ A
J(ZE) WNOIV] 00°0 =W ¥ v¥00°'0 =W 2 00°'0 =N S  £°S42=1 | WYSIS'€8Z=L | dwndl v |
| 203 | v v 2 s mmmemmem—n e -~ v |
————m————— v | ] AD Is 0°0L =LMA V|
v i v i (] |Is 910 =HM| V|
vy v | | 5200°0 =MW | S91'0 =W NIl V¥
v v I Tt I's Moy
e 651=4 Y| 13 19%°2 =0ZHW| vs 2UB'Z = A3SNH ¥
00°'0 =M vy k] 1£2T1°0 =200} S JOVAYIINT OZH ¥
NIGYD 04 Y <---- 2 <=--=  |'1§2 = B} <---- s <-—--= v
(STIVYYVYYYYYI LT1)32023232321(9T) T 038 |SSSSSSSSSSI ST IVYVVYYVYYYYYYVYYYYYYVYYVVYYVYYYYYYYY( b1 )
| v 00°0 =H 8 6£T=1 | ININY | £°522=1 00°'0 =W v
v 00°'0 =W -—-----—-euo --91°0 =H = ----- ——————— AY
vy Y1°€2 =d | ‘0T =W4d| |v
YYYYYYYYYVYVVVVY VYV VYV VY VYV Y VYV VYV VYV YV VYV YYYYYYYYYY | 1LY = B v
———mm-> 1€6T) NV OMYS] v
8°T =H MMM T - £°69 =4
€8§°S = 0300V W :IIVIHIAINI OZH <---- M <-=--- v 19°% =H
|||||| m-mm—m—- JRII v NIGVI HOY4
I 6 = W49 0°5Y =1% v
9°05 =1 ¥YY¥Y| °ST = BiYY A ‘056 =hix £°96 =1 V¥ |
L°16 =W ¥ |(OT) d3S O2H| V | » 68'vh =N V¥V |
............ - ¥ - v | B vy
I -00f =H4I| <-=—-- v | JESETEE P i /
| ywy| ‘8le = o_<<<<<<<<<<<<<<.=-<<<<<<<<<<<<<<<.o.<<<<<<<<<_ ‘€906~ -a_<<<<<<<<<< (1£)
1 ¥ 210 Nvd XH| €69 =1 "@HET =MW £°6% =1 | (Z) XH) 1°02 =1 Y A 13d 68°95 = ALIQTHNH 13Y
I v | "ound *13Y) ‘6951 =M | "oWnH "13M1CT6SET = V¥ | UH/9 1S = 1IN3LYT
f Y e —— B et SR v | HH/8 "$89% =  INGISNIS
vy §°H5 =1x v :8 $5123
v » £°69 =1 YH/9 'S§2 = ANV
L°0§ =1 = SN ‘9HET =W ¥H/8 "S90LT = JTGISNIS
‘T6%T =W I NIGV) & $S7133 NON
NIGYI 04 » 009 =4 HOM 3 Hdd 000°0 = dNIAVH 2N
» "9ITT=M Hdd 000°0 = dNIVH 20
» Hdd £80°0 = 39VVI1 SY9
............ B Hdd vH25°0 = 00dd 203 OH-WH §B8°2 = S$S34d 20D
K m | 1°0012 =H4I| <----- Hdd ®L1£°0 = 39vsn 20 vISd 68°2 = SS3ud 20
<<<<q<<<<<<<<<<<_ "9IETT-=DI YVVYVYYYYY| "£¥82 = B]YVYYVYYYY  NVH/UH/O 9°RISE = ANV YISd 0/ %1 = SS3¥d TViOL
| (S) XH| S°0L =1 | (%) NYd XH| ¥ NVH/UH/8 »°T§E = 379ISN3S 45§25 = 1d M30
- 1 3N9ISN3S] 1 318ISN3S| Y NVIWUH/8 0°059 = b 21108viI3IM 4 £'69 = dHiL
Y - ——— —————— —m——— v ¥H/Q 0° 0561 = ® viol A1 9L 965 = SSYW dIV
G°69 =1 2°0L =i £°69 =1 € = NM JOON 14-N) "0008 = 3HNI0A
‘89%6 =M » ‘9956 =MW
NIGY) 0% prrem NIGYI HOYd (1) M3¥) (2) NIEYD

18/01/20 :31v0

(¥H 05°2 ) I35 "0

006 IHIL NOISSTH " 1300K NOTIVHISNOWIO IT OMYS WILSASENS NOILIVZITVLIIAIY HIV NOILVIS 3IVdS

><><xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

m_NMSNONDO

A=-20



SVHSER 10639

o

TRIGINAYL PAGE 1S
Or POOR QUALITY

UNITED

TECHNOLOGIES

HAMILroN
STANDARD

"3

SN\

TABLE A-3 (CONTINUED)

ESCM SAMPLE PROBLEM OUTPUT

X ettt - X
X 0oL = 1918° 1 =02W4| X
X 2’0 = <---- <-=--  }292°0 =20M| <---- (o X
X A¥3A0IIY YYYYVYVYYYYY(22)3233322023| "128 = B SSSSSSSSSS( 02 IVYVYVYVYYVVVYYYYYYYYYYYYYYYVYYYYYVYYYY X
X N0 09A0 O Y 00'0 =MW 23 1°051=1 {(12) 2 @34 | 6°682=1 S 00°'0 =MW ) X
X I A Iy (] 20°0 =W | INIWY  §£€8°0 =H A S v X
X 31 iv ] 2 9962 =d -—----~--~=-c |s \ X
X 21 {v 19 s v X
K eemm—mm———— - {v | 220°0 =W | S0 =M A\ X
X | 8262 =d | vy vo is ot v X
X | 685°0 =H | <-~—- v ge--- J ————> S <-=-—~ |°226 =zB|] <---- |65 =b] V¥ X
b | 139323322( 0£ 13332)1¥( IIIINIA H2/52 )SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSI 92/62 1SSSSSSSS|(62) N39S | MMM MMIM| (82)f YV A X
X H2E) WNDIVY] 20°0 =H V ¥20°0 =H ] 00°0 <H S 6°692=1| NYAIS|T-TTI=1 | dWndl ¥ | X
X | 202 | v v 2 s  mmmmmeses - meemceen ¥ | X
¥ —emmmm————e— v | v A IS 0°0L =i MA V| X
X v v 12 |s £8°0 =H M| VY[ X
X vy v | 200°0 =M | S00°0 =W Ml v X
X v LN 13 e it IS M v X
X 1°051=4 vi 12 101Z° T =02HN1 vsS 628°2 =Q0ISNH V X
X 00°'0 =W vy e ] 1680°0 =20JM| s FIVIYIINI OZH Vv X
X NISY2 0L ¥ <—-—- 3 <--=-= |'266-= B| <---- S <=m-=- v X
X (QTIVVYYVYYVY( LT IVYVYYYYYYY|(91) T 039 | YYYYYYYYYY( ST IVYVVVYVYYYVYYVYVYVVYVVYYVYVYYYYYYYYYI T ) X
X | ¥ 08249 =M £°99 =1 | INIWNY | 2°89 =1 G6°99 =W v X
X I v 0£°L9 =H ~-veor-mmmm—— 56°99 =H ceeems s ——————— AY X
X vy 69°%1 =d | ‘ST =HW42}] lv X
X D A AAAAAAAAAAAAAAAAAAAAAAAMAAAAAAAAAAAAAMAAAAAAAAALLA]] 1LY = B lv X
X ——————> H(6T) NY4 OMYS| v X
X 2°2 =M M MM SMNYSTSFSFSFS Tmmmeees wmm———— 8°'89 =1 X
X 612°9 = (0300Y W :IIVINIINI OZH <-=—= L] Cm——— \ G56°99 =H X
X ————————————— 4P vi NISY) HO¥4 X
X 1 ‘6 = W42 0°GY =lw v X
X £°09 =1 vwy| “§1 = blYY A “096 =Hx= 6°'G6 =1L v | X
X L'T» =H ¥ J(OT) 43S O2H| V | » 019 =M V | X
X W emmemmmmmmmee- ¥ ————————mee=- vyl e vy X
X 1 -00% =WJiI| o= \ ¥ <--=--- | | <——--- \ ] X
X | vyl 81y = B YYYYYYYYYYYYYY( TTIVYVYVYVYYYVVVYVI 6 IYYVYYYVYY]  “9.56- =0 | YYYYYYYVYVYVY{ IE) X
X |V [(21) Nvd XHI §5°6% =1 "LOET =H b 6b =1 | (Z) XH| 1°0L =1 YA 13d £9°95 = ALIOIHNH 138 X
X 1Y | oW CI3N) “99ft =N | "OMNH " 13¥] "T6ET =W v yH/2 ‘689 = JUEIR ] X
X | ¥ ------- —————— e ittt v i BH/8 "19%H = FT19ISNIS X
X vy 6°9%5 =l» v :B SS123 X
X v . » 9°99 =1 YH/Q °S5S2 = FUEIR A X
X 6°09 = <-—-= A “E2ET =M ¥H/8 "S90LT =  IIGISNAS X
X “Tegfl = PRI NI NIGY) 13 SS1I3 NON X
X NIGV) 01 % 0°09 =1 WOH4 Hdd 000°0 = dNDIYH 2N X
X * "0991I=H Hdd 000°0 = dNPIVH 20 X
X »* Hdd €80°0 = 3I9VHVITI SY9 X
X R e R  ininied - Hdd HH2%°0 = acyd 200 OH-WH 20°8 = SS3Hd 200 X
X === | | 170012 =HW4I] <----- Hdd 8.1%2°0 = 39vsn 20 YISd 68°2 = SS34d 20 X
X YYVYYYYVYYVYVYYY] “866ST-=D|YYVYVYVYYYYY| 682 = BIVYVYYVYYYY NYH/UH/8 6° €18 = ANV VISd 69°'%T = SS3Wd TvioLt X
X v | () XH| T°0Z =1 | (%) NV XH| \J NYHW/¥H/8 1°9€¢ = 3ITVGISN3S 4 0°'¢S = 1d M30 X
X A I 318ISNIS| i FIBISNIS| v NYW/¥H/G 0°059 = B JIT09ViIN 4989 = da{3ir X
X y  emsssesss==- mmmsemeoe- - v YH/4 0°0S6T = ® Iviol a8y 90°565 = SSYH IV X
X €99 = 2°99 =ix 8'99 =1 £ = N3 30 ON 14-NJ 0008 = INT0A X
X "§£2%6 = » "HI%6 = X
WM NISVD OL I NISVY) HO¥4 (1) M3¥W 12) NISYD X
x
000000OO0.00'000'Q00OQQOQ00000000000000.0000‘00000000000.o0oO0.000000000000000000'000000..00000000000000000.0000.0.0000000000.00
18/01/20 :31v0 (¥H 05°S ) 23S 00921 :3IWIL NOISSIH °1I00H NOLLVHISNOWIG 1T OMYS HILSASENS NOLLYZIIVIIAIY YWIV NOILVIS IDVdS

a5

A-21



SVHSER 10639

TECHNOLOGIES

UNITED
RAMILIrON
STANDARD

o

N2

TABLE A-3 (CONTINUED)

ESCM SAMPLE PROBLEM OUTPUT

X

0°0L = |812°2 =02Hu| X
22°0 =H <---= <---~  1601°0 =20M| <---- Qo X
AU3IA0IIY YYVYVYVYYYYYV( 2213230202732 " L9 = 8] SSSSSSSSSSI 02 ) YYVVYVYYYVYVYYVYVYYYYYYYYYYYVVYYYYYYYY X
¥0 08A0 01 Y 00°0 =MW 2 1°66T=1 [(12}) 2 039 | 1'062=1 S 00°'0 =W v X
JA lv 13 00°0 =M | ININY  [£8°'0 =H A S v X

b | | v [ ] 16°62 =d --—--——------ Is v X

3 v 12 Is v X

e m—— - | v 1 200°0 =W ] S£8°'0 =H v X
| 26762 =d | vy v Is BOUR wemoomee ¥ X
] 50%°0 =H | <---—- \) === 2 emmee > S <-==== 1°226 =B] <---- ‘%€ =b] ¥ X
] 1332323333 0£ 13333 V(3232323 H HZ/£2 1SS S ST TSSSTESSSSSESSSSSSSS( 92/62 )SSSSSSSSI(62) NIS|veaseeeM] (B2Z)] ¥V A X
{€2€) WNJJY| 00°0 =W V ¥00°'0 =KW J 00°'0 =H S 1°062=1 | WYALSIT 1TI=1 | dHNdl v | x
1 200 | v M 3 s STomsssses o mmemmees vl X
..... —————— v v A3 l1s 002 =LMA V| X
v v |12 | s £8°0 =M M| V| x

vy v 1 200°0 =W {1 S00°0 =M L I X

v vi 19 B s M v X

0'65T=1 v 19 165%° T =02H4] vs YH2'E =03ISNH Vv X

00°0 =W vy 2 }%02°0 =200| S FIVIYIINT 02K ¥ X

NIGY) O v - o ] <-=-= {199~ = ol <= S Cmmm—- v X
.nn_g_hu-gi_.ou- T 039 [VYVYVVYVYYVV( ST IVYVYYVYYVVYYVYVYVVVVVVYYYVVVYYYVYVYY( 51 X

| v 06"%5 =N T°98 =1 | ININY | £769 =1 £9°44 =W v X

lv 06°Y =W ~-reemcoeaaa £9°0% = e b daid AY X

vy 0L b1 = | ‘0T =HJiI| iy X
AAAAAAAMAAAAAAAAAAAAAARAAAAAAAAAAAARAAAAAAAAAAAAARAAAD ‘2t = b v X

|||||| > ((6T) NV aMYS| v X

e°'T =N MMM wm——— e ————— £°69 =L X

691°6 = Q300Y W :IIVIYIINI O2H <--—= M Cm——— v £9°4% =H X
e ————— L1222 L ] NIGYD HOM4 X

| e = WiD| 06 99 =ix v | X

9°05 =1 YVYV| °‘t1I = Blyy A ‘056 =Hn S°66 =1V | X

L°I% =R ¥V J(O1) d3S O2H] V | » 06°%H =H ¥ | X

........... - LA Al | e vy %

1 "00%f =Wi)| <—=-== Y L ARSI } { <€=eee- v X

I vyl eub = B VYVVVYVVYVYVYVYVY( TT )VVVVVVYVYYVYVVVI 6 )VYVYVVYYY| 6206~ =D] YYYYVYYYYVV(1E) X
| v HZT) Nvd xH| £°6% =) “8YET =M £°6% =1 | 1LY XH| 2°0L =1 YA 134 19°95 = ALIOIHOH 138 X
1V | "oHoH " 13¥) "06ET =W | "M " 3Y) "26ET =W v YH/9 86 = AN3LYY X
|V ememrmccaaa cemesscnac—ae v YH/8 "T9vH = 319ISNIS X
vy G55 =in B SS1I3 X
vy - £°69 =1 /8 °SS52 = FUEIR A X
4°09 =1 === AN “LHEl =W H/9 "S90LT = IVBISNIS X
‘2651 =W W NIGYD B SST103 NON X
NIGYD OL »* 0°09 =1 HOY 4 Hdd 000°0 = dNPIVH ZN X
»* "90TI=H Hdd 000°0 = dNDIVH 20 X

» Hdd £80°0 = 39ViVIT Sv9 X

|||||||||| - e —e Hdd HHL5£°0 = aoud 202 M- Q0% = SS3Y¥d 200 X

Lommm—— | | 170012 =W4D) <~---- Hdd 8415£°0 = 39vYsn 20 YISd 06°2 = SS3iHd 20 X
VYYYYYYVVVVYYYYY| “9/ZTT-=B]VVYYVVVYVY| 'S%Q2 = B|YVYVVVYVYY NYKH/HH/G9 9°'81% = ANILVYY VISd 0£°5T = SS3I¥d IVI0L X
v I (S) XMl S°0L =1 | (9) NY4 XHI \J NYH/YH/9 »° 1€ = 3ITGISNIS 4 2§ = 1d M30 X
A 1 37r91SN3S| i I19ISNIS| v NVH/YH/@ 0°059 = b JIT0GviM 4 £°69 = dH3IL X
Y o ememmmmmeeee e wm———— - v YH/8 0°0561 = b Iviol WEY 10°S65 = SSYH ¥IV X
9°S9 =) 2°0L =ix £°69 =1 £ = N3 40 ON 14-ND ‘0008 = INW0A X
"2L%6 =W » ‘0L%6 =M X
NIgY) OL MR N NIGYD HOY4 (1) M3 - (2) NIgVYd X
X

o

49/01/20 :31v0

(8 00°% ) 23S ‘00%5T :MIL NOISSIN

"7300H NOTLIVHISNOWIO IT OMYS W3ILSASONS NOTIVZITVIIAIY HIV NOTAVIS IIVdS

A-22



TECHNOLOGIES

HAMILroN
STANDARD

UNITED

%

\V}

N

SVHSER 10639

nE

mm:o: - 3WI1 NOISSIH

NOTLIBTINWIS IN3ISNBYL

1 c-mom- Il i o-o.m- A A ca Nh i L cbm ﬂ 'l OD ﬂ 1L -o-m.c- A A o.o-cb 'l -Dm-anlo
o
o
O
2
m
=z
‘ —
Sp
143H IN3LBT v gz
143H 3718ISN3S o =
"0QY13W WI0L @ =
ND
O
P ]
ol
-t
)
&
=D
SF
=
&
»—t
oc
N
Sx
2
(7]
o
o
o
N
o
o
(=]
~J
(=]
o
(=]

=23



SVHSER 10639

0s'e  000€E 0§

NOISSIW
A 00°1 080 00°0  0S°C

U S S 1

T

0

1H¥ NOT1U¥3N3O 200 o
316Y 3N 20 @

.di.d.'.,

..dé'd...‘

0E"0
NOI1BY¥3INIO/3IOESN SHO M3I¥D

TR

LR

@)
(g
5
=
%

NOTIHTINWIS IN3IISNUYL

(¥H/87)

- A-24



A CHNOLOGIES

HAMILI QRN SVHSER 10639
STANDARD
o
2
-
o
2
12}
L 4
= -
W o W
w o o o
w D > o
a W w =)
o W W .
w W Coa)
- e o
C o a -
oy
o N o -
-2 0 X
|a 0 « .8
o~
o
S
~N
[
o
2
o
2
=z -.-
o >
L d -
@ | o
= 2
2 [}
p =4 o
(dp) 3
- L O
=z o
- o
—~ [
é 9
= .
(e}
v L] L T L] L L LS T L] LJ LS T ¥ L L] L L l
0s-L1 | 00°St . o0s-Zt . 00° 000

ot  0S'L  00°S ‘08z
(HISd) S3¥NSS3dd SHO NIGHD

A-25

HOURS

MISSION TIME



umc

TRANSIENT SIMULATION

RIAMILTON]
SVHSER 10639
STANDARD
(=]
e
'
i o
g2
— g™
- .
® 5 :
c W .
r x :
= £ E
gz b
g & :
o = :
- .
@ e 12
e
'Yp]
i
oI
=]
o !
e R -
Ql—
o
-z
§ =
Ome———"] g Eg
o —
o=
o
o
12
=]
Va "
R
iifr Ho
o
w
or-1 021 00°0'

" 00°1 080  09°0 __ 0y'0 __ 020
ng/QT) SNOILIOOH ¥3T110MINDJ SHO OML

A-26



SVHSER 10639

TECHNOLOGIES
RHAMILroON
STANDARD

UNITED

/2

SN

I

SYNOH - mzub zo_wwaz

00 ¥ 08 € oc..m cm.u oo N co ~ 0s'0 00°0 050,
A 'l 'S L 'S A 'l IS A A A i A i A A i A 'l s A A A A A 0
| NWU
gd M30 © %
‘N8 AN B F @
[ a >
'U
F o
LOD
o w
[ —

o0e .

00°06

ASLALELAL B8 IR |

00- 001

NOI1BINWIS IN3ISNUYL



UNITED
A TECHNOLOG!

TRANSIENT SIMULATION

ES
HAMILrON
STANDARD SVHSER 10639

" 4.00

" T3.50

"3.00

"2.50

.2.0.0 -

.50
MISSION TIME - HOURS

1

1.00

0.50

00

.

©5.50

0.0 sSe-0  09-0 S§'0 0S80 _ S¥0 090 __ S
(TYWIJ30) ALIQIWNH 3AILBTI3Y NIGHD

A-238



QMM,|UNTHED

24 TECHNOLOGIES
HAMILroN
STANDARD

TRANSIENT SIMULATION

SVHSER 10639

.00

4

2.50

L B a

2.00

|

.50

1

MISSION TIME - HOURS

T T

1.00

L

0.50

"0.00

r

0.50

00T

TT YT e T rres

vvvvvvvvvv

A-29



00"y 0S° € 00°€ 0§

SVHSER 10639

TECHNOLOGIES

HAMILroN
STANDARD

L -

e

s

s/
Z,

W/

N

SYNOH - 3JWI1 NOISSIHW
"2 0072 0s'1 001 0S°0 00°0 08" 0

U S SR 1 FUR S T ¥ I W W ¢ 2 $d L PN W S ¥ S T N W Y

Lo b A2

00°SL1

B-::;;
00° 002

a3a 2-0MUS o

Q3a 1-0MYsS @
1

00°S2¢

NOILYUINWIS LIN3ISNBiL

a-30



SVHSER 10639

TECHNOLOGIES
RAMILrON
STANDARD

UNITED

/2

SN

nE

. SYNOH - 3JWIL NOISSIW
00" ¥ 05" € 00°€ 0S°2 00°2 05- 1 001 050 00" 0 0S* 0

A A & 2 I T S P S S 1 VU T W 1 42 A2 A...A 2 & A A A 3

0

o5

grooe

10407 O0ZH 038 aMds

BCEN

08°0

38 2-0MUS o
30 1-0MHS @

|

T T T T T T T Y

AN

NOT1HTINWIS IN3ISNUYL

A-31



TRANSIENT SIMULATION

N2} UNITED
e & 4 LGOS
STANDARD SVHSER 10639

o
o
-+
Nt Rl -
W W
[ -
- N
S B =
x = ]
b— @& & .
@w w (121
[ ] I
L O
o
m
L O
w
o~
A2
[
=
s O
Lo
o
D-Nl
X
=
- o |
Po’_
wn
",:.Z
]
—y
F N
s ]
Lo
o
K
-
o
77
M—e—“’r o
o
o
Q
o
w
vvvvvvvvvvvvv ™Yy rverrrery TIyyrrrry rTrrevrrorey rrrevrr !valIIl]o
0L°0 09°0 0s°0 00°0'

A-32



2 UNITED

@24 TECHNOLOGIES
HAMILrON
STANDPARD

APPENDIX B

USER'S MANUAL FOR ECLSB MODEL

SVHSER 10639






N S CHNOLOGIES
RAMILroN SVHSER 10639
STANDARD

An extension of the original ESCM program is to develop lightweight
similation models of various life support equipment and to combine
them into a system. Unlike the SAWD emulation model, these
simulation models are not detailed and principally simulate the
output for a given input. The system modelled consists of one air
revitalization group and one waste water management group. The

major camponents in the group are:

Function Subsystem

002 Removal Electrochemical Depolarized Concentrator
CO2 Reduction Sabatier

O2 Generation Static Feed Solid Polymer Electrolysis
Trace Gas Removal Catalytic Oxidizer

Condensate Processing Multifiltration

Urine Reclamation Vapor Campression Distillation

The model is called BECLSB and a camplete User's Manual (1] for it

has been published.
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SPACE STATION MODEL
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INTRODUCTION

As part of the extension to the ESCM contract, a model of a
potential Space Station Air Revitalization System was put together
using the G189A [2] coamputer program. Unlike the ECLSB model
described in Appendix B, this model treats only the ARS and does

not treat any of the waste water and condensate storage tanks or

processing equipment.

The Space Station model includes a habitat, a laboratory, four

connecting nodes, and four air revitalization systems. The G189A
input data set and the schematic were architectured to provide the
user with a great deal of flexibility to easily swap subsystems of

the same function.

The model was also planned to permit growth whereby hyperbaric
chamber loads or loads from additional models could easilv be added

or various bussing schemes can be explored.

Lastly, an additional plotting capability was added where plots of
Space Station simulation transients can be reviewed on the IBM
3179G graphic terminals and/or plotted on the Versatec plotter.

The software package used to create these plots is CAETMS [31.
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cC.2 DESCRIPTION OF SYSTEM

The system modelled is presented in Figures C-1 through C-14, and
they are arranged in a hierarchical manmner. Figure C-1 gives the
overview of the entire model where rectanqular blocks are used to
represent groupings of equipment or a specific physical volume.
The numbers in the blocks are the camponent number or groups of
mumbers which are used by G189A, The letters "P" and "S" denote
primary and secondary flow paths in keeping with the G189A scheme

for camponent flow connections [2].

Figure C-2 presents the fan, mixers, and splitters needed to
represent the action of the four nodes on the air stream circula-
ting between the habitat and laboratory modules. The nodes may

also receive air from other sources like a hyperbaric chamber.

The ARS equipment for the habitat module and the laboratory module
is presented in Figures C-3 and C-4. Again, rectanqular blocks are
used to represent groups of equipment or components. Accordingly,
Figures C-5 and C-6 present the camponents for the cooling packages
in the habitat and laboratory modules respectively. The following

identifies the remaining fiqures.:
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DESCRIPTION OF SYSTEM (Continued)

Package Habitat Laboratory
Oxygen Generator C-7 C-8
002 Removal c-9 Cc-10
CO2 Reduction C-11 Cc-12
Catalytic Oxidizer C-13 Cc-14

The following sections discuss the operation of the system.

Overall Operation

The air stream circulates through both habitats and the four nodes.
First, the air leaves the habitat and splits to each of nodes 1 and
2. Inside these nodes, air from the habitat mixes with air fram
the corresponding laboratorv nodes. This mixed air then splits and
flows back to the habitat and back to the corresponding laboratory

node.

Air is also drawn fram the habitat and laboratory modules by ARS
equipment. The ARS equipment provides air cooling, humidity

removal, CO, removal, oxygen generation, and trace gas removal.

2
Any oxygen generated qoes into an oxygen bus which contains an
oxygen storage tank. Oxygen generation equipment is supplied water

fram a water supply tank. At present, carbon dioxide removed by
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c.2.1 Overall Operation (Continued)

each CO. removal unit is stored in each unit's own CO, accumulator.

2 2
The architecture exists for possible CO2 bussing concepts; however,
these concepts have not been explored and validated on the model.
In addition, the architecture exists for a nitrogen bus for equip~
ment purging. This architecture can be used at a future date when
equipment models are developed further to simulate the effects of

nitrogen purging and the need arises to explore these effects.
Air from the equipment is then altered by crew additions of CO2 and
water vapor and by subtraction of oxygen before returning to the

habitat and laboratorv modules.

C.2.2 ARS Equipment Operation

Figures C-3 and C-4 show the arrangement of ARS equipment packages
for the model. As shown in Figures C-5 through C-14, two units are
available in each of the packages represented by a rectangle in
Figqures C-3 and C-4. ‘Therefore, in the habitat, two oxvgen
generator units exist; and in the laboratory, two oxygen generator
units exist. This gives a total of four in the modeled Space
Station. The same is true for the condensing heat exchangers, CO2
removal units, CO, reduction units, and the catalytic oxidizer

2

units.
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ARS Equipment Operation (Continued)

The model is confiqured presently to have each group of ARS
equipment operate independently of the other; a group of equipment
is defined as a condensing heat exchanger, an oxygen generator, a

CO. removal unit, a CO, reduction unit, and a catalytic oxidizer.

2 2
The architecture of the model is constructed to permit exploration

of different plumbing configurations and bussing arrangements at a

later date.

Water is drawn into the oxygen generator where oxygen and hydrogen
are produced. The oxygen flows to an oxvgen bus while the hvdrogen

flows to a CO? reduction unit, and if needed to a CO2 removal unit.

An EDC CO2 removal unit requires hydrogen for operation, while a

SAWD or molecular sieve do not. Air from the cooling package flows

through the CO, removal package where CO2 is removed from the air

2
and then sent to mix with hydrogen before entering a CO2 reduction

package. The air now with little CO2 returns to the cooling

package.

The 002 and the hydrogen flow to the CO2 reduction package where

the CO. is reduced to a solid or gas depending upon the reduction

2

process.

C-19



c.2.2

C.3

A TichinoLocies

HAMILION
STANDARD

SVHSER 10639

ARS Equipment Operation (Continued)

Air from the cooling package also flows to the catalytic oxidizers

where trace gases are burned. The air then returns back to the

inlet of the cooling package.

Description Of Camputer Program

A description of G189A is contained in the original User's Manual

[1].

The subroutines newly written for this Space Station Model

are described here. These new subroutines are:

GPOLY1
GPOLY2
ARSS

CNDHEX

MOLSIV

KOHHS

Control lLogic

Control logic

Tabular and Graphical Output
Condensing Heat Exchanger
Bosch 002 Reduction
Molecular Sieve (0., Removal

2
Static Feed Water Vapor Electrolysis O2 Generation

FORTRAN 77 is used extensivelv in these newly written routines.
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C.3.1 GPOLY1 Subroutine

GPOLY1 simulates the control of functions required for operating the
Space Station model. Since FORTRAN 77 is used, the standard
construct changes from that described in the original manual.
Essentially, the construct divides the subroutine into the various

control functions for the equipment. The construct is:

IF (N .EQ. 3 ) THEN

END IF

The following are input once at the first execution of GPOLY1l; these

are various options to be selected by the user:

KK(80,16) = Process Air Bus? 1 = Yes, 0 = No

KK(80,17) = CO2 Gas Bus? 0 = None, 1 = Intramod, 2 = Intermod
KK(80,19) = N2 Gas Bus? 1 = Yes, 0 = No

KK(80,19) = H2 Gas Bus? 0 = None, 1 = Intramod

KK(80,20) = Habitat 02 Gen #1 On? 1 = Yes, 0 = No

KK(80,21) = Habitat CO2 Removal #1 On? 1 = Yes, 0 = No

Cc-21
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C.3.1 GPOLY1 Subroutine (Continued)

KK (80, 22) Habitat 002 Reduction #1 On? 1 = Yes, 0 = No
KK (80,23) Habitat Cat. Ox. #1 On? 1 = Yes, 0 = No
KK (80,24) Habitat O, Gen. #2 On? 1 = Yes, 0 = No
KK (80, 25) Habitat d)z Removal #2 On? 1 = Yes, 0 = No
KK (80, 26) Habitat 002 Reduction #2 On? 1 = Yes, 0 = No
KK (80,27) Habitat Cat. Ox. #20n? 1 = Yes, 0 = No
KK (80,28) Laboratory O2 Gen. #1 On? 1 = Yes, 0 = No
KK (80, 29) Laboratory 002 Removal #1 On? 1 = Yes, 0 = No
KK (80, 30) Laboratory 002 Reduction #1 On? 1 = Yes, 0 = No
KK (80,31) Laboratory Cat. Ox. #1 On? 1 = Yes, 0 = No
KK (80,32) Laboratory O2 Gen. #2 0n? 1 = Yes, 0 = No
KK (80, 33) Laboratory CO2 Removal #2 On? 1 = Yes, 0 = No
KK (80, 34) Laboratory CO2 Reduction #2 On? 1 = Yes, 0 = No
KK (80, 35) Laboratory Cat. Ox. #2 On? 1 = Yes, 0 = No

These are then used to set up the proper solution path, the fluid

flow fractions for splitters, and to make any adjustments in

camponent to component flow connections.
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C.3.1 GPOLY1 Subroutine (Continued)

Printoff frequency, habitat and laboratory air conditions, and fan

flows are input once at the first execution:

Vv (80,55)
Vv (80,66)
Vv (80,67)
VvV (80, 68)
Vv (80, 69)
Vv (80,70)
Vv (80,71)
W (80,72)
v (80,73)
vV (80,74)

w(80,75)

wW(13,76)

Vv (103,76)

Printoff frequency, time steps per printoff
Habitat gas mixture initial temperature, Op
Habitat total pressure, pin

Habitat CO2 partial pressure, mm Hg

Habitat dew point temperature, Op

Habitat O2 partial pressure, psia

Laboratory gas mixture initial temperature, Op
Laboratory total pressure, psia

Laboratory 032 partial pressure, mm Hg
Laboratory dew point temperature, °p

Laboratory O2 partial pressure, psia

Nodal mixer fan flow, cfm

Cooling package fan flow, cfm

After all these values are input and various initializations done,

total pressure and oxygen partial pressure control laws are

executed for the habitat and the laboratory.

The following are

input and output from the habitat (camponent number 1):
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GPOLY1 Subroutine (Continued)

Input

R(4) = Habitat total pressure, psia

R(94) = Present oxvgen partial pressure, psia

Output

R(165) = Oxygen flow required into habitat, lbm/hr
R(166) = Nitrogen flow required into habitat, lbm/hr

The analogous variables are used for the camponent number 2

laboratory.

Following oxygen partial pressure and total pressure control is the
calculation of crew metabolic loads. The following are input and

output fraom the crew represented as component number 3:

InEut
TIME = Elapsed time of simulation, sec.
VW(1,104) = Habitat temperature, Op
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Output
R(66) = Sensible load per man, Btu/Hr
R(67) = Latent heat load generated per man, Btu/Hr
R(82) = Total metabolic heat generated per man, Btu/Hr

The analogous variables are used for the other crew which is

represented by camponent number 4.

Control of oxygen generation units is performed next. The four
units are represented as camponents 141, 143, 341, and 343, The
first two components are in the habitat while the three hundred
series components are in the laboratory. The following are input
and output fram the oxygen generation control logic represented by

camponent number 141.

Input

GENH1 = Habitat 02 Gen, #1 On? 1 = Yes, 0 = No

R(72) = Nominal design SPE electrolysis current, amps
VV(28,72) = Pressure in the oxygen bus accumlator, psia
Output

R(69) = Actual current applied to SPE unit, amps

Cc-25
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C.3.1 GPOLY1 Subroutine (Continued)

The condensing heat exchangers in the cooling package are followed

by water separators. To model the action of the separator in its

removal of entrained liquid water, GPOLY logic is emploved. The

following are input and output for the water separator components

represented by components 93, 99, 293 and 299:

Input

A(7)
DTIME
R(68)
A(1)
A(5)

A(6)

A(7)
A(1)
CPA
R(67)

R(68)

Entrained liquid entering water separator, lkm/hr

Simulation time step, seconds

Cumulative water removed by separator, lkm

Total mass flow into separator, lbm/hr

Total dry mass flow into separator, lbm/hr

Specific heat at dry mass, flow into separator,
Btu/lbm-F

Specific heat of water vapor, Btu/lbm-F

New entrained liquid entering water separator, lbmhr
New total flow entering separator, lbm/hr

New specific heat of flow entering separator, Btu/lhm-F
Flow of liquid water leaving separator, lbm/hr

New cumulative water removed by separator, lkm
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c.3.1 GPOLY1 Subroutine (Continued)

Temperature of the habitat and laboratory is effected by regulating
the bypass flow of air around the condensing heat exchangers. The
following are input and output for the component number 90 splitter

upstream of the component number 91 condensing heat exchanger:

Input

vW(l,104) = Habitat temperature, Op

V(1,87) = Habitat setpoint temperature, p

DTIME = Simulation time step, seconds

Output

R(65) = fraction of flow bypassing the heat exchanger

Following same mass balance updates for G189A is a calculation of
the water flow consumed by electrolysis and the flow split of water
to be divided between the habitat and laboratory oxygen generator

units. The following are input and output:
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Input
VV(141,67) = Habitat SPE unit #1 water demand, pph
VVv(143,67) = Habitat SPE unit #2 water demand, pph
VV(341,67) = Laboratorv SPE unit #1 water demand, pph
VWV (343,67) = Laboratory SPE unit #2 water demand, pph
DTIME = Simulation time step, seconds
WwW(30,67) = Water consumed by SPEs to date, lbm
Output
VV(30,67) = New water consumed by SPEs, lbm

Next, the control of CO2 out of the accumulator to feed the CO?

reduction unit is done. The amount of flow is updated every

molecular sieve cycle.

Input
VV(135,72) = Pressure in accumulator tank, psia
VV(1,104) = Habitat temperature, °F

W(131,65) = Molecular sieve half cycle time, minute
TIME = Elapsed time of simulation, seconds
wi(131,87) = CO2 removal rate by molecular sieve, pph
DTIME = Simulation time step, seconds
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C.3.1 GPOLY1 Subroutine (Continued)

Output

R(1) = Flow out of accumulator, pph

Analogous variables are used for the other CO2 accumilators and

removal units.

Hydrogen vent control is accamplished by the use of flow splitter
camponents 202 and 204 for the habitat and 402 and 404 for the

laboratory. The following are the input and output:

Input

vVv(135,72) = Habitat CO2 removal unit #1 accumilator pressure, psia
RATE1 = Flow out of accumulator to reduction unit, lbm/hr
A(l) = Flow into splitter, lbm/hr

Output

R(65) = Fraction of input H2 flow to be vented

Lastly, the flow out of the oxygen accumulator camponent 28 and the
flow of oxygen to the habitat and laboratory are computed. For the

camponent 28 oxygen accumulator.
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Input
WwW(1,104) = Habitat temperature, F
wW(l,165) = Oxygen addition rate required by habitat, llbm/hr
wW(2,165) = Oxygen addition rate required by laboratory, lbm/hr
Output
R(70) = Temperature of oxygen in tank, F

R(1)

Flow out of oxygen tank, lbtm/hr

The flow split to the habitat and laboratory is represented by

camponent 17:

Ingut

Vv (1,165) Oxygen addition rate required by habitat, llm/hr

W{(2,165)

Oxygen addition rate required by laboratory, lbm/hr

Output

R(65) = Function of inlet flow to laboratorv.
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C.3.2 GPOLY2 Subroutine

GPOLY2 camputes the mass additions to the habitat that arise fram
components in the primary and secondary flow streams. These
additions are then input into the habitat throuah the R array. This
is done because of the manner in which the out flow is camputed for
the habitat in G189A [2]. Essentially, the exit flow is set equal
to the inlet flow. The mass changes only due to mass additions.

The following are input and output for the camponent number 3 crew

who are in the habitat.

Input

R(70) = Water added by crew, lkm/hr

VW (131,88) = Water removal rate of Co2 removal unit #1 in habitat,
lbm/hr

Vv(133,88) = Water removal rate of Co? removal unit #2 in habitat,
1bm/hr

v (93,67) = Water removed by unit #1 condensing Hx, l1bm/hr

VW(99,67) = Water removed by unit #2 condensing Hx, lbm/hr

wv(1,25) = Water leaving habitat to nodes, lbm/hr

v (8,6) = Water returning to habitat from nodes, lbm/hr

R(68) = Oxygen removed by crew, lbm/hr

C-31



UNITED
A TECHNOLOG

C.3.2

C.3.3

RAMILTON
STANDARD

SVHSER 10639

GPOLY2 Subroutine (Continued)

vv(1,29)
w(8,10)
R(69)

Vv (133,87)
wi(1,31)

v (8,12)

Output

vi(1,137)
VW (1,175)

wi(1,177)

Oxygen leaving habitat to nodes, lbm/hr
Oxygen returning to habitat from nodes, ltm/hr
CO2 generated by crew lbm/hr

CO2 removed by molecular sieve unit #2, lbm/hr
002 leaving habitat to nodes, lbm/hr

CO2 returning to habitat from nodes, lbm/hr

Water addition rate to habitat, lbm/hr
Oxygen addition rate to habitat, lbm/hr

002 addition rate to habitat, lbm/hr

Analogous variables are used for the laboratorv module.

ARSS Subroutine

ARSS is the subroutine which prints the output of the Space Station

model and which generates a plot file for use by CAETMS [3] for

generation of plots. As no significant calculations are performed

in ARSS, the input and output variables are virtually identical. A

camplete description of the output is presented in Section C.4.
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C.3.4 Canmponent Subroutines

Models were generated for the following components:

KOHHS = Static feed water vapor electrolysis (KCH)
MOLSIV = Molecular sieve CO2 removal

BOSCHS = Bosch co, reduction

CNDHEX = Condensing heat exchanger

Tables C-1 through C-4 contain a listing of these programs and

provide their documentation as well as a listing of their input and

output.
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TABLE C-1

LISTING OF KOHHS

SUBROUTINE KOHHS

c

C THIS SUBROUTINE MODELS A KOH ELECTROLYSIS MODULE MADE UP

c OF A NUMBER OF CELLS. FEEDWATER IS CONVERTED INIO HYDROGEN
c AND OXYGEN. PRODUCTION DEPENDS ON ELECTRICAL CURRENT APPLIED,
C EFFECTIVE AREA PER CELL, NUMBER OF CELLS, AND EFFICIENCIES.
C THE UNIT MAY BE COOLED BY GAS OR LIQUID FLOW.

C

c INPUTS:

c

c K(16) - TABLE NUMBER FOR CELL OVERALL EFFICIENCY

C K(17) = ALTCOM NUMBER FOR LIQUID COOLING

c K(18) - TABLE NUMBER FOR UA TO ALTCOM

c R(S2) = EFFECTIVE SUMMED CONDUCTANCE (BTU/HR-F)

C R(S4) - AMBIENT GAS TEMPERATURE (F)

c R(S5) - AMBIENT GAS TO INSULATION UA (BTU/HR-F)

C R(57) = AMBIENT WALL TEMPERATURE (F)

c R(58) = AMBIENT WALL TO INSULATION SURFACE FA (1/8Q.FT.)

c R(60) = STRUCTURE TEMPERATURE (F)

c R(61) = CELL TO STRUCTURE UA (BIU/HR-F)

C R(64) - INSULATION SURFACE TO CELL UA (BTU/HR-F)

C R(66) - CELL POWER EFFICIENCY (%), IF CONSTANT

C R(67) - VALUE OF 1ST INDEP. VARIABLE FOR EFFICIENCY INTERPOL.
c R(68) - VALUE OF 2ND INDEP. VARIABLE FOR EFFICIENCY INIERPOL.
C R(69) = CURRENT (AMPS)

c R(70) - DELIVERY PRESSURE (PSIA)

c R(71) - CELL TEMPERATURE (F), FIRST GUESS

C R(78) = KOH CONCENTRATION (WEIGHT %)

c R(74) = UA BETWEEN CELL AND LIQUID COOLANT (BTU/HR-F)

C R(75) = VALUE OF 1ST INDEP. VARIABLE FOR UA INTERPOL.

C R(76) = VALUE OF 2ND INDEP. VARIABLE FOR UA INTERPOL.

c R(81) - TRIAL AND ERROR CONVERGENCE TOLERANCE (2}

C R(82) - PRODUCT OXYGEN RELATIVE RUMIDITY (Z)

c R(88) = PRODUCT HYDROGEN RELATIVE RUMIDITY (Z)

C R(84) - UNIT LUMPED THERMAL CAPACITANCE (BTU/F)

c R(85) - COMPONENT INTIAL TEMPERATURE (F}

c R(S7) - EFFECTIVE AREA PER CELL (SQ. FT.)

C R(89) - NUMBER OF CELLS

c

C QUTPUTS:

C

C R(10) - PRODUCT OXYGEN (LB/HR)

c R(32) - PRODUCT HYDROGEN (LB/HR)

C R(51) = CELL TEMPERATURE (F)

C R(58) - COMPONENT TOTAL HEAT LOSS (EXCL. LOSS TO ALTCOM) (BTU/HR)
c R(56) - HEAT LOSS TO AMBIENT GAS BY CONVECTION {BTU/HR)

C R(59) - HEAT LOSS TO AMBIENT WALL BY RADIATION (BTU/HR)

C R(62) - HEAT LOSS TO STRUCTURE BY CONDUCTION (BTU/HR)

C R(68) = INSULATION SURFACE TEMPERATURE (F)

C R(66) - TOTAL HEAT LOSS (SURROUNDINGS + HX) (BTU/HR)
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c R(71) - CELL TEMPERATURE (F)
C R(72) - ELECTROLYSIS RATE (LB H20 / HR)
C R(77) - FEEDWATER DISSOLVED MATIER ACCUMULATION RATE (LB/HR)
c R(78) - TOTAL WATER INFLOW RAIE REQUIRED (LB/HR)
C R(79) = PREVIOUS TRIAL VALUE FOR PHI (BTU/HR)
C R(80) - PREVIOUS TRIAL VALUE FOR TCELL (F)
c R(86) = ACCUMULATED DISSOLVED MATERIAL (LB)
c R(88) = CURRENT DENSITY (ASF}
C R(90) - VOLTAGE (VOLTS)
c R(91) - EFFICIENCY (%)
C R(92) - INPUT POWER REQUIRED {BIU/HR?)
c
C
C
COMMON /COMP/ DS(15).N,NAl,NBI.NC,NCAB.NCFL.NEXT.NEXV.NK.
1 NKEX.NKS.NKI.NLFL.NP.NPASS.NPF,NPFT(G).NQ.NS.NSF,NSFI(G).
9 NSTR(18),NSUBR,NV,NVT,¥(12)
COMMON /RARRAY/ IMAXR,R(92)
COMMON /ECLST1/ KCHOUT.KPRNI.KPTINV(4),KWIT.KWIT!.KWIT2.
1 KWITS,KWIT4,NUFF,KSTEDY
COMMON /KANDV/ K
COMMON /MISC/ DTIME.GRAV.KFLSYS.KOUIPT.KPDROP.KSYPAS,KIRANS.
1 LPSUM(B).MAXCI.MAXLP.MAXSLP.MAXSSI.NCOMPS.NEWDT,NLASI.NPASPD.
2 MINSSI.PGMIN,PLMIN.SIART,STEADY.TIME.IIMEMX.TMAX.TMIN,WTMAX
COMMON /SOURCE/ A(19).B(19).CPA.CPB.IAl.IBl.NA.NB.NPFS.NPFST(G).
1 NSFS.NSFST(B),RHOA.RHOB.VISCA.VISCB.WTMA.WIMB.XKA.XKB
EQUIVALENCE (V(1),K(1))
DIMENSION V(1) ,K(1)
DIMENSION  AX(18),NPFSIX(6)
REAL MH2,MH200,M02,MH20I,NCELLS
LOGICAL STEADY, TRANS , CNVRGE
DATA J /0/
C
C ARITHMETIC STATEMENT FUNCTION
C

QFUNC(AA.BB.CC.TC)-(AA*(TC-298.8883)0BB*(TC'*2-89002.7778)/2.503
1+CC2(TCo#8-26652496.87)/8.E+6)#1.8

NTEFP = K(NES + 1)

NALT = K(NES ¢ 2)

NTHC = K(NES +« 8)

EFF - R(66)
TCELL = R(71)
PHI - R(79)
L - R(80)
NCELLS = R(89)
QT - 0.0

CNVRGE - .TRUE.
TRANS = ( .NOT. STEADY .AND. NSTR(16).EQ.D )

NCFL - O
IF( KTRANS.EQ.1 .AND. TIME.EQ.START .AND. STEADY ) R(86) =~ 0.0
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c
c ELECTROLYSIS RAIE
I = 0.0
R(88) = R(69) / R{(87)
R(72) = NCELLS * ( R(69)/ 1850.0 )
MH2 = R(72)/ 18.0
M02 = MH2 / 2.0
PHI - 0.0
C
C START TRIAL AND ERROR  HEAT BALANCE
c INTIAL GUESS FOR TEMP
ICELL =~ R(71)
IF ( TCELL .EQ.0.0 ) TCELL = 120.0
c
DO 8300 KO - 1,100
IF( TRANS ) QT - R(S84)+(TCELL - R(85)) * 8600.0 / DTIME
c
c FRACTION DISSOLVED SOLIDS
c
IF( A(1) .LE. @.0) THEN
FRAC = 0.0
ELSE
FRAC =~ (A(16)+A(17)+A(18) + A(19))/ Al(L)
END IF
WATRIN = A(1) = (1.0 - FRAC)
c
c MOLAR WATER RATIES
C
IF ( R(78) .LT.0.0101 ) THEN
PS = PSAT(TICELL)
ELSE
IF ( (TCELL-140.)/(TCELL+439.69) .GT. 10.) THEN
PS - -10000.
ELSE
PS = 0.01984 * (57.48 + 26.18 *
1 (¢ TCELL - 140.0)/ (TICELL + 459.69) } - R(73) )
2 / (0.8074 & 2.777 *2 (-17.66 ¢
8 {{ TCELL - 140.0)/ (TICELL + 468.69) }» ) )
END IF
END IF
c
MA200 = MO2 /({(100.0 = R(70)/ PS)/ R(82)) - 1.0
1 . MH2 /(((1008.0 *« R(70)/ PS)/ R(83)) =~ 1.0 )
MH20I - MH200 + MH2
QSIGR - MH20I *(18.0 * (A(2) - 77.0) - 68.3 * 1800.0 )
TC - (TCELL +489.69 ) / 1.8
QSIGP - MH2* QFUNC(6.947,-0.2,0.481,TC) + MO22QFUNC(6.148,
1 8.10,-0.928,TIC) + MH2002(QFUNC(7.256,2.80,0.288,TIC)
2 -~ 87.8 =1800.0 )
CALL QSURR
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HEAT LOSS TO LIQUID COOLANT

[eNeNe!

QLOSS = 0.0
IF ( NALT .NE. 0 ) THEN
CALL FLOARY (AX, NALT ,0,NPFSX,NPFSTX ,NAX1)
CALL PROP( AX,NPFSX,NPFSTX,CPC,WIMX,RHOX, VISCX,XKX }

FIND UA

(o Mo Ny

IF( NSTR(2) .NE. 0 .AND. NSTR(2) .NE. 2 ) THEN
R(75) = AX(1)
R(76) = AX(2)
END IF
IF( NSTR(2) .NE. 0 ) THEN
R(74) = VALUE( NTHC, R(75), R(78) )
END IF
IF( AX(1).GT. 0.0 ) THEN
BETA - R(74) / (AX(1)#CPC)
ELSE
BETA - 0.0
END IF
IF (BETA.GT.10.) THEN
TOUT - TCELL
ELSE
TOUT - TCELL + ( AX(2) - TCELL) * EXP(-BETA)
END IF
QLOSS = AX(1)# CPC * ( TOUT - AX(2} )
NAX = LY ( NALT,68)
V(NAX) = QLOSS
V(NAX +1) = TOUT
END IF
QLOSS =  QLOSS + R(83)

FIND CELL EFFICIENCY

e Ne el

IF( NSTR(1) .NE. 0 .AND. NSTR(1) .NE. 2 ) THEN
R(67) = TCELL
END IF
IF ( NSTR(1) .NE. 0 ) THEN
EFF - VALUE ( NTEFF, R(67), R(68) )
END IF
VOLTS1 - VALUE ¢ 1, TCELL, 0.0}
IF(TCELL.LT.110.) VOLIS1 = 1.70
DVDA - VALUE ¢ 2, R(88), 0.0 )
VOLTS =~ VOLTS1 + DVDA * ( R(88) - 150. )
EFF - 1.48 / VOLTS = 100.
IF( EFF .GT. 99.) EFF - 99.

C ELECTRICAL POWER
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(CONTINUED)

SVHSER 10639

NCELLS = { 1.48 % R(69) 2841.3 / EFF )

SUM OF HEAT EFFECTS

QT + QSIGR - QSIGP - QLOSS

+ P

FIND ZERO VALUE OF PHI AS FCN OF TCELL

.LE.

IF ( KO. GT. 99 ) THEN

WRITE(6,2600) NSUBR,N ,KO

R(81) /100.0 ) GO TO 4000

CNVRGE = .FALSE.
GO TO 4000
END IF
ZERO - 0.0
CALL ESTIM(TCELL,PHI,ZERO,TL,PH,ZERO,0.8,J,NSTR(1) )
8500 CONTINUE
4000 CONTINUE
R(78) = MH20I * 18.0
R(10) = M02 = 32.0
R(6) = MH200 * 6.0
R(25) = 2.0 * R(6)
R(2) = TICELL
R(21) - TCELL
R(33) = MH2 = 2.0
R(3) = R(70)
R(4) = R(70)
R(22) = R(7Q)
R(28) = R(70)
R(65) = QLOSS
R(77) = R(78) = FRAC
R(90) = VOLTS
R(91) - EFF
R(92) - P
IF({ TRANS ) THEN
R(S6) = R(86) + R(77) « DTIME /8600.0
R(88) - TCELL
END IF

IF( KTRANS.EQ.1 ) R(88) = TCELL

IF { ABS({A({1)*(1.0 -FRAC) - R(78))/ R(78)).GT..01 ) THEN
NCFL -1

WRITE(6,9013) NCFL

END IF
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IF ( NSTR(17) .EQ.0 LAND. .NOT. CNVRGE )} THEN

CALL VDATPT (N
WRITE(6,90185)

END IF
2600 FORMAT (0’,//,10X, 'axixx NOTICE #2s2x ',/, 10X,
1’ THE ELECTROLYSIS CELL, SUBROUTINE NO.'’ .13,
2', COMPONENT NO.' ,14,' DOES NOT HAVE ' , /., 10X,
14,'TRIALS’,

8'A CONVERGENT SOLUTION AFTER ',
4'CURRENT VALUES WILL BE RETURNED’ )
9013 FORMAT(1X,'#s#** INLET FLOWS DO NOT MATCH ... NCFL =

9015 FORMAT(1X,’ *x* NSTR(17) = O AND NO CNVRGE '}

RETURN
END

'L I2)
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TABLE C-2

LISTING OF MOLSIV

SUBROUTINE MOLSIV

MOLECULAR SIEVE SUBROUTINE

VARIABLES

ABSHUM
CMPCFM
€02AD

C02AD1

C02aD2

CO2DES
CO2LFT
CO2NET
CO2RE
CTIME
DHMS

DHSG

DTIMER
FANCFM
FANDP
FANEFF
H20AD
H20AD1

H20AD2

H20DES
H20NET
HCTIME
HCTIMM
MCAIR

Mco2»
Mco2x
MH20X

0C02AD
OR20AD
P7
P8
PCO2WM

USED:

ABSOLUTE HUMIDITY OF ENTERING AIR

COMPRESSOR FLOWRATE, CEM

AMOUNT OF C02 ADSORBED IN THE PRESENT HALF CYCLE, LB
AMOUNT OF CO2 ADSORBED IN MOLECULAR SIEVE BED #1

IN THE PREVIOUS CYCLE, LB

AMOUNT OF C02 ADSORBED IN MOLECULAR SIEVE BED #2

IN THE PREVIOUS CYCLE, LB

AMOUNT OF CO2 DESORBED IN THE PRESENT HALF CYCLE, LB
1 - (REMOVAL EFFICIENCY, CO2RE)

NET CO2 FLOW IN AIR THROUGH MOLSIV SUBSYSTEM, LB/HR
C02 REMOVAL EFFICIENCY

TIME TO COMPLETE ONE FULL CYCLE, SEC

ENTHALPY CHANGE FOR ADSORBING MOLECULAR SIEVE BED,
BTU/LB €02

ENTHALPY CHANGE FOR ADSORBING SILICA GEL BED,
BIU/LB-H20

COMPUTATIONAL TIME STEP, HOURS

FAN FLOWRATE, CFM

PRESSURE RISE ACROSS FAN, INCHES H20

FAN EFFICIENCY

AMOUNT OF H20 ADSORBED IN THE PRESENT HALF CYCLE, LB
AMOUNT OF H20 ADSORBED IN SILICA GEL BED #1

IN THE PREVIOUS CYCLE, LB

AMOUNT OF H20 ADSORBED IN SILICA GEL BED #2

IN THE PREVIOUS CYCLE, LB

AMOUNT OF H20 DESORBED IN THE PRESENT HALF CYCLE, LB
NET H20 FLOW IN AIR THROUGH MOLSIV SUBSYSTEM, LB/HR
TIME TO COMPLETE ONE HALF CICLE, SEC

TIME TO COMPLETE ONE HALF CYCLE, MIN

MASS FLOWARTE » SPECIFIC HEAT OF BONE DRY GAS,
ATU/HR-F

MASS FLOWRATE OF C02 CURRENTLY ADSORBED, LB/HR
MASS FLOWRATE OF C02 CURRENTLY EXITING THE
DESORBING MOL. SIEVE BED, LB/HR

MASS FLOWRATE OF C02 CURRENTLY EXITING THE
ADSORBING MOLECULAR SIEVE BED

MASS FLOWRATE OF A20 CURRENTLY EXITINC THE
DESORBING SILICA GEL BED

AMOUNT OF CO2 ADSORBED IN THE PREVIOUS CYCLE, LB
AMOUNT OF H20 ADSORBED IN THE PREVIOUS CYCLE, LB
PRESSURE INSIDE THE DESORBING MOL. SIEVE BED, PSIA
PRESSURE OF C02 ACCUMULATOR, PSIA

C02 PARTIAL PRESSURE OF ENTERING AIR, MM HG
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PCO2
PCO25

PCOMPR -

PFAN
PH20X

QCOMPR
QFAN
QHX
QMs
(A

T2

13

T30LD
T8MAX

T4
T8

TBMIN
16

TCABIN
TCOOL
TCYCLE
TRCICL
TMSDES
TSGDES
v7

SVHSER 10639

TABLE C-2 (CONTINUED)

LISTING OF MOLSIV

€02 PARTIAL PRESSURE OF ENTERING AIR, PSIA

€02 PARTIAL PRESSURE EXITING ADSORBING MOL. SIEVE
BED, PSIA

COMPRESSOR POWER, WATIS

FAN POWER, WATIS

H20 PARTIAL PRESSURE EXITING DESORBING

MOL. SIEVE BED, PSIA

COMPRESSOR POWER, BTU/HR

FAN POWER, BTU/HR

HEAT REMOVED BY HEAT EXCHANGER, BTU/HR

HEAT LOSS TO ENVIRONMENT BY MOL. SIEVE BED, WATIS
HEAT LOSS TO ENVIRONMENT BY SILICA GEL BED, WAIIS
TEMPERATURE OF GAS EXITING THE INLET FAN, F
TEMPERATURE OF GAS EXITING THE ADSORBING SILICA
GEL BED, F

TEMPERATURE OF GAS EXITING THE ADSORBING SILICA
GEL BED AT THE LAST COMPUTATIONAL TIME STEP, F
MAXIMUM TEMPERATURE OF GAS EXITING THE ADSORBING
SILICA GEL BED, F

TEMPERATURE OF GAS EXITING THE HEAT EXCHANGER, F
TEMPERATURE OF GAS EXITING THE ADSORBING MOL. SIEVE
BED, F

MINIMUM TEMPERATURE OF GAS EXITING THE ADSORBING
MOL. SIEVE BED, F

TEMPERATURE OF GAS EXITING THE DESORBING SILICA
GEL BED, F

TEMPERATURE OF SURROUNDING CABIN AIR, F
TEMPERATURE OF COOLANT SUPPLIED TO HEAT EXCHANGER, F
ELAPSED TIME OF THE CURRENT CICLE, SEC

ELAPSED TIME OF THE CURRENT HALF CYCLE, SEC
MAXIMUM MOL. SIEVE BED DESORBING TEMPERATURE, F
MAXIMUM SILICA GEL BED DESORBING TEMPERATURE, F
€02 SPECIFIC VOLUME INSIDE DESORBING MOL. STIEVE BED

COMMON /COMP/ DS(18),N,NA1,NB1,NC,NCAB,NCFL,NEXT, NEXV, NK,

1 NII!.K‘S.NIT.NLFL.NP.NPASS.NPF.NPFT(G).NQ.NS.NSF.NSFT(G).
2 NSTR(18),NSUBR,NV,NVT,Y(12)

COMMON /RARRAY/ IMAXR,R(160)

COMMON /EANDY/ K

COMMON /MAXR1/ MAXR

COMMON  /MISC/ DTIME, GRAV,KFLSYS,KOUTPT,RPDROP,KSTPAS,KTRANS,

1 LPSUM(B).MAXCI.MAXLP.MAXSLP.MAXSSI.NCOMPS.NEWDT.NLAST.NPASPD.

2 MINSSI.PGMIN.PLMIN.START.STBADY.TIME.IIMEMX.TMAX.TMIN.WTMAX
COMMON /PROPTY/ CPO.CP(QQ).CPCDNL.CPCONV.CPC02.CPDIL.CPOXY.CPIC.
1 GAMGAS.RBOO.RHU(99).VISCO.VISC(SQ).VISGAS.WTMO.WTM(BG).'TMCON.
2 WIMDIL,WIMIC,XKO,XK(99),XEGAS,XELIQ, VISLIQ

COMMON /SOURCE/ A(IS).B(19).CPA.CPB.IAI.IBI.NA.NB.NPFS.NPFST(G),
1 NSFS,NSFST(B).RHOA.RHOB.VISCA.VISCB.WTMA.UTMB.XKA,XKB
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LISTING OF MOLSIV

EQUIVALENCE (V(1),K(1))

REAL

REAL

PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER

MCAIR, MCO2AD, MCO2D, MH20X, MCO2X
MWN2,MW02,MWH20,MWC02, NDOT ,MNTOT

(FANCFM = 28.6258, FANDP - 11., FANEFF - 0.85)
(PFAN = (FANCFM * FANDP) / (8.8 * FANEFF))
(QFAN = 8.414 = PFAN)

{CMPCFM -1.08, PCOMPR =-980.)

{QCOMPR = 8.414 * PCOMPR)

(DHSG - 1400., DHMS - 1800.)

(CO2RE = 0.868)

{CO2LFT - 1.- CO2RE)

c
C
c

INITIALIZATIONS

SVHSER 10639

IF ( R(71) .EQ. 1. ) THEN
C INITIALIZATIONS:

H20AD1
H20AD2
C02AD1
C0O2AD2
H20AD
C02AD
H20DES
CO2DES
OH20AD
0C02AD
CYCLE
R(90)
R(S1)
R(92)
R(98)
R(94)
R(98)
R(98)
R(87)

0.
0.
0.
a.
0.
0.
0.
0.
H20AD2
C02AD2
0.
H20AD1
H20AD2
C02AD1
C024D2
H20AD
CO2AD
R20DES
CO2DES

R(98) - ON20AD
R(S¥ = OCO2AD

END IF

HCTIMM
P?

P8
TMSDES
TSGDES
TCABIN
HCTIME
CTIME
DTIMEHR

R(e8)
R(66}
R(67)
R{88)
R(69)
R(70)

HCTIMM = €0.
*+ HCTIME
DTIME / 8600.
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R(72) = HCTIME
R(78) = CTIME
R(74) = DTIMEH
HALF1 = R(73)

H20AD1 - R(30)
H20AD2 - R(91}
C02AD1 - R(92)
C02AD2 - R(93)
H20AD =~ R{(894)
c02AD = R(95)
H20DES - R{96)
CO2DES - R(97)
OH20AD - R(98)
0CO2AD - R(99)
CICLE =~ R(100)
T2 = R(101)
I8 - R{102}
I8 = R(103)
16 - R{104}
PCO2MM - VV(2,69)
pco2 = PCO2WM / 51.718

1FC A(1) .LE. 0.} G010 100

SVHSER 10639

CALCULATE CYCLE AND HALF-CYCLE TIME

ana

TCYCLE - AMOD (TIME,CTIME)
THCYCL - AMOD (TIME,HCTIME?
IF (TCYCLE .EQ. 0.} CICLE - CICLE + 1.

ann

(o]

FAN

FAN EXIT TEMPERATURE:
T2 = A(2) + QFAN / ( A(1)2CPA )
ABSOLUTE HUMIDITY AT FAN EXIT:
ABSHUM = ( A(8) « A(7) ) / A(B)

ADSORBING SILICA GEL BED

e e ExNyl

a0

MAXIMUM EXIT TEMPERATURE FROM ADSORBING SILICA GEL BED:
T8MAX = T2 + ABSHUM * DHSG / CPA

TEMPERATURE OF DRY AIR LEAVING ADSORBING SILICA GEL BED:
IF ¢ R(71) .EQ. 1. ) THEN

18 - 60.
ELSE
IF ( TBCICL .EQ. 0. ) THEN
18 - T6
ELSE
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IF ( THCYCL .LT. 600. ) THEN
SLOPSG - ( T8MAX-T8 ) / ( 600.-THCYICL )
I8 - T8 + SLOPSG * DTIME
IF ( T8 .GE. T8MAX ) T8 = T3MAX
ELSE
T8 ~ T8MAX
END IF
END IF
END IF

e N ¢]

WATER REMOVED BY THE ADSORBING SILICA GEL BED:
H20AD - H20AD + ( A(6) + A(7) ) & DTIMEH

HEAT EXCRANGER

AN

TEMPERATURE AND MASS FLOW OF COOL, DRY AIR LEAVING HX:
TCOOL = R(76)
T4 - TCOOL + 5.
MCAIR = A(5) = A(8)
QBX = MCAIR * (I8 - T4)

ADSORBING MOLECULAR SIEVE BED

a0,

CO2 ADSORBED BY ADSORBING MOLECULAR SIEVE BED:
MCO2AD - A(12) = CO2RE
CO2AD - CO2AD + MCO2AD * DTIMEH

PARTIAL PRESSURE OF C02 REMAINING IN TRE DRY, C02 DEFICIENT AIR
EXITING THE ADSORBING MOLECULAR SIEVE BED:

PC0O28 - PCO2 * CO2LFI

MCO2X - A(12) » CO2LFT

(e NeNel

C MINIMUM EXIT TEMPERATURE OF ADSORBING MOLECULAR SIEVE BED:
ISMIN - T4 « (MCO2AD s DHMS) / MCAIR

C ACTUAL EXIT TEMPERATURE OF ADSORBING MOLECULAR SIEVE BED:
IF( THCICL .EQ. 0.) Tt - TMSDES
IF ( R(71) .BEQ. 1. ) T8 - 14
IF (TRCICL .NE. 0. .AND. THCYCL .LT. 1800.) THEN
SLOPMS - (TBMIN - TB) / (1800. - THCYCL)
I35 - T8 « SLOPMS #* DTIME
IF ( T8 .LE. TISMIN ) I8 - TSMIN
ELSE
15 - TSMIN
END IF

DESORBING SILICA GEL BED

ACTUAL EXIT TEMPERATURE OF WETTED, CO2 DEFICIENT AIR
LEAVING THE DESORBING SILICA GEL BED:

[z EeNe NNyl
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IF{THCYICL .EQ. 0.) T6 - R(102}

IF (TIME .LT. 8600.) THEN
I6 -~ I8
ELSE
IF ( THCICL .LT. 1020.) THEN
SLSGD = ( TSGDES - T6) / (1020.-THCYCL)
16 = T6 + SLSGD * DTIME
IF{ T6 .GTI. TSGDES) T6 - TSGDES
END IF
IF ( THCICL .EQ. 1020.) T6 = TSGDES
IF ( THCYCL .GT. 1020. .AND. THCYCL .LT. 2040.) THEN
SLSGD - (TSMIN - T6)/ (2040. - THCICL)
T6 - T6 +» SLSGD * DTIME
IF(T6 .LT. TBMIN) T6 = TBMIN
END IF
IF(THCYICL .GE. 2040. .AND. THCYCL .LT. 8600.) T6 - TSMIN
END IF

C WATER EXITING THE DESORBING SILICA GEL BED:
PH20X = PSAT(T6) )
MH20X = (18./A(9)) * (PH20X / ( A(8)-PH20X}) % A(S)
H20D ~- H20DES
R20DES - H20DES + MH20X+DTIIMEH
IF ( H20DES .GE. OH20AD ) THEN
MH20X = (OH20AD-H20D)/DTIIMEH
H20DES - OH20AD
END IF

C HEATER POWER TO DESORBING SILICA GEL BED:
IF(THCYCL .LT. 240.) THEN

PHIR - O.
ELSE
PHIR - 667.
END IF
QHIR - PHTR ¢ 8.418
c
C AVERAGE HEAT GIVEN UP BY DESORBING SILICA GEL BED TO CABIN:
gSG - 22. * (TSGDES - TCABIN) / 110.
c
c DESORBING MOLECULAR SIEVE BED
c
C €02 DESORPTION OF MOLECULAR SIEVE BED

IF (THCICL .GE. 480.) THEN
V7 - 88.8+(T4+460.) / (P7x144.)
FACT - 1.01 - 0.01*(P8/P7)%+0.769
MCO2D ~ FACT2CMPCFM/V7260.

ELSE
Mco2D = 0.

END IF
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€020 - CO2DES

CO2DES = CO2DES + MCO20 * DTIMEH

IF ( CO2DES .GE. OCO2AD ) THEN
MCO2D - (0CO02AD-CO2D)/DTIMEH
CO2DES - OCO2AD

END IF
c
¢ AVERAGE HEAT GIVEN UP BY DESORBING MOLEC. SIEVE BED TO CABIN:
QMS - 46. * (TMSDES - TCABIN) / 290.
c
c
(———————— UPDATES AT THE END OF ONE HALF-CYCLE
c
IF (TRCYCL .EQ. 0. ) THEN
IF (HALF1 .EQ. 1.) THEN
H20AD1 - H20AD
OH20AD - H20AD1
C02AD1 = CO2AD
0CO2AD = C0O2AD1
H20AD - H20AD2 - H20DES
CO2AD - CO2AD2 - CO2DES
H20DES - O.
CO2DES - 0.
HALF1 = O.
ELSE
H20AD2 - H20AD
0H20AD - H20AD2
C02AD2 = CO2AD
0CO2AD =~ C02AD2
H20AD ~- H20AD1 - H20DES
CO2AD - CO2AD1 - CO2DES
H20DES = O.
CO2DES = 0.
HALF1 = 1.
END IF
END IF
100 IF( A(1) .LB. 0. ) THEN
ME20X - A(8)
MCOZX = A(12)
MCO29 - 0.
QHIR - 0.
QEX - 0.
QsG =~ 0.
QMs - o.
H20AD - O.
C02AD - O.
H20DES - 0.
CO2DES = 0.
CICLE - 0.
T2 - A(2)
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8 - A(2)
T8 = A(2)
6 - A(2)
END IF
CO2NET - A(12)-MC02X
H20NET =~ A(6)+A(7)-MHA20X

IF(R(71) .EQ. 1.} R(71) = 0.
T80LD - T8
R(2) = 16
R(3) = A(8)
R(4) = A(4)
R(6) - MH20X
R(7) = O.
R(10) = A(10)
R(11) = At1D)
R(12) = MCO2X
R(21) = R(70)
R(22) - P8
R(23) - P8
R(81) = MCO2D
R(71) = O.
R(78) = HALF1
IF( A(1) .LE. 0.) THEN
R(81) = O.
R(82) = O.
ELSE
R(81) = QCOMPR
R(82) = QFAN
END IF
R(83) - QHIR
R(84) = QHX
R(88) - QSG
R(86) = QMS
R(87) = CO2NET
R(88) = H20NET
R(90) - H20AD1
R(91) - H20AD2
R(92) - CO2AD1
R(98) = CO2AD2
R(94) = H20AD
R(98) = CO2AD
R(96) = H20DES
R(97) = CO2DES
R(98) - OH20AD
R(99) = 0OCO2AD
R(100) - CYCLE
R(101) - T2
R(102) - 18
R(108) - TS
R(104) - T6
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SUBROUTINE BOSCHS

THIS SUBROUTINE MODELS A BOSCH REACTOR SYSTEM, CONSISTING OF THE
REACTOR, A REGENERATIVE HEAT EXCHANGER, A COMPRESSOR, AND A CON-
DENSER.

N o NeNoNe]

REAL MRECYC, MH2CE, MCO2CE, MCH4CE , MCOCE , MH20CE , MPRC , MASSC

REAL IDNUM,MWCMPO

COMMON  /CASE/ NCASE,NRSCS, NRECS

COMMON /CoMP/ DS(15),N,NA1,NB1,NC,NCAB, NCFL, NEXT, NEXY, NK,

1 NKEX.NKS.NKT.NLFL.NP,NPASS.NPF.NPFT(B).NQ,NS,NSF,NSFT(S).

2 NSTR(18),NSUBR,NV,NVT,Y(12)

COMMON  /BCLST1/ KCHOUT,KPRNT,KPTINV(4) ,KWIT,KWIT1,KWIT2,

1 KWIT3,KWIT4, NUFF,KSTEDY

COMMON /GPOLYF/ IGPOLY

COMMON /KRANDY/ K

COMMON /KASE/ NEWRUN,LASTGO,NUCASE,RASAVE

COMMON  /KLOC/ IK,IKC, IKS, IKT, IKEX, IP1

COMMON  /MAXR1/ MAXR

COMMON  /MISC/ DIIME.GRAV.KFLSYS,KOUTPT.KPDROP.KSYPAS.KIRANS.

1 LPSUM(U),MAXCI.MAXLP.MAXSLP.MAXSSI.NCOMPS,NEWDT,NLAST.NPASPD,
2 MINSSI.PGMIN.PLMIN.START.STEADY.TIME.TIMEMX.TMAX.TMIN,WTMAX
COMMON  /PROPTY/ CPQ,CP(99), CPCONL, CPCONV, CPCO2, CPDIL, CPOXY, CPIC,
1 GAMGAS,RHOU.RHO(99).VISCO.VISC(SS),VISGAS.WTMO,WTM(QS).WTMCON.
2 WTMDIL.WTMTC.XKO.XK(QQ’.XKGAS.XKLIQ.VISLIQ

COMMON /RARRAY/ IMAXR,R(108)

COMMON  /SOURCE/ A(19),B(19),CPA,CPB, IA1,IB1,NA,NB,NPFS,NPFST(6),
1 NSFS.NSFST(G).RHOA,RHOB.VISCA.VISCB.WTMA.WTMB.XKA.XKB

COMMON /VLENTH/ 1SS0, ISS(100), IQLO, IQL(100), ITRG, ITR(100)

COMMON /VLOC/ IP,IS,IC,IQ,IV,IVT,IEX, INEXK

COMMON /VPRT/ SLPATH(400),ALPHA(100), ISLP1

DIMENSION V(1),K(1)

DOUBLE PRECISION ALPHA

EQUIVALENCE (V(1),R(1))

LOGICAL STEADY

INPUTS:

A(12) = CO2 INLET FLOW {(LB/HR)

A(14) - H2 INLET FLOW (LB/HR)

B(2) = INLET COOLANT TEMPERATURE (F)

R(66) = MAX. CARBON LOADING FOR CARTRIDGE (LB): CMAX

R(66) - DRY BASIS VOLUME FRACTION OF CG2 IN EXIT GASES: FRCO2
R(67) - DRY BASIS VOLUME FRACTION OF H2 IN EXIT GASES: FRH2
R(68) - DRY BASIS VOLUME FRACTION OF CH4 IN EXIT GASES: FRCH4
R(69) - DRY BASIS VOLUME FRACTION OF CO IN EXIT GASES: FRCO
R(70) - EFFECTIVENESS FACTOR FOR CONDENSER: EC

R(71) - EFFECTIVENESS FACTOR FOR REGEN HX: EHX

R(78) - REACTOR PRESSURE (PSIA): PRCIR

R(74) - CONDENSER PRESSURE (PSIA): PCOND

2R e N e N e N e N e N e N e N e X e R N N
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R(76) = AERODYNAMIC EFFICIENCY OF COMPRESSOR:  AECOMP
R(77) - MOTOR EFFICIENCY OF COMPRESSOR: ECOMP
R(78) =~ DESIRED REACTOR TEMP (F): TRCTRD

R(79) = RECYCLE FLOW RATE (LB/HR): MRECYC
OUTPUTS:

R(1) = PRODUCT WATER (LB/HR): PRH20

R(2) = PRODUCT WATER TEMP (F): TPRH20

R(7) = R(1) - PRODUCT WATER (LB/HR)

R(31) = BOSCH REACTOR TEMP (F): TRCIR

R(53) = TOTAL HEAT LOSS TO AMB. (REACTOR + COMPRESSOR), BTU/HR:
QLR + QLCOMP

R(72) - HEAT LOSS TO AMBIENT FROM REACTOR, BIU/HR: QLR

R(80) = MASS RATE OF H2 OUT OF COMPRESSOR (LB/HR): MH2CE

R(81) =~ MASS RATE OF CO2 QUT OF COMPRESSOR (LB/HR): MCO2CE

R(82) - MASS RATE OF CH4 OUT OF COMPRESSOR (LB/HR): MCH4CE

R(88) = MASS RATE OF CO OUT OF COMPRESSOR (LB/HR): MCOCE

R(84) = MASS RATE OF H20 OUT OF COMPRESSOR (LB/HR): MH20CE

R(88) = RATE OF CARBON PRODUCTION (LB/HR): MPRC

R(86) =~ MASS OF CARBON IN CARIRDIGE (LB): MASSC

R(87) = IDENTIFICATION NUMBER OF CARTRDIGE IN USE: IDNUM

R(88) = MOLECULAR WEIGHT OF GASES OUT OF COMPRESSOR (LB/LB MOLE):
MWCMPO

R(89) = SPECIFIC HEAT OF GASES OUT OF COMPRESSOR (BTU/LB-F):
CPCMPO

R(90) = SPECTFIC HEAT RATIO OF GASES OUT OF COMPRESSOR (CP/CV):
GAMCMO

R(91) - CONDENSER HEAT LOAD (BTU/HR): QLCOND

R(82) = HEAT LOSS TO AMBIENT FROM COMPRESSOR (BTU/HR): QLCOMP

R(93) = HEAT OF REACTION (BTU/HR): QRXN

R(94) - ACTUAL HEATER POWER BEING DRAWN (BTU/HR): GQHTRNC

R(95) =~ TEMP OF GASES LEAVING REACTOR (F): Tt

R(96) = TEMP OF GASES ENTERING REACTOR (F): T8

R(97) - TEMP OF GASES ENTERING CONDENSER (F): T2

R(98) - TEMP OF GASES LEAVING COMPRESSOR (F): T4

R(99) - TEMP OF GASES LEAVING CONDENSER (F): T3

R(100) -~ TEMP OF GASES ENTERING COMPRESSOR (F): T6

R(101) = THERMAL CAPACITANCE OF BOSCH REACTOR (BTU/F):
(INITIAL VALUE IS MODIFIED AS CARBON DEPOSIIS)

R(102) - REACTOR TEMP BELOW WHICH HEATER TURNS ON, F

R(108) = REACTOR TEMP ABOVE WHICH HEATER TURNS OFF, F

R{104) = REACTOR TEMP AT PREVIOUS STEP, F

R(105) - TOTAL POWER TO COMPRESSOR (WATTIS): QCOMPT
ITRATE =0

c
IF(NPASS.EQ.0) THCAPO - R(101)

C
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TRCIR = R(81)

CMAX = R(68)
FRCO2 = R(66)
FRH2 - R(67)
FRCH4 = R(68)
FRCO = R(69)
EC - R(70)
EHX = R(71)
QLR = R(72)
PRCTR = R(73)
PCOND = R(74)
QHTR = R(75)
AECOMP = R(76)
ECOMP = R(77)
TRCTRD - R(78)
MRECYC = R(79)
c
C
c
c CALCULATE MOLECULAR WEIGHT OF BONE DRY RECYCLE GASES
IF ¢ A(14) .EQ. 0.) THEN
WMH2 - 0.
ELSE
WMH2 - A(14)/2.016
END IF
WMCO2- A(12)/44.011
XWBDG - 16.043+FRCH4 + 44.011+4FRCO2 + 2.0D16*FRH2 + 28.0112FRCO
c
c
c BEGIN ITERATION ON MASS AND HEAT BALANCES
c ASSUME THAT TEMPERATURE OF GASES OUT OF CONDENSER IS 20 DEG ABOVE
c INLET COOLANT TEMPERATURE, AS A FIRST GUESS.
TSOLD =~ B(02) + 20.
18 - T30LD
c
c
C CALCULATE PARTIAL PRESSURE OF WATER IN CONDENSER EXIT GASES
c
c
c
c
c
c
c :
c CALCULATE RATE OF CARBON FORMATION AND WATER PRODUCTION
c SEE IF REACTANTS ARE WITHIN { PERCENT OF STOICHIOMETRIC RATIO
NX = NES+1
IF (WVH2 .EQ. 0.) THEN
TEST - 999.
ELSE
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TEST - WMCO2/WMH2 * 2.0 - 1,

END IF

K(NX) = 1

IF( ABS(TEST) .LE. .01 ) K(NX) -0

TEST1 = A(10)+ A(11}+ A(13) « AC18)+A(16)+A(17)+A(18)+A(19)
C TEST FOR EXTRANEOUS FLOWS IN FEED SUCH AS 02 AND DILUENT

NX1= NX+1

K(NX1) = O

IF( TEST1 .NE. 0. ) K{(NX1)=1

c SEE WHICH IS LIMITING REACTANT
IF(TEST .LE. 0.0) THEN
c €02 LIMITING, HYDROGEN RICH FEED.
MPRC = WMCO2  *12.011
PRH20 =~ WMCO2 *2. # 18.016 + A(6) + A(7)
ELSE
C H2 LIMITING, CO2 RICH FEED
MPRC = WMH2 =+ .5 + 12.011
PRH2O - WMH2 +* 18.016 + A(6) + Al7)
END IF

e ReRe]

CALCULATE TOTAL FLOW OUT OF CONDENSER
WCONDO = MRECYC - PRH20 - MPRC

WATERO - PRH20

DUM1 =~ 18.016/XWBDG

C

c

c CALCULATE COMPRESSOR FACTORS THAT STAY CONSTANT DURING ITERATIONS
PRATIO - PRCTR/PCOND

C

c

c

C
po 200 1B - 1,20,1

c
PW = PSAT( I3 )
ITRATE = ITRATE + 1

c

c

C

c CALCULATE FLOW RATE OF BONE DRY GAS
WBDG-%CONDO /{1.+DUM12 PW/(PCOND-PW) )

c

c

c CALCULATE FLOWS OUT OF COMPRESSOR

BDGMOL- WBDG/XWBDG

WATER - BDGMOL * PW/PCOND + 18.016
c H2

MH2CE = A(14) + BDGMOL * FRH2 * 2.016
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c €02

MCO2CE - A(12) + BDGMOL * FRCO2 #* 44.011
c CH4

MCH4CE = BDGMOL * FRCH4 * 16.048
c co

MCOCE - BDGMOL * FRCO * 28.011
c H20

MH20CE - WATER + A(B) + A(?7)

CPBDG =((MH2CE-A(14))#8.42 + (MCO2CE-A(12))#.21 + MCH4CE* .55

1 + MCOCE#.25 + R(10)20.22 + R(11)%0.249) /WBDG

CALCULATE MOLECULAR WEIGHT OF GASES OUT OF COMPRESSOR

MNCMPO = MRECYC/(MH2CE/2.016 + MCO2CE/44.011 + MCH4CE/16.0438

1 + MH20CE/18.018 + MCOCE/28.011 + R(10)/82. + R{11)/28.008)
CALCULATE SPECIFIC HEAT OF COMPRESSOR GASES

CPCMPO =(8.42#MH2CE + .21 *» MCO2CE + .58 % MCH4CE + .28 * MCOCE
1 + .49 = MH20CE + 0.22#R(10) + 0.249sR(11} )/ MRECIC

(]

(]

WCOMPR - MH2CE+MCO2CE+MCH4CE+MCOCE+MH20CE
WCPCMP = WCOMPR * CPCMPO

CALCULATE GAMMA OF COMPRESSOR GASES
GAMCMO = CPCMPO/( CPCMPO - 1.987/MWCMPO )

(]

CALCULATE ISENTROPIC POWER REQUIREMENT(BTU/HR)
FIRST CALCULATE TEMP AT MIX POINT
16  =((WBDG ACPBDG + .4D#WATER)* T8 + ( A(12)%.21+A(14)28.42
1 + A(G)* .49 « A(7T)% 1.0 ) * A(2))/MRECIC/CPCMPO
10 - 459.6 + T6
XN = (GAMCMO-1.)/GAMCMO
QCOMP - MRECYC*1845.2TOsGAMCMO#(PRATIO®*XN-1.1/778./MNCMPO/
1 (GAMCMO - 1.}/ AECOMP
c TOTAL POWER TO COMPRESSOR(WATIS)
QCOMPT -  QCOMP/ECOMP/S.41
c HEAT FLOW FROM COMPRESSOR TO AMBIENT(BTU/HR)
QLCOMP - QCOMPT#3.41 - QCOMP

OO0

c
c
c HEAT OF REACTION(BTU/HR}
QRXN - 978. * A(12)
c
C
C TEMPERATURE OUT OF COMPRESSOR
T4 - T6 + QCOMP/MRECYIC/CPCMPO
c
c
c TEMPERATURE OUT OF REACTOR
T1 = TRCTR - QLR / WCPCMP
C
C
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TEMPERATURE INTO CONDENSER
T2 = T1 - EHX*( T1 - T4 )

e NoNel

TEMPERATURE OF GASES LEAVING CONDENSER
T8 = T2 - EC *(T2- B(2) )

(s NeNsEe Xl

]
o
o

THIS COMPLETES ONE ITERATION ON THERMAL BALANCE

TESTT - T30LD - 18

T80LD - 18

IF ¢ ABS(TESTT).LT. .8 .OR. ITRATE .GI. 10 ) GO TO 2560
CONTINUE

caAnNOaOOaOOOOO

CONTINUE

HEAT INTO RECYCLE GASES BY THE REACTOR
Q42 = WCPCWP * ( T2 - T4 )

Q61 = Q42

TEMPERATURE INTO REACTOR

T8 - T1 - Q51/WCPCMP

TOTAL HEAT LOST TO ENVIRONMENT
QLIOT - QLR + QLCOMP

R(53) = QLTOT

HEATER SIZING

QHIR - Q81 + QLR - QRXN

R(75) = QHIR

QHTRNO - QHIR

CALCULATE CARBON LOADING
DHOUR = DTIME/3600.
IF({ STEADY ) THEN
IDNUM = O.
WASSC - CMAX/2.
TRCTIR - TRCTRD
END IF

OO0

HEATER CONTROL LOGIC

IF ( TRCTR .LT. R(102) ) QHTRNO - QHIR
IF ( TRCTR .GT. R(103) ) QHIRNO = O.
R(104) - TRCIR
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1

IFC .

NOT. STEADY) THEN

CALCULATE LBS OF CARBON IN CARTRIDGE

END I

IF( NPASS .EQ. 0 ) THEN

MASSC-0.

END IF

IF ( MASSC .GE. CMAX ) THEN
MASSC - 0.

R(101) = THCAPO
IDNUM = IDNUM + 1,
END IF
MASSC - MASSC + MPRC *= DHOUR
R(101) = R(101) + MASSC=.5%
TRCTR = (MRECYC#(T1-T8)*CPCMPO-R(53)+
QRXN + QHTRNO)*DHOUR/R{101)
F

+ TRCIR

QLCOND - (WBDG * CPBDG +PRH20%.48)#(T2- T3) +1050.*PRH20

R{1)

R{(2)

R(38)

R(4)

R(7)

R(8)

R{9)

R(20)
R(21)
R(22)
R(23)
R(80)
R(81)
R(82)
R(88)
R(84)
R(88)
R(86)
R(87)
R(88)
R(89)
R({90)
R(391)
R(92)
R(98)
R(394)
R(95)
R{96)
R(97)
R(98)

PRH20
18
AL4)
PCOND
WATERO
CPCONL
WIMCON
B(1)
- B(2) + QLCOND/B(1)/CPB
- B(4)
- B(4)
- MH2CE
=~ MCO2CE
- MCH4CE
MCOCE
ME20CE
MPRC
MASSC
TDNUM
MWCMPO
CPCMPO
GAMCMO
QLCOND
QLCOMP
QRXN
QHTRNO
T1
8
T2
T4
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R(88) = I8
R(100) - T6
R(108) - QCOMPT
c
RETURN
c
END
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SUBROUTINE CNDHEX

THIS SUBROUTINE COMPUTES THE PERFORMANCE OF A PLATE FIN
CONDENSING HEAT EXCHANGER.

Qa6

COMMON /PROPTY/ CPO.CP(99).CPCONL.CPCONV.CPCO2.CPDIL.CPOXY.CPIC.
1 GAMGAS.RHOU,RHO(SQ).VISCO.VISC(99).VISGAS.WIMO.WTM(BS).WTMCON.
2 WTMDIL.WTMTC.XKU.XK(QQ).XKGAS.XKLIQ.VISLIQ

COMMON /CANYHX/ FINAL,CC,CH,XCP(2),KBUZ(3)
l.IFCPP.IFCPS.IFPTEM.IFSTEM.IFSIZE.IFFLOW

COMMON  /COMP/ DS(IS).N,NAI,NBI.NC.NCAB.NCFL.NEXT.NEXV.NK.

1 NKEX.NKS.NKT.NLFL.NP.NPASS.NPF.NPFI‘G).NQ.NS.NSF.NSFI(B).
2 NSTR(18),NSUBR,NV,NVT,1(12)

COMMON /RARRAY/ IMAXR,R(128)

COMMON /MISC/ DTIME.GRAV,KFLSYS.KOUTPT.KPDROP.KSYPAS.KTRANS.

1 LPSUM(G).MAXCI.MAXLP.MAXSLP.MAXSSI.NCDMPS.NEWDT.NLASI.NPASPD.
2 MINSSI.PGMIN.PLMIN.START,STEADY,IIME.TIMEMX.TMAX.IMIN.WIMAX

COMMON /SOURCE/ A(19).B(19).CPA.CPB.IAI.IBI.NA.NB.NPFS.NPFST(G),
1 NSFS.NSFSI(G),RHOA.RHOB.VISCA.VISCB.WTMA.WTMB.XKA.XKB

EQUIVALENCE ( RT(1), R(79))

DIMENSION RT(1)

EQUIVALENCE(INSTR(l).NSIR(l))

DIMENSION INSTR(18)

LOGICAL STEADY,FINAL
REAL PTOT,PPTHK, INWPP, INABSH,MDOTL

INTEGER COOLPO

c

C DEFINITION OF PARAMETERS

C

C INPUTS:

c

c HOTF¥ = HOT FLOW WIDTR (INCHES)

C HOTFLL = HOT FLOW LENGTH (INCHES)

c NCOOLP - NUMBER OF COOLANT PASSES

c NCFILL - NUMBER OF COLD FIN LAYERS

c NHFINL - NUMBER OF HOT FIN LAYERS

c CFINHT = COLD FIN BEIGHT (INCHES)

c HFINBT - HOT FIN REIGHT (INCHES)

C CFINTE - COLD FIN THICRNESS (INCHES)

C AFINTK - BOT FIN THICKNESS (INCHES)

c NCFIN = NUMBER OF COLD FINS

C NHFIN - NUMBER OF HOT FINS

C CFINK = COLD FIN THERMAL CONDUCTIVITY
c HFINK - HOT FIN THERMAL CONDUCTIVITY
C

C INTERMEDIATE:

C

C CFL - COLD FLOW LENGTH (INCHES)

C CSSAR =~ COLD SECONDARY SURFACE AREA (FT-2)
c HSSAR = HOT SECONDARY SURFACE AREA (FT-2)
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CPRSA = COLD PRIMARY SURFACE AREA (FT-2)

HPRSA =~ HOT PRIMARY SURFACE AREA (FTI-2)

TCSA = COLD SIDE TOTAL SURFACE AREA (FT-2)
THSA = HOT SIDE TOTAL SURFACE AREA (FT-2)
CFL¥A = COLD FLOW AREA (FT-2)

HFLWA - HOT FLOW AREA (FTI-2)

CHYDRD = COLD HYDRAULIC DIAMETER (FT)

HHYDRD = HOT HYDRAULIC DIAMETER (FT)

INABSH = INLET ABSOLUTE HUMIDITY

INWPP = INLET WATER VAPOR PARTIAL PRESSURE (PSIA)
DPIN = INLET DEW POINT (F)

OUTWPP - OUTLET WATER VAPOR PARTIAL PRESSURE (PSIA)
OUTABH - OUTLET ABSOLUTE HUMIDITY

QLAT - LATENT HEAT LOAD (BTU/HR)

QSENS = SENSIBLE HEAT LOAD (BIU/HR}

QIOT = TOTAL HEAT LOAD (BTU/HR}

FS = FACTOR OF SAFETY

COUT = COOLANT OUTILET TEMPERATURE (F)

CVISC = COOLANT VISCOSITY (LB/FI-HR})

RVISC = HOT VISCOSITY (LB/FI-HR)

CCOND = COLD THERMAL CONDUCTIVIIY (BIU/HR-FI-F)
HCOND = HOT THERMAL CONDUCTIVITY (BTU/HR-FI-F)
CPRAND = COLD PRANDLT NUMBER

HPRAND - HOT PRANDLT NUMBER

CFLWUA = COLD FLOW PER UNIT AREA (LB/HR-FT-2)
HFLWUA - HOT FLOW PER UNIT AREA (LB/HR-FI-2)
CRENNO = COLD REYNOLDS NUMBER

HRENNO - HOT REYNOLDS NUMBER

CCOBRN - COLD COBURN FACTOR

HCOBRN - HOT COBURN FACTOR

CCFMOD - COLD MODIFIED COBURN FACTOR

HCFMOD - HOT MODIFIED COBURN FACTOR

CFCOF = COLD FILM COEFFICIENT (BTU/HR-FI2-F)
HFCOF = HOT FILM COEFFICIENT (BTU/HR-FI2-F)
COFINE = COLD OVERALL FIN EFFICIENCY

HOFINE - HOT OVERALL FIN EFFICIENCY

CEFC = COLD EFFECTIVE FILM COEFFICIENT (BTU/HR-FT2-F)
HEFC =~ HOT BFFECTIVE FILM COEFFICIENT (BTU/HR-FT2-F)
BACEFF - COLD EFFECTIVE UA (BTU/HR-F)

HAREFF - HOT EFFECTIVE UA (BTU/HR-F)

TEDUAL = TOTAL DRY UA (BTU/HR-F)

HWCP - HOT SIDE (¥ CP) (BTU/HR-F)

AIRPP =~ PINCH POINT AIR SIDE TEMPERATURE (F)
COOLPP = PINCH POINT COOLANT TEMPERATURE (F)
WILMID - WET SECTION LMID (F)

DYLMID = DRY SECTION LMID (F)

WSDUA = WET SECTION DRY UA (BTU/HR-F)

DSDUA = DRY SECTION DRY UA (BTIU/HR-F)

TEDUA2 - TOTAL EFFECTIVE DRY UA (BTU/HR-F)
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TABLE C-4 (CONTINUED)

LISTING OF CNDHEX

c OUTPUT:
C
c R(2) = HOT SIDE OUTLET TEMPERATURE (F)
C R(6) = HOT SIDE CONDENSABLE VAPOR FLOW (LBM/HR)
C R(7) = HOT SIDE ENTRAINED LIQUID FLOW (LBM/HR)
c R(21) = COLD SIDE OUTLET TEMERATURE (F)
c
PARAMETER(HOTFW =~ 8.60)
PARAMETER(HOTFLL - 11.18)
PARAMETER(NCOOLP = 4)
PARAMETER(NCFINL = 28)
PARAMETER(NHFINL - 28)
PARAMETER(CFINHT =~ 0.1)
PARAMETER(HFINHT - 0.20!
PARAMETER(CFINTK - .002)
PARAMETER(HFINTK - .002)
PARAMETER(NCFIN = 28)
PARAMETER(NHFIN =~ 16)
PARAMETER(CFINK = 9.4)
PARAMETER(HFINK = 9.4)
PARAMETER(CFL= (HOTFW+HFINHT#2,)-2.*CFINHT)
PARAMETER(CSSAR - CFL*HOTFLLANCFINLANCFIN#(CFINHI-CFINTK}/72.0)
PARAMETER({HSSAR = HOTFW+HOTFLL +NHFINLANHFIN#(HFINHT-HFINTK)/72.0)
PARAMETER(CPRSA = CFL+HOTFLL+«NCFINL#(1.-NCFIN*CFINIK)/72.)
PARAMETER(HPRSA - HOTFW+HOTFLLANHFINL=#(1.-NHFIN#HFINTK)/72.)
PARAMETER(TCSA ~ CSSAR+CPRSA)
PARAMETER{THSA = HSSAR+HPRSA)
PARAMETER(CFLWA ~ HOTFLL/NCOOLPaNCFINL#(1.-NCFIN+CFINTIK)#
1 (CFINHT-CFINTK)/144.)
PARAMETER(HFLWA = HOTFWaNHFINL#(1.-NHFIN#HFINTK)*(HFINHT
1 -HFINIK)/144.)
PARAVETER(CHYDRD = (1./NCFIN-CFINTK)*(CFINHT-CFINTK)/(6.2{(1./
1 NCFIN-CFINTK) +(CFINHT-CFINTK))})
PARAMETER(HHYDRD ~ (1./NHFIN-HFINTR)*(HFINHT-HFINTK)/(6.%((1./
1 NHFIN-HBFINTK) + (HF INHT-HFINTK) }))
C
C INITIALIZE THE R ARRAY
C
Do 10 I-1,19
R(I) = A(I)
10 R(I+19) = B(I)
C
C INTITIALIZE PROGRAM VARIABLES
c
IF(A(1) .GT. B(1)/10.) THEN
cce - CPB
HCP -~ CPA
STEMCP = CPCONV
HOTFLW = R(1)
COLFLW = R(20)
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TABLE C-4 (CONTINUED)
LISTING OF CNDHEX
HOTIN = R(2)
CIN = R{(2D)
PTOT - R(3)
COOLPO = KK(N,16)
HOTOUT - ((HOTIN-CIN)/4.)+CIN
CALCULATE INLET DEW POINT
INABSH = R(6)/R(8)
INWPP - (PTOT+INABSH)/(INABSH+0.622)
DPIN = TSATCINWPP)
RJ - 0.
BAND - CIN+2.0
po 80 I-1,50

OUTWPP =~ PSAT(HOTOUT)
OUTARH - 0.622*0UTWPP/ ( PTOT-OUTWPP)
OUTABH = AMIN1(OUTABH, INABSH)

LATENT, SENSIBLE AND TOTAL HEAT LOAD (BTU/HR)
AVEHFG - 1094.1-0.675+(DPIN+HOTOUT)/2.

QLAT = R(5)*(INABSH-OUTABH)*AVEHFC

QLAT = AMAX1(0.,QLAT)

QSENS = HOTFLW+HCP+(HOTIN-HOTOUT?

QTOT - QLAT+QSENS

CALCULATE FACTOR OF SAFETY

IF(COOLPO .EQ. 1) THEN

CONST - 0.44
ELSE

CONST - -0.04
END I

F
FS - 1.094 *QTOT/QSENS+CONST
OUTLET COLD FLUID TEMPERATURE {F)
COUT = CIN+QTOT/COLFLW+CCP

YISCOSITY, THERMAL CONDUCTIVITY, PRANDLT NO.,FLOW/AREA,REYNOLDS
NO.,COBURN FACTOR,MODIFIED CF

CVISC - -0.8080219.58/((CIN*COUT)/2.)-2286.14/(
(CIN+COUT)/2.) %22,
AVISC - 0.0000685'((HOTIN*HOTDUI)/2.0)f0.08991

CCOND - 0.290500.00095*((CIN*COUI)/2.)-0.000002186'(

{CIN+COUT) /2. ) %x2,
HCOND - 0.0000206*(HOTIN*HOTOUT)/2.00.01884
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TABLE C-4 (CONTINUED)

LISTING OF CNDHEX

CPRAND = CVISC+CCP/CCOND
HPRAND = HVISC+HCP/HCOND

CFLWUA - COLFLW/CFLWA
HFLWUA = (1.+(INABSH+OUTABH)/2.)+HOTFLW¥/HFLWA

CRENNO - CHYDRD+CFLWUA/CVISC
HRENNO - HHYDRD+HFLWUA/HVISC

IF (CRENNO .LE. 500.) THEN

CCOBRN - (1./CRENNQ+%,2238)+0.07081
ELSE

CCOBRN = (1./CRENNO#%.4249)%.2484
END IF
IF (HRENNO .LE. 8500.) THEN

HCOBRN = (1./HRENNO#%,2288)%0.07031
ELSE

HCOBRN = (1./HRENNO#*%.4249)%.2464
END IF

CCFMOD = (18./NCFIN)%+0.284+CCOBRN
HCFMOD = (18./NHFIN)%x0.234+HCOBRN

FILM COEFFICIENT (BTU/HR-FTI2-F)

C
c
c

TEMP1 - 3.68+CCOND/CHYDRD
TEMP2 = CCFMOD2CCP*CFLWUA/CPRAND=*%.6667
CFCOF - AMAX1(TEMP1,TEMP2)
TEMP8 - B8.65+HCOND/HHYDRD
TEMP4 - HCFMOD*HCP+HFLWUA/HPRAND*%. 6667
HFCOF - AMAX1(TEMP3,TEMP4)

FIN EFFICIENCY AND OVERALL FIN EFFICIENCY CALCULATION

e NNyl

TEMPC = SQRT(2.*CFCOF/(12.+CFINK*CFINIK))*CFINHI/2.

TEMPH = SQRT(2.+HFCOF/(12.+HFINK+HFINIK))+HFINHT/2.

CFINEF = (EXP(TEMPC)-EXP(-TEMPC))/(EXP{TEMPC)+EXP(-
1 TEMPC) ) /TEMPC

AFINEF - (EXP(TEMPH)-EXP(-TEMPH))/(EXP(TEMPH)+EXP(-TEMPH)}/
1 TEMPH

COFINE - 1.-CSSAR/TCSA#(1.-CFINEF)

HOFINE - 1.-HSSAR/THSA*(1.-HFINEF)

CEFC = COFINE*CFCOF
HEFC - HOFINE*HFCOF

EFFECTIVE HA (BTU/HR-F)

e NeNe]

HACEFF - CEFC#*TCSA
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TABLE C-4 (CONTINUED)

LISTING OF CNDHEX

HAHEFF - HEFCsTHSA

c
c DETERMIN IF THE HEAT EXCHANGER IS DRY OR CONDENSING.
C
IF (DPIN .GI. CIN+0.80) THEN
c
C TOTAL EFFECTIVE DRY UA (BTU/HR-F)
c
IF (COOLPO .EQ. 1) THEN
TEDUA1 = ((1./(2.%(1./RACEFF+1./HAHEFF)))+(1./(2.%(1./
1 HACEFF+1./HAHEFF ) +12. *CFINHT/ (CFINK+NCFIN*CFINTK*HOTFLL
2 *HOTFLWNCFINL))))/FS
ELSE
TEDUAL - (1./(1./HACEFF+1./HAHEFF)}/FS
END IF
c
HWCP = A(1)xCPA
c
c PINCE POINT AIR SIDE AND COOLANT TEMPERATURE (F)
c
AIRPP - ((HAHEFF/HACEFF+DPIN+DPIN-COUT)2CCP*COLFLW+HWCP+
1 HOTIN)/(HWCP+CCP+*COLFLW+HAHEFF/HACEFF)
AIRPP = AMAX1{AIRPP,HOTOUT)
COOLPP - DPIN-HAHEFF/HACEFF*(AIRPP-DPIN)
COOLPP = AMAX1(COOLPP,CIN)
c
C WET AND DRY SECTION LMID (F)
c
RATIO - (HOTOUT-CIN)/(AIRPP-COCLPP)
IF (RATIO .LE. 0.0) THEN
WILMTID = 1.
ELSE IF((ABS(RATIO)-1.) .LT. 0.0001) THEN
WILMID - HOTOUT-CIN
ELSE
WILMID = ((HOTOUT-CIN)-(AIRPP-COOLPP))/ALOG((HOTOUT-
1 CIN)/(AIRPP-COOLPP))
END IF
IF (AIRPP .LT. CIN .OR. AIRPP .GT. HOTIN .OR. COOLPP .LE.
1 CIN .OR. COOLPP .GT. COUT .OR. COOLPP .GI. AIRPP) THEN
DILMID - 4.
ELSE
DYLMID - ABS(((AIRPP-COOLPP)-{HOTIN-COUT))/ALOG((AIRPP
1 -COOLPP)/ (HOTIN-COUT) )}
END IF
c
c WET SECTION AND DRY SECTION DRY UA (BTU/HR-F)
C

TEMP1 = COOLPP-CIN
IF (TEMP1 .GT. 0.0 .AND. WILMTD .GT. 0.0) THEN
WSDUA = COLFLW#(COOLPP-CIN)/NTLMTD*(HACEFF/HAHEFF+
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TABLE C-4 (CONTINUED)

LISTING OF CNDHEX

1 QTOT/QSENS)/(QIDT/QSENS*(HACEFF/HAHEFF+1.))
ELSE
wSDUA = 0.0
END IF

TEMP1 - COUT-COOLPP

IF(DYLMID .GT. 0.0 .AND. TEMP1 .GI. 0.0) THEN
DSDUA - COLFLW#(COUT-COOLPP}/DYLMID

ELSE
DSDUA ~ 0.0

END IF

TOTAL EFFECTIVE DRY UA (BTU-HR-F}

C
C
C

TEDUA2 = WSDUA+DSDUA

NENTON-RHAPSON ITERATION ON THE HOT SIDE OUTLET
TEMP. UNTIL THE EFFEXTIVE DRY UA’'S ARE WITHIN 1 BIU-HR-F

(s NeNeRel

ERROR = TEDUA2-TEDUA1
IF (ABS(ERROR) .LE. 8.0) GO TO 100
IF (I .EQ. 1) THEN
HOINEW = 1.01#HOTOUT
ELSE
CHCK1 = HOTOUT-HOTOLD
IF (CHCK1 .GT. -0.00001 .AND. CHCK1 .LT. 0.00001)THEN
CHCK1 - 0.0001
END IF
IF (ABS{ERROR-ERROLD) .GT. 0.00001) THEN
SLOPE = (ERROR-ERROLD)/CHCK1
CRINC - ERROR/SLOPE
HOTNEW = HOTOUT-CRINC/4.
ELSE
HOTNEW - HOTNEW#1.01
END IF
1F (HOTNEW .GT. HOTIN) THEN
HOTNEW - (HOTIN-CIN)/4.+CIN-RJ
RJ = RJ+1.
END IF
IF(HOTNEV .LT. CIN) THEN
HOTNEW - (HOTOUT+BAND)/2.0
IF (ABS(HOTINEW-HOTOUT) .LT. 0.0001) GO TO 100
END IF
END IF
ROTOLD - HOTOUT
ERROLD = ERROR
ROTOUT - HOTNEW
IF (I .EQ. 50 ) THEN
WRITE(6,458) I
NSTR(17) = 1
END IF
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TABLE C-4 (CONTINUED)
LISTING OF CNDHEX
ELSE
IF{COOLPO .EQ. 1) THEN
Cc1 - (12. tCFINKT)/ ( CFINRANCFIN#CFINTK+BOTFLL +HOTFW+
NCFINL)
ELSE
C1 - 0.0
END IF
DRIVA = (l./(2.*(l./HACEFF*l./HAHEFF))01./(2.*(1./HACEFF
+1./HAHEFF)+C1))%(1./FS)
c
c NTU'S PER PASS
c
PSSNTU - DRYUA/(HOTFLW+HCPNCOOLP)
c
c MASS FLOW RATIO
C
FLWRTO - HOTFLW=HCP/{COLFLW#CCP)
C
c EFFECTIVENESS PER PASS
c
c2 = EXP(-PSSNTU%20.78+FLWRTO)
cs8 - EXP((C2-1.)/(FLWRTO/PSSNTU*%.22})
EFFPP - 1.-C38
c
C OVERALL EFFECTIVENESS
C
C4 - ((1.-EFFPP*FLWRTO)/(1.-EFFPP))2+NCOOLP
OVEFF = (C4-1.)/(C4-FLWRTO)
C
c AIR OUTLET TEMPERATURE
c
HOTNEW = HOTIN-OVEFF=(HOTIN-CIN)
IF (ABS(HOTNEW-HOTOUT) .LE. 0.1) GO TO 100
HOTOUT - ROTNEW
END IF
50 CONTINUE
c
c CALCULATED THE CONDENSED LIQUID (LBM/HR)
C
100 MDOTL - R{(B)*(INABSH-OUTABH)
H20Y = R(8)-MDOTL
C
c STORE RESULTS IN R ARRAY FOR G188 SOLUTION
c

R(2) =~ AMAX1{HOTOUT,B{(2))
R(6) = H20V

R(7) = MDOTL

R(21) - COUT

ELSE
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TABLE C-~4 (CONTINUED)

LISTING OF CNDHEX

FORMAT STATEMENTS

R(2) =~ B(2)
R(21) = B(2)
END TIF
o
C PROGRAM DEBUG OUTPUT
C
c IF (TIME .GE. 8000. .AND. TIME .LE. 3600.) THEN
c NSTR(17) = 1
c ELSE
c NSTR(17) = O
c END IF
c
c
C

45 FORMAT (' #++:ERRORs#*++THE CONDENSING HEAT EXCHANGERS UA DOES
INOT CONVERGE AFTER ’,I2,’ INTERATIONS.')
RETURN
END
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C.4 Program Use

The following section presents the procedures to use the program on
the Hamilton Standard IBM or the NASA Langley Prime Camputers.
Also, instructions are given to allow the user to swap one CO2
removal subsystem for another, to modify the input data, and to

change contrpl logic.

C.4.1 Operation Using the Hamilton Standard IBM Computer

To run the Space Station simulation model, use the following

sequence of steps:

(1) Access the camand list fram the G1SUARL library:

LGCL G189CL G15UARL

(2) Access the input data set:

LG SSDATA DATA SO(G15UARL)
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C.4 Program Use (Continued)

(3) Make desired changes to SSDATA.DATA.

(4) Enter the following cammand:

EX G189CL

More detailed information on each of these steps is provided in the

following sections.

c.4.1.1 The Cammand List G189CL

G198CL is a general command list to run any FORTRAN 77 G198A load
module. A listing of this command list is provided in Table C-5 and

a description of the file assigrments is given in Table C-6.
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TABLE C-5

LISTING OF G189CI. FOR SPACE STATION MODEL

CONTROL PROMPT NOMSG
ERASE

N1: DELEIE PLOT.DATA
DELETE PLTCAT.DATA
DELETE OUT.DATA
DELETE OUT1.DATA
DELETE OUT2.DATA
DELETE OUT8.DATA
FILE(FTOSFOO01)
FILE(FTO6F001)
FILE(FTIO7F0C1)
FILE(FIOSFOO1)
FILE(FT08F001)
FILE(FT10F001)
FILE(FT11F001)
FILE(FT16F001)
FILE(FT20F001)
FILE(FT80F001)
FILE(FI81F0O01)
FILE(FT41F001)
FILE(FT42F001)
FILE(FT43F001)
FILE(FT44F001)
FILE(FT45F001)
ATTRLIST(A1 B2 C8 D4 ES) .
Al BLKSIZE(844) RECFM(V B

FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE
FREE
ATIRIB
ATIRIB
ATIRIB
ATTIRIB
ATTRIB
DELETE
DELETE
DELEIE
DELEIE DD4
DELETIE DDS
DELEIE DD@
DELETIE IN1D
DELETE IN11
WRITB
WRITE
WRITE DATA SETS ARE NOW BEING ALLOCATED.
ALLOC DS(DD1) F(FT41F001) NEW SPACE(844,200)
USING(A1)  DELETE

ES BLKSIZE(3990) RECFM(F B) LRECL(80)
D1
DD2
bD8

LRECL(844)

B2 BLESIZE(10000) RECFM(Y B S) LRECL(10000)
€3 BLKSIZE(S404) RECFM(V B S) LRECL(8404)
D4 BLESIZE(8990) RECFM(F B A) LRECL(188)

SVHSER 10639

BLOCK(844) «

ALLOC DS(DD2) F(FT42F001) NEW SPACE(200,200) RLOCK(10000) +

USING(B2) DELETIE

ALLOC DS(DD8) F(FT48F001) NEW SPACE(200,200) BLOCK(8404) +

USING(C8)  DELEIE

ALLOC DS(DD4) F(FT44F001) NEW SPACE(200,200) BLOCK{(8408) «

USING(C8)  DELETE

ALLOC DS(DDS) F(FTS0F001) NEW SPACE(200,200) BLOCK(8408) «
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TABLE C-5 (CONTINUED)

LISTING OF G189CL FOR SPACE STATION MODEL

USING(C8) DELEIE
ALLOC DS(DD6) F(FT81F001) NEW SPACE(200,200) BLOCK{8408) +
USING(C38) DELEIE

ALLOC DS(IN10) F(FT10F001) NEW SPACE(200,200) BLOCK(8408) +
USING(C8) DELEIE

ALLOC DS(IN11) F(FT11F001) NEW SPACE(200,200) BLOCK(8408) +
USING(C3)  DELEIE

ALLOC DS(SSDATA.DATA) F(FTOSF001)

ALLOC DS(OUT.DATA) F(FTO6F001) NEW SPACE(200,200) BLOCK(8120) +
USING(D4)  CATALOG

ALLOC DS(OUT1.DATA) F(FTO7F001) NEW SPACE(200,200) BLOCK(8120) +
USING(D4) CATALOG

ALLOC DS(OUT2.DATA) F(FTOSF001) NEW SPACE(200,200) BLOCK(38120) +
USING(D4)  CATALOG

ALLOC DS(OUT8.DATA) F(FTO9F001) NEW SPACE(200,200) BLOCK(3120) +
USING(D4)  CATALOG

ALLOC DS(PLTCAT.DATA) F(FT45F001) NEW SPACE(200,200) BLOCK(8120) +
USING(ES)  CATALOG

ALLOC DS(PLOT.DATA) F(FT16F001) NEW SPACE(200,200) BLOCK(8408) +

UNIT(TSOWRKB) USING(C3) CATALOG

ALLOC DS(*) F(FT20F001)

CONTROL MSG

WRITE

WRITE DATA SETS HAVE BEEN ALLOCATED. PROGRAM IS NOW EXECUTING.

TIME

CALL ’ENG.G15.LM(SS)’

WRITE

WRITE THE PROGRAM HAS FINISHED.

TIME

END
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TABLE C-6
I/0 FILE ASSIGNMENTS

File Name No. File Type Status Camments

SSDATA 5 Formatted INPUT Problem Input Data

ouT 6 Formatted OUTPUT Output For Printer
Listing of Habitat
Corditions

ouT1 7 Formatted OUTPUT Printer Output of Nodal
Conditions

oUT2 8 Formatted OUTPUT Printer Output of Station
Performance

ouT3 9 Formatted OUTPUT Printer Output of Station
Performance

IN10 10 Unformatted INPUT Input File for Data Tape

IN11 11 Unformatted OUTPUT Output File for Data Tape

PLOT 16 Formatted OUTPUT Plot File for Use with MERIAM

-— 20 Formatted OUTPUT g‘gecial Output to Interactive

rminal

DD5 30 Formatted Unknown Used by IEDIT Subroutine

DD6 31 Formatted OUTPUT Card Punch File (Used Only
When Punch Card Selected)

DD1 41 Formatted SCRATCH File Built in IEDIT, Containing
Problem Input Data for Current
Run

DD2 42 Unformatted SCRATCH File Used for Merging Operations
During Creations of Basic Cases
Used for Holding K/V Array Data
of Basic Case or Restart Case

DD3 43 Unformatted SCRATCH File which Contains the Sorted

nent Data Card Images Plus

Sort Number for the Basic Case

DD4 44 Unformatted SCRATCH File Which Contains the Sorted
Table Data Card Images Plus Sort
Number for the Basic Case

PLTCAT 45 Unformatted OUTPUT
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C.4.1.2 Input Data SSDATA Description

The input data for the Space Station simulation model is shown in
Table C-7. The data set is divided into five sections. The first
section contains user options and initial conditions for the
habitat and laboratory air. These are located up front for ease of

the user to make selections.

The second section contains the KBAS cards for all components in
the system except for ECLS equipment like an O2 generator. The
KBAS card defines the subroutine for analyzing the camponent, the
components which provide film to the camponent, and the next

camponent to be solved in the solution path.

The third section contains all the other cards for all camponents
in the system except for ECLS equipment. These are the ID, NSTR,

KARY, and VARY cards.

The forth section is the librarv of all BECLS camponents. These

components to date in the library are:

CO2 Reduction 02 Generation
. Sabatier . SPE
. Bosch . SFWES (KOH)
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TABLE C-7

INPUT DATA FOR SPACE STATION MCDEL

INPUT CARD IMAGES LISTED BELOW

IouT = 0 IPRT = Q
snet NAMELIST, BASIC CASE
TAPE 0
BASIC 1 593 21 2 YEA NAY
CASE SPACE STATION ARS SIMULATION MODEL
$CASE1l

KPTINV(1}= 1, KPTINV{2)= 5, KPTINV(3)= 10, KPTINV(4)=30,
KCHOUT= 0, KPUNCH= 0, KPRNT= 0, KRUN= 2, KSTEDY= 0,
MAXSLP= 6, MAXSSI= 15, MINSSI= 10, NOLIM=0,

DTIME=60., START= 0.0, TIMEMX=86400.,

TMAX= 500.0, TMIN= 0.0, WTMAX= 1.6E6 $END

$PROP1

CP(1)=1.0, RHO(1)=62.4000, VISC(1)=2.420, WIM(1)=18.016, XK{1)=0.34,
CP(2)=0.2, RHO(2)=0.00045, VISC(2)=0.378, WTM( 2)=64.01, 