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FOREWORD

Part I of this report describes a computer program (5$9960) which can be
used to predict the transient performance of vacuum-desorbed sorbent beds for
C0, or water removal and composite beds of two sorbents for simultaneous
humidity control and COp removal. The program was written primarily for silica
gel and molecular-sieve inorganic sorbents, but can be used for a variety of
‘adsorbent materials.

The initial development of the computer program was started under the
Apollo Applications Program,” Contract NAS9-3541, NASA Manned Spacecraft Center.
Further improvements were made through the application of AiResearch R & D
funds, and under Contract NAS|-8559 from the NASA Langley Research Center which
also funded the acquisition of additional basic adsorption data.

The content of Part I is as follows: Section | presents a general descrip-
tion of the program; Section 2 describes the technical details of the program;
Section 3 describes program usage; and Section 4 presents an example of program
usage; Subroutine documentation is given in Section 5, together with a complete
listing of the program. '

Part II of this report describes a computer program (MAIN4B) which can be
used -to predict performance for multiple-bed COp-removal sorbent systems. This
program is an expanded version of the composnte ~-sorbent-bed program, S$9960,
described in Part I.

The primary improvement included in MAIN4B is that the poisoning effect
of water coadsorbed by the COy-removal bed is taken into account in predicting
the CO2 adsorption performance of the bed. The program also estimates coad-
sorption of oxygen, nitrogen, and subsequent overboard losses. The system
simulation capabilities have been expanded to allow consideration of

° 2-bed vacuum-dump,
° 4-bed H20-save/002-dump, and
° 4-bed HZO-COZ-save type systems.

. Beds may be thermally conditioned by heat-transport fluid passages
within the bed, or by internal electrical heaters.

Although certain features of MAIN4B are completely new, or are consider-
ably different from those incorporated in program $9960, much of the back-
ground material presented in Part I is used in the new program. Part II pre-
sents only material unique to MAIN4AB. The complete documentation of the new
program, for those interested in the techniques used in the program, or for
those desiring to modify the program set, includes both Part I and Part II.

Nomenclature used in this report is presented at the beginning of each
part. The content of Part II is as follows. Section ! provides a general
description of the program; Section 2 technically describes new features of
MAIN4B that make it different than S$S9960; Section 3 describes input data for
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FOREWORD (Cont) -

program execution; and Section 4 presents two example runs with.the program.
Two appendixes furnish subprogram documentation (Appendix A) and a complete
listing of the program (Appendix B).

Dr. K.C. Hwang of AiResearch, developed the computer programs descr|bed
in this report, and also authored the report.

Mr. Rex Martin of NASA Langley Research. Center was the technical moni tor
of Contract NASI-8559 during the development of these computer programs.
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NOMENCLATURE
Description

- "%'-p'.u' _ .
Quantity (——?;jjﬁx-~9) appearing in Equation (2-35),
: (1b-mole)/(hr)(sq ft)(mm Hg)

9
Temporary storage for DT, hr
Temporary storage for DT, hr
Cfoss-SeCtional'aréa of adsorbent bed, sq ft

External surface area of sorbent, sq ft/(cu ft of bed)

Primary heat transfer area between heat exchanger and

~ gas stream, sq ft/cu ft of ;orbent bed

Primary heat transfer area between heat exchanger and

sorbent, ldentlcal to a

Primary heat transfer area for coolant, sq ft/(cu. ft
of coolant volume)

Average loading at each axial node, (Ib- sorbate)/(lb-
sorbent)

Average poisoning rate of molecular sieves by H,O,
(1b-H,0)/hr

Average C02-loading of all active molecular sieve sor-

bents, lb-COZ/(lb-mo]ecular sieves)

H20’ mm Hg

Average CO2 adsorption or desorption rate, lb—coz/hr
Average HéO adsorption or desorption rate, 1b-H,0/hr

Average. H, O0-loading of desiccant sorbents, 1b-H O/(Ib-

desnccant)

Primary heat transfer area for heat exchanger, sq ft
plate area/(cu ft of metal)

“Temporary variable used in simultaneous solution of a

system of finite difference equations. See Equations
(2-41) and (2-42)

T2sTee" H
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FORTRAN Algebraic

C C ‘Molal density of gas mixture, 1b moles/(cu fF):
CPC Cpc Heat capacity of coolant, Btu/(°F)(1b)
CPG Cbg’ Heat_capacity'of gas @ixture; Btu/(oF)(lb)
CPS CpS Sorbent specific heat, Btu/(1b)(°F)
CPX Cpx Heat capacity of heat exchanger metal, Btu/(°F)(1b)
o : Coefficients in equation .
cP2 }PC.’) - (pkst+At - kaHM) =PI+ CP2 - Py
CRI quffiéients in followfng equation which is merély
another form of Equation (2-28),
CR2
(RS }CR ' wnM}(H?Atz)- et CRz (Wk,(M—l)(t+At)
B Wk,M,(t+At) + (RS - (wk,M,(t+At) —‘wk,(M+l),(t+At))
cst - ] Coefficients in equation
cs2. TS(t+At) - T = DS sl P(HM? - cS2 - p.ks,(t;At)
CYCLE - Cycle time per oné adsofption or one desorption half-
cycle, hr
cl Coefficients in equation
¢z }'ﬂ “Mean), (-0 2 M o,m Y Y )
C3 = DI
cCiP Coefficients in equation
cep }CIP " Pleat), (1) TSP Pl
C3P + C3P - P(t+Af),(N+|) =.DIP
DH AH Heat of adsorption at éach node Btu/(1b adsorbed)
DIF Dk Mass diffusivity of cqmpo6ent k through the interior
‘ of sorbent, sq ft/hr
@ AIRESEARCH MANUFACTLI{?SIZ‘J"(;&(.)ZZI::Z ;:;2726
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DPCg2C

DS
DT
DT At

DTMAX

DVS

Dvs|

DX
DI
Dlp

D2

D9

FR

GK

GMR G

t
e
, g
HCX,HXC h

XC

GMW

Description :

Cabin CO2 partial pressure increase in one time
:increment, mm Hg

. See CSI
Time increment of prevfous-computation step, hr
Time increment, -hr
Max imum allowable fime,siep size, usually 0.0l hr for
isothermal analysis and 0.005 hr for nonisothermal
. analysis :

Size of. interior sorbent volume elements, (cu ft)

Size bf'sorbenf vo}ume-eiements at surface and center
of spherical pellets, DVSI = 1/2 DVS, (cu ft)

Axial node dimension, ft
See Cl
See CIP

Coefficient in equation Wy =Q + D2 -

P
RS (tiat) (

t+at)

DT in sjngle,precisioh, hr

Factor defined by Equation (2?|7), a function of pressure

and H20, during desorptfon,
0 rate, lb-mole/hr

Molal flow rates of 602

'1FR(I;N)_is‘C02 rate, FR(2,N) is H,

’ Pg) 1b/(hr)(sq ft void area)

“Mass flux = u
9
Mass transfer coefficient between bulk stream and the
surface of adsorbent. Surface kinetic rate can be
incorporated in this coefficient, Ib-moles/(hr)(sq ft)
(mm Hg) s )

Total mass flow rate, 1b/(hr)

" Average molecular weight of process gas

Heat transfer coefficient between heat exchanger primary

plate and coolant, Btu/(sq ft)(°F)(hr)

72-8786
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HGS,HSG h
sg

HSX,HXS h
XS
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Description

Heat transfer coefficient between sorbent and gas,
based on a2 Btu/(sq ft)(°F)(hr)

Effective heat transfer coefficient between heat
exchanger primary plate and sorbent, Btu/(sq ft)(°F)

(hr)-

Ms Molal rate of mass transfer into bulk gas stream/unit
9 bed volume, 1b-moles per (cu ft of bed)(hr); see
Equation (2-15)
MS Interior node corresponding to the surface of pellet
NBCoUT Integer control variable, if NBgUT = 2, the outlet
manifold pressure is specified as a function of time;
NB@UT = |, the manifold pressure is computed from
vacuum duct resistance
NCYCLE Number of complete adsorption-desorption cycles from
beginning of run
NCYCLT Total number of complete adsorption-desorption cycle
calculations desired -
NDR4 Integer denoting total number of radial sorbent pellet
‘nodes (interior nodes)
NDTC@N If'= 1, internal At calculations. If = 2, fixed At's
in program will be used.
NDXM Integer denoting total number of molecular sieve nodes
NDXMAC Integer denoting number of active molecular sieve nodes,
i.e., (NDXM-NDXMAX) represents the number of molecular
sieve nodes which have been inactivated by water
poisoning
NDX 1 Integer denoting total number of axial nodes
Ng G Node to which coolant is added
NPR Number of time steps elapsed since last printout
NPRINT Integer control variable which determines the frequency
of printout occurrence; e.g., if NPRINT = 5, printout
occurs after every five time steps
NPSET Integers which denote the nodes to which tabulated
vacuum history is applicable
72-8786
-
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FORTRAN Algebraic L Description
NSTART Integer denoting the cycle from which on bed performance
will be printed at frequency specified by NPRINT
NTEMP Integer control variable;_If NTEMP = 0, the energy
equations will be ignored and bed temperatures set
‘equal to T268; If NTEMP # 0, heat balances will be
- performed ‘ ﬂ
PA P ' System total pressure during adsorption, mm Hg
PCp2C _C02vpartial pressure in cabin, mm Hg
PCp2I CO2 partial preésure at adsorption bed inlet, mm Hg
- PCI Coefficients in equation for desorption pressure
. =P ‘ P - .
Pe2 Pleat) v PeN _pecr - Lerat) (N-1) 2P (eap T (tane), (Ne1)
PC3 - (ae) (a)?
P - P
oo {teat), (N+1) (t+at), (N-1)
+ PC2 -
2(px)
)' " PF; ) [pks(t+At) " XP i)
PH2p1 - Inlet H,0 partial pressure, mm Hg
PK Py ? . Xk; pértfal pregsuré of component k in bulk gas
stream, mm Hg
PoUT . 10 tabulated desorption outlet pressures at TIMET,
mm Hg
PT P Total pressure in bulk gas stream, mm Hg
Pl Coefficients in equation
P2 b =Pl 4 P2 (W - W ) + P3 - P
| ks(t+At) B k,s(t+At) k,s,t
P3 '
Q Temporary variable like B. See Equations (2-43) and (2-44)
ro Co Radial distance from center of sphere, ft
M r at interior node M, ft

. - 72-8786
- Page 7
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FORTRAN Algebraic Description
r Average particle radius found from @ and
s sb
a ft :
sg,
RCp2C Rate of C02 generation in cabin, 1b CO2 per hr
RGAS R Gas)constant, 554 (mm Hg) (cu ft)/(1b-mole)
(°R
RH$ C Pe Coolant density, 1b/(cu ft)
RHp G pg Gas density, 1b/(cu ft)
RHp S o Sorbent density, 1b/(cu ft particle)
RHPSB b, Sorbent bulk density, Ib/(cu ft bed volume)
RHp X o HX core metal density, Ib/(cu ft)
RS rs Average particle radius found from psb and
asg’ ft '
RS Radius of spherical surface separating two
interior sorbent volume elements, ft
SK ks Effective thermal conductivity of sorbent
' bed, Btu/(hr) (sq ft) (°F/ft)
t .
SUMPTM Quantity T szo’ utlet (At), (mm) (hr)
t = zero
TC TC Coolant temﬁerature, °F
TCI Coolant temperature at time, t-At
TC2 Coolant temperature at time, t=2At
TG Tg Gas temperature, °F
TGI Tgi Inlet gas temperature for adsorption cycle, °F
72-8786
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FORTRAN Algebraic - _ Description
71 Maximum temperature change allowable per time

increment in selecting At, °F

TIME t ‘ Time from beginning of each adorption or
desorption period, hr

TIMEM Time above in minutes.

TIMET |0 -times at which PpUT are tabulated, hr
TKX : kx ‘Thermal conductivity of heat exchanger core

metal, Btu/(hr) (sq ft) (°F/ft)

TpTCp2 : Total amount of.CO2 adsorbed since beginning

of adsorption period, Ib

TpTH2¢ Total amount of HZO adsorbed since beginning
' of adsorption period, 1b

TS Te - Sorbent temperature, °F

TSI Sorbent temperature at time t-(At), °F

TS2 . Sorbent temperature at time t-2(At), °F

TX TX Heat exchanger core metal temperature, °F

TXI ] Heat exchanger core metal temperature at time

t-(At)) °F
TX2 B Heat exchanger core metal temperature at

time t-2(At), °F

T268 To68 Inlet glycol temperature, °F
uc u. Coolant velocity, ft/hr
UG ug Interstitial gas velocity, i,e:, true gas

velocity, ft/hr

VMS " Total bulk volume of molecular sieve
sorbents, cu ft

. 72-8786

rvw)| AIRESEARCH MANUFACTURING COMPANY *.’?9_6 9
Los Angeles, California




FORTRAN  Algebraic:
Vo IDF ;
Vo LCAB
A
VSG
W wk
Wy (P)
Wl
wM Mk
WS
WTACMS
WTMS
WTSG
X Xk
X
Y
Subscripts
b Bulk
C Coolant
g Gas stream
-w

AIRESEARCH MANUFACTURING COMPANY
el Los Angeles, California
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Description

Void fraction of bed

Cabin volume for atmosphere, cu ft; use

VOLCAB = 3020, for constant PCO2C

Volume of a single sorbent peilet, cu ft
Total bulk volume of desiccants, cu ft

Local loading of component k in sorbent,
b sorbate k/1b sorbent

A function of pressure which represents the
capacity of vacuum duct at duct inlet pressure
of P mm, 1b/hr

Maximum loading change allowable per time
increment in selecting At, 1b/1b

Molecular weight of component K. K = | and 2

Temporary storage variable for W

Total weight of active molecular
sieve sorbents, 1b

Total weight of molecular sieve sorbents, Ib
Total weight of desiccants, Ib

Mole fraction of component k in gas stream

k=1 refers to co, in molecular sieve bed gas stream,

and K=2 refers to H,0 in desiccant bed gas stream

2
Distance from molecular sieve bed end, ft

Any of bed properties, Ts’ Tx’ W, T, T

k> ‘¢’ 'g

72-8786
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Subscripts

i Inlet

k Component k

M. Radial Iocation.index for sorbent interior nodes
N Axial location index
s Surféce of sorbent

s Sorbent

t At time t
v Volume
X Heat exchanger

Superscripts

*  Equilibrium quantity

72-8786
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SECTION |

‘GENERAL DESCRIPTION

INTRODUCTION

The present computer program package for the Univac 1108 computer, $S9960
through $9999, was developed to predict the transient performance of a composite
molecular sieve/desiccant bed for €O, removal, which may be operated under
either adiabatic or thermal swing conditions. The program is limited to cases
where sorbents are regenerated by dumping to vacuum. K -

An attempt was made to solve the actual physical problem as rigorously
and generally as was feasible. Thus, transient pressure variations during
.a desorption cycle are not arbitrarily set, but are calculated from the
AiResearch test data (as shown here) for the flow of nitrogen gas under low
pressures through a 5/8-in.-ID molecular sieve bed. For program flexibility,
most of the physical properties and transfer rate constants are allowed to vary
as a function of the bed location. Such a flexibility allows for the use of
different heat exchanger configurations and different modes of operation for
the molecular sieve bed and the desiccant bed.

The program does not assume any specific heat exchanger configuration
for thermal control and is, therefore, applicable to cases -where sorbent
temperatures are regulated by cooling coils, plate-fin heat exchangers or
process gas streams alone, and so forth.  However, to implement this general
approach, heat transfer coefficients for heat balance calculations are not
computed in the program but must be supplied as input data.

The mass-transfer equations are written to permit both intraparticle
diffusion and surface resistance. Either process can be made to control by
proper choice of the appropriate coefficients in the input.

To minimize the running time of the program, an implicit scheme as pro-
posed by Hwang (Reference |) was employed for transient mass transfer -calculation
and a method somewhat similar to the one proposed by DuFort and Frankel
(Reference 2) for solving a diffusion equation was used to handle the coupling
terms of the energy equations for the transient temperature changes of the
metal parts, the sorbent, and the coolant. The program, therefore, permits
the use of allowable large time increments for accuracy considerations.

Program $9960 performs adsorption and desorption calculations for a
specified number of complete cycles. Programs $9950 and S9951 perform adsorption
and desorption calculations, respectively, for one-half cycle only. with-all
physical properties and operation parameters inputted through two block data
subprograms, the programs will compute and print out temperature and bed

“loading changes as a function of time. Average bed loadings and average rates
of adsorption and desorption are also printed,

. 72-8786 .
Page 13
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MATHEMATICAL MODEL

An example of a sorbent bed for €O, -removal is depicted in Figure |-},

, 2
The unit shows the detail of construction. It is basically a platefin gas-
liquid heat exchanger with sorbents packed between the fins in the gas side.

In the present program, bed properties are assumed to vary only in the
direction of the process gas flow,: and that coolant is either parallel or
counter=current but cannot be cross flow to the gas flow. ' Electric analogs
of the heat transfer in the idealized sorbent bed during adsorption and
desorption are shown in Figures |=-2 and |-3. Figures |~4-and |-5 show electric
analogs for mass transfer processes involved in the bed during the adsorption
and desorption periods, respectively. Although a plate~fin heat exchanger is.
shown in Figure [=-(, the analogs of Figures i{=2 through 1-5 should still be
valid for cases where other means of thermal control are used.

The resistances to thermal transfer in Figures |-2 and 1-3 can be easily
estimated from thermal conductivities of materials used. The mass- transfer
resistances in Figures |-4 and |-5, however, must be determined from actual
bed performance data. '

Although heat and mass transfer processes are shown separately, a coupling
does exist between the two. In Figure 1-2 the "I's" represent the rates of
heat generation at various nodes due to various rates of sorbate adsorption by
these nodes, which are the mass transfer rates across the sorbent surface

. resistances shown in Figure |=-4, Similarly the "I's" in Figure |~-3 are coupled
with the mass transfer rates in Figure |=-5,

PROGRAM CAPABILITIES
Uses

Program $S9950 predicts the performance of a single adsorption period.
-It is used for analyzing a breakthrough curve that is obtained from a known
initial bed conditions, such as an adsorption run which is made immediately
after .a bakeout. By a few trial-and-error runs of this program, the mass
transfer coefficient and mass diffusivity for the test system can be found.

Program $995! predicts the performance of a single vacuum desorption
period. It is used to determine mass transport properties of a sorbent-sorbate
system if a desorption run started from known initial conditions is available.

Program $9960 is designed to prediét the performance of a cyclically
.regenerated adsorption-desorption system comprising a desiccant and a CO2

sorbent bed. Although the program is not designed for bed=-sizing, no more
than three trials are usually required to zero in on a correct design to meet

72-8786
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NASA CR-112098

specified performance requirements, if operating parameters are given. To
optimize an entire vacuum-dump COZ-removal system, the program can be used

to generate curves showing the effects on total system weight of various
parameters such as the process gas flow rate, bed size, coolant rate, and so
forth. An optimum system can be easily found from that set of curves.

The program permits use of variable bed properties along the flow passage,
and therefore, can be used for radial beds or beds of any arbitrary geometric
configurations.

Input

The input to $S9960 is by means of two BLOCK DATA subprograms, one for the
adsorption period and the other for the desorption period computations. When
running $9950 or $9951, only one pertinent BLOCK DATA subprogram is required.

In addition to the two block data subprograms, subprogram $9992 (PKEQ),
which computes equilibrium vapor pressures of H20 over the desiccant and CO2

over the molecular sieve sorbent employed in the system, must be compiled with
each run.

Qutput

Qutput from S$S9960 is the printed page. The output gives bed s izes,
temperatures, sorbate loadings, partial pressures of CO2 and H20 during

adsorption, total pressures during desorption, and average adsorption and
desorption rates. Except at the end of each half cycle, the printout of bed
properties will not appear until a number of adsorption-desorption cycles

as specified by the input has been performed. The frequency of printout is
also specified by the input.

Program Qptions

Various options available are summarized as follows:

° Use of $9950 for one half;cyéle adsorption calculations
L Use of $9951 for one half-cycle desorption calculations
L Isothermal operation with the bed temperature specified
° Non-isothermal operation with the inlet coolant temperature specified
.o Bed outlet pressure history during desorption inputted
o Bed outlet pressures computed from vacuum duct characteristics
72-8786
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s Bed cross-sectional areas vary in the axial direction

] Allowance of some inert nodes in the bed to simulate the case of
partially poisoned bed

o Multi-outlet desorption with pressure history specified at up to
three axial nodes

72-8786
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SECTION 2

TECHNICAL DESCRIPTION

GENERAL ASSUMPTIONS

In addition to some minor approximationsfthaf are presented under the
derivation of equations, the following general assumptions were made in
deriving the differential equations which were employed in the present program.

Assumption ) Description
A Temperature gradient 'in the pellet interior
is negligible.
B, Adsorption occurs by the diffusion of'an

adsorbate through the stagnant surface film

at the exterior surface of an adsorbent particle
condensing at the surface and then diffusion
into the interior of the particle. Desorption
occurs in a reverse fashion,

C ' Adsorbent pellets can be represented by spherical
' particles for mass transfer.calculations,

D ' Heats of adsorption and desorption do not depend
on temperature or concentration.

E In the adsorption half cycle, the total flow
rate and density of the gas stream are constant.

F o . Bed properties do not vary in the direction
' perpendicular to the direction of the gas flow.
DIFFERENTIAL MODEL
Only those equations that are not obvious will be given their derivations
here. The equations which are assumed to be obvious or easily derived by the
reader are listed with appropriate boundary conditions without proof. Initial

conditions of the equations are omitted, since they should be apparent.

Diffusion Equation for Interior of Sorbent Pellet

i’_lsthl_a_(rzﬂ) (21)
St o, 2 or o
728786
. Page. 237 .
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Boundary conditions are

awk

s =0atr=0 (2-2)
awk

~DSDk 5 = Mng (PkS_P g Xk) aﬁ r=rg ; (2-3)

Energy Equation for Gas Stream

As the thermal capacitance of the gas in the void space of a sorbent bed
is negligible .compared with that of the sorbent bed or the heat exchanger core,
a quasi-steady-state assumption can be made and the following is obtained, as
energy equation for the gas stream,

dT ~ ‘
g | [
= a _ -h -+ (T-T)+a -h - (T -T )](2-4)
d f-p - C *u = s s
X pg pg g 9 9 g9 xq xg x g
Equation (2-4) is subject to a boundary condition
Tg = Tgi at x = X (i.e., process gas inlet) (2-5)

for the adsorption half cycle, while for the .desorption half cycle, the condi-
tion to be satisfied is

Tg = TS at x = 0 . (2-6)

Energy Equation for Sorbent

aTs 3 ( aTs) (ésg ) hsg) (axs ) hxs
= k A - +|= (T -T ) +|—=—"2)(T -T)
at Cpspsbax. s Ox Cps © Pep g s Cps pr X s

a - K
S99 - . )
+ (c — ) (p-p )+ (o) (2-7)
) ps sb
This equation is subject to the conditions
BTS
gx—' =0 at x = 0~
éTS _
W =0 at x = XO (2_8)
72-8786
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Energy Equation for Coolant Stream

o, e 3c " Me
3t 7 Ve Y\t o (Tx-Tc) ' : ' (2-9)
pc c

The boundary condition for this equation is

Te = T8 @8 X = Xcoolant inlet (2-10)

Energy Equation for Heat Exchanger Core Metal
BTx 3 _ aTx : ‘
(CPx R Tl =\ 5 T Ay Fxs (T-T,) (2-11)
#hg (TgT )+ h o (TC—TX)]

Boundary conditions for this equation are

aTx : :

S0 = 0 at x = 0 and x = Xy . '(2-I2)

Adsorption Material Balance Equation for k-th Cohponent in Gas Stream

By neglecting axial diffusion and assuming that QUési¥steady-state'con—
ditions exist for the gas phase material balance, the following is obtained.

de P Mg
x = F-p -u  %q’ Kg ' (pks-Pk> . (2-13)

This has an inlet condition

P, = pk,inlet at x = X5 ‘ (2-14)

Pressure Equation for Desorption

-During the desorption cycle, both the bed pressure and gas flow rate
vary with time and the axial location in the bed, and a method of calculating
instantaneous pressures at various bed locations is desired. Although a quasi-
steady-state assumption could be made regarding pressure calculations, the
simplified problem obtained would still be a boundary value problem that re-
quires an iterative method of solution. An alternative approach would be to
solve a transient equation describing pressure changes. The latter approach
was taken in the present program, and the derivation of the pressure-equation
employed in the program is given below.

+72-8786
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A material balance for a unit volume of bed gives

ac 3 A Ch

Af (SF).z -5 (F-C A ug) +A M ‘ . (2-15)
where Meg = 35q ~ Kg - (PP " X, ) | (2-16)
and ug is related to pressure gradient by

| [oP v

ug =-F ('&') : (2-17)

Also, by differentiating the perfect gas law
P ,
C = e (2-18)
9

one obtains

E__L_ 2 __P_ E (2 |9)

dt ~ RT 3t 2 ot ) -

g RT
g
By combining Equations (2-17), (2-18), and (2-19), and dropping the term
—Ef (5?3) , Equation (2-15) can be converted to Equation (2-20) in a quasi-
RT
9

isothermal condition:

ap P [a%p .\ P 3 (A - f - c) dy, _P (2-20)

t ~ F ax2 f-C-A ox F X C - f 'sg

Equation (2-20) is used in the program for calculating pressure changes
_during the desorption half cycle.

The proportionality constant F in Equation (2-17) is a strong function
of pressure, as the gas flow during desorption lies in the slip flow region.
The pressure drop data for the flow of nitrogen gas through a 5/8-in.-ID
molecular sieve bed were reduced by using the equation

Fy G-R-Tg _(Pz i Pz)
__g______ = ! 2 (2_2|)
Mg 2 sz-x'5

to obtain FN at various mean pressures. The result is plotted in Figure 2-1|
2
and a best straight line fit of the data gives

72-8786
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10 x 10=4

8.0 ¥ '
‘ \\n
6.0

5.0 AN
Ny ', | ) \
2.0 \

g \
1.0 ©—|-.TEST DATA, RUNS I AND 3 :
0.8 APPROXIMATION USED IN PROGRAM ——
0.6
0.5
0.4
0.3
0.2
°.'
: 0. 0.2 0.3 0.4 0.6 0.8 1.0 2.0 3.0 4.0 6,0 8.0 10.0
%I (m "9)”
A-24666
. . | ,
Figure 2-1. Correlation of FN2 Vs (F) From Test Data
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Fy = 2.49 x 074 x p 0-795 (2-22)
2

Equation (2-22) is applicable only for nitrogen gas at 70°F, which has a
viscosity of 0.0174 cp. In the desorption program, F is linearly corrected
for the difference in viscosity as predicted by the Blake-Kozeny equation.

-4 . P0.795 (2-23)

F o (Avg Viscosity

00174 ) * 2.494 - 10

Thus

For the gas mixtures in the desnccant bed section, molal average viscosi-
ties were used in the program.

Equation (2-20) is subject to a boundary condition

oP ' '
> - 0atx = q _ (2-24)
At the bed exit, the pressure can be specified as a function of time, or
else the vacuum duct resistance to gas flow will play a role in fixing the
pressure and flow rate. The boundary condition will then be
f - cu_ - A=W_(P ‘ 2-25
Pg " Y p(P) (2-25)

where wD(P) can be approximated by the following expression which corresponds

to the straight line shown in Figure 2-2 for a 3~in. duct for the AAP vacuum
‘duct. '

wD(P) = 1.2 pT (2-26)

The dotted lines in Figure 2-2 were the estimated flow rates for 18 in. long
ducts. The resistance contributed by the gas valve were not included in these
calculations.

Combination of Equations (2-17), (2-25), and (2-26) yields

3p  f11.2 %713 - ~ (2-27)
Fox ~ \f - pg - A :

In addition to the equations listed above, an equilibrium relationship
between vapor pressure, temperature, and sorbate loading is needed for each
sorbate-sorbent combination. The relationship can be in equation or tabular
form.

72-8786
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FINITE DIFFERENCE MODEL

The foregoing differential equations were solved in the program, using
the following finite-difference approximations.

Diffusion Equation for Interior of Sorbent Pellet

For accuracy, the sorbent is divided into constant volume elements rather
than into ones with constant (Ar). Equation (2-1) can then be approximated by

2
W - W (An cr )
(W)p - [ k,M,(t+At) M,k,t] -0, - M-1/2

The) ) (2-28)
- (W ‘ - W
( k(M-I)(t+At) kM,(t+At))_
) P DK (4nr§+l/2). y

k(M+l)(t+At))

W
ey = "W ( KM, (t+at)

Half nodes are used at the center and the surface of spherical pellets,
and Equation (2-28), with boundary conditions (2-2) and (2-3) super imposed
becomes respectively

(av) wk,l(t+At) B wk,l(t+At) L PsPx (4nr|-|/2> (2-29)
2 Ps (at) - (r2 - 0)
[wk,l,(t+At) - wk,z,(uAt)}
- . 2
47 cr
W W p D ( M - I/z)
and (av) | 0 k,s,{t+4) k,s,t _ _ sK s A (2-30)
2 s (at) ro-r
s M -1
S
E”k,(M -1), (t+nt) wk,M (t+Atﬂ
. S s,
A MK - -P - X
s k . g (pks k)(t+At)

72-8786
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Energy Equation for Gas Stream

Equation (2-4) is approximated by

T -7
S(N+1).  I(N) l

for u >0
g

"For the case ug < 0, which is the case during adsorption, the index (N+lI) will

be replaced by (N-1).

Energy Equation for Sorbent

The following finite difference representation for Equation (2-7) is used
in the program.

T - T
S S
(t+At) N (t-at),N ' <k (2-32)
2 - (At) | Cps' JNE (Axf A [ S(N+1/2)
- A . (T -T _ )- k - A
(Ne172) (TS (ehne), (net)  S(eebt) N)) S(N-172)  (N-172)

a

. 'h-
'(T -T ).+(;§2;__;§§) N
S(ent) N S(erae), (N=1)] \Cps * Psb/ n I¢ N

TS + TS A - h .
(t+at) N (t-at),N XS XS
- ‘ + - Tx
' " t,N

2 ps Psb
__(t+at) N (t-At),N} N ®sgq g )
h 2 Cps " Psb/N
Toe el ]y
[ K(trat),N ks(t+At),N] k

72-8786
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Energy Equation for Coolant Stream

The program uses the finite-difference‘anafog to Equation (2-9)

.TC - Tc TC - TC
(t+At),N (t-At),N (t+At),N (t+at),(N-1)

ACORE = -ug T ) (2-33)

0 2

ac hxc Tc + T
+ e/ - T - “(t+At),N C(t-At),N
. X
pc ¢/ t,N

Energy Equation for Heat-Exchanger Core Metal

T -1 |
c - p) “(ebt),N_ T(e-at) N |, (2-34)
pX X 2 - (At) B 2 - X '
(ax) (N+1/2)
: (T - T ) - K (T
U X(eat), (N+1) (t+at),N “(N-1/2)  \ "(t+at),N
-T + a *h .
x(t+At),(N-l)) Ve o x
_ T* + T, ‘ )
T _ T (t+at) N - (t-At),N PP
st,x ' ’ *3 gt,N
Tx + Tx '
T t+At) N (t-at),N{ h )
2 ‘ e “t,N
T F T
*(e+ne) N Z(t-4t),N
. T ‘

Adsorption Material Balance for K-th Component in Gas Stream

Equation (2-13) is approximated by

P -

Pk- M
( p ? u >. 8gq kg (pks - Py )(2—35)
g "V T 9 (N-1) (N-1)

"k (n-1)

(&x)

N)

!
-+

72-8786
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Pressure Equations for Desorption

Equation (2-20) is represented by

- P P
t+At),N t,N t,N } }
(8t) Th () P leesente) = 2P(eatpn (2-30)

P(

o

o

[
A)t,N ‘ 2(Ax)2

),

C :
’ )t:(N_l)] . [P(t+At),<N+|)‘ P(t+At),(N-()]

* P(t+At),(N+|)] + <f . .

M|+

+(_P_) ca k- b - .
c . f €N sg g ks(t+At)}N (t+At)?N v kt,N

The boundary condition expressed by Equation (2-27) can be put in the
fOI”m . H ‘ .

0.715
_ P(NDX|+|) - Prox) _ .2 ° P . L (2-37)
' F . (&x) “\f -, A NDX 1 ' ‘ )
‘ J NDX | |

METHOD OF SOLUTION

Most of the finite difference schemes described above are of the implicit
form and require a special method of solution, which is described below.

The system of finite difference equations describing bed property changes
for all nodes can be written in the form (Reference 3)

+ C_ Y

CZIYI,(t+At) 3, 2, (t+at) T 7 (2-38)

CINY(N-I),(t+At) N c2NYN,(t+At) + C3NY(N+|),(t+At) = Dy (2-39)

C Y + C Y ; =D - (2-40)
INDX | (NDX1-1),(t+At) 2NDX | (NDX 1), (t+at) NDX |

The matrix of this linear systém is tridiagonal and the following formulae
which were first presented by Thomas,? are used for its solution:

B =7 B (2-41)
t 4
2
|
72-8786
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c
3N
B = T B (N =2, 3, ...; NDXI)- - o (2-42)
N N
Q = —— o : (2-43)
| =T
2
[
Dy - CINQN—I)
Q = (B ——5 ) , (N =2, 3, ..., NDXI) (2-44)
SN I, oN=1 : _
N ..
YNpx1 = WNpxi - (2-45)
Y= Oyt By Yy [N = (NDX1=1), (NDXI1-2); ...,1) (2-46)

. It should be noted that the index N appearing in the above equations can
be replaced by index M for solving the interior diffusion Equation (2-28)"
with its boundary conditions.

Equation (2-35) for the adsorption period and Equation (2-36) for the
desorption period are coupled with Equations (2-30) and (2-32) and a special
method is needed, which is described below for the desorption period first
because this is the more involved of the two cases. :

Equilibrium surface vapor pressure at the end of a time step is approxi-
mated by ' ' '

, ap
- A k
Pi,s, (t+at) = Pi,s,t * (wk,s,(t+At) i wk,s,t) <awk) (2-47)
e T S

o dp,

. k
* (Ts,(t+At) } Ts,t) (aTS>
' W

: A k,s

The new surface loading can be expressed as a function of the gas phase
pressure: :

+D (2-48)

Wios (tent) = & 2 P(tht)

where Q_ is the Q as expressed by Equation (2-44) for the pellet interior

diffusion, with the term containing P

&+At) excluded from it.
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Sorbent temperature change in one time step during the desorption period
is written as: ; - -

T ; D +C , - P( (2-49)

Ts,(t+At) T st s s

t+At) Cop Pi,s(t+at)

Substituting Equations (2-48) ahd (2-49) into Equation (2-47), the
following is obtained

Pk s, (t+at) = Py o+ F'2 [Qs - wk,s,t] * [Pz "0 Ps] ) P(t+At) (2-50)

_ . Bpi , , api . |
where P, = Pr,s,t * D, |5+ | L+ C, A5 (2-51)
S W S

K W

Bpi ' BpE N
P, = N, |+ C, sz - (2-52)

(2-53)

|

)
(€]

|

(]
(€]
—
QN o
%3
1] x
"

+

(e}
w
AN
—
(% oY)
—| ©

Y
S ——

Now, Equation (2-36) can be rewritten as follows, where N designates the
N-th axial node counted from the furthest end from the vacuum duct connection:

PGty ~ P o, P, (a2 PN,(t+§t) T PNt (eesit)
, (at) ,. Cl ' (AX)Z : '
e "1, (exne) T P(N-1), (erae) (2-54)

c2 2 - ()

* Pes [pks" X - PN,(£+At)]

The last term of this equation becomes, by the substitution of Equation (2-50):

Pes [pks - XkPN,(t+At)] = CP|N + CPZN PN (teat) (2-55)
72-8786
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‘where  C,, =P, - [P we T dg - ";§ | L (2s6)
Ply ey [ o sy T k(e

Cpp =Peg ﬁpz - 02N + P3)N} - xk] | (2-57)
Combining Equations (2-54) and (2-55) and rearranging, the following is

obtained.

+ C - P

CipN P(N-l),(t+At) 2P,N N, (t+at) © C3P,N (2-58)

IP,N

CPONe1), (eeat) T Pip N

P P

__"CIL,N C2,N .
(vhere  Lipy < PRI (YN (2-59)
2. p
_ CILN | )
“p N T TR Y Tz S (2-60)

Paon Feoon

C3p,N = (52 208x) | (2-61)
| - |
o N;t : . .
Dip v =Taey * ChiLN (2-§2)

‘ Equation-(2—58) has P as tHé4any.unknown, and can be solved by the
method using Equations (2-41) through (2-46). Once P's are found, new load-
ings and temperatures can be obtained using these pressures.

For the adsorption period, by setting X, = |, and replacing P by Py

. k
Equation (2-36) by Equation (2-35), the following equations are obtained:

wks,(t+At)‘ =Q D, pk(t+At) (2-64)
Ts, (tent) - L =D g+ G P, (t+nt)” Cs2 Pi,s, (t+at) (2-65)
? .
Prs, (eent) = Py ¥ Py LQ =M o T+ [Py - D, 4 Py (2-66)
Pk, (t+at)
72-8786
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Tp) Pic, (N+1), (t+At) CpiN
. . — 2 ;) 3 |
,pk,N;(tTAt) B (Ax) '-*';fpg .%ug Tax) (2-67)
| TP
9
where TR L T LT R S (2-68)
CP2,N - ésg ' Kg ) (P2 ’ Dz + P3 - 1) - - (2-69)

quation (2-67) is used to find pk's'from the pfocess\gas inlet end all
the way to the outlet end. wk}s are found next,. followed by temperatures.

GENERAL FLOW CHART

A general flow diagram of S9960 is given in Figure 2-3.
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$9960.

MAIN PROGRAM

IF NCYCLE < NCYCLT

59970 MADSOR

PRINT QUANTITIES OF M.S. AND S.G.

¥ STORE INIT T, At = 10-°

CALL STARTA

DETERMINE (At)

IR

CALL ADSORB {At) -

CALL !’RADSB IF TIME TO PRINT

v

STORE TEMPERATURES

Y
"} 1F TIHE > cvoLe

59980 l MDESOR
CALL START
DETERMINE(At)

CALL DESORB -

CALL PRDESB IF TIME TO PRINT

-

STORE TEMPERATURES

a

’AlIF TIME > CYCLE

-

|

IF NCYCLE > NCYCLT

—p EXIT

AIRESEARCH MANUFACTURING COMPANY
. tos Angeles, California

Figure 2-3. Structure of Program $9960
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SECTION 3

USAGE

PROGRAM INPUT

Data input required by the program is executed by block data subprograms
$9973 and S9993. Subprogram $9973 inputs all data required to execute the
adsorption analysis; subprogram S9993 inputs all data required to execute the
desorption . analysis. Both block data subprograms must be compiled at execu-
tion time if cyclic system performance is desired. If only adsorption or
desorption performance is required, then only the respective block data sub-
program need be compiled at execution time. The following lists the variables
which are inputted via the block data subprograms.

Variables Common to Both $9973 and $9993 .

FORTRAN Max imum
Symboll Dimension . p Definition

Bed Configuration

‘ABED (41) Sorbent bed cross-section area normal to flow

: _of process gas, sq ft
AGX (41) Identical to ASX
ASX (41) . Heat exchanger primary area péf unit volume of
' sorbent bed, sq ft/(cu ft)
DX o Axial node dimension, ft
NDR4 ' Integér denoting total number of radial sorbent
_pellet nodes (interior nodes)
NDXM Integer denoting total numbér of modecular sieve
' . nodes

NDXMAC ‘ ) Integer denoting number of active molecular
sieve nodes, i.e., (NDXM - NDXMAC) represents the
number of molecular sieve nodes which have been
inactivated by water poisoning

NDX 1 » Integer deﬁotihg total number of axial nodes

72-8786
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FORTRAN
Sxmbol

ASG
CPS
RHOS
RHOSB
SK

AvC

CPC
NOG
RHOC
T268
uc
HSG
HXC
HXG

HXS

Max imum

D.imension

(41)
(41)
(2)

(41)
(41)

(41)

(41)

(41)
(41)
(41)

-(‘41)

-
m AIRESEARCH MANUFACTURING COMPANY

Los Angeles, California

NASA CR-112098

Definition

Sorbent Properties

Sorbent specific surface area, sq ft/(cu ft
of bed)

Sorbent specific heat, Btu/(1b) (°F)

Sorbent ‘particle density, Ib/(cu ft) RHOS (1) =
molecular sieve particle density, RHOS (2) =
desiccant particle density

Sorbent bulk density, 1b/(cu ft)

Effective sorbent thermal conductivity,
Btu/(hr) (sq ft) (°F/ft)

‘Coolant Properties

‘Primary heat exchanger plate area per unit

volume of coolant held up in HX, sq ft/(cu ft)
Coolant specific heat, Btu/(1b) (°F)

Node to which coolant is added

" Coolant density, 1b/(cu ft)

Coolant inlet temperature, °F
Coolant velocity, ft/hr

Heat Transfer Coefficients

Heat transfer coefficient, sorbent to gas,
Btu/(hr) (sq ft)(°F)

‘Heat transfer coefficient,heat exchanger to

coolant Btu/(sq ft) (hr)(°F)

‘Heat transfer coefficient, heat exchanger to

process gas, Btu/(sq ft) (°F) (hr)

Heat transfer coefficient, heat exchanger to
sorbent, Btu/(sq ft)(hr)(°F)

72-8786
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FORTRAN Max imum
Symbo| Dimension
TC (41)
TG (41)
TS (41)
TX (41)

W (21,41) -
DIF (41)
GK (41)
CPG (41)
DH (41)
WM (2)
AVX (41)
CPX (41)
RHOX (41)
TKX (41)

m AIRESEARCH MANUFACTURING COMPANY

NASA CR-112098

Definition

Initial Conditions

Initial coolant temperature, °F

Initial gas temperature, °F

Initial sorbent temperature, °F

Initial heat exchanger temperature, °F

Initial sorbent loading, 1b/1b (double precision)

Mass Transfer Properties

Internal diffusivity, sq ft/hr

External surface mass transfer coefficient,.
Ib-mole/(hr)(sq ft){mm Hg)

Process Gas Stream Properties

Specific heat of the process gas, Btu/(1b)(°F)
Differential heat of adsorption, Btu/(lb adéorbed)
Adsorbate molecular weight

wWM(1)

i

44 (coz)

WM(2) = 18 (H,0)

‘HX Coré(Properties

Primary heat exchanger plate area per unit volume
of heat exchanger core metal, sq ft/(cu ft)

Heat exchanger specific heat, Btu/(°F)(1b)
Heat exchanger metal density, I1b/(cu ft)
Heat exchanger metal thermal conductivity, TKX (K)

denotes that between node K-1 and node K,
Btu/(hr)(sq ft)(°F/ft)

72-8786
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FORTRAN
Symbo

Max i mum
Dimension

e

CYCLE

DTMAX

. NCYCLT

NDTCoN

NPRINT

 NTEMP

TI
WI

NOTE:

NASA CR-112098

Definition

Parameters

Miscel laneous Control

Cycle time per one adsorption or one desorption,

.period, hr

Maximum allowable time step size, usually 0.01 hr
for isothermal analysis and 0.005 hr for noniso-
thermal analysis

Total number of complete adsorption-desorption
cycle calculations desired

If NDTC@N = 1, At will be selected such that
AT =TI, M = WI for time step; if NDTCgN = 2,
At's as set in program will be used

Integer control variable which determines the
frequency of printout occurrence; e.g., if
NPRINT = 2, printout occurs after every two

time steps, if NPRINT = 5, printout occurs after
every five time steps,etc. '

Integer control variable; if NTEMP = 0, isothermal
analysis; the energy equations are ignored, and
the bed temperature is set equal to T268. If
NTEMP £ 0, nonisothermal analysis

Maximum temperature change allowable per time
increment in selecting At, OF

Maximum loading change allowable per time
increment in selecting At, 1b/1lb

‘Variables W, TG, TS; TC, TX, NPRINT, DTMAX, NTEMP, CYCLE,

NCYCLT, WI, TI, NDXMAC and NDTC¢N need toc appear only
once either in $9973 or $9993.

AIRESEARCH MANUFACTURING COMPANY
Los Angeles, California
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Input Variables Required by 59973 Only

FORTRAN . o , ,
Symbol - Definition
" GMR _Procéss gas'flbw rate,'lb/hﬁ '

GMW Process gas molecular weight

PA System total preséure,'mm HQ

PCp2C . . Initial Cbé partial pressure in cabin, mm Hg

PH2¢1 In]et-HZO partial pressure, mm Hg

TGI ‘ Inlet process gas temperature, °F

V@LCAB o Cabin volume for atmosphere, cu ft; use V@LCAB = 1020,

T for constant PCg@2C ' :

RCgp2C . Rate of CO2 generation inAcabin, 1b CO2 per hr

Input Variables Required by $9993 Only:

FORTRAN - :

Symbol . . Definition

NBCOUT - Integer.control variable; if-NBCOUT = 2, the
outlet manifold pressure is specified as a
function of time; NBCOUT = 1, the manifold

pressure is computed_from'vacuum duct resistance
POUT 7 (10) 10 pairs of exit pressure vs time data to be used
TIMET (10) if NBCOUT = 2; POUT = vacuum end manifold pressures
o (mm Hg), TIMET = times (hr) :
NPSET . ’(3) Denotes nodes to which vacuum is applied

Function PKEQ (ID, W,T), $9992

This function subprogram must be defined, which computes for ID = I, the
equilibrium CO2 pressure over the molecular sieve sorbent at a loading of

W 1b C02/lb sieve and at T °F; and for ID = 2, computes HZO vapor bressure over

the desiccant sorbent at a Wbading of W Ib HZO/lb desiccant and T °F.

72-8786
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ot
oW

(W,T)
by an interpolation technique, or the data can be fit by a mathematical
expression which is evaluated in this subprogram. The latter approach is
recommended since experience has indicated that by using the former approach,
the total run time of the present program is about twice the time required

by using the latter approach.

Equilibrium isotherms can be used in tabular forms and Py _obtained

Vacuum Duct Characteristics

The vacuum duct characteristics represented by Equation (2-26) was for
a 3-in.-ID by 18 in. long duct, which may not be the case for the problem
to be simultated. If this is the case the outlet boundary condition expressed
by Equations (2-26) and (2-37) must be modified. The required changes are
minor and will be shown in the example problem to be presented in Section 4.

OUTPUT DESCRIPTION

The first page of output gives bed volumes and weights of molecular sieves
and desiccants. ’

From the second page on, bed properties are printed at the end of each
adsorption and desorption period. From the NSTART-th cycle on, the bed
properties are printed every NPRINT time steps.

In the adsorption period, the cycle number is printed on the first line.
Time from the beginning of adsorption period is printed next in hours and
minutes. The size of time increment last used follows the adsorption time.
CO2 and HZO:partial pressures in the process gas stream, gas, sorbent, coolant,

and HX core temperatures are then given at each axial node, node 1 designating
the bed outlet and the highest node representing the process gas inlet node.
Sorbate loadings in (b sorbate)/(1b sorbent) appear at all sorbent interior
nodes and at all axial locations. The average loading at each axial location
is also given. The average CO2 loading in the active molecular sieve sorbent,

the averégq;H 0 loading in the desiccant sorbent, average rates of C0,. and H20

2 2
adsorption computed over the period from the beginning of the adsorption cycle
up to the moment, time average water partial pressure at the bed outlet,and
the average rate of H20 influx into the'COZ-sorbent section are printed.

Printouts during desorption periods are similar to those of adsorption
periods except that, for all longitudinal locations total pressures instead of
the partial pressures of CO, and H_O are printed, and in addition, mole
o S 2. 2 :

fractions of H20 in the vapor phase and molal flow rates of CO2 and H20 for
all axial nodes, are also written.

72-8786
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EXECUTION CHARACTERISTICS

Restrictions

The program is limited in the case where sorbents are regenerated by
vacuum desorption, either with or without the application of heat in addi-
tion. Program modifications will be required if gas stripping is resorted
for sorbent regenerations.

The program requires a total of 31,000 words storage with Univac 1108
computer. o '

Running Time

Running time depends on the total number of nodes employed in a simulation.
Using a total of 18 nodes, the ratio of real time to Univac 1108 computer time
is roughly 150 to 1.

Accuracy/Validity

The present program was tested on the regenerable CO, removal systems for

2
AAP and Airlock applications. Comparisons between the predictions made by
the program and the test data are reasonably good.

72-8786
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SECTION 4

SAMPLE PROBLEM SOLUTION

BED DESIGN

As an example of ‘the program usage, the perFormahtéf6¥:the'C02-rem0val

system designed by AiResearch for the Airlock.épplicatfonfwilllbeusimulated.
The bed design is shown in Figure 4-1.

The predryer section is bulk packed with Linde Molecular Sieves typé

- 13X of I/16 in. size. The CO2 adsorber is composed of an electrically heated

plate-fin heat exchanger, with the gas passages filled up with Linde Molecular
Sieves type 5A of I/16 in. size. The electric heater is used only for bakeout,
and during normal operation the heat exchanger, together with the heater, simply
acts as a thermal capacitor only. The electric heater elements used are KAPTON
and the plate-fin heat exchanger is aluminum. The outside shell of the canister
is made of stainless steel. . '

DESCRIPTION ON GENERATION OF INPUT DATA

The input data for simulating the performance of the above CO2 removall

unit are described below. Since no coolant is used for temperature control in
the present system, coolant nodes are used as ambient temperature nodes to
simulate heat losses to the surroundings, and the thermal capacitance of the
heater is lumped into sorbent nodes. Heat exchanger core metal ‘nodes designate
the shell temperatures. ‘ ' '

Bed Configuration

AVX = 375.0 is obtained by dividing the shell area by shell volume
ASX = AGX = 6.8 is obtained by dividing shell_area by bed.volume
ASG = 700 for bulk packed /16 in. pellets,

560 for same pellets in heat exchanger section

Heat Transfer Coefficients

i, Sorbent tb Gas

HSG = 20 duriné'adsorption. This is obtained from the low Reynolds number
calculations of Pfeffer (Reference 4). The Nusselt number with a flow rate of
10.0 Ib/hr is about 8.2. With a gas phase thermal conductivity of 0.01475

'F7f%%%? and an effective particle diameter of:

6 x 45
d = Zi %700 = 0-00603 ft,
72-8786
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MOLECULAR SIEVE CANISTER COMPUTER NODAL STRUCTURE

2.58 - 4.00 : ~i 312 - | 2.88

NN

-i . 0.667

NN
NN I NN
AN

: ’/“TUBE - | IN, DIA x 0.028 CRES COMP 321

S S

e AN }Elssﬁkiszﬁm ~
]] SO

10 ! 11 12 - 13 |14 15 [:16 ; '17 18

S S S S S Sl S S

S S S

| INNER - 0.040 CRES 347
| Y RS

| |
% L

| \ o I A E
E \ '1___(_3 }v———‘l.so—--—.
AN OUTER - 0.040 CRES 347 L HEATER - 12 STACKS 0.660 HIGH

NO. 22 Al FINS 4 FINS/IN
0.008 IN. SHEET

. \/ : . . 6 KAPTON HEATING ELEMENTS

- MOLECULAR SIEVE MOLECULAR SIEVE
TYPE 5Ai : - ‘TYPE 13X

7.00 LBS : 110.35 LBS.

Figure 4-1. Molecular Sieve Canister for Airlock Application
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HSG = Nu x k/d = 8.2 x 0.01475/0.00603 = 20

During desorption,: the thermal .conductivity of the gas drops to .0.0022 Btu/hr
ft °F, (Reference 5).. - Thus,. HSG becomes ; o

HSG = 8 2 x 0. 0022/0 00603 3.0

2. Sorbent to Shell

The term HXS accounts for all heat exchénge between the sorbent and the

canister wall. To make these calculations; the effective thermal conductivity
of the sorbent must be known. (This is also necessary for the term SK.)
Phillips (Reference 6) has obtained a.corrélation for bed thermal conduct|v1ty

as a function of the gas conditions as well as the sorbent. o
" For the conditions here duffhg adspfpfioﬁ:
SK = 0.10 Btu/(sq ft)(hr) (°F/ft)
and for desorption, y S bulk paék
SK = 0.08 Btu/(sq ft) (hr) (°F/ft)

‘The conductivity in the heater section is then estimated by using volume
weighted average of heater and sorbent conductivities. During adsorption,

SK = 11.6
and during desorption, heat exchanger
SK = I1.6

The heat transfer coefficients are found by assuming a conductance path.
In the bulk pack sections the path is taken as one-half the distance from
the canister wall to the center of the bed. This yields a coefficient during
adsorption of, ‘
HXS = k/AX = 0.10/0.145 = 0.685
during desorption,

HXS = 0.08/0.145 = 0.55

In the heat exchanger core the same conductance path was used. However, the
mixed Al-MS conductivity is used. During adsorption the coefficient becomes

HXS = 11.6/0.146 = 79.5
“during desorption, the coefficient is

HXS = 11.6/0.146 = 79.5

72-8786
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3. Gas to Shell

The gas to shell heat exchange accounts for-a very small portion of the
total energy transfer. The coefficient is calculated throughout the canister
as the conductivity divided by the average heat path.

HXG = 0.01475/0.146 = 0. 101
during desorption

HXG = 0.0022/0. 146 = 0.015]1

Diffusion Coefficients for CO, in 5A and Hy0 in I3X

DIF = 4.0 x 10-% throughout. No internal mass transfer resistance results
from the use of this size diffusion coefficient.

Mass-Transfer Coefficients

The following mass transfer coefficients are determined from test data
obtained at AiResearch.

l. AdsorEtion
GK - 0.9 x 107%
CO, - 5A ’
2
-3
GK = 5.0 x 10
HZO - I3X
2. DesorEtion
. _ ' ) "
GKeg - 5a. = 20 x 10
2
- -3
GK = 1.0 x 10
H20 - l3x

Properties of Sorbents

I, Sorbent Density

RHAS = 64 1b/cu ft

2.  Bulk Density

RHp SB

45 1b/cu ft in bulk pack

RHp SB 36 1b/cu ft in heater core
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Heat of Adsorption

The following heat of adsorption data are calculated from equilibrium
isotherm data as described in (Reference 7).

DH = 400 for CO, on 5A (Btu/lb) - «

2

1400 for H,0 on 13X (Btu/lb)

- DH ) (Btu/1b). o

1l

Equilibrium Data

Equ11|br1um data for H20 - 13X and CO2 -5A are fitted by equationsfaﬁd
are used in FUNCTION PKEQ. ‘

Vacuum Duct and Gas Valve Characteristics»

The gas\glscharge capacity of the vacuum ‘duct with. gas valve for the
Airlock molecular sieve system was found.to be approximated by -the follownng
- expression:

WD (P) = [ﬁn(-a——g-%) + |..76] /1.96 ' ‘I ) (4;|)

This equation is used in subroutine DESORB for‘fhe present simulation,
SUMMARY AND LISTING OF INPUT DATA’

Summarxrof Input Data

A summary of the ‘input data for the example problem is presented fn
Figure 4-2. ‘

Listings of the input and output data are given in-the fofloWihg pages.
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SECTION 5

REFERENCE INFORMATION

SUBPROGRAM DOCUMENTATION

Main Program (59950) -

This_main program calls MADSOR to.perform one adsorption half-cycle
calculation. ‘ ‘

Main Program (5995I)

This main program calls MDESOR to carry out one desorption half-cycle
calculation. ~ . ‘

MADSOR ($9970)

This subroutine monitors the adsorption half-cycle calculations. It
prints the total quantities of molecular sieve and silica gel pellets in the
composite bed for input data check-out purposes. The routine, then, calls
STARTA. The time increment size for the next time step is selected such that-
TI and WI specified in the -input data are satisfied. Subroutine ADSORB is
then called to advance one time step, new cabin PCO is calculated and the

‘ 2

results are printed if this should be done according to NPRINT, and NSTART.
The program flow chart is given in Figure 5-1. |

STARTA (5$9978)

~ Everything which stays constant throughout the entire adsorption half
cycle is evaluated in this subroutine. A, RS, CRI, CRZ2, CR3 are evaluated
in the subroutine. :

ADSORB 6997 1)

This subprogram computes all the coefficients required in Equatiohs (2-64)
through (2-69), solve for pk's first, followed by bed loadings, and temperatures.

A logic diagram of the subprogram is shown in Figure 5-2.

TSPRBA (S9977)

This routine solves Equation (2-32) for adsorption period sorbent tempera-
tures, using the method shown in Equations (2-38) through (2-46).

72-8786
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ENTRY
NCYCLE = |
1
COMPUTE AND
PRINT SORBENT
NCYCLE > | VOLUMES AND
WEIGHTS
r i ]
SET TIME = 0

ETC. AND CALL
STARTA TO SET
TIME-INVARIANT
COEFFICIENTS

NPR 2 NPRINT

CALL -ADS@RB
CALCULATE NEW
Pcoz, TYTC 92

TgTH2d, SUMPTM
TIME, NPR

t-;

NCYCLE = NSTART

PRINT BED
PROPERTIES

NPR < NPRINT
OR NCYCLE < NSTART

TIME > CYCLE

TIME <CYCLE L
PRINT BED
NDTCEN = 2 NDTCAN = | PROPERTIES
SET (At) AS - SELECT (At) SUCH
SPECIFIED IN THAT (aW) AND (AT)
PROGRAM DURING -(At) ARE
AS SPECIFIED,
I.E., = WI, TI
—p
5-50348
Figure 5-1. Logic Flow Chart for MADSOR
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ENTRY

y
COMPUTE C|, C,,

C3 AND B FOR

SORBENT INTERIOR
NODES (REFER TO EQ
2-38 THROUGH 2-42)

NTEMP = O »
~NTEMP # 0 l

COMPUTE C¢ |, set, C., C..,

D. FOR S17 7s2
cSZ’ S DS =0
SORBENT HEAT _
BALANCES TS, TC, TX = T268
(REFER TO
EQ (2-65)

r

api
COMPUTE | — ),

BTS

2P} ‘
., ) P1s Pos Pgs

D,» D, QETC,

¥

COMPUTE NEW

Pk'S FROM BED

INLET, THEN

CALCULATE Wk'S

NTEMP = O

NTEMP#0

CALL TSORBA

CALL TGLCOL

CALL HXC@RE
__CALL GASTA

§=-50349

Figure 5-2, Logic Flow Chart for ADSORB
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TGLCAL (59987)

NASA CR-112098

Equation (2-33) is solved for coolant temperatures using the method
described by Equations (2-38) through (2-46). '

HXCORE (S$9991)

Equation (2-34) is solved for heat exchanger core temperatures using the
method described in Equations (2-38) through (2-46).

GASTA (59976)

Equation (2-31) is used to obtain gas temperatures for the adsorption
period. Arguments of the subroutine are

CMR

CPG

ABED

NDX |

TGI
ASG

HSG

AXG

HXG

DX
TG
TS
TX

PRADSB (S9979)

Il

Il

pfocess gas fléw rate, Ib)hr

specific heat of process gas stream, Btu/(1b)(°F)
cross-sectional area, (sq ft)

total number of axial nodes

process gas inle£ température, °F

sorbent surface area per unit bulk volume, (sq ft)/(cu ft)

heat transfer coefficient between gas and sorbent, Btu/(sgq
ft) (hr) (°F)

primary heat transfer area between heat exchanger and gas,
(sq ft)/(cu ft)

heat transfer coefficient between heat exchanger and gas,
Btu/(hr)(sq ft) (°F)

axial increment size, ft
gas temperature, °F
sorbent temperature, °F

heat exchanger temperature, °F °

This is the print routine for the adsorption program. A detailed
description of output variables was given in Section 3.
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MDESOR (59980)

The routine controls desorption calculations much as MADSOR does the
adsorption counterpart. It calls START, picks up a At, calls DESORB, PRDESSB,
and stores temperatures. -

START (59988)

Similar to STARTA. for the adsorption, this subroutine generatés all‘the '
coefficients which stay unchanged for the entire desorption half cycle.

PRDESB (59989)

This is a print routine for the desorption program. For a detailed
description of output variables, refer to Section 3.

DESpRB (S9983)

Heat and material balance equations for the desorption period are solved
by the method described in Section 2. The coefficients required in Equations
(2-48) through (2-62) are computed, the desorption pressure Equation (2-58)
is solved in double precision and these pressures are used to calculate new
bed loadings and temperatures. A logic flow chart for this subprogram is
given in Figure 5-3. . '

TSPRB (59997)

This routine solves for sorbent temperature in the desorption period,
using the method described by Equations (2-38) through (2-46).

GAST (59986)

The routine solves Equation (2-31) for the desorption period gas
temperatures. Arguments of the subprogram are defined:

DX

axial increment size, ft
RHpG = density of vapor mixture, 1b/(cu ft)

CPG = specific heat of vapér mixture, Btu/(1b)(°F)

U = linear velocity of vapor‘mixture, ft/hr

TS = sorbent temperature, °F

TX = heat exchanger temperature, °F
NDX| = total number of axial nodes

ASG = sorbent surface area per unit bulk volume, (sgq ft)/(éu ft)

HSG = heat transfer coefficient. between gas and sorbent, Btu/(hr)
(sq ft)(°F)
72-8786
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ENTRY
_y

CALCULATE F
USING EOQ (23),
Cys» €y, Cx, B FOR

SORBENT INTERIOR
MODES (SEE EQ 2-38,
2-39, 2-40)

NTEMP =

0

NTEMP # O

l

NASA CR-112098

-

CALCULATE BED
LOADINGS, MOLAL
FLOW RATES OF
SORBATES, tzo,

P, U
g’ g

COMPUTE Cg, Cq,,

DS FOR SORBENT TEMP

INCREASE (REFER TO
EQ (2-49)

SET C¢)5 C

DS =0
T

s* Tcr Tx

s2’

= T268

NTEMP # 0

CALL TSORB

J

k
COMPUTE (a ) )

PI’ P2) 3} DI’ D
Q, PCl, PC2, PC3,
cPl, CP2, CIP, c2p,
C3P, DIP FOR
P-EQUATION

2

NBCEUT =

NBCHUT = |

SET BOUNDARY
CONDITIONS USING
VACUUM DUCT
CHARACTERISTICS

l

SET BED OUTLET.
PRESSURE AS

SPECIFIED

|

E

CALL FDEQID
TO FIND BED
PRESSURES BY
METHOD OF
THOMAS

3

;.—_

CALL TGLCHL
CALL HXC@RE
CALL GAST

l

Figure 5-3,

AIRESEARCH MANUFACTURING COMPANY
_~ Los Angeles, Catifornia
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AXG = primary heat transfer area between heat exchanger and gas,
(sq ft)/(cu ft) : '

HXG = heat transfer coefficient between heat exchanger and gas,
Btu/(hr)(sq ft)(°F)

TG = gas temperature, °F

void fraction

1

Vg IDF

PKEQ (59992)

This function subprogram calculates the equilibrium C02 and H20 vapor

pressures over the molecular sieve and desiccant sorbents, respectively.

Arguments of the function are

ID = control index, ID = | indicates Co, over molecular sieve
sorbent, ID = 2 indicates H20 over desiccant sorbent.
W = loading, lb-sorbate/(lb-sorbent)

T = sorbent temperature, °F

IFN (59981)

The function determines whether a given axial node belongs in the
molecular sieve bed or desiccant bed.

FDEQIM (59984)

The routine solves a system of finite difference equations by the method
described by Equations (2-38) through (2-46).

FDEQID (59985)

The subroutine is a double precision version of FDEQIM.

LAGIN2 (59996)

This routine performs a Lagrangian polynomial interpolation. Arguments
variables are:

ID = in case of trouble, this ID number will be printed for program
checkout

X = independent variable

NP = number of tabulated pairs of data to be used

72-8786
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ND = Number of points to be used in interpolation. For ‘instance

ND = 2, linear interpolation will be used

X¢ = value of independent variable X

value of dependent variable correspondlng to X¢ (this is the
answer obtained by LAGIN2)

Yo

i

Y = dependent variable

72-8786
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PART I

MULTIPLE BED PROGRAM (MAIN4B)
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NASA CR-112098

. NOMENCLATURE
FORTRAN - Algebraic* - A Description
fep »u ) fep, tu _
A ——7;—ﬁ%q———9 Quantity ——T;jjﬁx———g appearing in Equation (2-35),
9 L g Ref (1) (1b-mole)/(hr)(sq ft)
(mm Hg)

ADT A Temporary storage for DT, hr

ADT?2 Temporary storage for DT, hr

ABED A " Cross-sectional area of adsorbent bed, sq ft

AGS, ASG asg ‘ External surface area of sorbent, sq ft/(cu ft of bed)

AGX, AXG a_ Primary heat transfer area between heat exchanger and

g gas stream, sq ft/cu ft of sorbent bed ’
ASX, AXS ag Primary heat transfer area between heat exchanger and
: sorbent, identical to a
Xg

AvVC ac » Primary heat transfer area for coolant, sq ft/(cu ft
of coolant volume)

AVLD Average loading at each axial node, (lb-sorbate)/(1b-
sorbent)

AVH20P Average poisoning rate of molecular sieves by H,0,
-(Ib—HZO)/hr

AVMSLD Average COZ-loading of all active molecular sieve
sorbents, lb-COz/(lb-molecular sieves)

AVPH28 Average outlet PHéo, mm Hg -

AVRC@2 » Average CO2 adsorption or desorption rate, lb-COz/hr

AVRH2¢ | Average H20 adsorption or desorption rate, Ib—HZO/hr

AVSGLD Average H20—Ioading of desiccant sorbents, Ib—HZO/

) (1b-desiccant)
AVX a . Primary heat transfer area for heat exchanger, sq ft

plate area/(cu ft of metal)

*Referring to equations in Part I of this report.

tmos 72'8786
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NASA CR-112098

FORTRAN Algebraic Description
B Temporary variable used in simultaneous solution of

a system of finite difference equations. See
Equations (2-41) and (2-42), in Part I of this report.

” c Molal density of gas mixture, 1b moles/(cu ft)

CPC : Cpc Heat cépacity of coo]ant; Btu/(°F)(lb)

CPG Cpg Heat capacity of gas mixture, Btu/(°F)(1b)

CPL Specific heat of adsorbed sorbate, Btu/(°F)(1b)

CPP Specific heat of dry sorbent, Btu/(°F)(Ib)

CPS Cps. Sorbent specific heat, Btu/(1b)(°F)

CPX Cpx Heat capacity of heat exchanger metal, Btu/%F)(1b)

CPl Coefficients in equation

CP2 PC3 - (pkst ) XPr o pp = CPI ¥ CP2 TP

CRI Coefficients in following equation which is merely
another form of Equation (2-28),in Part I of this

CR2 report.

CR3 CRI WG +(2E§ oMot | cgp (M, 1) e+ ae)

-W + CR3 -

koM, (t + At) Mim, (¢ + at)

Wi, 1), (e At))

cs| Coefficients in equation
s2 ’ T - :
c Ts(t + At) Ts,t DS + CSI P(t + At)
- OS2 5 Prs (¢ +at)
CYCLE . Cycle time per one adsorption or one desorption
half-cycle, hr
cl Coefficients in equation
cz O m Y wat), -1) YO Wi waT), M
c3

TO3 W L at), MW+ 1) =Dl

72-8786
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FORTRAN Algebraic
clp

Cc2p

c3p

DH AH

DIF D

DP

DPC@2C

DS
DT At

DTMAX

. DT@

DTT

DVS

DVS|

DX
DI
DIP

D2

FR

" FR {),N) is €0, rate,vFR (2,N) is H

NASA CR-112098

Description .
Coefficients in equation

clp + C2P -

e+ ar), (v1) "(t +at), N

+ C3P - = DIP

Ple +at), (N +1)
Heat of adsorption at each node Btu/(1b adsorbed)

Mass diffusivity of component k through the interior
of sorbent, sq ft/hr -

Sorbent diameter, ft

Cabin CO2 partial pressure increase in one time

increment, mm Hg

See (S|

Time increment, hr

Maximum allowable time step size, usually 0.0l hr

for isothermal analysis and 0.005 hr for nonisothermal
analysis

Time increment of previous computation step, hr

Maximum allowable time increment calculated from each
bed transient, hr

Size of interior sorbent volume elements, (cu ft)

Size of sorbent volume elements at surface and center
of spherical pellets, DVSI = 1/2 DVS, (cu ft)

Axial node dimension, ft-

:See cl

See CIP

Coefficient in equation W =Q + D2 - P(

ks (t + At) t + At)

Factor defined by Equation (2-17), a function of pressure

Molal flow rates of CO, and H 0, during desorption,

2 2

2O rate, lb-mole/hr

72-8786
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FORTRAN

Algebraic

GK

GMR

GMRI
GMR2
GMR3
GMR4
GMW

GMW I

GMW?2
GMW3
GMW 4

HCX, HXC
HGS, HSG

HXS, HXS

HTR

HTRI

HXG

1DB

IDS@RB

IMAIN. |

XC

sg

xS

Ganne AIRESEARCH MANUFACTURING COMPANY

NASA CR-112098

Description

Mass flux = ug
Mass transfer coefficient between bulk stream and the
surface of adsorbent. Surface kinetic rate can be
incorporated in this coefficient, lb-moles/(hr)

(sq ft)(mm Hg)

p,, 1b/(hr)(sq ft void area)

g}

Total mass flow rate, 1b/(hr)

GMR for bed |, bed 2, bed 3 and bed 4, respectively

Average molecular weight of process gas

GMW for bed I, bed 2, bed 3, and bed 4, respectively

Heat transfer coefficient between heat exchanger
primary plate and coolant, Btu/(sq ft)(°F)(hr)

Heat transfer coefficient between sorbent and gas,

based on A g Btu/(sq ft)(°F)(hr)

Effective heat .transfer coefficient between heat
exchanger primary plate and sorbent, Btu/(sq ft)

(°F)(hr)

Same as HTRIl if ISTBPC = 0. This variable is
used in program

Electric heater power read-in for each node, Btu/hr

"Heat transfer coefficient between heat exchanger

primary plate and gas stream, Btu/(sq ft)(°F)(hr)

Storage variable for all the ‘integer variables
characterizing desiccant bed configurations, such
as NPSET, NDR4, etc

Index identifying sorbent used for each node; | = 5A,
=S8.G. 3 =13 X, 4 =4A, 5 = 3A

Storage variable for the control integer variables
for the system, such as NCYCLT, NPRINT, etc

72-8786
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FORTRAN:: Algebraic - ' Description
IMB - . Storage-variable for all the integer variables

characterizing molecular sieve bed configurations,
such as NPSET, NDR4, etc

IST@PC Control index showing availability of coolant and
heat, if IST@PC # O, WC é{O, HTR = 0, SABC@2 =0

KBED _ Integer indicating whether a bed exists. KBED (3) =0
means bed 3 does not ‘exist

NCT! ’ " Number of cycles to be run before assessment of water
' ' ~ poisoning effects

NCT2 Number of cycles to be run after node adjustment for
' ' effects of water-poisoning

MS Molal rate of mass transfer into bulk gas stream/unit
“'g bed volume, lb-moles per (cu ft of bed) (hr); see
' Equation (2-15), in Part I of this report.

Ms _ Interior node corresponding to the surface of pellet'

NBCOUT Integer control variable, if NB@UT = 2, the outlet
manifold pressure is specified as a function of time;
NBGUT = !, the manifold pressure is computed from
vacuum duct resistance

NCYCLE Number of complete adsorption-desorption cycles from
beginning of .run

NCYCLT Total number of complete adsorption-desorption cycle
calculations desired

NDR4 Integer denoting total number of radial sorbent
pellet nodes (interior nodes)

NDTC@N ~ If =1, internal At calculations. If =2, fixed
At's in program will be -used

NDXM : : Integer denoting total number of molecular sieve nodes

NDXMAC .~ - . _.Integer denoting number of active molecular sieve modes,
i.e., (NDXM-NDXMAX) represents the number of molecular
sieve nodes. which have been inactivated by water
poisoning

NDXI Integer denoting total number of axial nodes

72-8786
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FORTRAN Algebraic

NHALF

N@G
NPR

NPRINT

NPSET

NSTART

NSTI
NST2

NTEMP

PA P
PAC
PAI
PA2
PA3
PA4
PCP2A
PC@2c
PC@21I
PC@211
PCP2I2

PCP2I3
PC@214

e d
m AIRESEARCH MANUFACTURING COMPANY
. Los Angeles, Catifornia
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Description

NHALF = |, beds | and 2 are adsorbing, beds 3 and 4
are desorbing; :

NHALF = 2, beds | and 2 are desorbing, and beds 3
and 4 are adsorbing

Node to which coolant is added

Number of timé steps e1apsed since last printout
Integer control variable which determines the frequency
of printout occurrence; e.g., if NPRINT = 5, printout

occurs after every five time steps

Integers which denote the nodes to which tabulated
vacuum history is applicable

Integer denoting the éycle from which on bed perfor-
mance will be printed at frequency specified by NPRINT

NSTART for the NCT! run

NSTART rfor the NCT2 run

Integer control variable; if NTEMP = O, the energy
equations will be ignored and bed temperatures set
equal to TCIN; if NTEMP # O, heat balances will be
performed

Bed total pressure during adsorption, mm Hg

Cabin pressure, mm Hg

PA.for bed |, bed 3, bed 3 and bed 4, respectively

{C02-accumulator pressure, psia

CO0, partial pressure in cabin, mm Hg

2

CO2 partial pressure at adsorption bed inlet, mm Hg -

PC@#2I for bed |, bed 2, bed 3 and bed 4, respectively

72-8786
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FORTRAN Algebraic
PCI

PC2

PC3

PH2@C
PH281

PH2@I!
PH2@12
PH2@I3
PH2@I4

PK(K,N) Py

PKI
PK2
PK3
PK4

PN2

PN21
PN22
PN23
PN24

PAUT

P@2

P@21
P@22
PP23
P@24

ca vv)| AIRESEARCH MANUFACTURING COMPANY
w Las Angeles, California
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Description -

Coefficients in equation for desorption pressure

Pleat), N~ Pe,
(at)

= PCI - P(t+At)L N—I)-2P<t+At); NF P(t+At), (N-1)
(8x)?

. Pleat), v+ P(esnt), (N-1)
2(Ax)

+ PC2

+ PC3 * [P -X, P

ks (t+At) "k (t+At)
H20 partial pressure in the cabin, mm Hg

Inlet H20 partial pressure, mm Hg

" PH2@I for bed |, 2, 3 and 4, respectively

. p " Xk; partial pressure of component k in bulk gas

stream, mm Hg

PK for bed 1, 2, 3 and 4, respectively

'Nz'partial pressure for overboard loss computation

"PN2 for bed 1,.2, 3 and 4, respectively

10 tabulated desorption outlet pressures at TIMET,
mm Hg

0, partial pressure for overboard loss calculations

P¢2 for bed |, 2, 3, and 4, respectively

Variable for a temporary storage of PT

72-878¢6
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PT P
PTI
PT2
PT3
PT4

PUMP

Pl
p2

P3

RB IM
RBZM
RB3M
RB4M

RC@2C

RDB
RDBA

RDBD

RGAS R
RH@C p
RH@G p
RH@S p
RH@SB Peb

RH@X )

GannE AIRESEARCH MANUFACTURING COMPANY
rs Las Angeles, California

NASA CR-112098

Description

Total pressure in bulk gas stream, mm Hg

PT for bed |, 2, 3 and 4, respectively

Pressure ratios at which vacuum pump displacements
VPUMP are tabulated , »

Coefficients in equation

=Pl +pP2 - +P3 . P

W -W
pks(t+At) ( k,S(t'l‘At) k,S;t)

Temporary variable like B. See fquations (2-43) and
(2-44), Ref (1)

Variable equivalent to TGl!, PH2@Il, etc

Variable equivalent to TG2, PH2(I2, etc

Variable equivalent to TG3, PH20I3, etc

Variable equivalent to TG4, PH2014, etc

Rate of CO2 generation in cabin, Ib CO2 per hr

Storage variable for real variables characterizing
desiccant bed configuration

Storage variable for real variables characterizing
desiccant bed adsorption half cycle transfer processes

Similar to RDBA for desorption half-cycles

Gas constant, 554 (mm Hg) (cu ft)/(1b-mole)(°R)

Coolant density, 1b/(cu ft)

Gas density, 1b/(cu ft)

Sorbent density, lb/(cu ft particle)
Sorbent bulk density, 1b/(cu ft bed volume)

HX core metal density, 1b/(cu ft)

72-8786
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FORTRAN Algebraic ) Description .
RMAIN Real variable equivalent to WM, CYCLE, etc., which
are common to all beds
RMB Storage variable for real variables characterizing
molecular sieve bed configuration, such as ABED, AVC,
etc. .
RMBA Storage variable for real variables characterizing
molecular sieve bed transfer processes during adsorp—
tion half cycles, such as HXG, HXS, etc.
RMBD Similar to RMBA for desorption half cycles
RS re Average particle radlus‘found from Psh and asg,ft
RSI Radius of SpHerical surface 'separating two interior
sorbent volume elements, ft
SABC@S A permanent storage for SABC@2
SABCP?2 Rate of CO2 intake by a Sabatier reactor or equivalénf,
1b/hr ‘
SK kS Effective thermal conductivity of sorbent bed,
Btu/(hr) (sq ft) (°F/ft)
t
SUMPTM Quantity T Py,0, outlet (at), (mm) (hr)
t = zero
TC T, Coolant temperature, °F
TC@2A 'C0,-accumulator temperature, °F
TCIN Identical with T268, inlet coolant temperature, °F
TCOI Initial TC for bed |, 2, 3'and 4, respectively
TCO2
TCO3 J
TCO4
TCl Coolant temperature at time, t - At
TCI TC! for bed I, 2, 3, and 4; respectively
TCI2 .
TCI3
TCl4
72-8786 -
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FORTRAN Algebraic

TC2
TC2!
TC22
TC23
TC24
TG T
TGC

TGHX

TGI T .

TGII
TGIZ
TGI3
TGI4
TGl
TG?2
7G3
TG4

TI

TIME t

TIMEDS

TIMEM
TIMET

TKX k

TMAX

TgTCE2

(GCAannE AIRESEARCH MANUFACTURING COMPANY
Los Angeles, California

NASA CR-112098

Description

Coolant temperature at time, t - 2At

TC2 for bed |, 2, 3 and 4, respectively

Gas temperature, °F

Cabin temperature, °F

Maximum allowable temperature at molecular sieve bed
inlet, above which an intercooler will be used to
lower it to TGHX, °F

Inlet gas temperature for adsorption cycle, °F

TGI for bed |, 2, 3, and 4, respectively

TG for bed I, 2, 3, and 4, fespective]y

Maximum temperature change allowable per time
increment in selecting At, °F

Time from beginning of each adorption or desorption
period, hr

Maximum desorption time beyond which IST@PC will be
set equal to |, hr.

Time above in minutes

IO times at which P@UT are tabulated, hr

Thermal conductivity of heat exchanger core metal,
Btu/(hr) (sq ft) (°F/ft)

Maximum allowable sorbent temperature, above which
heater will be shut off, °F

Total amount of CO2 adsorbed since beginning of

adsorption period, 1b

72-8786
Page 118



NASA CR-112098

FORTRAN Algebraic _ E Description

T@THTC Total heat added/removed by coolant, Btu

TOTH2¢ Total amount of H,0 adsorbed since beginning of
adsorption period, 1b

TOTKWH Total KWH of electric power used by desorbing beds, KWH

TS TS Sorbent temperature, °F

TSOl Initial sorbent temperatures for bed |, 2, 3, and 4, .

TS02 respectively '

TS03

TS04

TS| Sorbentvtemperature at time t - (At), °F

TS11 TS| for bed |, 2, 3, and 4, respectively

TS12 :

TSI13

TS14

TS2 Sorbent temperature at time t-2 (At), °F

TS21 TS2 for bed |, 2, 3,:and 4, respectively

TS22 ' ‘ )

TS23

TS24

TX Tx ' . Heat exchanger core metal temperature, oF

TXOl Initial TX for bed |, 2, 3, and 4, respectively

TX02

TX03

TX04

TXI Heat exchanger core metal temperature at time
t - (at), °F

TXI1 TX| for bed !, 2, 3, and 4, respectively

TXI2 '

TXI13

TX14

TX2 ' Heat exchanger core metal temperature at time
t-2 (pt), °F

TX2I TX2 for bed I, 2, 3, and 4, respectively

TX22 ' ' :

TX23

TX24

!
i

72-8786
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FORTRAN  Algebraic = . Description
T268 Toes8 Inlet coolant temperature, °F
- uc u. . Coolant velocity, ft/hr
}UG u Interstitial gas velocnty, i.e., true gas velocity,
: 9 ft/hr '

VC@2A COz-accumulator volume, cu ft

VMS - Total bulk volume of molecular sieve sorbents, cu ft

V@IDF f Void fraction of bed

V@LCAB Cabin volume for atmosphere, cu ft; use VOLCAB = IO20
for constant PC@2C

VPUMP Vacuum pump displacements tabulated at pressure ratios
PUMP, c¢fm '

VS Volume of a single sorbent pellet, cu ft

VSG Total bulk volume of desiccants, cu ft

W Wk Local loading of component k in sorbent, 1b sorbéteb
k/1b sorbent

WC Coolant flow rate actually used in program, 1b/hr

WwCC Coolant flow rate inputted, Ib/hr

'Wd(P) A function of pressure which represents the capacity

of vacuum duct at duct inlet pressure of P mm, Ib/hr

Wl Maximum loading change allowable per time increment
in selecting At, 1b/lb

WM Mk Molecular weight of component K. K = | and 2

WS Temporary storage variable for W

WTACMS Total weight of active molecular seive sorbents, 1b

WTMS - Total weight of molecular sieve sorbents, b

WTSG Total weight of desiccants, 1b

Wi W for bed 1, 2, 3 and 4, respectively

W2

W3

Wa

» _ 72-8786"
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FORTRAN Algebraic Description
X X\ Mole fraction ?f component k.in gas stream k =
refers to CO2 in molecular sieve bed gas stream,
and K = 2 refers to H20 in desiccant bed gas stream
X ‘Distance from moelcular sieve bed end, ft
Y Any of bed properties, Ts, Tx’ wk, Tc, Tg
Subscripts
b Bulk
c Coolant
g Gas stream
i Inlet
k Component k
M Radial location index for sorbent interior nodes
N Axial location index |
s Surface of sorbent
s Sorbent
t At time t
v Volume
X Heat exchanger

Superscripts

.
Y

Equilibrium quantity

72-8786
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SECTION 6

GENERAL DESCRIPTION

INTRODUCT ION

The AiResearch composite sorbent bed program $S9960 (Part I of this report)
was developed for analyzing vacuum-dump sorbent bed systems such as the RCRS
(Regenerative Carbon Dioxide Removal System) for the Apollo Applications
Program and the Airlock Program. More complicated systems are required for
longer mission applications in which H20,'C02, or both must be saved. To

accommodate more complex systems, program $S9960 has been modified and expanded.
The new program is identified as MAIN4B and will now accommodate A-bed/HZO—

save-coz-dump and A-bed/HZOFéave-COZ-dump configurations as well as the orig-

inal 2-bed/vacuum-dump configuration. A typical 4-bed.thermal-swing system
that uses coolant is shown in Figure 6-|.

Computational schemes of program MAiNAB are Basica]ly the same as those
of program $9960, although modifications have been made and & number of new
features added. These changes are described in Section 7, Technical Descrip-
tion. '

The most significant new feature of program MAIN4B is prediction of the
effects of coadsorption of water, C02, oxygen, and nitrogen on the system

beds. The gradual buildup of water on the COé removal bed has a pronounced

effect of lowering the adsorption efficiency of that bed. Methods have been
incorporated into MAIN4B to quantitatively predict this coadsorption effect.
Also important is that coadsorption of atmospheric gases, oxygen and nitrogen,
leads to loss of the gases overboard from a vehicle when vacuum-dump systems
are employed, The rate of loss of these gases is estimated as a function of
process conditions.

PROGRAM "INPUT

The input to MAIN4B is by means of eleven namelists. The lists include
initial conditions, bed sizes, mass and heat transfer coefficients, etc.
However, equilibrium data of various sorbate-sorbent pairs are all contained
in subroutines EQPWT and FC@AD in the form of data statements. These may
have to be changed if better data become available.

PROGRAM OUTPUT

Printed pages are the only output from the program. The output provides
the following: '

(a) Bed size

(b) Estimated overboard gas losses

72-8786
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NASA CR-112098

(c) Temperatures

(d) Sorbate loadings

(e) Averaée sorbate loadfngs‘

(f) Average adsorption/desorption rates

(g) Heat provided by electric heater and coolant
(h) Sorbate partial pressures

(i) Desorption pressures

(j) C€O,-accumulator pressure and volume

2

The bed sizes and overboard gas losses are printed again after bed sizes
are adjusted to account for water poisoning effects.

PROGRAM OPTIONS

Three categories of program options are listed below.

System Options
(a) 2-bed-vacuum-dump

(b) 4-bed-H,0-save-CO,-dump

2

(c) 4-bed-H,0-C0,-save

2

Water-Poisoning Effects

(a) Degree of poisoning known

b) Degree of poisoning to be found by the program and bed sizes
g p g b
adjusted accordingly

Individual Sorbent Bed Options
(a) Isothermal Ope;ation with the bed temperature specified
(b) Adiabatic operation
(c) Thermal swing operation with hot and cold coolant
(d)' Thermal swiné operation with an electric heater
(e) Different sorbent and bed properties for different axiél nodes
(f) Desorption pressure specified as a function of time for up to

three axial locations

72-8786
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(g) Desorption bed outlet pressure computed from vacuum duct and pump

characteristics

(h) Desorption bed outlet pressure computed from input pump characteristics

and CO2 accumulator pressure,

(i) Use of a constant pressure type C0,-accumulator

{j) Use of a constant volume type €0,-accumulator

72-.8786
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SECTION 7 o

TECHNICAL DESCRIPTION

INTRODUCTION

The technical description of program MAIN4B includes only the new features
which have been added to program $9960. Basic heat and mass transfer models
used in the program were described in Part I of this report.

VACUUM DUCT CHARACTERIZATION

In program 59960, an empirical correlation between duct inlet pressure
and throughput was used to predict bed outlet pressures during desorption. As
the correlation was based on conditions which are not universally valid,a gener-
ally applicable method was developed for the new program, MAIN4B.

In the modified analysis, the boundary condition is treated in a more
general and rigorous fashion. Volumetric flow at the outlet face of the bed
is calculated from pump displacement and flow conductance of the vacuum duct
by . :

S, C
_2p | :
S=3 7F¢ (7-1)
p .
where S = volumetric flow rate at the bed outlet, liters/sec
S = pump displacement, a function of pump inlet pressure, liters/sec

C = duct conductance, liters/sec

The duct conductance is calculated by

A v - M
_P_D 3 2 | + 0.147 (—
C=3.269 x 102 & D )(T) T

tn 3-8 (E_

where P = average duct pressure, torrs

duct diameter, cm

duct length, cm
molecular weight

temperature, oK

]

=B 4 X2 o«
]

viscosity, poise
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(cannery)| AIRESEARCH MANUFACTURING COMPANY - "
- Los Angeles, Catifornia Pa ge | 2 7




NASA CR-112098

The characteristics of the vacuum pump used in Airlock Regenerative
Carbon Dioxide Removal System qualification tests are used in the DESORB sub-
routine. The data statements characterizing the pump can be easily changed
for different pumps. In the case of space vacuum, the pump displacements can
be set to arbitrarily large quantities to simulate the almost unlimited capacity
of space. The duct diameter and length set in DESPRB can also be changed for
di fferent configurations.

PUMPING INTO A COZ-ACCUMULATOR

For a C02-save system, MAIN4B allows the.user to specify pump character-

istics in the form of displacements vs pressure ratios - VPUMP vs PUMP. The
line pressure drop is neglected in this case and the boundary condition used
for the bed outlet is

-2 (%) -y, o
where f = void fraction
A = cross-sebtional area of bed
F = bed‘resistance defined in Part I of this report
p = pressure, mm Hg
X = axial distance, ft
Vp = pump displacement, (cu ft)/hr

ENERGY EQUATION FOR HEAT EXCHANGER CORE METAL WITH EMBEDDED ELECTRIC HEATER

Program MAIN4B allows for the use of electric heaters embedded in heat

exchanger metal. The new energy equation incorporating the heater is
) o)
Ix _ 9o —Ix -
(Cpx : px) 3t dx (Kx X ) T Ak [hxs (Ts Tx)+
h (T-T)+h (T-T)]+Q (7-4)
xg \g X xc \'c X v

where the heat source dv is the heater capacity in Btu/(cu ft of HX metal)

WATER POISONING OF SORBENT

Effects of the poisoning of molecular sieve sorbents 5A and |3X by water
are shown in Figures 7-1 and 7-2. These data are set up in subroutine FC@AD,
in the form of Hy0 loading vs CO, capacity as a fraction of dry sorbent capacity.
Expansion of the built-in data to include coadsorption data for other sorbents
can be easily done whenever such data become available.
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OVERBOARD GA$ LOSSES

Overboard gas losses are estimated by assuming that, for molecular sieve
sorbents 5A and |3X, the percentage reduction in capacity due to water poison-
ing is the same for €o,, N2 and 0,.

"MAIN PROGRAM MAIN4B

The main program MAIN4B was written for a typical COé-HZO—save thermal

swing 4-bed system, depicted in Figure 6-1. A logic diagram of the program
is shown in Figure 7-3. The program first determines the amount of water
accumulated in each bed during the first NCT| cycles.

In the input data, NDXM and NDXMAC for each bed are selected so that the
CO0, sorbent nodes which may potentially be poisoned in NCTI cycles are assigned

as desiccant nodes. This results in a desiccant section greater, and a CO,-

sorbent section smaller, than the actual sizes. The program is run for NCT|
cycles to let water accumulate in the back end of the desiccant section, which
in actuality is the front end of the CO,-section. This method predicts slightly

less than actual performance of the CO,-removal bed. However, in the first
half of the run, i.e., for the first NCT| cycles, only the desiccant bed per-
formance is of primary interest, and an approximate simulation of the C0, bed
should suffice in estimating bed poisoning.

- At the end of the NCT| cycles, during which period the accumulation of
water in the front part of the CO,~bed has been established, the effective dry

sorbent quantity for CO2 adsorption is found for each desiccant node, using
the data presented in Figures 7-1 and 7-2. The total of all these equivalent
dry sorbent weights is added to the COZ-sorbent section by resetting NDXM and
NDXMAC. 1In case a non-integral number of desiccant nodes results, desiccant
densities are adjusted to keep the total weight unchanged. Mass diffusivity,

mass "transfer coefficient and heat of adsorption (DIF, GK, DH) for the reassigned
nodes are set to those of node No. |.

After the resetting of the beds, the program is run for additional NCT2
cycles to establish the CO, removal performance of the bed with the degree of

poisoning established in ‘the first stage of the run. NCT2 is selected just
large enough to give a stabilized solution.

In Figure 7-3, the 4-bed performance prediction is performed'by the opera-

tions enclosed in the broken-line rectangle, which are shown in the right hand
portion of the figure. ' :
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SECTION 8

USAGE

PROGRAM INPUT
All data required for program execution are inputted via eleven namelists.
The following paragraphs describe the function of each namelist and define

parameters/variables in, the namelists.

Function of Various Namelists

Rarameters defining the system and execution mode, common to all the
beds, are contained in the namelist 'MAIN'. These include, among others,
molecular weights of sorbates, half-cycle time, C0,-accumulator volume, and

number of cycles to be run before the effect of water-poisoning will be
evaluated:

Initial conditions, gas flow rates, PN and P0 for each bed are included
2 2

in namelists 'BIM", "B2M', B3M', and 'B4M', respectively.

-Desiccant bea characteristics, such as bed and sorbent sizes, various
areas, sorbent-type used for each node, desorption mode to be used, etc.,
maké up the namelist 'DB'.

Data characterizing desiccant bed mass and heat transfer processes, are
included in 'DBA' for the adsorption half-cycle and 'DBD' for the desorption
half-cycle.

Similarly, corresponding data for the molecular sieve beds are conta;ned
in the namelists 'MB', 'MBA' and 'MBD!' :

Input Variable Lists and Definition

I, Namelist MAIN

Fortran Symbol - Definition

wM(2) | Adsorbate molecular weight; egq.,
a WM( 1) = (coz), WM(2) = I8(H20)

CYCLE _ ‘ Cycle time per one adsorption or one
desorption, period, hr

DTMAX . Maximum allowable time step size, usually
0.0l hr for isothermal analysis and 0.005
hr for nonisothermal analysis

WI Maximum loading change allowable per time

increment in selecting At, 1b/1b

72-8786
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TI

PCO2C

V@LCAB
RCP2C

NPRINT
NDTCON

NTEMP

. TGC
PAC
PH20C

TGHX

PC@2A
VCO2A

SABC@2

TC@2A

AIRESEARCH MANUFACTURING COMPANY
Los Angeles, Catifornia
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Maximum temperature change allowable per
time increment in selecting At, °F

Initial CO2 partial pressure in cabin, mm Hg-

Cabin volume for atmosphere, cu ft; use

. 20
VALCAB = 10", for constant PCP2C

Rate of CO2 generation in cabin, lb CO2
per hr

Integer control variable which determines
frequency of printout occurrence; e.qg., if
NPRINT - 2, printout occurs after every two
time steps '

If NDTCON = |, At will be selected such
that AT =TI, AW = WI for time step; if
NDTCOAN = 2, AT's as set in program will be
used

Integer control variable; if NTEMP = O,
isothermal analysis; the energy equations
are ignored,.and the bed temperature is set
equal to TCIN. If NTEMP # .0, nonisothermal
analysis

Cabin temperature, °F
Cabin pressure, mm Hg
Cabin PHZO, mm Hg

Maximum temperature allowable for C02-beds

inlet gas, if the temperature is exceeded,
a gas cooler will be employed to lower the
temperature to TGHX.

co, accumulator pressure, for a fixed

volume type, psia

; C02'accumulator volume for a fixed pressure

type, cu ft

CO, flow-rate to Sabatier reactor, lb C0,/hr.

CO2 accumulator temperature, °F

72-8786
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KBED( 4)

TIMEDS

NCT!

NSTI

NCT2

NST2

2. Namelist BIM

Fortran Symbol

NASA CR-112098

Index indicating whether a bed exists.
E.g., if only bed 2 exists, KBED = 0, I,
0, 0 ' i

If TIMEDS<CYCLE, heat is available only
during TIMEDS of the desorption half-cycle,
beyond TIMEDS hot coolant, electric heater
will be shut off.

Total number of complete adsorption-desorp-
tion cycle calculations desired before
effects of bed-poisoning will be assessed
and bed sized adjusted accordingly to pre-
dict bed performance.

Cycle at which print-out will be started
for the aforementioned run.

Total number of complete adsorption-
desorption cycle calculations desired after

bed adjustments for poisoning.

Cycle at which print-out will be started
for the run with adjustments for poisoning.

Definition

PAI Bed No. | total pressure, mm Hg
TS01(20) Bed No. | initial sorbent temperature, °F
'TCOI(ZO) Bed No. | initial coolant temperature, °F
TX01(20) Bed No. | initial HX metal temperature, °F
Wl (4,20) Bed No. | initial sorbate loading, Ist
subscript denoting sorbent interior radial
nodes; 2nd subscript denoting axial nodes;
b sorbate/lb dry sorbent.
GMRI Bed No. | process gas flow rate, Ib/hr
GMWI Bed No. | process gas molecular weight
PN21 Bed No. | N, partial pressure, mm Hg
P@21 Bed No. | O, partial pressure, mm Hg
72-8786
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3. Namelist B2M

Fortran Symbol

PA2

T502( 20)
TC02( 20)
TX02( 20)

w2 (4,20)

GMR2
GMW2
PN22

Pg22

4, Namelist B3M

Bed No.

Bed No.

Bed

Bed

Bed No.

No.

No.

2

2

2.

subscript
nodes; 2nd subscript denoting axial nodes;
Ib sorbate/lb dry sorbent.

Bed

Bed

Bed

Bed

Fortran Symbol

PA3

TS03
TCO3
TX03

w3

GMR3’
GMW3
PN23

PP23

AIRESEARCH MANUFACTURING COMPANY

Bed
Bed
Bed
Bed

Bed

No.

No.

No.

No.

No.

No.

No.

No.

No.

2

2

3

3

subscript
nodes, 2nd subscript denoting axial nodes,
b sorbate/lb dry sorbent.

NASA CR-112098

Definition

total pressure, mm Hg

initial sorbent temperature, °F
initial coolant temperature, °F
initial HX metal temperature, °F

initial sorbate loading, Ist
denoting sorbent interior radial

process gas flow rate, Ib/hr
process gas molecular weight
N2 partial pressure, mm Hg

02 partial pressure, mm Hg

Definition

total pregsure, mm Hg

initial sorbent temperature, °F
initial coolant temperature, °F
initial HX metal temperature, OF

initial sorbate loading, Ist
denoting sorbent interior radial

Bed No. 3 process gas flow rate, lb/hr.

Bed No. 3 process gas molecular weight.

Bed No. 3 N2 partial pressure, mm Hg.

Bed No. 3 02 partial pressure, mm Hg.

72-8786
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5. Namelist B4M

Fortran Symbol : - Definition
PA4 Bed No. 4 adsorption cfc]e~total pressure,
mm Hg
fSOA | Bed No. 4 initial sorbent éemperature, °F
TCO4 | Bed No. 4 initial coolant tempe?afure, oF
TX04 _ Bed No. 4 initial HX metal temperature, °F
Wi Bed No. 4 initial sorbate loading, Ist

subscript denoting sorbent interior radial
nodes, 2nd subscript denoting axial nodes;
b sorbate/1b dry sorbent.

GMR4 Bed No. 4 process gas flow rate, Tb/hr.

GMW4 ' Bed No. 4 process gas molecular wéight.
PN24 o Bed No. 4 adsorption cycle N2 partial

pressure, mm Hg.

PR24 Bed No. 4 adsorption cycle O2 partial
pressure, mm Hg.

6. Namelist DB

Fortran Symbol Definition
ABED (20) - Sorbent bed cross-section area normal to

flow of process gas, sq ft

AVC (20) Primary heat exchanger plate area per unit
volume of coolant held up in HX, sq ft/
(cu ft)

ASX (20) : Heat exchanger primary area per unit volume

sorbent bed, sq ft/(cu ft)
AGX (20) - Identical to ASX
AVX (20) Primary heat exchanger plate area per

unit volume of heat exchanger core metal,
sq ft/(cu ft)

RHEG (20) Gas density, 1b/(cu ft)
. 72-8786
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RH2SB (20)
RH@S (20)

RH@C (20)

lRH¢X (20)

cpGg  (20)

CPC (20)
cpx (20)
cPp (20)
DX

NPSET(3)

NDR4&

NDXMAC

NBCOUT

NDX| , :

NDXM

NOG-

POUT (10)
TIMET (10)

AIRESEARCH MANUFACTURING COMPANY

Los Angetes, Catifornia

NASA CR-112098

Sorbent bulk density, Ib/(cu ft) -~ .
Sorbent particle density, 1b/(cu ft)
Coolant density, 1b/{cu ft)

Heat exchanger metal density, 1b/(cu ft)

heat of the process gas, Btu/

Coolant specific heat, Btu/{1b) .(°F)

Heat exchanger specific heat, Btu/(°F)(1b)
Specific heat of dry sorbent, Btu/(1b)(°F)
Axial node dimension, ft

Denotes nodes to whicH vacuum is applied

Integer denoting total number of radial
sorbent pellet nodes (interior nodes)

Integer denoting number of active molecular
sieve nodes, i.e., (NDXM - NDXMAC) represents
the number of molecular sieve nodes which
have been inactivated by water poisoning

Integer control variable; NBCAUT I,
vacuum duct is simulated; NBCOUT = 2,
pressures are set as functions of time at
nodes NPSET(1~3); NBC@UT = 3, 4, €0, save

system with pump characteristics inputted;
fixed volume C02-accumulator used for

non

NBCOUT =3,fixed pressure accumulator for
NBCOUT =4

Integer denoting total number of axial! nodes

Integef denoting total number of modecular
sieve nodes .

Node to which coolant is added

10 pa}rs of exit pressure vs time data to
be used if NBCOUT = 2; POUT = vacuum end
manifold pressures (mm Hg), TIMET = times

(hr)

72-8786
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PUMP (10)
VPUMP (10)

IDSPRB (20)

cPL (2)

DP (20)

7. Namelist DBA

3
T

Fortran Symbol

HXG (20)
HXS (20)
HXC (20)
HSG (20)
SK (20)

TKX (20)

DH (20)

DIF (20)

GK (20)

TCIN

HTR (20)

AIRESEARCH MANUFACTURING COMPANY
Los Angeles, California

NASA CR-112098

|0 pairs of pressure ratios vs volumetric
displacements to be used for NBCOUT = 3 or 4;
PUMP = pump outlet to pump inlet pressure
ratio; VPUMP = volumetric displacements,

cfm.

Index identifying sorbent used for each
node; | =5A, 2 =S5.G., 3 =-13X,"4 = 4A,
5 = 3A. ; .

Specific heat of adsorbed sorbate, Btu/

(°F) (1b)

Sorbent diameter, ft.

Definition

Heat transfer coefficient, heat exchanger

to process gas, Btu/(sq ft) (°F) (hr)

Heat transfer coefficient, heat exchanger
to sorbent, Btu/(sq ft)(hr)(°F)

Heat transfer coefficient, heat exchanger
to coolant Btu/(sq ft)(hr)(°F)

Heat transfer coefficient, sorbent to gas,
Btu/(hr)(sq ft)(°F)

Effective sorbent thermal conductivfty,
Btu/(hr) (sq ft) (°F/ft)

Heat exchanger metal thermal conductivity,
TKX (K) denotes that between node K-l and
node K, Btu/(hr)(sq ft)(°F/ft)

Differential heat of adsorption, Btu/(1b
adsorbed)

Internal diffusivity, sq ft/hr

Exiernal surface mass transfer coefficient,
Ib-mol/(hr)(sq ft)(mm Hg)

Coolant inlet temperature, °F

Electric heater power for each node, BTU/hr

72-8786
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TMAX o , Maximum metal temperature, above which heater
~will be shutt of f, °F.

WC o : Coo]ant flow rate, 1b/hr.

8. Mamelist DBD

Parameters characterizing various transfer processes in'desorption cycles
are contained in this namelist. The list is identical to DBA and will be
given below without definition.

HXG (20), HXS(20), HXC(20), HSG(20), SK (20), TKX (20), DH (20),
DIF (20), GK (20), TCIN, HTR (20), TMAX, WC

9. Namelist MB

This namelist comprises the characteristics of C02 beds 2 and 4.
- The list is identical to DB and will be given below without definition.

ABED (20), AVC (20), ASX (20), AGX (20), AXC (20), AvX (20), RHEG (20),
RH@SB (20), RH@S (20), RHZC (20), RH@X (20), GPG (20), cPc (20),
CPX (20), CPP (20), DX, NPSET (3), NDR4, NDXMAC, NBCOUT, NDX!,
NDXM, N@G, P@UT (10), TIMET (10), PUMP (10), VPUMP(IO), IDS@RB( 20),
CPL (2), DP (20) o

10, Namelist MBA

This namelist comprises the data characterizing various transport
processes for CO, beds 3 and 4 adsorption cycles. The list is identical to
DBA and will be given without definition.

HXG (20), HXS (20), HXC (20), HSG (20), SK (20), TKX (20), DH (20),
DIF (20), GK (20), TCIN, HTR (20), TMAX, WC

1. Namelist MBD

This list is equivalent to MBA for desorption cycles,

HXG (20), HXS (20), HXC (20), HSG (20), SK (20), TKXx (20), DH (20),
DIF (20), GK (20), TCIN, HTR (20), TMAX, WC

EXECUTION CHARACTERISTICS

Storage Requirement

The present program requires a 28,400 word storage on the UniVac 1108
computer,
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Execution Time

With the Univac 1108 computer and using a total of 20 nodes for all
four beds, the ratio of real time to computer time is roughly 130 to I.

Accuracy/Validity

The single bed program $9960 was tested on the regenerable C02 removal

systems for AAP and Airlock applications and has proved to be quite accurate
in performance predictions. It is reasonable to assume that the expanded
version, MAIN4B, should be able to predict the performance of a 4-bed-C0,-
H20—save system equally well, as the basic models employed in both pro-

grams are identical.

Program Limitations

Although the present program was intended to be as general as feasible.
the basic system configuration as shown in Figure 6-1 was assumed in writing
the main program MAIN4B. Should the coolant hook-up be different from the
arrangement depicted in the schematic, the main program must be modified.
The work involved should be minimal, however.

- Another limitation is that the program uses the built-in equilibrium
data of subroutine EQPWT, which represents the best data available at AiResearch
at the moment. As better data become available, the subroutine has to be
modified. Also pure N, and pure O2 data are employed by the program in esti-

mating overboard gas losses. Should expanded N, - 0, coadsorption data become
available, some modifications will be required in the estimation.
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SECTION 9

EXAMPLE RUNS

INTRODUCTION

Two example runs are presented in this section: a performance prediction

for a 4-bed—C02-H20 save system; and demonstration of the program to account
for the coadsorption of CO2 with H20. Program input and output data are

included.

Example run no. | is presented on page 144 and example run no. 2 is
presented on page |65.
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EXAMPLE RUN NO. |

The first example to be presented is the performance prediction for a
4-bed—C02-H20 save system. This example is very similar to the one shown

in Figure 6-1, except that temperature swings of the CO2 beds. are controlled
electrically, and an intercooler is used to precool the C02-bed inlet gas

stream to 50°F.

Input data required are given as Figure 9-1. These data are printed by
the program in the namelist format for input data checking. It should be
noted that since no coolant is used in the sorbent beds of the present system,
coolant-related data are unimportant for the run. As vacuum dumping is not
used for sorbent regeneration, there should be no overboard gas losses, and

-20
so PN2l, P02l, PN22, P022, etc., are set to |10 . (Setting these to zero
causes some problems.)

After the printing of the input data, the program then gives sorbent
quantities and estimated gas losses for each bed, as shown in Figure 9-2.

The program is run with NCTI=6 and NSTI=6 and printing starts at the
6th cycle. The print-out at the end of the second half of the 6th cycle is
presented in Figure 9-3 for all four beds. Beds 3 and 4 have been adsorbing
and beds | and -2 have been desorbing. A constant pressure type C02-accumu]ator

is used for the system and the accumulator volume at the moment is printed
with bed 2 outputs. :

Since NCT2=0 for the run, the program stops at this point.
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PMAIN
WM

CYCLE
DTMAX
Wl

T
PCOZC
VOLCAB
RCO2C
NPRINT
NDTCON
NTEMP
TGC
PAC -
PH20C
TGHX
PCOZA
VC024
SABCO2
TCO24A
KBED
TIMEDS
NCT1
NST1
NCT2
NST2
$END
$B1M
Pal
TSO1

TC01

TX01

4l

(T T T T S LT T L T O F N L T T T { DN TN L £ N A (I O (B L T { ]

.44000000+02,
.16000300+01,
.15000000-01+
.49999999-02,
<10000000+02,
.75999999+01,
.30000000+03,
.55000000+00,
100,
1,
1,
.70000000+02,
.76000000+03,
.92000000+01,
.80000000+02,

-25000000+02, -

.80000000+01.,.
.55000000+00,
.10_0(30000'0-03_'
’ 1,
.20000000+01,
6,

6,

1.

1.,

.76000000+03,
.10000000+03,
.10000000+C3,
.10000000+03,
.00000000+00,
.00000000+00.
.00000000+00,
.00000000+00.
.00000000+00,
.00000000+00.
.00000000+00,
10000000403,
.10000000+03,
.10000000+03,
.00000000+00,
.00000000+00.
.69999998-01,
.69999998-01,
6999999801,
. 69999998-01,
.69999998-01,
.69999998-01,
6999999801,
16999999801,
.69999998~01,
.69999998-01,

- .69999998-01,

.89999998-01,
+69999998-01,
.69999998-01,
069999998'01-
. 89999998-01.,

Figure 9-1.
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.18000000+02,

i,

,10000000+03

10000000403,
.10000000+03,
.00000000+00»
.00000000+00
.00000000+00,
,00000000+00
.00000000+00.,
.00000000+00
.00000000+00 "
.10000000+03,
,10000000+03,
,10000000+03,
.00000000+00
.00000000+00
. 69999998-01,
,69999998-01
.69999998=01,
.69999998=01.,
.69999998~01,
.69999998-01,
. 69999998-01,
.69999998-01
.69999998-01,
.69999998-01,
.69999998-01,
. 69999998-01,
.69999998-01,
.69999998-01,
. 69999998-01»
. 69999998-01,
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+10000000+03,
»10000000+03,
»00000000+00:
+0000000U+00,
+00000000+00,
»00000000+00,
+00000000+00,
.00000000+00,
+00000000+00.
.00000000+00.,
+10000000+03,
+10000000+03,
.00000000+00,
.00000000+00,
»00000000+00.,
+69999998-01,
«69999998-01.,
+69999998-01.,
+69999998-01,
«69999998-01,
+69999998-01,
+69999%998-01,
+69999998-01.
+69999998-01,
+69999998-01,
+69999998-~01.,
+169999998-01,
+69999998-01,
169999998-01,
+69999998-01,
+169999998-01,

Input Data for Example Run No. |

NASA CR-112098

+10000000+03,
+100000G0+%G3,
.00000000+0G,
,00000000+C0,
+00000000+031,
.00000000+00,
.00000000+020
.00000000+00,
.00000000+0C0»
. 00000000+00,
+10000000+03,
+10000000+03,
,00000000+00C.,
»00000000+30C,
,00000000+00C.
«69999998-01
169999998-01,
,69999998-01,
169999998~-01,
69999998-01,
069999998’011
«69999998-01.,
+69999998-01,
169999998-01,
+169999998-04,
:69999998~-01,
169999998-01,
+69999998-01,
«69999998-01,
169999998~01
169999998-01,



GMR Y
GMwl
PN21
PO21
$END
$B2M
Paz
TS02

TCnZ

TX02

w2

GMR2
GMW2
PN22
P0O22
SEND
$83M
PAD

TS03

TCO3

" 6 e

.89999998-01,

699%9998-01.

.69999998-91,
.69999998~01,
»12500000+03,
.29090000+02,
.10000000-19.,
.10000900-19,

.76000000+03,
.37530000+03,
.37500300+03,
.37530000403,
.37530000+03,
.37500000+03,
.00090000+00,
.00000000+00,
.000N0000+00,
.000::0000+90,
.00000200+00,
.37500200+03,
37500000403,
.37500000+03,
.37500060+03,
.37500000+93,
.10000060~C1,
.10000000-01,
.10000000~01,
.10000000-01,
+10000000-01
.10000000~02,
.10000000-01,
.10000000~01,
.10000000~01,
.10000000-01,
.10090000-01,
.10000000~-01,
.10000200-01,
.10000000-01,
.10000000-01"
.10000900-01,
.10000000-01+
.10000000-01,
.10000000-01
.10000000~01,
.12500000+03,
.29000000+02,
.10000000-19,
.10000000-19,

«76000000+03,
.10020000+03,
.100170000+03,
»10000000+03,
-00000000+00,
«00020000+70.,
.0000000G+00,
+000u0000+00.

AIRESEARCH MANUFACTURING COMPANY
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.69999998-01.,
. 69999998-01,
+69999998-01,
.69999598~01 "

.37500000+03.
.37500000+03,
»37500000+03,
.37500000+03.,
+37500008+03»
.00000000+00.,
.00000000+00-
.00000000+00,
-00000000+00,
»00000000+00.,
«37500000+%03,
.37500000+03,
»37500000+03,
»37500000+03,
+375000C0+03,
.10000060~01.,
«10000000~01,
.10000000-01,
.10000000-01.,
.10000000~01>
-10Q000000-01,
+10000000-01,
.10000000-01.,
.10000000-01.
.10000000=~01,
.10000000-01,
.10000000-01.,
+10000000-01»
.10000000-01,
»10000000-01,
.10000000~-01,
«10000000-01»
.10000000-01.,
+10000000-01,
+10000000-01,

+10000000+03,
.10000000+03,
+10000000+03,
»00000000+00.
+00000000+00,
.00000000+00.
.00000000+00.
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+69999998-01,
. 69999%98-01,
+169999968-01,
. 69999998-01,

.375000600+03,
«.37500000+03,
«37500000+03,
«37500000+03,
037500300+03'
.00000u00+00,
»00000000+00,
+0G600000+00,
«00000020N0+00,
»00000000+00,
+37500000+03,
+37500000+03,
+375002000+03,
«37500%00+03,
«37500000+403,
.10000000-01,
+10000000-01,
+10000000-01,
.10000000-01.,
+10000000-01.,
+10000000-01,
+10000000-01,
+10000000-01,
+10000000-01.
.10000000-01,
+10000000-01,
.10000000-01,
+10000000-01,
«10000000-01,
+100000C00-01,
+.10000000-01.,
+10000000-01.
+10000000-01,
»10000000-01,
+10000000-01.,

+10000000+03,
»10000000+03,
.00000000+00.,
.00000000+00,
+00000000+00.
.00000000+00,
+00000000+00.

(Continued)
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69999998~
:69999998-01,
«69999998~01,
+6999999R-101,

«37500000+03,
«37500000G+.,3,
«37500000+:3,
.37500000+93,
.00000000+00.
+0D000000L0+30,
»O0000000+30,
.00000000+50,
(100000 0+00»
»NQ0N000ON+0C,
+37500000+03,
. 37500000+493,
+37500000+03,
+37550000+03,
»00000000+CG,
.103000000-01,
1000000021,
.10000090-371,
«10000000-01,
«10000000-1,
.10000000-01,
.10000000-01,
.10000000-01.,
»10000000-01,
+10000000-01,
+10000000-012.,
.10000000-01,»
+10000000-01,
»10000000-01,
.10000000-01,
+10000000-01,
+10000000-01.,
»10000000-01.,
.10000000-01,
.10000000-01,

»10000000+03,
+10000000+03,
«00000000+00.
»00000000+00,
+00000000+00,
.00000000+00,
»00000000+00,



TX03

w3

GMR3
GMW3
PN23
P023
$END
$B4M

TS04

TCO4

TXC4

wé

.00000000+70,
.00000000+00Q,
.000003C0+00,
.100U00u0+n3,
.100000:00+03,
.10000000+03,
.000060000+00.
.000906:00+00,
.69999998-~01,
.69999998~-01.
.69999998-01,

.69999998-01,

.69999998-01,
L 69999998-01,
.69999998-01,
. 69999998-01,
.69999998~01,
.69999998-01,
.69999998-01,
.69999998-01,
.69999998-01,
. 69999998-01,
.69999998-01,
. 69999998-01,
.69999998-01,
. §9999598-01,
.69999998-01,
. 69999998-01,
.12500300+03,
.29000000+02,
.10000000-19,
.10000000-19,

»76000000+03,
.10000000+03,
.10000000+03.,
.10000000+03,

.10000000+03,

«10000000+03,
.00000000+00,
.00000000+00,
.00000000+00,
.00000000+00,
.00000000+00.
.10000000+03,
.10000000+03,
»10000000+03,
.10030000+03,
»140000000+03,
.40000000~01,
»10000000-01,
.10000000-01,

.40000000-01»

.10000000-01,
-10000000-01,

.10000000-01,

»10000000~-01,
.10000000-01,

»10000000-01+"
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.00000000+00,

.00000000+00.
.00000000+00"
.10000000+03,
.10000000+03,
.10000000+03,
.00000000+00+
.00000000+400+
.69999998-01,
.69999998-01,
.69999958-01,
.69999998-01,
.69999998-01,

,69999998-01,

.69999998-01.,
.69999998-01,
.69999998-01,

+69999998-~01 .,

. 69999998-01,
. 69999998-01,
.69999998-01,
. 69999998-01
.69999998~01,
1 69999998-01,
.69999998-01.,
.69999998-01,
1 69999998-01,
.69999998-01,

»10000000+03,
-10000000+03.
+10000000+03.,

»10000000+03,

.10000000+03.,
.00000000+00G>
»00000000+00.
.00000000+00.
»00000000+00"

.00000000+00" .

+10000000+03,
.10000000+03,
»10000000+03,
.10000000+03,
+10000000+03,
+10000000~01.
+10000000-01.,
»10000000-01.,
.10000000~01,

.10000000-01,

+10000000-01.
.10000000~01.,
»10000000-01.
.10000000~01.,

. +10000000-01,
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.00000N00+00,

.00000000+00,
«00000000+00.
+10u00000+03,

«10000000+03, -
.00000000+00,

«03000000+00.,
.0000060N+00,
+69999998-01,
-69999998-01,
+69999998-01,
+69999998-01.,
«69999998-01,
+69999998-01,

«69999998-01, .

. 69999998-01,
. 69999998-01
.69999998-01,
.69999998-01,
. 69999998~01
. 69999998-01
. 69999998-01.,
.69999998-01,
1 69999998-01,
169999998-01,
. 69999998-01,
1 69999998~01
.69999998-01,

.10000000+03,
+10000000+03,
.10000000+03,
+10000000+03,
+10000000+03,
,00000000+00,
.00000200+00,
.00000000+00,
»00000000+00,
.00000000+00,
+10000000+03,
.10000000+03,
+100000200+03,
.10000000+03,
«10000000+03,
+10000000~01,
+10000000-01,
+10000000~01,
+10000000-01,
»10000300~-01,
«10000000~01,
,10000000~-01,

+10000000-~01,

+10000000-01,
+10000000-01

(Continued)
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L00NN0000+uC,
LOU000N0DO+G,
L0U000000+* 01,
.10000000+:3,
+100000006+03,
L00000000+00,
<00000000+0Uu,
L00000N0N+M0,
«6999999R-3,
.69999998-01,
,69999998B-011,
.69999998-01,
'69999998-“] »
,69999998-01,
. 69999998-(.,
.69999998-01,
+69999993-01,
,69999998-01,
16999999801,
+169999998-~-01,
,69999998-01,
,69999998-01,
169999998-01,
+69999958-01,
16999999801,
,69999998-01,
169999998-01>
,699999%98-01,

»10000000+03,
+10000000+03,
+10000000+03,
+10000000+03,
.00000000+00,
+00000000+30,
»00000000+00,
»00000000+00,
»00000000+0G,
»00000000+00.,
+10000000+03,
+10000000+03,
+10000000+03,
«10000000+03,
.00000000+00,
»10000000-01,
+10000000-01.,
+10000000-01,
+10000000-01,
.10000000-01.,
+10000000-01,
+10000000~01,
+10000000-01,
+10000000~01,
+10000000-01.,



GMR4
GMW4
PNZ4
PD24
FEND
0B -
ABED

AvC

AGX

AVX

RHOG

RHOSB

RHOS

RHOC

-10070000-04,

.10060000-01, -

.10030000-01,
.100C00L0-01,
.10000000-01,
-100060000-01,
-10000000-01.,
.10000000-01,
.10000000-01,

.10000000-01,,

.12500000+93,
.29000000+02,
.10000000-19,
+10000000-19,

= «10000000+01,
.10000000+01,
.10000000+01,
.10000000+01.,
«+10000000+01,
= .00000000+00.,
.0000U0CG00+00,
.00000000+00,
.00000000+00.
.00000000+00,
= .00000000+00,»
.00000000+00,
.00000000+00,
.000000Q0+00,
.00000000+00,
= .00000000+00,
.00000000+00,
.00000000+00,
.00000000+00Q,
.00000000+00,
2 .00000000+00.,
.00000000+00,
.00000000+00,
.000C00000+00
,00000000+00.,
.00000000+C0.,
.00030000+00,
.00000000+00.,
«00050000+00,
.00000000+C0.,
.45000000+02,
+45000000+02,
.45000000+02.,
.00000000+00,
.00090000+00.,
«.64000000+02,
+84000000+02,
.64000000+02,
.864000000+02,
.64000000+02,
+00000000+00,
,00000000+00.,
+00000000+00,
.00000000+00,
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.10000060-01,
.10000000-01"

. »10000vu0-01,

.10000C00-~01.
.10000000-01.,
»10000000-01,
.1000Q000-01.
.10000000-01.,
-10000000-01,
.10000000-01,

.100000C0+01,
.10000000+01.,
.10000000+01
.10000000+01,
.10000000+01 .
.00000000+00.
.00000000+00"
.00000000+00,
.00000000+00,
.00000000+00,
.00000000+00,
.00000000+00,
.00000000+00,
.00000000+00»
.00000000+00,
.00000000+00,
.00000000+00.
.00000000+00,
.00000000+00.
.00000000+00,
,00000000+00°
.00000000+00,
.00000000+00.
«00000000+90,
,00000000%00,
.00000000%00"
.00000000+00+
.00000000+00.
,00000000%00,
.00000000+00.
+45000000+02,
.45000000+02,
.45000000+02,
.00000000+00,
. 00000000400,
.64000000%02,
«64000000%02,
. 64000000402,
«64000000%02"
.64000000+02,
+00000000%00,
»00000000+00,
.00000000+00.
.00000000+00
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+100001700-01,
»10000000-01,
+10000000-01,
»10000C00-01.,

+10000500-01

»10000300-01,
+10000000-01,
-10000000-01,
«100000¢96-01,
«10000000-01,

.10000200+01,
.10000002+01,
«100007:00+01,
.1000067i00+01,
«10000000%01,
.00000G0N+00,
»00000000+00,
.00000000+00,
«0000070G+00,
.00000500+00,
.00000000+00,
«00000000+00,
.00000000+00,
«000N0200+00,
.00000000+00,
.00000G0N+00,
«00000000+00,
.00000000+00,
«00000300+00,
.000000600+00,
.00000U00+00,
.00000C00+00,
.00000000+00,
«00000700+00,
.00000000+00,
.00000000+00,
.00000000+00,
.00000000+00,
«00000000+00,
.00000000+00,
+45000000+02,
+45000000+02,
+00000000+00,
+00000000+00,
«00000000+00,
+64000000+02,
+64000000+02,
. 64000000402,
«64000000+402,
,64000000+02,
«00000000+00»
.00000000+00,
.00000000+00,

«00000000+00, -

fContinucd)
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«10000090-1:1,
»100J0000-011,
. lOOUODOO‘UJ »
«10000000-i:1,
.10000000-01,
+10000000-1"1,
10000000~
»10000000-01»
+1000600N0-01,
«1060000N-M1,

. 10000000+01,
.10000000+D1,
«10000000+01 .,
.10060000+01,
«13000000+01,
L0000000+00,
»Ou000000+GT,
,Q0oo0Q0on0+GCE,
LO0030000+035,
L00000000+:0,
. 30000000+00,
L00000020+00,
«000000Q0+0C,
»000N00Q0+0C,
»000000C00+0C,
.00000000+00,
.00000000+GC,
.00000000+C0,
.00000000+00»
.00000000+00.,
., 00000000+00,
.20g00000+0C,
.000C0000+00,
.00000000+00C,
«00000000+00,
+»00000000+G0,
.000000C0+00
.00000000+CGC,
+00000000+00.,
+00000000+00,
. 45000000+02,
«45000000+02,
.00000000+00.,
.00000000+00C
«00000000+0G,
+64000000+02,
+64000000+02,
.64000000+02,
«+64000000+02.
«64000000+02,
,00000000+0C,
.00000000+00,
.00000000+00.,
.00000000+00,



RMHOX

CpPC

CPx

cPp

DX
NPSET
NDR4
NDXMAC
NBCOUT
NDX1
NDxM
NOG
POUT

TIMET

PUMP

VPUMP

1DSORB

CPL
oP

$END
¥0BA
HXG

[ L L T B B T T B T 1]

.00000000+00,
.490.:0000+03,
«49000000+03,
49000000403,
-000UCUGLO+00,
.00000000+00,
.23000000+00,
.230000006+00,
.23000000+00,
.000U0000+00,
.0oo000000+00,
.00000000+00,
.00000000+00,
.000C0000+0Q0,
.Q0000000+00,
.000U0000+00,
.00060000+00,
.00000000+00,
.00000000+00,
.00000000+00,
.00000000+00,
.25000000+00,
«25000000+00,
.25000000+00,
.25000000+00,
.25000000+00,
.25000000+00,
1

2,

’

5,

’

1,
«00000000+00,
.00000000+00,
.00000300+00.,

+000U0000+00, -

.00000000+00,
.00000000+00,
.00000000+00.,
»00000000+00,
.00000000+00,
»00000000+00,
.00000000+00.,
.00000000+00,
3,
3
3,
3
3,

»10200000+01,

-64199999-02,
.64199999-~02,
+04199999-02,
+64199999-02,

+00000000+00.,

AIRESEARCH MANUFACTURING COMPANY
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.00000000+N0"
. 49000000403,

.49000000+03!

.49000000+33.,.

»10000000+00-
.000060000+00,

+ .23000000%00.

.23000000+00:
»23000000+00.
»00000000+00>»
.00000000+00»
+00000000+00.
.00000000+*00"
.00000000+20-
.000000C0+20>
.00000C00+00,

.00000000+00

.00000000+00"
.(0000000+00.
.00000000+00-
.00000U0D0+00.
.250000C0+00"
.25000000+00-
»25000000+00,
+25000000+00°
»25000000+00.

.00000000+00,
.00000000+00+
.00000000+00+
.00000000+00+
.00000000+00+
.00000000+00.
.00000000+00"
.00000000+00,
.00000000+00+
.00000000+00.
,00000000+00.
.00000000+00

3

3

3,

3,

3
+10000000+01,
.64199999-02,
.64199999-02,
.64199999-02,
.64199999-02,
.64199999-02,

.00000000+00:
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«00000VL00+00,
» 49000000+03,

+490000U00+03, .

»00000000+008,
+000u0000+00,
«000C00300+00,

+23000000+00..

»230010000+00,

»00000000+00,

+00000000+00,

+00000100+00,

«00g0000c+00.
00000L0GC+00,
»00000300+00,
+000004900+00,
+00000000+00,
«000001MN0+00,
+00000C00+00,
»C0g003000+00,
«+00000000+00.,
,000000:00+00,
+25000000+00>
«25000500+00,
+25000000+00,
+25000000+00,
+250000300+00,

+00000005G+00,
+00000000G+00.

+00000000+00>»
»00000000+00,

+00000000+00,
+00000000+00,

+00000000+00,
+00000000+00.,

064199999’02;
»64199999-02,
+64199999-02,
16419999902,
+64199999-02,

+00000000+00,

(Continued)
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«2000000N+0U
.49000000+0n3,
. 490000“)0"”5!
L000000004+,0,
0000000+ GU
LQ0030000+00,
.23000000+0L0,
LU00N0050+GC,
LOU0N0NAN+0G,
0000000N0+00,
LJ0000000+ Uy
0000080+ 00,
LC000000DU+0L0
'OUOOOO“O+QQJ
LO0000000+00,
’ (JUOUOOO“"(,I‘ »
00000000+,
L00000000+0::,
,00000000+130,
«00000000+13,
«2500000G+0¢,
+25000000+0C
»25000000+0C,
«25000000+00,
+25010000+00,

.00000000+00,
»00000000+00,

»00000000+0C0,
»00000000+CC,

.00000000+00,
.00000000+00»

»00000000+0C,
»00000000+00,

+64199999-~02,
¢64199999~02,
164199999-02,
+64199999-02,
«64199999-02,

.00000000+00.



HXS

KX

SK

TKX

DH

DIF

X

TCIN
HTR1

TMAX
wCC -
SEND
3$DBD
HXG

MXS

" "

11

.000U00u0+G0,

©.000U0000+00, -
©.00000000+00,

.0000U0300+00,
-00000000+00.,
.Q000U0N00+00,
.00000000+00,
L00040U0V0+N1,
-OOUUUGOO*ﬂu.
.0Q000uUa0+10,
.000u0000+G0,
.Q0000000+00,
+00020000+00.
.000w0u00+00.
«20000000+02,
.20000:00+02,
.20000000+02,
«000LQ000+00
.000300C0+00,
00050000400,
.99999968~01.,
,0001Q000+00,
.00020000+00,
.00000000+00,
.00000000+00,
+90000000+01,
.00000000+00,
.000.0000+00,
.000C0000+00,
.14000000+04,
+14000000+04,
»14000000+04,
.G0000000+00,
.00000000+00,
-40000000-03,
.40000000-03,
.40000000-03,
.00000000+00,
»00000000+00,
-10000000-02,
.10000000-02,
+10000000-02,
«100U0000-02,
»10000000~02,
.00000000+00.
.00080000+00,
«Q0000000+00,
.Q0000000+00,
.00000000+00,
00000000+ 00,
.40000000+03,
.00000000+00,

-00000000+00,
.00000000+00,
.00000000Q+0V,
.00000000+00,
+00000000+00,
»00030000+00,
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.00000000+00.
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.00000000+00,
.00000C00+00-
.00000000+00,
.00000000+00,
.00000000+00"
.00000C00+00.,
+00000000+00,
.00000000+00"
.00Q0QLu0+9Q;,

. 00000000400+

.00000000+00"
.20000000+02,
+20000000+02,
.200400030+02,
-00goQuco+ea,
.00000000+00"
.99999998-01.,
»00000000+00"
.00000000+00Q.

»00000000+00: -

.00000000+00;
«90000000+01,
+000N0000+0Q,
.00000000+00.
+00000000+00.
+00000000+00,
+1400Q000+04.
+14000000+04,
+14000000+04,
.00000000+00.
+00000000+00
- 4000000003,
.40000000-03,
.40000000~-03,
«00000000+00"
.00000000+00»
+10000000-02,
+10000000-02,
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«00000000+00,
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«00NnN3950a0+0Q0,
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.200000000+02,
.20000000+02,
«00000000+00,
»000Q0500+00
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+99999998-01,
»00000{00+00.»

- «00000C00+00,

«0000060(+00,

.+00000000+00,

«90000000+01»
.00000000+00,
.00000NDD+DD,
.00000000+00.
,00000000+00,
«14000000+04,
.14000000+04,
.00000000+00,
«00030000+00,
.00000000+00,
.40D00000-03,
+40000000~03,
. 00000000+00,
+00000000+0Q+
,00000000+00,
+10000000-02,
«+10000000-02,
»10000700~02,
+10000000~02,
»10000000-~02,

+00000000+00,
.00000000+00,
+00000800C+00»
.00000000+00,
.00000000+00,

+00000000+00»
+00D00L00+00,
«00000000+00+
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«000D0000+00,
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»00000Nn00+U0G,
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L203000000+02,
LC0000000+01,
<N0000NAN+ Y,
L (0090000+ulsy
. 99999998-01
. 00070000+03,
»3000000Q0+0:0
»00000000+6G1,
L0000000U+0,
.90000000+051.,
.000000Q0+0G,
L00000000+0N0,
,000000Ga+0U,
»000000Q0+00,
+14000000+04,
.140C0000+04,
,00000000+30,
. 00000000+00,
00000000400,
«40000000-C3,
»40000000-03,
.00000000+00,
+00000000+00,
,00000000+00,
+10000000-02,
»10000000-02/
»10Q00000~-02.
,10000000-02,
.10Q00000-02.,
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.00010000+00,
.000v0000+C0,
-Q00u0000+00,
.00000000+00,
.00000000+00,
-00000000+00,
.00000000+00,
.20000000+02,
.20000000+02,

.20000000+02,

-00000000+0G,
«000J0000+00,
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.00000000+00,
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.00050000+00,
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.9000U0000+01,
.00000000+00,
.00000000+00:
.00030000+00,
+14000000+04,
.14000000+04,
.14000900+04,
«000U0000+00,
-000C0000+00,
-40000000~-03,
.40000000-03,
.40000000-03,
.00000000+00,
.00000000+00,
.10000000-02,
»10000000~-02,
.10000000~02,
.10000000-02,
.10000000=-02,
.00000000+00,
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.000C0000+00,
.000C00G0+00,
.00020000+00,
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.40000000+03,
.Q00000Ga+00,
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+79999999+00,
+79999999+00.,
«79999999+00,
+79999999+00,
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.00000000+00,
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.00000U0D+00 !
.00000000+00"
.00000000+00-
.00000000+00,
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»00000000+00.
«20000000+02,
.20000000+02,
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.00000000+00,
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.14000000+04,
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,00000500+00,
»000N0000+00,
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+00000000+00,
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.00000D00+00,
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.20000000+02,
.20000000+02,
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.00000U00+00,
. 99999698~01,
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114000000404,
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»000B000uU~+NU.
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<Ouongoun«l,
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»yO00N000a+0L .,
»00000000+00,
LO000000G+0D,
+00000000+01,
,00000N0N+C0O,
200050000+ 02,
«20000000+02,
L000u50000+00,
LO0000000+L 0,
LU00U0000+00,
+99999998~-n1,
,00090000+4,0,
LOU000000+0C,
0000000+ C0,
L06000000+C0,
+90000000+01),
,30000000+30,
. 00000000+00,
L0000000+00
,GOOD00N0GC+00,
«+14000000+04,
»14000000+04,
,Qu0ooo00+00,
«00000000+00,
+G0000000+G0,
»40000000-U3,
+40000000-C3,
,00000000+0U,
«00000000+G0,
.00000000+00,
.10000000-02,
+10000000-02,
.10000000-02,
.10000000-0¢,
.10000000-02,

.00000000+00,
,00000000+00,
»00000000+00,
.00000000+00,
. 00000000400,

«79999999+00,
:79999999+00,
+ 79999999400,
.79999999+00,
+79999999+00,
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.400C00Q0+02,
.AQ00000C0+02,
.0000000V+ 4
.00000000+00
.16000000+02,
.16000000+02,
.16040000+02,
L000G000+00,
-00050900+00,
L32B00030+u3,
.32800000+03,
. 32800000403,
.00000000+C0
.000C0000+00,
.300.0000-03,
.300L0000-03,
.3003000C-0:3,
.30000000-03,
.30040000~03,
.37000000+02,
.37000000+02,
.37000600+502,
.00000U00+20.
.00050000+20,
.64000000+02,
+64000Gp0+02,
.64000000+02,
.64000000+D2,
.64000000+02,
.11500000+03,
.115C0000+C3,
.11500000+03,
.00000C;0+00,
.00070000+0D,
.49000CQ0+03)
.49000000+03,
.49000N000+03,
,00030000+00»
.00000000+00,
, 23000000450,
.230C000C+00.
.23000000+00,
.000C00Q0*00,
,00000200+00,
.28010u00+00,
«280u0000+00,
.28000000+00.,
.00000Q000+00,
.00000000+G0,
.10999599+00,
.10999999+00,
.10999999+00,
.00000000+00.
.000000ND+00,
.25000600+C0 -
.2500006D0«00
.25000000+00.
,25000C00+00»
.25000500+00,
.25000C00+00.,
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.40000000+02
. 40000000402+
.00000060+00,
.00000000+70,
.16000000+02,
.16000000+02,
.16000000+02,
«C0000000+00,
.00000000+00,
.32B00000%03,
.32800000+03,
,32800000+03,
.00000C00*00
.0D000UDD+DD.
.30000000=03,
.30000000-03,
.30000000-03,
»30000000-03,
.300000C0~03,
.37000000+02;
.37000000+02,
»37000000+02,
.00000000+00>
.00000000+00,
+64000000+02,
»64000000+02;
.64000000+02,
.64000000+02,
«64000000+02,
.11500000+03,
.11500000+03,
.11500000+03,
, 00000000400,
.00000000+00,
«49000000+03,
«49000000+03,
,49000000+03,
.00000000+00,
.00000000+00,
c23000000*001
,23000000+00.
.23000000+00,
.00000000+00.
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.28000000+00:
,28000000+00,
.28000000+0Q0.
.00000U00+00:
.00000000+00,
.10999999+00,
.10999999+00,
.10999999+00,
-00000000+00+
.00000000+00,
.25000000+00"
.25000000+00,
.25000000+00,
»25000000+00:
.25000000+00,

72-8786
Page 153

. 400006000402,
.0000000C+00,
.00000u00+00,
.00000G0ON+00,
.16000000+02,
.16000000+02,
. 0000G000+00,
00010000+00,
.00000003+00,
. 32800000+03,
. 32800000+03,
.000U000J+00,
. 00000000+00,
.00H00000+00,
.30000000-03,
.30000500-03,
»30000000-03,
3000060003,
,30000000-03,
.37000000+02>
.37000000+02,
.00000DD0+00,
.00000000+00,
.00000500+00.
«640000060+02,
+64000000+02,
.64000000+02,

. 64000000+02,

.64000000+02,
»11500000+03,
+11500000+03,
.00D00N0I+00,
«00000Q0U*00,
.00000000+00,
. 49000000+03,
«49000000+03,
.00000000+00,
.00000(00+00,
.0000070C+00,
+23000000+00.
«23000000+00,
.00000003+00,
»00000000+00,
,00000000+00,
+28000000+00,
+28000000+00,
+00000000+00,
+00000000+00,

.00000003+00,-

+10999999+00,
+10999999+00,
+00000000+00,
+00000000+00,
.00000000+00,
+25000000+00,
+25000000+00,
»25000000+00,
+25000000+00,
+25000000+00,
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LA00N00NN+C2,
L00Cu00nNa+00
LCU000000+0L
L00000000+50, -
LL600000N+02
«16000000+n2,
»O000000G+00U,
L000000+0500.
,J0030000+0y, -
.32800000+03.,
.32800000+03,
3000000 +010,
«000000G0+uY,
00000000+,
< 3000000013,
. 30000000-123,
-30000000‘031
.30000000-0n3,
'30000000‘03'
»370030000+1:2,
.37000000+02,
.00000000+0:2,
.00000000+03U»
.00000000+00,
.64000000+02,
+64000000+C2,
06400000n+02;
+64000000+02,
+64000000+02,
»11500000+03,
.11500000+03,
»00000000+C0,
«00000000+00.
.00000000+00,
.49000000+03,

‘e 49000000+031

.00000000+00,
.00000000+00
.00000000+00,
»23000000+00,
.23000000+00,
,00000000+00,
«100000000+00,
»00000000+0G»
.28000000+00,
«28000000+00,
.00000000+00,
.00000000+00,
.0U000000+00,
«10969999+00,
+10999999+00,
.00000000+00,
«00000000+00,
»00000000+00,
+25000020+00,
.25000000+00,
.25000000+00,
+ 25000000400,
+25000000+00,
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»00000000+00.,
.00000000+00
.Q0000000+00,
.000C0000+00,
-00000000+00,
.00030000+00,
-10000000+01,
.25000000+02,
»25000000+02,
.30000000+01,
-00020000+00,
.00000000+20,

1,

1

1,
1,
b
»10200000+01,
.64199999-02,
+84199999-02,

.64199999-02,

+64199999-02,
.84199999-02,

.00000000+003,
.000:20000+00,
.00000000+00,
+00000000+00,
.00000000+00,
.96000000+01

.96000000+01, -

.96000UQ0+CY,
.000300u0+00,
.0000V0000+00,
.00000000+00,
.00000000+00,
.00000000+00,
-00000000+00,
.00000000+00.
+50000000+01,
.50000000+01,
»50000000+01,
.00000000+00,
.00000000+00,
-00000000+00,
+99999998-D1,
.00000000+03,
+00000000+00,
.00000000+C0,

.00000000+00,

.80000000+01,
.00000000+00,
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»00000000+00.
.00000000+00,
.00000000+00,
»00000C00+00.
»00000000+00,

.00000000+00,

«25000000+02,
.25000000+02,
.25000000+02,
.00000000+00Q,
+00000000+00.
.00000000+00
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i

1

1,

1
+10000000+01,
.644199999-02,
+641999990~02,
+64199999-02.,
.64199999-02,
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+00000000+00.

+00000000+00-

.00000000400,
+00000000+00.
.00000000+00
.96000000+0% "
.96000000+01
.96000000%0L,
,00000000+00.
,00000000+00,
.00000000+00,
»00000000+00,
.00000000+00,
.00000000+00,
.00000000+00,
+50000000+01
.50000000+01,
.50000000+01,
.00000000+00-
.00000000+00,
.99999998-01,
+00000000+00,
.00000000+00,
+00000000+00"
.00000008+00,

.90000000+04,.

.000000G0+00.
»00000000+00,
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+00000000+00,
. 00000000 +00,

+00n00a0ag+00,
+00000000+00,

»25000000+02,
«25000000+02,

+00000000+00,
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1,
1,
1,

1.,

1,

+64199999-02,
+64199999-02,
+64199999-02.,
+64199999-02,
«64199999-02,

,00000000+00,
.00000200+00,
00000000400
.00000000+00,
.00000000+00
96000000401
96000000401,
,00000000+00,
100000000+00,
,00000000+00,
,0000000G+00,
.00000G0N+00,
,00000000+00,
,00000C00+00,
.00000000+00
.50000000+01"
+50000000+01,
.00000000+00,
»00000N00+00,
.00000000+00,
+199999998-01,
.00000000+00,
,00000000+00,
00000000400
.00000000+00,
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,00000000+00
00000000400,
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+00000033+04G,
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»00090000+070,
»00000030+00,
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1
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+164199989~02,
264199999-02,
+64199999~02,
«64199999-02,

.00000000+00,
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.00000000+0C.,
«00000000+00,
+96000000+01,
+96000000+01,
»00000000+00,
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.00000000+00,
.00000000+00,
»00000000+00,
.00000000+00.,
»00000000+00,
+50000000+01L,
.50000000+01,
.00000000+00,
.00000000+00,
»00000000+00,

+99999998-01.,

.00000000+G0,
.00000000+00,
»00000000+00,
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+0000060G+0G,
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-40000000-04,
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-00000000+C0,
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.200000G0-03,
»20070000-03,
.2006000Q-03,
.000U00UNO+00,
.00020QC0+00,
.00050000+00,
.00000000+00,
.00000C00+00,
.000020030+00,
.000C0000+00,
.00030000+00,
.400G0000+03,
»00000000+00,

«80000900+01,
-860000000+01,
.80000000+01,
.000C0000+00,
.0006G0000+00,
.96000000+01,
.96000G00+01,
.96000000+01
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.000000G0+00,
.000C0000+00.,
.000C0000+00 .
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.000000C0+09,
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.00000000+00,
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.00000030+00,
«000U0000+00,
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»40000000+103,

©.40000000+03,
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.00000000+00.
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.000000C0+00,
.20000000-03,
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-00uy0o0p00+00,
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+00000200+00,
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+5000C300+01,
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+00000000+00,
+00000000+00,
+40000000+03,
+40000000+03,
+00000000+00,

(Continued)
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, 20000000+,
.00000000+04,
L40000000%03,
«40000000+63,
.00000000+4C,

- .00000000+0G,

«0usnposo+NnG,
.40000000-04,
«440000000-04,
. 00000030+00,
»00000000+00,
«JU000090+GG,
.23000000-03,
.20000000-03, -
<00000000+(11,
- U000000*1,
LUdoooonNn+Cy,

«00000000+N0,
.00030000+C0.,
(000000 N+00,
»300200000+00,
.Qouogooa+oc,

«65000000+01,
60000000401,
.00000000+0¢,
.00000000+CU,
.30000000+00,
«96000000+01,
.96000000+01
.00000000+00,
»00000000+00
»00000000+QG,
«00000000+C0,
+00000000+00,
. 0000000+00,
+00000000+00.
.00000000+0G,
+50000000+01,
+50000000+01,
»000Q0000+00,
.00000000+00.,
»00000000+00,
+199999998-01,
»00000000+00,
.00000000+00,
.00000000+G0»
»00000000+00,
+90000000+01,
+00000000+00,
.00000000+0C,
.000000C03+00.,
.00000000+00,
+40000000+03,
»40000000+03,
.00000000+00,



DIF

GK

TCIN
HTRL

TMAX
ACC
SEND

.000C0QQ0+00,
.00000000+00,
-400::0000~04,
.40000000-04,
.40000000-04,
«00000000+00,
.000UCC00+00,

.200000060-03,
»20000000-03,
.00000000+00,
+00000000+0:0,
-000uU0000+00,
.10000000+04,

«10080000+04, -

-10000000+04,
-100300000+04,
+10000000+04,
.40000000+03,
-000U0GD0+00,

AIRESEARCH MANUFACTURING COMPANY

Lus Anpeles Caltieeg

Figure 9-1.

»00000C00+00,

..00000000+00,

.40000000-04,
.40000000-04,
.40000000-04,
.00000000+00,
,00000000+00,
.20000060-03,
.20000000-03,

.20000000-03,°

.00000000+00,
»00000000+00,

.10000000+04,

.10000000+04,

.10000000+04,
.10000000+04.
+10000000+*04,

72-8786
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.00n00000+00,
«0000U000+00,
«40000u0n=~-04,
340000000'04;
.00000000+00,
+00000000+00,
.000Q0N00+00,
+200000:02-03,
+20000000-03,
«00000G00+00,
. 00000700+00,
»00N00000+00,

.10000000+04,
.10000°00+404,
+100001:00+04,
+10U0030N+04,
+10000000+04,

(Continued)
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L00N0000+00,
.00000000+01,
+400N0000=-ii4,
.00000000+50,
.00000000+00,
.30000000+00,
+20000000-03,
«20000000-03,
+00000000+00,
«00000000+00G.
,00000000+21(:,

+10000000+04,
«10000000+04,
L10000N00+04,
«10U0000C0+04,
«10000000+u4,



BED NO 1

VOLUME AND WEIGHT.

BULK VOLUME OF €02 SORBENT (CU FT)
WEIGHT OF C02 SORBENT (L{B)
WEIGHT OF ACTIVE CO2 SORBENT (LB)

BULK VOLUME OF DESICCANT (cU FT)
WEIGHT OF DESICCANT (LB)

- ESTIMATED CABIN GAS L.OSSES

NITROGEN LOSS (LB/HR)
OXYGEN LOSS (LB/HR)

Figure 9-2. Sorbent Bed Size and Gas

72-8786
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BED NO 2

VOLUME AND WEIGHWT

BULK VOLUME OF €02 SORBENT (CU FT)
WEIGHT OF C02 SORBENT (LB)
WEIGHT OF ACTIVE CU2 SORBENT (LB)

BULK VOLUME OF DESICCANT (CU FT).
WEIGHT OF DESICCANT (LB)

ESTIMATED CABIN GAS LOSSES

NITROGEN LOSS (LB/HR)
OXYGEN L 0SS (LB/HR)

Figure 9-2. (Continued)
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BED NO 3

VOLUME AND WEIGHT

BULK VOLUME OF €02 SORBENT (CU FT)
WEIGHT OF C02 SORBENT (LB)
WEIGHT OF ACTIVE C02 SORBENT (LB)

BULK VOLUME OF DESICCANT (CU FT)
WEIGHT OF DESICCANT . (LB)

ESTIMATED CABIN GAS LOSSES

NITROGEN LQSS (LB/HR)
OXYGEN LOSS (LB/HR)

Figure 9-2. . (Continued)
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NASA CR-112098

BED NO 4

VOLUME AND WEIGHT

BULK VOLUME OF €02 SORBENT (CU FT)  1.0000
WEIGHT OF C02 SORBENT (LB) 37.0000
- WEIGHT OF ACTIVE CO2 SORBENT (LB) 37.0000

BULK VOLUME OF DESICCANT (U FT) .0000
WEIGHT OF DESICGANT (LB) . 0000

ESTIMATED CABIN GAS LOSSES

NITROGEN LOSS ({.B/HR) ' 0000
OXYGEN LOSS (L.B/HR) o .0000

Figure 9-2. (Continued)
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EXAMPLE RUN NO. 2

In the second example, the capability of the program to account for the
coadsorption of CO2 with H20 is demonstrated. To utilize this capability,

the program must be run in two stages. In the first stage, the program is
run for NCT| cycles to establish the amount of water accumulated in a sorbent.
bed after NCTI cycles of operation. The quantity of C02—sorbent equivalent

to the coadsorption capacity of the desiccant bed is then added to the original

C02—sorbent, and the program rerun for NCT2 cycles to obtain the performance

of the bed at NCT! cycles from the beginning, accounting for the coadsorption
effect.

In the present example, the Airlock RCRS performance is simulated at

2-days into a mission. The accumulation of HZO is established by running the

program for 96 cycles (half-cycle being |5 minutes), deliberately using an
over-sized desiccant section. Pertinent data required for the run are given
in Figure 9-4. A total of |18 nodes are used, nine being CO2 sorbents. The

split of sorbents for CO2 and H20 is given in Figure 9-5. The program is run

for 96 complete cycles (NCTI=96), the coadsorption capacity of the desiccant
for CO, is calculated at the water loadings prevailing and sorbent bed sizes
adjusted accordingly. The new bed sizes are shown in Figure 9-6. The
performance of the new bed is then obtained by running the program for |4
complete cycles (NCT2=l4). Print-outs at the adsorption and desorption end

of the l4th cycle are shown in Figures 9-7 and 9-8. The adsorption half-cycle
performance computed by the program is compared with test data (Reference 8)
in Figure 9-9. The output PCO 's as predicted by the program matches the test
2

results reasonably well; the inlet P 's as shown are quite different; however,

co

2
a material balance of the system indicates that the test data are in error,
possibly caused by instrumentation line leakage. Figure 9-10 compares the
desorption pressures computed by the program with test data. The match is
good.

T~ 72-8786 -
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sMALN
aM
CYCLE
DTMAY
w1

Il
rCUnC
VOLCAB
RCU2C
NPRINT
NOTCON
NTEMP
TG6C
FAL
PHZOC
[GHX
PCO24
VCO7A
SARCOZ
TCU2A
XKBED
TIMEDS
NCT1
NST1
NCI2
NS12
SEND
$R1M
PAl
TSUl

TCUl

TX01

wl

«44000000+02,
.25000U00+00,
.49999Y99-02,
49YY9999~(02,
.250U0390+01,
-550U00Cc0+01
. 700U0000+02,
L281U0000+00,
30,

1

1

. 6500U0UD0+02,
< 25900000403,
.10000000+02,
L2000U00D0+03,
.250U0000+02,
<10000000+02,
.79499999+00,
.130U0000+03,

?
.20000000+01,
96,

96,

14,

14,

.000UDU00+00,
« 32000000403,
.390J0000+03,
»350i,0000+03,

-000J00B0O+0N,

.C00U0000+C0,
+35000000+03,
+35000000+03,
.35000000+03,
+000J0000+00,

.00000000+00, -

+35000000+03,
+35000000+G3,
+35000000+03,
-00000000+00.,
+00000000+00.
-10000000~-02,
+10000000-02,

..10000000~02,

+100C0000~02,
+100J0000-02,
»100000U00~-02,
.10000000-02,
+100000V00-02!
.10000000~02,
+10000000-02,
.100U0000-02,.
+310000000~02,
.10000000-02,
+10000000-02,
.10000000~-02,
+10000000-~02,

Figure 9-4.

AIRESEARCH MANUFACTURING COMPANY

[ A S L

<180006U0+02,

1,

»35000000+03,
<35000000+03,
«35000000+03,
,00000000+00,
«00CN0000+00,
.35000000+03,
.35000000+03,
.35000000+03,
»000Q0000+20.
.000000C0+00,
»35000000+03,
.35000000+03,
«35000000+03,
.00000000+0Q,
»000000006+00.
.10000000-02,
+100000C0-02,
.10000000-02,
«10000000~02,
.10000000~02,
+10300300~02,
.10000000-02,
+100000C0~02,
.10000000-02,
.100000600-02.
.10000000~-02,
+10000000~02,
.10300000-02,
.10000000-02>
.100000060-02,
.10000000-02,

«35n00000+03,
35000000403,
+00000000+00
L00nananD+00,
»002000009+30,
« 35000000403,
+35300000+03,
»00N30000+00,
+ 00000000+ 00,
«00000900+00,
«35n00000+03,
. 350000N0+03,
1 00030500+00,
»00000000+093,
+0N0NQ0QN0+00,
+10n00000-02,
+10000000-02,
«10000000-02,
+10000000-02,
+10000000-02,
+10000030-02,
«10000000-02,
+10000000-02,
+10000000-02,
«+10000000-02»
-10000000'02:
+109300000-02,
+10000000-02,
+10200000-02.
»10000000-02,
+100000N00-02,

Input Data for Example No. 2

72-8786
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.35000000+03,
«I50N0N004+03,
L00N0000+G0
LN00NNNQ0+NY,
«00000000+30,
v A5000000+03,
35000000463,
»00000NA0+00G,
«J0000N00+N0,
«00070200+00,
«35000000+03,
«35000000+23,
+0000000N0+30,
.00000000+30,
+00000000+00,
thOOOODO'G?»
»1000G0Q0~C2>»
+10000000~-02,
110000000‘021
+10000000-22,
»10000000-C2,
+10000000-02,
1000000002,
»10000n00-02,
+10000000~02,
.1ppoonon-02,
+10000000-02,
.10000000-0G2,
+10000000~-C2,
.10006000-02,
+10000000-02,



GMR L
oMW1
PNZ
PLZL
SEND
$B82M
PAZ

TS02

TCOR2

TXO2

GMR2
GMW2
PNe2
p022
$END
$B83M
PA3

TSO03

TCO3

w
GARREYY)
.

wouoaown

»3100600n0-02,
-100u00V0=~-02,
-10000000-012,
-100000c0~02,
-47000000+02,
.295350000+02.
.00000000+00,
-00060000+00,

. 25800000+03,
.48000000+02,
-&8000000+025
.70000000+02,
»800009000+02,
. 30000000402,
.70020000402,
.70000000+02,
706030000402,
.70000000+02,
.65000000+02,
.88000000+02,
+$8000000+02,
+70000000+02,
.60000000+02,
.300C0000+02,
.23500000-01,
.24100900~01,
.23800000-01,
.233130000-01.
.22800300-01,
.22100000~01,
.2930000~01,
.29850000-01,
.30350000-01,
.39999999-01,
.39999999-01,
,49999999-01,
.49999999-01,
.49999999-01,

- . 49999999-01,

.69999998-01,
»20000000+00,
.20020000+00,
.56999999-01,
+56999999=-01,
»15500000+02,
»310G0000+02,
.65000000+02,
-19300000+03,

.00000030+00,

.45000000+02;
.45000000+02,
.45000000+02,
.45000000+02,

-.45000000+02,

.45000000+02,
.45000000+02,

AIRESEARCH MANUFACTURING COMPANY
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+10000000-02"
.100000Nn08~-02,
.10000000-02,
.10000000-02,

.68000C00+02,
«70000000+02»
.70000000+02,
.50000000+02,
.20000000+02,
.70000000402,
.70000000+02,
.70000000+02,
70000000402,
.70000000+02,
+68000000+02,
»70000000+02,
+70000060+02,
«5000000:0+02,
«20000000+*02,
.23500000-01,
.24100000~01-
.23800000-01,
«23300000-04.
.€2800000-01,
«22100000-01"
2930000001,
-29‘00000'01»
.30300000-0%,
+39999998-01,
+39699999~01,
+49999999-01,

© .49999999-01.,

.49999999-01,
. 49999999-01,
.69999998-01 »
.20000000+00,
.20000000+00,
.56999959-01"
.56999999-01,

.45000000+%02,
.45000C00+02,
.45000000+02;
.45000000+02,
.45000000+02,
.45000000+02.,
.45000000+02,

" 72-8786
Page 168

01OUDDU00'021
.10000000-02,
+10000000-02.
«100000:00-02,

«6800000G+02,
70000000402,
.70000000+02,
.40000000+02,
,00000000+00,
.70000000+02,
.70000000+02,
.70000000+02,
. 65000000402,
+00000C00+00,
+68000:1011+02»
»70000200+02,
«70000000C+02,
.40000000+02,
+00N0000I+00,
.23500500-01,
»24100000-01,
.23800000~01,
+23300000-010
.22800000-01,
.22100000-01,
«29300000-01,
+30300900-01,
,39999999-~-01,
139999999-01,
149999999~-01,
149999999-01,
+149999999-01,
+149999999-01.,

169999998-01, -

.20000000+00,
.20000000+00,
5699999901,
.56999999-01,

.45000000402,

+45000000+02,
.45000000+02,
+45000000+02,

 +45000000+02,

.45000000+02,
»45000000+02,

(Continued)
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+10010030-02, .
L1000000N-02,
»10000000~0G2,

680000010+ 02,
700000061 +12,
L73000000+0G2,
. 35000000+02,
J00NQeNU+U0,
«70000000+02,
<70000000+32,
.7000000U+02,
‘' 6500000”*‘0?'
L00000000+00,
«68000000+02,
J70000000+02,
+700000C1+02,
. 35000000+C2,

00000000+ 00,
.24100000-01,
«23800000-01, .
«23300000-0%,
. 22800000-01,
+2210Q000-01,
.29300000-01,
«29800000-01,
+30350000-01,
139699999-01.,
1 399999099-01,
149999999-01.,
+149999999-01,
.49999999~01,
+49999999~01,
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BED NO 2

VOLUME AND WEIGHT

BULK VOLUME OF €02 SORBENT (¢U FT) .4978
WETGHT OF C02 SORBENT (LB) 7.6191
WEIGHT OF ACT]VE CO2 SORBENT (L.B) 7.6191
BULK VOLUME OF DESICCANT (CU FT) . 2132
WEIGHT OF DESJCCANT ((B) 5.4663

ESTIMATED CABJIN GAS LOSSES

NITROGEN LOSS (LB/HR) : 0291
OXYGEN L 0SS (LB/HR) .0338

NASA CR-112098

Figure 9-5. Initial Sorbent Bed Size for Example No. 2
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BED NO 2

VOLUME AND WEIGHT

BULK VOLUME OF €02 SORBENT (cU FT) 1 .2452

WEIGHY OF C02 SORBENT (LB) . 9.2227
WEIGHT OF ACTIVE CO2 SORBENT ((B) 9.2227
BULK VOLUME OF DESICCANT (CU FT) .$658

WEIGHT OF DESJCCANT (L8) - 7.8627

ESTIMATED CABIN GAS LOSSES

NITROGEN LOSS ({B/HR} 0348
OXYGEN LOSS (LB/HR) 0395

Fiqure 9-6. Sorbent Bed Sizes After 2 Days,
Accounting for Coadsorption
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6
qu Q O
INLET
4] _ O=BED INLET COMP'D
o A= BED OUTLET COMP'D
= 35— ~ = TEST DATA
:;$1 [S‘
R 2 OUTLET —
: Ja . ,
!
100
NODE 5
”——NODE 12 \
80 N\
———u
s —7 — e
\.
& 6 /
w / O = NODE 5 COMP'D
E 4 A= NODE 12 COMP'D —
o .
§ ”A_NO_DE 18. O-= NODE 18 COMP'D
L 201 ~= TEST DATA —
; -
0 2 4 6 8 10 . 12 14 16
ADSORPTION TIME, MIN
» $~-70266
Figure 9-9. Comparison of Computed Adsorption Cycle Performance

with Test Data (Cycle 94 of 28 Day Test); Lines
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PRESSURE, "M

o O O O

MM HG
> 2 e e

NASA CR-112098

q O = BACK OF BED COMP'D
A= NODE 10 COMP'D
g O= FRONT FACE COMP'D — |
~ = TEST DATA
0
N NODE |
\\\ BACK of
0 — \ﬂ
\ | —_—
%0 °
\é;\é
0
9 \\
. \
6
[ NODE 18
5
4 N\
N
\ Froy
) .\F"“CE
—~—— s
\
I .
A 6 8 10 12 14 16
DESORPTION TIME, MIN. 670267
Figure 9-10. Comparison of Computed Desorption Pressures with

Test-

AIRESEARCH MANUFACTURING COMPANY
Los Angeles, Califormia

Data (Cycle 94 of 28 Day Test)’

72-8786
Page 179



Page Intentionally Left Biank



APPENDIX A

SUBPROGRAM DOCUMENTATION

e 72-87867 0,
AIRESEARCH MANUFACTURING COMPANY Page 18I DR A
Los Angeles, California

NASA CR-112098



Page Intentionally Left Blank



NASA CR-112098

APPENDIX A

SUBPROGRAM DOCUMENTATION

This appendix contains descriptions of newly developed shbproérams for
program MAIN4B. The. reader is referred to the original single bed program
$9960 (Part I of this repor@) for the description of the old subprograms.

ADS@RB -
Adsorption/gas stripping subroutine. Refer to Part I of this report.
BED4

The creation of this subroutine was necessitated by the impracticability
of transferring all the bed data required in various subroutines, from one
subroutine to another. There are a maximum of four beds in the system, and
these data must be stored in different locations. A primary function of BED4
is to transfer the bed data stored under dummy bed variables RDB, IDB, RMB,
etc., to the actual variables used in adsorption/desorption subroutines, such as
TG, ABED, etc., and vice versa. A logic diagram of BED4 is given in Figure A-|.
It is apparent that, in addition to storage transfers, the subroutine controls
various options and printouts. : :

DES@RB

This subroutine performs vacuum desorption calculations and is an
expanded version of the original subroutine $9983.

The new version uses a more generally applicable analysis of the vacuum
duct, and for a C02-save system, vacuum pump characteristics can be inputted.

EQPWT

This is a new equilibrium data subroutine, which uses a two dimensional
interpolation scheme to find the equilibrium pressure or loading corresponding
respectively to a given set of loading and temperature or pressure and temp-
erature. Arguments of the subroutine are:

ID = Index identifying sorbate, | for COZ’ 2 for H20, 3 for N
4 for 02. .

IDS@PRB = Index identifying sofbent, | for 5A, 2 for S.G., 3 for 13X,
4 for 4A, 5 for 3A. ' _

2)

KPW = Control index, | to find P, given W and T, 2 to find W,
given P and T. ’

P = Vapor pressure of sorbate, mm Hg.

:

ru)| AIRESEARCH MANUFACTURING COMPANY 72-8786
-~ Los Angeles, California Pa ge |83
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W

Loading, (1b sorbate)/(i1b dry sorbent)

T = Temperature, °F

i

The equilibrium data currently avai]ablé for various sorbate-sorbent
systems are stored in the subroutine in the form of data statements. The
variable names used for these data are:

TTAB (NT(IS),IS) = Temperature,voF

WTAB (K,NT(IS),IS) = Loading, (1b sorbate)/(I1b dry sorbent)

"

PTAB (K,NT(IS),IS) vapor pressure, mm Hg

NT (IS) = Number of temperatures at which W versus P are tabulated
for IS system

IDSMTX (IDS®RB,ID) = A two-dimensional array which tabulates IS
for each combination of IDS@RB and ID; refer
to Table A-|.

FC@AD

‘This function subprogram cetermines fractional effectiveness of partially
water-poisoned sorbents for~C02 adsorption by table look-ups.

The coadsorption data are stored as FCHADT (I, IDSPRB) versus H2@T(I),
I=1to7Jg2. 7~ ' o ’

FDEQID

No changes made; refer to Part I of this report.
FDEQIM

Same; refer to Part I bf this report.
FLAP

This subroutine switches bed properties around; node | interchanges with
node NDX|, node 2\interchanges with node (NDXI-l), and so forth. This is
requi red when the gas flow direction is reversed as is the case where gas
stripping is used to regenerate a bed. . )

FLIP

A subroutine used.by FLAP.
FL@P

A subroutine used by FLAP.

TN 72-8786
a AIRESEARCH MANUFACTURING COMPANY 3
o Los Angeles, California Pa ge |85




" TABULATION OF IS FOR EACH
"COMBINATION OF IDSORB AND ID

TABLE A-|

NASA CR-112098

Los Angeles, California

- 7
% \,0 l 2 3 4 5
Ay 0 -
% (co,) (H,0) (N,) (0,)
[
(5A) } 2 6 7
) -
(5.G.) 3
3 4 5 8 9
(13X)
4
(4A)
5
(3A)
72-8786
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GAST

Refer to Part I of ;his report.
GASTA |

Refer to Part I of this report.
HXC@RE

Same as HXC@RE in the original program except that it now solves
Equation (4), which has a source term to account for the heater output.

IFN
Refer to Part I of this report.
LAGIN2
Refer to Part I of this report.
NEWT@2
An iteration routine using the Newton-Wegstein method.
Arguments of the subroutine are:
NI = Control index indicating the total number of iterations made;
NI should be set equal to | before NEWT@2 is called.
NG@ = OQutput index; | for conversion still unreached, 2 for
conversion reached
X = Independent variable; value of X to be found such that Y = 0.
Y = Dependent variable, which should approach zero as a conversion
is attained.
X0 = Previous value of X.
Y0 = Previnus value of Y.
XMIN = Minimum limit for X.
XMAX = Maximum Timit for X.
ER = Conversion criterion.. If |Y|<ER conversion has been reached.
. PRADSB
Refer to Part I of this report.
72-8786
@AIRESEARCH MANUFACTlﬂSST"(ZegSg::;’Nn: Pa'ge |87




PRDESB

Refer to Part I of this

PRDESB

Refer to Part I of this

READ|
The
READ2
The
READ3
The
READ4
The

START

This

TGLCAL

subroutine

subroutine

subroutine

subroutine

reads

reads

reads

reads i

is a subroutine

to

NASA CR-112098

report.

report.

namelists 'DB' and ’ﬁBA'.
namelist 'DBD'.

namelists 'MB! apd 'MBA' .
namelisF "MBD' .

replace the original START and STARTA.

Refer Part I of this report.

TS@RB

-Refer to Part I of this report.

TSPRBA

Refer to Part I of this report.

XY ZMAP

This is a two-dimensional interpolation routine. -The argument variables

are:

‘IND = Option index: .

Y = F(X)

IND

=0, Z=F(X,Y¥); IND =1, Y =F(X,2); IND = -y,

X,Y,Z = Independent and dependent variables.

NP

Number of points per curve, or number of X,Y pairs for each Z.

canne AIRESEARCH MANUFACTURING COMPANY

Los Angeles, California

72-8786 .
Page 188
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NC = Number of curves, i.e., number of Z-values.

IDX Number of data points to be used in interpolating in X - direction.

IDY Number of data points to be used in interpolating in Y ~ direction.
BX = First independent variable.

BY = Second independent variable.

ANS = Dependent variable found corresponding to BX, BY. In another
word, = XYZMAP.

72-8786
w AIRESEARCH MANUFACTURING COMPANY Page 189

Los Angeles, Calitornia
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APPENDIX B

PROGRAM LISTING

This appendix contains a total listing of program MAIN4B.
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@ LT ADSORB,1,710719, 62333 ' 1

090ca1
030002
090003
020004
020005
4006
00007
cpooos
ocoong
000010
000011
090012
000013
000014
030015
000016
ocoot7
000018
PRI RY
000020
000021
000622
000023
0o0024
0g0025
£00026
0gooz7
0400028
000029
000030
000031
000032
000033
000034
000035
000036
000037
000038
070039
000040
000041
000042
000043
000044
0Q0045
000046
000047
000048
000049
000050
000051
000052
000053
000054
000055
030056
000057
000058

20

21

50

13

AIRESEARCH MANUFACTURING COMPANY

SUBROUTINE ADSORB

COMMON/AD/ TG(20),PH201 +TGI P4 . PK (2.20),PC021 ,T8 (20).

1.TC (20),TX (20), TS1 (20),7S2 (20),TXL (20),TX2 (20),TC1 (20).
2TC2 (20).W (4,20),PT (20), GMR »GMW.GVIS, PN2,P02»
3 ABED(20).,AVC(20),A86(20),a3X(20),AGX(20),A%C(20),
4AVX(20))RHOG(20) ,RHOS3(20),RHNS(20),RHOC(20),RHOX(20),
5CPG(21)),CPC(20),.CPX(20),CPS(20) DX, CPLI2),DP(20),

6P0UT(10), TIMET(10),WTACMS»WTSG »PUMP(10)+VPUMP(10),CPP(203),
TNPSET(3$),NDR4,NDXMAC, NBCOUT,NDX1/NDXM.NOG, IDSORB(20),

8 HXG(20) »HXS(20),HXC(20),HSG(20),
ISK(20),TKX(20)»NDHI20),D1F(20),6K(20) »UC(20),T268,TOTC02,TOTH20,
1SUMPTM, AVMSLL, AVSGL1,HTR(20), TMAX,

1 TOTKWH,HTR1(20),WC, TOTHTC,WCC,PCO2AVC0O24,S5ABC02, TCO2A,
1R51(2uU,9), A(20),F(20),C(20),VS(20),DVS(20),DVS1(20),RS5(20),
1UG(20).PS(20),08(20),C51(20),€52(20),€1(4,20),C2(4,20),D1(4,20),
202(20),PC1(20),PC2(20),PC3(20),C1P(20),C2P(20),C3P(20).:D1P(20),
SFR(2,20), P1(20),P2(20),p3(20),WS(20),CR1(20,4),CR2(20,4),CR3
4(20,4), C€30(4,20),B8(4,202,Q(4,20),CP1(20),CP2(20).X(22),V0IDFL20),
) WM(2) s TIME,CYCLE,DTO, OTMAXWI.T1,PCO2C,
6VOLCAB.RCO2C,
INCYCLT.NPRINT,NCYCLE,NDTCON,NTEMP,NSTART,NPR,NT,DTT(4),SABCOS
DouBLE PRECISIQM.C1,C2» DlvDZ!PClIPCZIPC31911P25P31C310081

1 CP1,CP2, X, C1iP,C2P.,C3P,D1P )

DIMENSION AS(20) )

EQUIVALENCE (ASX»4XS) s (AGX1AXG) s (ASG»AGS ) (HXSIHEX ) » (HXGrHGX ) (HSG
1+1HGS) . . .

DATA RGAS/554./ ’

NDR=NDR4-1

DO 21 N=1,NDX1

AS(N)=4.#3.14164RS(N)s02

I=N

D0 20 NR=1,NDR4

C1(NR,N)=~CR2(],NR)
C2(NR,N)=CRL(],NR)/DT+CR2(I,NR)I+CR3I(1.NR)
C3(NR,N)==CR3I(]/NR)

B{1,N)=C3(1,N)/C2(1,N)

D0 21 J=2,NDR
B(J/NI=CICJIoNI/Z(C2(J,NI-CLUUsNI®B(I-1,N))
NDX=NDX1-1

TO TEMPORARILY STORE SURFACE LOADING

DO 50 N31,NDX1

WS{N)=w(NDR4,N)

IF (NTEMP .EQ. 0 ) GO TO 111

TO CALCULATE CS1,€52,05 FOR SORBENT HEAT WALANCE EGUATION
DO 12 N=1,NDX1

1= [FN(N)NDXM)
CS2(N)=DT/CPSIN)/RHOS3(N)©ASGINI 96K (N) e WM( 1) #DHIN)
CS1(N) = CS2(N) . ,

IF (N.EG.,1) GO TO 13

IF (N.EG.NDX1) GO TO 14 .
S1=SK(N)/DXo#20(TS(N=1)-2,8TS(N)+TS(N+1))

50 TO 15

$1=SK(1)/DXo#28(T8(2)-T§(1))

GO TO 15 . .

72-8786
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SNEW
aNEV
eNEW
eNEW
aNEW
eNEW
eNEW
aNEW
eNEW
SNEW
eNEW
sNEW
aNEW
#NEW
aNEW
eMEW
#NEW
aNEW
#NEW
aNFEW
*NEW
aNEW
eo-q
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0gnase 14 S1=SK(NDX11/DXes2a(TSINDX)-TS(NDXL))

QU060 1o L3INY= DT/(PS(H)/RHOSB(V)‘(SI*ASG(N)WHSG(V)“(T'(N) 0 5“\SZ(N))*
0920061 . LASX (N #HXSIN)#(TX{N)~0,5#T82(H))) ;
0260062 RA110_= (DT+DY0 /DT
330063 T=(DT+DTOI/CPS(l) /RHQSB(N)
000neae T1= 0.DGTG(ASG(N>“HSG(V)#ASX(N)OHXS(N))
D00065 CSLINI=RATIONCSLINY/(2,+T1)
000066 : C32(NI=RATIO«CS2(N)/(1,+T1) "
[ UVIY) DS{(N)Y=RATI0#DS(N)
00DDs8 DSIN)= (DSIN)-TL8TS2(NI)/(1.,+T1)
ugo00s9 12 CONTINUE
000070 ... 6G0-TO 110
0ou071 111 DO 112 N= 1» NDX1
6Qo072 CS1(N2=20,
0g0073 . - CS2(N)=0.
000074 . DS(N)Y=Q.
00075 . T . TS(N)=T268.
030076 TC(N)=T268
030077 COTX(N) 27268
000078 TGIN)=T268
000079 112 CONTINUE
-000080 110 CONTINUE i
000081 c . o ’
000082 c "TO CALCULATE PARTIAL °PRESSURE OF ADSORBATE IN GAS STREAM
0Go0s3 c .
030084 o D0 24 N=1,NDX1
030085 T=IFNIN, NDXM)
D000Bs6 Cc T0 CALCULATE Py, PZ.P}
000087 WSURF=W(NDR4,N)
0J00R8 CALL EQPWT(I,IDSORB(N),1» PSURF-WSURF.YSZ(N))
000089 CALL EQPWT(1,!DSORB(N),1+PS1, WASURF, (TS2(N)+0.02))
000090 DPKNTS=(PS1~PSURFI/0.,02
Quoo9l CALL EQPWT{(I,IDSGRB(N),1:PS2, (WSURF+1,E~5),TS2(N))
nnoos2 DPKDWK= (PS2~PSURF}/1,E-5
000093 G=1.,+CS2(N)ISDPKDTS .
000094 P1(N)={PSURF +DS(N)*DPKDTS) /G
000095 P2(N)=)PKDWK/G
000096 PI(NI=CS1IN)/GeDPKOTS
000097 c
000098 C2(NDR4»N)I=CRL (N, NDRQ)/DT*CRZ(N-NDR4)+HM(I)”GK(N)°P2(N)0AS(N)
000099 C3(NDR4,N)=0,0
000100 DO 23 NR=1,NDR4 .
000101 23 DI(NR/N)=CR1(NsNRI/DTaW(NRIN)
050102 DLINDR4:NI=D1(NDORA/N)=WMIT)oGKIN)(PLIN)-PRIN)eW(NDR4,N))eASIN)
03950103 D2(N)=AS(N)eWM(1)8GK(N)=( 1, -P3(N))
000104 N2(N)=D2(N)/(C2'NDR4,N)=C1(NDR4,N)2B(NDR4-1,N))
000105 QEI,NI=DLICL-NI/C20L,N)
000106 N0 24 J=2,NDR4
000107 24 Q(UINI=(DLI(U,N) -~ Ci(JnV)nG(J 1.,N))/Z(C20UN)~ C1CJNI2B(J-1,N))
g00t108 c
000109 DO 25 N=1,NDX1
000110 1= IFNCN,NDXM)

000111 CPLIN)ISASGIN)#GK(N)a(PLI(NI+P2(N)s (Q(NDR4,N)~ N(NDR4 N
000112 25 CR2(NDI=ZASGIN)I®GKIN)«(22(N)*D2(N)+RP3(N)~-1.0)

00013 - PK(1,NDX1+1) = PCO21
000114 PK(2,NDX1+1) = PH201
000115 DO 26 N=1,NDX1
000116 N1=NDX1+1-N
000117 I=IFN{N1,NDXM)
000118 PKOTsNL) = (PKCOISN1+1)/DX+CPL(NL)/ZA(NL))
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070119
000120
090121
000122
0001.23
000124
020125
000126
ogp127
000128
000129
000130
000131
0Cu13s2
000133
000134
000135
030136
000137
000138
000139
00014Q
0no144
000142
020143
030144
030145
000146

o000 0

o0 o0

‘26

30

1
IF (1.8@.1)9s2
AFCLLER 2021
PK(J/NLIZPK(JoN1+L)
CONT INUE

TO CALCULATE SORBENT LO0ADING

DO 30-N=1,NDX1

1= IFNC(N»NDXM)
W(NDR4,N)YzQ(NDR4, NI +D2(NIePK( 1, N)
D0 30 J=2,NDR4

L=NDR4+1-1 .
N(LuN):G(L:N)~B(L,N)Ow(L*1.N)

IF( NTEVP iEQ. 0) RETURN

NASA CR-112098

T /01./DX-CP2(N1)7ACNL))

T0 CALCULATE SQRBENT,GLYCOL,HX CORE AND GAS TEMPERATURES

CALL TSCRBA

CALL TGLCOL(TC,HDX1,YC)RHOC,CPC,CX ¢ AXCHXC)» T268.,TXDX,DT,

1AVC., MNOG »DTO,TS51,7S2,TXL,TX2,
CALL HXCORE

TC1,7E€2)

CALL GASTA(GMR,CPG,ABED,NDX1,TGI,ASG,HSGs»aXGHXG)OXsTGs TS, TX)

RETURN
END
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@ ELT RED4,1,710720, 31270 !
20001 SUBROUTINE BED4(IBED,IFLIP.1AD,RBM,RB,15,RBAD, [STOPC,KBED)
Q40002 COMMOMN/AD/ TG(20),PH201 +TGI »PA PK. (2,20),PC02] Ts (20)
13J0003 1,7C t20),TX (20), Ts1 (200,782 (20),1X1 (20),TX2 (20),7T¢1 (20),
RIS 27C2 (20),% (4,200 ,PT (20)» GMR ,GMW,GV16, . PN2,P02,
U20005 3 ABED(20),AVC(20),ASG(20),A8X(20),A6X(20), Axc(zn).
120006 AAVX{20) RROG(20), RHOSI(20) »RHOS(2D) »RHOC 20 » RHOX{ 20,
nip007 : 5CPG(25),CPCI29),CPX(20),CPS{20),DX,CPL(2),DP(20),
sioons 6POUTCLNY » TIMET(10) ,WTACMS WTSG ,PUMP(10) . VPUMP(10), rPP(zn).
ulusa9 7NPSET(3),0NDR4, NDXMAC, NBCOUT, NDX1,NDXMs NOG, IDSORB(20) .
010 8 HXG(20),HXS§(20),HXC(20),HSG(20),
J00011 9SW(20, TRX(20),DH(20),DIF(20),6K(20) »UC(20),T268,TATCO2:TOTH20,
330612 13UMPT™, AVMSLL, AVSGLLHTR(20) 2 TMAX, : '
0030013 1 TOTKWH HTRL1(20)WwC,TOTHTC,WCC,PCO2A,VCO2A»SABCO2, TCOZ2A
J000L14 1RS1(20,9), A(20),F(20),C(20),vS(20),DVS(20),DVS1(20):RS(20),
Ja001% 1UG(203,PS(20),0S5(20),£51¢(20),€52¢(20),C1(4,20),€2¢(4,20),D1¢4,20),
050016 2D2(20)3,PL1(20),PC2(20),PC3(20),C1P(20),C2P(20),C3P(20),D1P(20),
(410017 3FR(2,20) P1(20),P2(20)p3(20),WS(20),CR1(20,4),CR2(20,4),CR3
020018 4(20,4), C3(4,202,B8(4,20):Q(4,20),CP1{20),CP2(20),%X(20).VOINF(2D),
130019 5 ’ WM(2),T1vE,CYCLE,DTO, DTMAX,W!,T1,PCO2C,
neegae 6VOLCAKR,RCO2C,
020021 INCYCLT  NPRINT NCYCLE+uDTCON/NTEMP NSTART/NPR.DT.DTT{(4),SABC0OS
wip0z22 DOUBLE PRECISION ¢1.C2,D1s02,PCL,PC2,PC3,P1,P2,P3,C3,Q,B
210023 1 CPL,CP2, X C1P,C2P,C3P,D1P )
40024 DIMENSICN RBH¢1)+ RB(1), IB(1), RBAD(1),KBED(1)
20025 DIMENSICN WN(20) .
130026 C IFLIP =0, NO FLIP, IFLIP=1,» FLIP WILL BE CALLED
470027 DATA 18TART/0/
130028 c
000029 D0 110 N=1,349
50030 110 TG(N)=RBM(N)
020031 DO111 M=1., 405
110032 111 ABED(H)=RB(N)
300033 00112 nN= 1,29
0iJgo34 112 NPSET(NI=IB(N)
000035 DO 13 N=1.25%
000036 1% HXGIN)Y=RBAD(N)
noou3? IF(KBED(IBEL)Y LEQ, 0} G0 7O 90
130038 B976 FORMAT(125) .
070039 NDX10=NDX1 @ THESE TWO CARDS ARE ENTROPY GENERATORS
IG0040 NDX1=NpX1D
nooo41 SABCOZ=5ABCNS
1400042 [FCISTQPC «HE. D) SABCO2=0.0
030043 DO 1311 N= 1 NDXi
370044 HTR{N)=HTR1(N)
030045 IFCISTOPC «HE, 0) GO TO 3198
0710046 IF(TS(ri) .GT. TMAX) GO TO 3198
00047 GO TO 1311
030048 3198 DO 41: J= 1, MDX1
n20049 : 411 HTR(J) = 0.0
020050 GO TO 66
G40051 1311 CONTIMUE
030052 6& CONTIMUE
010053 ISTART=]START#Y
000054 IFtTIME .LT. 1,1E-5) 60 TO 80
000055 GO To 81 .
000056 - By SUMPTM=0.0 -
030057 TOTKWH=0,0
1100058 T0TC02=0.0
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ni30Ns9
vooueo
500061
210062
u0ne3
070064
030065
u:0066
030067
J50068
¢d0069
clon70
0071
030072
v30073
570074
020075
u30076
aan077
0006078
130079
430080
030081
2130082
030083
030084
0uou8s
230086
030087
300088
050089
930090
410091
420092
030093
000094
0920095
30096
330097
¢10098
290099
000100
000101
000102
020103
070104
£30105%
330106
000107
0ne108
310109
670110
050111
030112
330113
000114
000115

000117
050118

g

TOTH20=0.
TOTHTC=U.0

IFCISTART LGT,

ASSIGH 82 TG wPRSSR

GO TO 183
> CONTINUE

x
a3

B1 WC=WCC

FOISTOPL.NE. Q) Wes 0,
DU 801 N=1,HDX1

NASA CR-I12098

4) GO 70 81

Ac= ABPD(N)'ASVlV)/AVC(N) R

801 UC(N)=WC/AC/RUQC(N)

{

IFCIFLIP.NE.O) CALL FLAP

15 GO TO (16,17,18

1o CALL START
CiaLt ApSORB

)y 14D

SUMPTHM=s SUMPTH+PK(2,1)e0T

GO TO 19
17 CALL START
CaLL DESORB
19 ADT = DTMAX

00 60 N=1,NDX1,4

/CABS{WINIR4 N~ HS(N))+1 E- 9)~DT
ADT) ADT=aDT2
TS(N)-TS2(N))+1,E~9)%DYe2,0
ANT) ADT=aDT2

ADT2=W]
IFcapT2.LT,

ADT2=T]/(ABSI

IFCADT2.LT.

5 -

ADT2=T1/¢ABS{ TXIN)I-TX2(N))+1.E-9)=DTe2, 0

IFCADT2.L T,

ADT) ADT=aDT2

ADT2=T[/(ABS( TC(N)I-TC2(N))+1.E~- 9)°DT°2 g

IF(ADT2.LT,
67 CONTINUYE

ADT) aDT=aDT2

IFCADT.LT. 1.E-8)4ADT= 1 E-5

‘DTYTCIBED)=ADT
DO 21 N=1.NDX1
TS2(N)=TS1(N)

TS1(NY=TS(N)

TX2(NI=TX1(N)

TX1(NI=TX(N)

TC2(N)=TCL(N)

TCL(NY=TC(N)
21 CONTINUE

IFCIFLIP «NE,

DO 211 N= 1,

0) CALL FLAP

211 TOTKWH= TOTK“H¢DT0HTR(V)/3410.
TOTHTC=TOTHTC+WC2CPC(NOG)®DT=(T268=TCINDX1))

IF ¢

1 ((TIME.LT.1,1E-5).0R.{TIME.GE.CYCLE);OR,

2.EQ.NPR)).AND, (NCYCLE.GE+ NSTART))

6o To 33
130 CONTINUE

o GO T0(131,32)
131 CaLL PRADSB(IBEN)

GO Yo 33

"32 CaLlL PRDESB(T8ED)

GO To 33

33 DO 20 N=1:,349

070116 —° ' 26 RBMIN)=TGINY
DO 23 N=1.25%

23 RBAD(N)=HXGI(N)

AIRESEARCH MANUFACTURING COMPANY
Los Angeles, California

(NPR/NPRINT#NPRINT
Go. 7O 130
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50119
240120
570121
020122
090123
320124
030125
1130126
(20127
020128
4170129
000130
040131
090132
nNo133
000134
010135
U3d0136
000137
060138
0u0139
c00140
000141
030142
000143
000144
000145
030146
00147
0co148
000149
030150
000151
0N0152
030153
000154
090155
000156
000157
000158
070159
c00160
000161
000162
000163
000164
000165
030166
000167
0c0168
000169
000170
0600171
070172
‘600173
000174
000175
000176
000177
000178

}

41
181

18

4z

4¢

51

52
5¢

44

43
47
49
83
90
91

c
c

DO 41 N= 1, 405

RBIN)=ABED(N)

0O 181 N=1,29

THIN)=NPSET(N)

RETURM

SUMC0S=0.

IFINDXM.EQ«NDX1)CALL EXIT
NDB=NDOXM+1

DO 42 MN=NDBsNDX1

CALL EQPWT(1,1DSORBI(N)Y»2,3.sWNL:70.)
WHNIN)=WN1® ABED(N) sDXeRMOSBIN) .
SUMCOS=SUMCOS#WN(N)2FCOADCIDSORBIN) , W(1,N))
CONTINyE . ’
DO 43 N=NDBINDX1

DIF(N)=DIF(1)

GK({N)=GK(1)

DH{N)=pH(1)
IF(SUMCCS-WN(r))I46444,44

CONT INYE

FRHO=SUMCOS/WH(N)
DRHO=RHOSB(iN)#(1.-FRHOD)
RHOSB(N)= RI{OSBI(N)#FRY0
IF(N.,LT.NDOX1) GO TO 51
RHOSBIN+1)=DRHQ

GO To 50 :

NTOB=NDX1-N

DRHO1=pRHO/HITNB

Ki=N+1

DO 53 K=K1,ND¥1
RHOSB(K)=RHOSH(K)+DRHOL

NDXM=N

NDXMAC=N
ASG(N)=ASG{1)aRHROSBIN)/RHOSB(1)
IF(N.EQG.NDXLINDX1=NDX1+1

GO TOQ 47

SUMCOS=5UMCOS=WN(N)
ASG(N)zASG(1)Y#RHOSB(N)/RHOSB(1)
1F(SuMcOs.LT.4,E~10) 50 TO 50
CONT INUE

CONTINUYE

CONTINUE

ASSIGN 83 TO NPRSBR

GO TO 183

CONTINYE

GO TO 33

CONTINYE

PK(1,1)=PC02I

PK(2,1)=PH201

TG(1)=TG]

GO TO 33

C PKSBWT ROUTINE ceceeecceece

183

CONT INYE
WCC=WC

N1=NDXM+1
VMS = 0.0
WTMS=0,0
VSG=0.0

WTS6s0,0
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onuL79 IF(NDx1 -EQ@, ©) GO TO 11
070180 DO 10 N= 15 NDXM
270181 VHS=Vrg+DX*ABED (N)
NonN1a2 WTMS=4TMS+DX# ABED(N) e IHOSRIN)
GLe3 14 CONTINUE
1110184 11 CONTINyYE
(G-0185 : IFC(NDX1=-NDXM) ,EQ. 0) GO TO 31
600186 . ~ DO 30 N= Ni,NOXL
0NI0187 VSG=VSG+DXe ABED(N)
(9GLR8 WTSG= wTsG+Dx~ABED(N)o=HosB(N)
utp189 30 CONTINUE :
050190 . 31 CONTINUE
070191 WTACMS=0.0
300192 WN2L=0,0
0193 wo2L:0.0
(10194 TN2=70,
610195 - 702=70, -
030196 © CIF(NDXMAC JEQ, 0) GO TO 12
niO197 - DO 70 HN= 1. NDOXMAC
L0198 CALL EGQPWT(3,1DSORB(N),2,PN2,WN2, TN2)
000199 CALL EQPWT(4,]DSORB(N),2,P02,W02,702)
0uno200 : . WNZL=WHN2L +DXe ABED(N) 8 HOSBIN) #WN2
020201 WO2L=WO2L+DX*ABED(N)#3HOSB(N) «Ww02
010202 706 WTACMSzWTACMS + Dx»AB D(N)’RHOSB(N)
030203 © 12 CONTIMUE
000204 WRITE(6,503) 1BED
010205 503 FORMAT(1H1////7H 3ED NO 12//// 20H VOLUME AND WEIGHT // )
010206 WRITE(6,500) YMS,WTMS,WTACMS,V5G6,WTSG
000207 50C FORMAT(
120208 1' BULK VOLUME OF €02 SORBENT (CU FT) 'F8.4/
000209 : 2' WEIGWT OF Cn2 SORBENT (LB) 'F8.4/
6520210 3¢+ WEIGHT OF ACTIVE CO2 SORBENT (LB) 'FB8.4//
090211 4' BILK VOLUME OF DESICCANT (Cu FT) 'F8.4/
090212 S5' WEIGHT OF DESIGCANT (LB) : 'F8.4)
Bap213 c ’
200214 CaLL START
000215 WN2V=0,
0on216 woz2v=p,0
900217 D0 600 N=1,NDX1
090218 VOLN=ABED(N)#0XeVOIDF(N)
0n0219 WH2VEUN2V+28./359.2492,/(70.+460.)/760,2PN22VOLN
000220 WO2V=Np2V+32./359.9492,/(70,+460,)/760,8P028VOLN
0600224 60U CONTINYE
080222 WH2L=WN2L+WN2V
000223 W02L=WQ2L+W02V
000224 RNZL=WN2L/CYCLE/2.0
790225 ROZ2L=WO2L/CYCLE/2.,
030226 WRITE(6,505) RN2L,RO2L
020227 505 FORMAT(/////' ESTIMATED CABIN GAS LOSSES'//
N30228 1' NITROGEN LOSS (LB/HR) 'FB.4/
030229 ’ 2' OXYGEN LOSS (LB/HR) 'F8.4)
00230 GO TO NPRSBR
030231 END
"TTTEND CUR oo T
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® FLLT DESORB.1,710719, 62340 v 1

ggoony -
0Q0002
000003
000004
ooo0os
ooouoé
0g0007
600008
000009
000010
0C0011
000012
000013
000014
000015
090016
000017
006018
opoo1e
000020
000021
000022
000023
000024
000025
000026
000027
000028
000029
000030
000033
000032
000033
000034
000035
0009236
000037
000038
000039
000040
000041
000042
000043
000044
000045
000046
000047
000048
000049
000050
000051
000052
000053
000054
000055
000056
000057
000058

20

21

SUBROUTINE DESORB

COMMON/AD/ TG(20),PH201 »TGI PA PK (2,2Q),PC02] ,TS (20)
1»TC (202, TX (20), TS1 (20),782 (20),TX1 (20),TX2 (20),TCL (20),
2TC2 (20).W (4,20),PT (20), GMR ,GMW,GVIS, PN2.,P02,

3 ABED(20),AVC(20),ASG(20),ASX(20),AGX(20),4XC(20),
AAVX(2:)2RHOG(20),RHOS3(20)»RHOS(20),RHOC(20)»RHOX(20),
5CPG(20),CPC(20),CPX(20),CPS(20),0X,CPL(2),DP(20),

6POUT(20), TIMET(10), WTACMS,WTSG »PUMP(10),VPUMP(L10)CPP(20),
INPSET(3) NDR4»NDXMAC, NBCOUT,NDX1:NDXM,NOG, IDSORB(20)

8 HXG(20)HXS5(20),HXC(20),H56(20),
9SK(20) . TKX(20),DH(20),D1F(20),GK(20) »UC(20),T268,TOTC02,TOTH20,
1SUMPTM, AVMSLL,AVSGL1,HTR(20) ) TMAX, .

1 TOTKWH:HTR1(20),WC,TOTHTC,WCC,PCO2A,VC024,SABCO2, TCO24,
1RS1(20.9), 4(20),F(20),C(20),VvS(20),DVS(20),0VS1(20),RS5(20),
1UG(20),PS€20),DS(20),£51(20),£52(20),C1(4,20),€2(4,20),D1(4,20),
202(20),PCL(20),PC2(20),PC3(20),C1P(20),C2P(20),C3P(20),D1P(20),
IFR(2,20), P1{20),P2(20),p3(20),WS(20),CR1(20,4)+CR2(20,:4),CR3
4(20,4), C3(4,20),B(4,20),Q(4,20),CP1(20),CP2(20),X(20),VOIDF(20),
5 WM(2),TIME,CYCLE,DTO, - DTMaX,WI.TI,PCO2C,
6VOLCAGB,RCO2C, :

TNCYCLT »NPRINTANCYCLE » NDTCON, NTEMP,NSTART,NPR, DT DTT(4),SARCOS

DOUBLE PRECISION €1.,C2,D1,D2,PC1,PC2,PC3,P1,P2,P3,C3,0,8,

1 CP1,CP2:%» C1P,C2P,C3P,DIP - -

DIMENSICN AS(20), PD(20)

DIMENSICN P4(20),VIST(2)

DOUBLE PRECISION G,DPKXDTS,DPKDWK,PD

EQUIVALENCE (ASXsAXS), (AGXs»AXG) s (ASG,ALS) s (HXS,HSX)» (HXGsHGX) 5 (HSG
1+ HGS) :

EQUIVALENCE (PS.P4) .

DIMENS!ION SPT(410), PET(10)

EQUIVALENCE (SPT,VPUMP), (PET,PUMP)

DATA VIST/0.014, 0.009/

DATA RGAS/554./ ’

[F(TIME .LE.1.E-5)PF13=3.

NOR=NDR4-1 :
DO 21 N=1:NDXY
J=2 ‘

P4(N)=PT(N)

AS(N)=4.,83,1446+R8(N)#42

I=IFN(N,NDXM)

IFC 1 LEQ, 2) J=1

VIS= X(N)sVIST([)¢(1,-X(N))eVIST(J) :
FIN)=2.494E~40PT(N)e0D,795#(V15/0.0174)
00 20 NR=1,NOR4 -

=N .

C1(NR,N)=-CR2(],NR)
C2(NR,NJ)=CR1(1,NR)/DT+CR2([,NR)+CR3(I,NR)
C3{NR,N)=-CR3I(][,NR)

BC1,N)=C3(L,NI/C2¢(L,N)

D0 21 J32,NDR
B(JXNI=CILJNIZ(C2CU,NI-CL(JINI®BLJ=1IND)
NDX=NDX1-1

TO TEMPCRARILY STORE SURFACE LOADING

DO 50 N=31,NDX1
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000059 50 WS(N)I=WINDR4.M)

000060 (% : .

0d0061 c TO CALCULATE CS1,CS2,08 FOR SORBENT HMEAT BALANCE EQUATION

000062 . IF (NTEMP .EQ. 0 ) GO TO 111 R

000063 DO 12 N=1,NDX1 -

0)u064 12 TFNON» NOXM)

000065 CS2(N1Y= DT/CPS(N)/RHOSB(V)OASG(N)DGK(N)OWM(I)'DH(N)

aJ00n66 - CSLIN) = CS2(N)#X{(N)

00067 : IF (N.EG.1) GO TO 13 -

000668 IF (N.EG. NDXL) GO TO 14

nunoe9 ‘ S1=GK(N)/DX*#28 (TS(N=1)-2,2TSIN)+TS(N+1))

00uo7g GO TO 15 .

000071 13 S1:=SK(1)/DXew20(T8(2)-Ts5{1))

000072 . . GO. 70 15 .

o0oag73 14 S1= SK(NDXl)/DX*ﬁZO(TS(NOX) TS(NDXl))

000074 15 DS(N)= DT/CPS(N)/RHOSB(N)°(SI*ASG(M)¢HSG(N)“(TG(N) O-5“TSZ(N))4

000079 LASXIN)YaHXS(N)S(TX(N)=0,52TS2(N})))

auu076 RATIO = (DT+QTQl}/0T

000077 T=(DT+DTO)/CPS(N) /RHOSB(N)

aQuees T1=0.5eTo(ASGINI#NSG(N) +ASX(N)sHXS(N))

0Quo79 CSLINI=RATIOaCSLIN)/(1,+T1)

000080 CS2(NI=RATIO#CS2(N)/(1.,+T1)

0000A1 DS(N)=RAT!10aDS(t}

000082 DS(N)= (DS(N)=TieTS2(N))/ (2, *Tl)

poonal 12 CONTINUE

000084 G0 TO 110 . . . .

900085 111 DO 112 N= 1;NOX1 "

000086 CS1(N)=0,

000087 CS82(N)=0.

000088 DS(N}=0,

000089 TS(N)=T268

000090 TC{(N}=7268

000091 TX(N)=T268

000092 TG(N)=T268

000093 112 CONTIMUE

000094 110 CONTINUE

000095 c

000096 c TO CALCULATE TQTAL PRESSURE

000097 C ’

000098 DO 24 N=1,NDX&

000099 I=1FNINJNDXM)

000100 [+ TO CALCULATE P1.P2,P3

000101 WSURF =W(NDR4, M)

000102 CALL EQPWT(1,1DSORB(N),1+PSURF, WSURF-TSZ(N))

000103 CALL EQPWT(1, IDSCRB(N),1/PS1, WSURF» (TS2(N)+0.02))

030104 DPKDTS=(PS1-PSURF /0,02

000105 CALL EQPWT(I,IDSORB(N),1+PS2, (WSURF+1.E~5),TS2(N)).

000106 DPKDWK=(PS2-PSURF }/1,E-5

000107 G=1.+CS2(NI#QPKDTS

000108 PL(N)=z=(PSURF +DS(N)*DPKDTS) /G

000109 . P2{N)=DPKDWK/G

000110 P3(N)=CS1(N)/G#DPKDTS

000111 [+

000112 C2(NDR4/N)=CRI(NsNDR4)/DT+CR2(N,NDR4)+WM( ] )oGK(N)#P2(N)2AS(N)

000113 C3(NDR4,N)=0.0

000114 - DO 23 NRz1,NDR4

000115 23 DL(NR/N)=CRI(N,NR)/DTaW(NR:N}

000116 D1(NDR4/NI=DL(NDRE,N)~WMI 1) OGKINI®(PLIN)~P2(IN)#W(NDR4,N))#AS(N)

0t0117 D2(NI=AS(NYSWM( ] )aGK{N)w(X(N) ~P3(N))

000118 D2(N)=D2(N)/(C2(NDR4,N)=C1(NDR4,N)oB(NDR4~1,N))
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000119
000120
000121
000122
000123
0C0124
000125
000126
090127
000128
000129
000130
000134
000132
000133
000134
000135
000136
090137
000138
000139
000149
000141
000142
000143
, 000144
000145
000146
000147
0001486
000149
000150
000151
000152
000153
000154
000155
000156
060157
000158
000159
000160
000161
000162
000163
000164
000165
000166
000167
000168
000169
000170
000171
000172
030173 .
000174
000175
000176
800177
000178

ooo

NASA CR-112098

QC1,NI=DLI(L/NI/C2(1.N)
DO 24 J=2,NDR4
24 QCULNI=(DICUMNI=CLCy, NI #QCU=1oNDIZCC2CUNI-CLOUINISB(U-1N))

COEFFICIENTS FOR P-EQUATION
DO 25 N=2,NDX
25 PC2(N) = PT(N)/(VO]DF(N)OC(N)OABED(N))o(VOIDF(N+1)°C(N+1)aaaEn(N¢1
1)/F(N+1) - VQIDFIN-1)8C(N=1)®ABEDIN-1)/F(N=1))/(2.#DX)
N=1
PC2(N) = PT(N)/(VOIDF(N)“C(N)nABED(N))O(VOIDF(N+1)'C(N¢1)9ABED(N41
1)/FIN+1) = VOIDFIN  )sCIN )“ABED(N YWEIN ))/(1.4DX)
N= NDX1
PC2(N) = PT(N)/lVOIDF(N)GC(N)oABED(N))a(VOIDF<N YaC(N ‘)aABED(N
1)/F(N ) - VOIDFIN~1)9C(N=1)®ABED(N=-1)/F (N~ 1))/(1.~Dx) :
DO 26 N=1,NDXY
PCL(NI=PTI(N)/FIN)
26 PC3(N)= PT(N)/C(N)/VOIDF(N)OASG(N)'GK(N)

DO 27 N=1,NDX}
CPL(N)I=PCI(N)IS(PLINI*P2(N)o(Q(NDR4, NI=WINOR4,N)})
CP2(N)=PC3(N)B(P2(N)eD2(N)+P3(N) =X{N))
C1P(N)==PCL{NI/DX/DX+PC2(N}/2./DX
C2P(N)=1./D0T+2.2PCL(N}/DX/DX~CP2(N)
- C3P(N)==PC1(N)/DX/DX~PC2(N)/2./DX
27 DIP(N)I=PTI(NI/DT+CPL(N)

BOUNDARY CONDITION FOR P-EQUATION

C2P(1)=C2P(1)+C1P(1)
CiP(1)=0.
GO TO (55,56,58,58), NBCOUT

58 CONTINUE @ PUMP CHARACTERISTIC GIVEN
POPI=PCC2A®#54.7/PT(NDX1)
CaLL LAGIN2( B8.PUMP,10,2,PO0P1,VPUMP1,VPUMP)
VPUMPL=VPUMP1e(TG{NDX1)+460.)/(TCN2A+460.)
IF(VPUMPY LT, 0.0) VPUMPL1=0.00
CEXIT=V2UMP1060-/(ABED(NDXI)“VOIDF(NDX1))/PT(NDXI)
GO TO 5

55 CONTINUE
EMW=XCNDX1)8WM{2) 81, =X (NDX1))oWM(1)
EVIS=X(NDX1)#VIST(2)4(1, ~X(NDX1))#VIST(1)
EVIS=EVI520.01
SQTM= SGRT( (TGNDX1)+460.)/1.8/EMN)
D1A=6.0
TOTL=127,

PTAVG=0.52(PT(NDX)+PF13)

EV=3,269E-20PTAVGS  D1A®*e4/TOTL/EVIS+ -
13,816D1A®#3/TOTL#{SATM+D.1479PTAVGS DIA/EVIS)
'2/(S0TM+0.181ePTAVG® DIA/EVIS)

EV=EVe3600,/28,316

EVi=EV

N1zl

91 CONTINUE
QF=(PT(NDX1)-PF13)eEy
CALL LAGIN2(58,PET,10,2,PF13,5P,SPT)
DGF=QF ~SPPF13 _

CALL NEWTO2(N1,NGO,PF13,DOF,PF130,DAF0,1.E-3/PT(NDX1),0,0111)

60 TO (91,92), NGO

92 CONTINUE

72-8786
Page 202

AIRESEARCH MANUFACTURING COMPANY

Los Angeles, California



000179
00180
0ny181
000182
ueo183
030184
QUO1H5
0J0186
0uG187
000188
000149
neo190

0ou191 .

000192
uon193
070194
000195
000196
000197
0g0198
000199
00u200
000201
090202
000203
000204
600205
000206
000207
000208
000209
000210
000211
000212
0onN213
000214
000215
000216
000217
000218
000219
000220
020221
000222
000223
000224
000225
000226
000227
000228
0900229
000230
000231
000232

000233

000234
000235
000236
000237
050238

59

56

EV=SPeEV/ (SP+EVY)

NASA CR-112098

C2P(NDX1)=C2P(NDXL)+C3IP(NDX1)e (1, -EVeF(NDX1)oDX/VOIDF{(NDX1)/ABED

1 (NDX1)/PT{NDX1))
C3IP(NGXL1)=0.000
GO TOo 57

C2P(NDX1) = C?P(NDX1)+C§P(NDX;)0(1~'DX°F(NDX1)DCEXIT)

C3P(NDX1)=0.0
Go T0 57
CONT INUE

C PRESSURES ARE SET

c

o000

OO0

. DO 561 K= 1,

561
57

34

30

200
202

201

3 c.
IF(NPSET(K) .EG. 0) GO TO 561
NP=NPSET(K)
Ci1P(NP)=0.0
C2P(NPY=1.0
C3P(NP)=0.0

CALL LAGIN2(L0,TIMET,10,2,TIME,DIPNP ,POUT)

D1P(NP)=D1PNR
CONTINUE .
CONTINUE

CALL FDEQID(CLP,C2P,C3P,D1P,POINDXL)

DO 34 N=1.NDX1. L. .
IF(PD(N) .LE. 0.) PD(N) = 1,E-3
PT(N)=PD(N)}

TO CALCULATE SQRBENT LOADING

DO 30 N=1,NDXi
W{NDR4,N)=QRINDR4 NI +02(NIaPT(iY)
D0 30 J=2,NDR4

L=NDR4+1-y

WL/ NI=GCL NI =BIL NI »W(L+1,N)

TO CALCULATE STREAM COMPOSITION ~

FR(1,1) = 0.0

FR(2,1)=0,

FR2=0.0

00 31 nN=1,NDX1
I=IFN(N,NDXM)

TEMP =CI(NY®VOIDF(N)
1/P4(N)*ABED(N)
IF(1.EQ.1)4=2
IF(]1.EQ.2)J=Y

IF(N . EQ. 1) GO TQ 200
FROJ,NIZFR(JIN=1)
FR{I,NISTEMP+FR(I,N-1)

IF( NDXM .EG. Q) 60 TO 202
IF (1 .EG. 1) GO YO 202
IFI(NPSET(2) ..NE., D) GO TO 202
Go To 201

FR{I,1) = TEMP

X{N) = 1,0

GO0 To 31

CONTINUE
CT=ABED(N)*DX®ASG(N)®GK(N)
FRT= FR(1,NI+FR(2,N)+1,E~10

PSURF = PLIN)$P2(N)a(W(NDR4,N)-WSIN)I+P3(N)aPT(N)
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030239 X(NY=((FR(2, '1)*CT°PSURF ] ’ Y/FRT/
000249 1 (1.,+CT#PTIN)/FRT)

000241 TFOXCN) LT, D.0) X(N)= D 0

000242 IFEXOND .GT. 1.0) X(N)=1.0

000243 31 CONTINUE

000244 00 33 N=1,NDX1

000245 C(N) = (PT(N)/RoAS/(TG(N)*46U)*C(N))/2 0

000246 . I = IFN (N,NDXM)

000247 IF (}.EQ.1) J=2

000248 IF (1.EG.2) J=i

000249 RHOGIN)=CIN) e (X(N)&#WM(T)+(1,~X(N))=WM(J))

000250 UG(N) (FR

000251 (L/NYOWMOL)+FR( 2, N)DWM(Z))/RHOG(N)/ABED(N)/VOlDF(N)
000252 33 CONTINUE

000253 IF( NYEMP .EQ. 0) RETURN

000254 C )

000255 C TO CALCULATE SORBENT TEMPERATURES

000256 c

000257 CALL TSCRB

000258 D9=0T

000259 CALL TGLCOL(TC,NDX1,UC,RHOC,CPC,CXsAXC) HXC.TZ68;TX;DX:D9:
000260 1AVC, NOG DTO,T81,782,TXL,TX2,7C1,TC2)

po0261 CaLL HXCORE

000262 CALL GAST(DX,RMOG4CPG UG TS, TX)NDX1+ASGs+HEG+AXG+HXG, TG, VOIDF?
000263 100 FORMAT(8612.3)

000264 DESRAT=FR(1,NDX1)

000265 IF(NBCOUT .EQ. 3) GO YO 101

000266 ’ IF(NBCOUT .EQ. 4) GO TQ 1018

000267 RETURN

000268 101 CONTINUE

00U269 DPC02A=(DESRAT-SABC02/44. )“DT“RGAS“(TCOZA*460 v }/VCO2A/51.7
000270 PC024=PCO2A+DPCO24

000271 RETURN

000272 1018 CONTINUE

000273 DVCO2A =. (DESRAT =SABC02/44. U)GDTDRGASO(TCOZA*460 0)/PC0O2A/51.7
000274 VC024A= VCOZA*DVCOZA

000278 RETURN

000276 END
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® FLT EQPWT,1,710712, 56799 Y
nonnny ’ SUBROUTINE EQPWT(1D, IDSORB:KPW:P W T)
no0yy2 c KPWw=1 = W,T TO FIND P
080003 c KPWz2 = P:T TO'FIND W
0a0004 C. PKEQ=EQUILIBRIUM PRESSURE IN MM HG
nGaodus c W= LOADING IN LB ADSOR3ATE PER LB ADSORBEVT
0a0LgGe - C T=TEMP IN DEG F
aouqer (o .
000508 DIMENSICN TTAB(10,25), WTAB(15.10,25), PTAB(15,10.,25), NT(25)
650009 DIMENSION JDSMTX(5,5) '
$00G10 C NT(1) DATA FOR co2 . ON MOL SIEVE Sa
090011 C NT(2) DATA FOR K20 ON MOL SIEVE 54
000012 C NT(3) DATA FOR H20 ON SILICA GEL
000013 C NT(4) DATA FOR €02 ON MOL SIEVE 13X
000014 C NT(5) DATA FOR H20 ON MOL SIEVE 13X
000015 . .DATA lDSMTX/l:O:4.0;00.2.3'5,1 0.0, 6:,0,8,0,0,7,0,9:0,0,0,0,0.0,0/
0n0g16 DATA JACK/O/ ’ :
ngoni7 DATA NT/25e0./
000018 c ’
000019 DATA NT(1)/6/
000020 ’ DATA (TTAB(JI1),uml, 5)/392..212..122..77..51..32.
000321 DA_TA (WTAB(T1.191),121,15)/, oo,x..oom..oou..oozs..003..0037..004.,
oQonz2 +0045,.005,+0055,,0063,.007,,008,.0088,.0092/
gg0Q23 -’ DATA (PTAB(1,4+2),152,152/1,0,1.5,2.0¢2.5,3.0,4.0,5.0,7.0,8.0,10.,
000D24 115:420.+304+404:50./
0oenzs . DATA (WTAB(I,2,2),1=1,15)/.002,.0028,.004,.0047,,0052,.006,.307,
000026 ' 1:009,.01¢.012,+01%,.019,.025,.03,.034/
030027 DATA (PTAB(1,2:1),1=21,15)/1, 0.1 512.00245,3, 0.4 0,5.0,7.0,8.0,10.,
0c00N28 115-:20.130.:‘0.»50 /
ouun29 . DATA (WTABC(1,3,1), [=1,15)/ 0.0009.:0. oo1a.u 0025,0.0027,0,0043,
000030 10.0065,0.01,0+0145%,3.0178,0.0265,0.0325,0,04,0.0485,0.0%7,0.07/
000031 DATA(WTAB(1,5+1),151,15)/0.,002,0.005,0.008,0.0122,0.016,0.0255,»
000032 10.0324.0.04,0.05+0407+0.08,0.,09,0.1,0,11,0.1177/
00un33 DATA(WTAB(1/+6+1),131,15)/0.,0016,0.0035,0.00673,0.01,0.015/+0.02,
000034 10.0277.0.04,0.05,0,06.,0.077,0.09,0.1,0.11,0.12/
02003% DATA (PTAB(1,301),121,15)7:055411¢2++43,¢791:+149934284574,
000036 110.,14.5,20.,26.,40./
000037 DATA (WTAB(1,4,1),1=1,15)/.0009,.0025,.0033,.006,.0093,.013,
000038 10.0174,..027,.0347,+041,.,05,.06,.08,.0955,,103/
000039 DATA (PTAB(lp‘:i)‘l=1p15)/-031-06‘1_-1: 12004y 7010020
0000490 .. 13614,:5:6)7+7913.920:4264+5/
000341 ! DATA (PTAB(1,5,1),1214,15)/0,02,.05+:1+:2,,4,+7,1,,1.5,
0Qun42 12:17+3.9+5.9744104915,420./
000043 DATA (PTAB(I,6,1),124,15)/0, 01:-03:.06..1..2..3'.5..88.
000044 . 11432+1.8,3,,4.65,6,6,9,5,15./
000045 c
0u0n4s . ) DATA NT(2)/6/
000047 ) DATA (TTAB(J,2),Jsi, 6)/392.,212--167..122..77..32 /
000048 ... - DATA (WTaAB(1,1,2),1=4,15)/.004,.007,.0%,.012,.015,.018,,02,,023,
000049 1.028..038;.051.071.-076.;081:.0?/
80G050 DATA (PTAB(I1,14+2),121,15)/.,01,.02+.05,.,1,42++5,1¢+2.:5.,10.:,20,.,
000051 150.+,60.+75.,300.7
000052 DATA (WTAB(1,242),1=1,15)/.02,.024,.026,.030,.036,.045,.0%1,.058,
000053 . _ 16074, .09%150149013%0.15,.16,,175/
000054 DATA (PTAB(1,2+2)41=284+15)/. 01,.02..03..05.-1:.2..3.-5:1.0:2.0:
000055 - 14,0, 10.,» 20.¢ 40,+ 100./
000056 DATA (WTAB(1,3,2);1=1,15)/. 027..035..038..045:.057;-071;.08..092.
000057 1. 11..1?5..135:.145-.16..18-.19/
000058 DATA (PTAB(1,3,2),121,15)/7.01,.02,.03,,05,14+.2+113+.5+3442,,3,:4.,
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000059 110.060,0120./

000060 DATA (WTAB(1,4,2),121,15)/,045,.058,.,065,,078,,097,.115,.:125,.135,
000061 1.445,.160,,16%,.175,,180++185,.188/

000062 DATA (PTAB(1,4,2),4124,145)/,01,.02,.03,,05,.1+¢.2:43+.5:1.2,,3,+10.
000063 1:,20.,60,,120./ .

000064 DATA (WTAB(1+5,2),121,15)/.083,,103,.11%,,12,.,14,.155,.159,,163,
D0D06S 1:¢175,.18,.184,,182,.4983.,.184,,185/

000066 . DATA (PTAB(1,5,2), 1‘1015)/~01'0021-030.04..1!-2:.3!-5:1-!2.;4.)7-:
000067 115.+4G.0100.7/ .

000068 o DATA(WTAB(1,6:2),1%1,18)/, 135;-150-155:r160-167;g169|-173|-178!-18
000069 10,.181,.183,.184,,185,,186,.187/

000070 DATA (PTAB(1,6,2),]=1,1%)/.01,,02,.,03,,04,.07,,10,,20,.50,1.5,3.0,
000071 17.0.15.0,30.0.70.0;100.0/'

000072 c

000073 DATA NT(3)/5/

000074 . . DATA (TTAB(J,3),Jsl, 5)/160-0100-:60-»‘0.:10 /

000075 DATA (WTAB(1,1,3),1=24,15)/.0018,.0026,.0031,.0057,.008,.0¢,.03,
000076 1406,,101.14,,20,.32,,45,.49,,50/

000077 DATA (PTAB(1,1,3),134,15)/.,04,.05+.3,+4,1,0,1.95,9.,42,23.6,44,8.,
000078 167.2,101. 8:200-1400-0700-01000.

000079 DATA (WTAB(1,2,3),1=1,1%)/. UOSOS.-UOS:-0069:-009,-020-05»-07:-110
000080 . 1 17;.?15-:32'0420|50|»58'-59/

‘000081 DATA (PTAB(I1,2,3),1=4,18)/, 01;-05:-100'21.5753 20,5.04,9.06, 15 6
000082 120-:30.55011100-:300cu700 /

000083 DATA (WTAB(1,3,3),121,15)/.,005,.008,.01,.02,.04,,05,.06,.10,.19,
000084 1 273.405:-5Dou55:.60p064/

000085 DATA (PTAB(I1,3,3),[=1,1%)/, 01:v031007:.2060-574:.79'1 02:2.04,4.7,
000086 17.23,15.930.+50.,400,,300./

000087 DATA (WTAB(I,4,3),1=1,1%)/, 008!'0092i-Ulo-02:.03.-05:.071.115-270
000088 1.40,,42,48/,.87,.67,,75/

0p0089 DATA (PTAB(1,4,3),1=1,1 5)/n01:a020-031q0925o17'o3610 58,1,08,3.45,
000090 - 16.0,8.0010,0,20.0470.,0,200.0/ -

000091 DATA (WTAB(1,5,3),1=1,15)/, 0141-0185-022'005:.051-205;.23:.35:.42:
000092 1 50!.60'0700077;-50p.82/

000093 DATA (PTAB(1,5,3),1s4,15)/. 015-020.030-10;-20'.7031 0,1.5,2.0,3.0,
000094 15.0,10.0,20.0,40.06,100,0/

000095 [+

000096 DATA NT(4)/3/ .

000097 DATA (TTAB(J;Q):J'i 3)/1220:77.'32 /

0Qo09s DATA (WTAB(1,4,4),121,15)/, 00355:-0036;-00365:-0037.-0035:.00405
000099 1-0045'-005!00059'.0077lv011)0016ll°201|026!.°37/

000109 i -DATA (PTAB(In114)|l=1515)/0020.03:-04!-U5r-071:10n.20:-301.50 1.0,
000101 12.0,4,0+6.0,10,0.20.0/

000102 . DATA (WTaB(1,2,4),1=1,15)/. 0098:o01:.0105..0115:.01240-0133;.0150:
000103 1n01651 .0130 -021: 00331 o°4151 00475' '055; 064/

000104 DATA (PTAB(1,2,4),1=1,15)/,025,.05,0.1,0,2,0. 3,044+0.6,0.8,1,0,1.5
000105 1+440+7+0,10.0+45.0.25,0/

000106 DATA (WTAB(1,3,4),41=1,15)/.018,.0187,,0191, .02,,0222,.0248,,0282,
000107 1.031,.033,.0355,,04,,05,.068,.078,.095/

000108 ] DATA (PTAB(1,3,4),1=1,1%)/.002,.01,.02,,04,.10,.20+.40,.60,.80:1.»
000109 11.5,3.0¢6,0,30.0:20.,0/

000110 c

000111 DATA NT(S5)/6/

000112 DATA (TTAB(J.3),J®1,6)/74004+,300,4200,+122,:77.+35,7/

000113. DATA (WTAB(1,1,5),!=¢,15)/.0001,.0002,.0005,.001,,002,,003,

000114 1'0053'011l016100220-03'00‘1)-05!-060'07/

000115 DATA (PTAB(1,1+5)9131,15)7.001,.002+.00%5,.02+.024.05+.1+:2+.5,
000116 11¢02¢+50410.020.,50./

000117 DATA (WTAB(1,2,5),131,15)/.,001,.002,.003,.004,,009,.012,.018,
000118 ) 1.025,.038,.048,,06,.078,.09,.102++118/
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000119 DATA (PTAB(1,2,5)4194,1%)/.,001,.002,.005+.085.024:0%,.1/+:2,.5,
000120 11,+2.,5:+10.:20,,90.7/
000121 . DATA (WTAB(!,3,5),1=21,1%)/.,007,.01,.015,.02,.026,.036,,046,,058,
000122 14075:.09 30494126, .34,,153,.17/
000123 DATA (PTAB(!,3:5),193,18)/. 001,.002'.005,.011-02,.05“1..2-.5.
000124 111'2'050'100'20 !50 /
000125 DATA (WTAB(1,4,5),1=14,1%)/.049,.052,.054,.059,.067,.083,.096,
000126 ’ 1'116l-132'0152'016‘01150101960'2080-225/
000127 DATA (PTAB(l/4¢,5)»191,15)/,001,.003,.005,.01,,02,,05,.09.,.2,
000128 1.35:,72+1401302.22,4,65,8.5,20./
000129 DATA (WTAB(1,8,5,1=1, 15)/-0680o072vc075r-09001105»-124'-14.
000130 1.156,.165, +182,.196,,209/.224,.24,.256/ .
000131 DATA (PTAB(1,545),124,1%)/.001,.003,+005,.01,.024:05,.1,:2,.3,
000132 1v6!l|1!2t0l4n00900019-/
000133 DATA (WTAB(1:6,5),131,1%)/,108,.,112,.13,.144,.158,.172,
000134 1.186+.198,,213,.224,,236+,252,,268,.28,,30/
000135 ) DATA (PTAB(1,6,5),]=4,15%)/.001.,.002,.005,.,01+.02,.,04,.08,.15,.3,
000136 1¢5,.085,1:¢7:3.596.2020./
000137 C
000138 DATA NT(6)/3/
000139 DaTA (TTAB(Js8), U=1,3)/120., 68,, 32./
000140 DATA(PTAB(1,4+6),1%1,18) / 15,, 20.,30,:40..60,,80.,100,,125.,150,
000141 1,200, 250-'390."50.!600-‘750'/.
000142 DATA(PTAB(],2+6),1%1,18) / 18., 20.,30,,40.,60,,80.,100.,125.,150.
000143 1+200+, 250++350.,450,,600+,+730./
000144 DATA(PTAB(1,3,6)+1%1,1%) / 15., 20.,30,,40.,60.,,80,,100.,125,,150.,
000145 19200+ 250.+3%0.+450,,600+2750./
000146 DATA (WTAB(1,1,6),]1%4,15%)/.000%,.0006,,0007, .0009,.00116,,00137,
000147 1. 001551.00173'000205:-00250;.0031;-00435:000565p.007}'.0037/
000148 . DATA (WTAB(1,2,6),121,1%)/.0007,.00078,.00402,,00126,.00173,
000149 1. 00207»-0025:.00300.00305n¢0044r.00520.0065:-0053..0103..0122/
000150 DATA (WTAB(1:3:6),]28.,1%)/
000151 1. 0012-~0014l-0019000023'00030l-0037'~00435'o00520'00502:
000152 2.0075,.0087,.,0313%8,.0137,.0167, 0197/
000153 . DATA NT(7)/72/
000154 DATA (TTAB(J»T7),J81,2)/70,¢ 32./7
000155 DaTA (PTAB(I,1, ¥),1=1,15)/
000156 110-115-120o1300140-'95.:75.v100-1125-0150.'ZOOu-300-o4OOna55O|,750
' 000157
000158 DATA (PTAB(1:2) 7).]=21,315)/
000159 110,+15,+20,+30,4,40.+,5%,,75.,100.,125.,130,,200,,300.,400,:550.,750
000160 24/
0001614 : DATA (WTAB(1,1,7),121,18)/
000162 1.0002.,.00025%,,0003,.00043,.0005,.,00063,,.00082,,00105,.00125,.00148
000163 2,.,00186,.00264,.0034,.0044.,00555/
000164 DATA (WTAB(1,2+7),134,18)/
000165 1. 00020n0002500000,l~000‘4'0000551-00073:-000960-00122!-00145'
000166 2.00173,.00224,,00337,.00447,,00585,,0074/
000167 DATA NT(8)/3/
000168 : DATA(TTAB(J,B)yU=4,3)7120,472,,32,/
000169 DATA (PTAB(I,4, 8).1=1,13)/
000170 : 110-015olZUor}O.t‘Oo:55i:75-0100-v1250r150||200.13p000400-|550.p750
000174 2./ .
0008172 DATA (PTAB(1,2), B8).]%1,153)/
000173 110.,15.+,20,+30,.40,,%%,,73,,100.,425.,150.,200,.300.,400,,550.,750
000174 . 2./
000173 DATA (PTAB(I,3, 8),1=1,15)/ )
000176 110.+15.520,:30,4,40.,95%.,75,,100,,42%,,150.,,200,,300.,400.,550,,750
000177 2./
000178 DATA (WTABC1,148),1%1,15)/
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1.0001,.0002,,0003,.0004,.0005, .0006,.00075.,0008,.001,.00115,
2.0014,.002,.002%%,.,0035,.0047/

NDATA (WTAB(1,2,6),1=1,15)/

1.00035.. UUD4DvQUD‘S:.0005:-0006'-0009'-0012:c001551-0018.-00?2'
2.0028,.004,.0052,,0066,,0084/

DATA (WTAB(1,3.8),121,15)/
1.00065,.0007..00085,,001».0012,.0014,.0017,,0024,

2.0032,. 0035;.0050,-0069-~0085;.0108;-0144/

NATA NT(S)/3/

DATA (TTAB(J+9),U%1,3)/120.572.+32./

DAaTA (PTAB(IN1s 9),1=1,15)/

110. '15-'200'30.140-155-175-'100-'125-'150.'200-'300-'400~»550-1750
2/

DaTa (PTAR(I,2, 9),1=1, 15)/
110.:15~'20-'3”-r40--55-:75--100-5125c:150.;200--}00.'400-'550-;750
2./

Data (PTAB(I.}& 9)»[51:15)/ .
]10-115.nZ[l.:3'],;40..55.:75-:100--125-5150.'200-'300~l40011550c1750
2/

DATA (WTAB(I,1,9)y1=1,15)7/
1.0001,-30013,.00017,,0002,.00025,.0003,.00037,.n0048,.0:0358,
2.00067,.00087,.00122,.00163,,00221,.00291/

DATA (WTAB(I,2,9),121,15}/
1.0002,.00023,.00026,,00036,.00045,.0C056,,0007,.00085,
2.00097,.00111,.00136,.0019,.0024,.00312,.00396/

DATA (WTAB(I,3,9),]1=1,1 15)/

1.00025. . 0003410000420-00055:.”0007:.0005?.-001: 00122,
2.00144,.00163,.00199,.00264,.00328,.0043,.00578/

IF (W .LE. 0. ) Ws 1,£-21
~ IF(JACK ,GT. 0) GO TOQ 102
DO 105 K=1.25
IF (NT(K) .EQ. 0) GO TO 90
NT=NT(K) . .
D0 101 J=1,NT!
TTAB(J.K)=1./(TTAB(U,K)+460.)
Do 101 !=1,15
WTABC 1 J,KI=ZALOG(WTAB(L,JsK)) '
PTAB(1:Jd,KI=ALOG(PTAB(],J:K))
101 CONTINUE
90 CONTINUE
105 CONTINUE
102 CONTINUE
1S=IDSMTX(IDSORB, 1D)
IF(IS.EG.0) GO TO 999
JACK = JACK + .
RT=1./7(T+460.)
GO YO (201,202), KPW
201 WL=ALOG(W) .
N=NT(1S) -
PKEQL1= XYZMAP(l;WTAB(l 1,18), PTAB(l.l.IS).lS.TTAB(l.IS),N 1202,W0,
-1RT,ANS) : .
P =EXP(PKEQL)
[F (PKEG .LT. 0.0) PKEQ@=0,0
RETURM
202 PL=ALOG(P)
NsNT(IS) - '
WO1=XYZMAP{1,PTAB(1, 1 1S) ) WTAB(1,1,18) 15, TTAB(1,18),N,2,2,PL,RT,
1ANS)
WZEXP{(WO1)

RETURN
999 WRITE(6.998) 1DSORB,ID
998 FORMAT(/////' EQUILIBRIUM DATA UNAVAILABLE FOR'/' [DSORB ='14/!

1 1D =' 14)
CALL EXIT
END
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@ ELY FCOAD,1,710712,,56800 ' 1
ngunat FUNCTION FCOADCIDSORB,H20)
020002 c
030003 c
Oon0004 DIMENSION H20T(12), FCOADT(12,5)
0gouns DATA H2CT/ 0.00, .01, .02, .n3, .04, ,05, .06, ,07, .GB» .10,
G30006 1.12, .60/
ngeoo7? DATA (FCOADT(1,19,1=21,12)/1.,.98,,88,,72,,575, .436, .313, .22,
ug0n08 1.155, .086,» G55, 0/
000099 OATACFCCADT(L»3),121,12)71, .794, .63, .503, ,415, .35, .,298,
000010 1.252, .214, .148, 085, 0/
BsL0LY CALL LAGIN2(6b6, HW2DT »12,2,H20,FCOAD,FCOADT (1, IDSORR))
nJn0i2 RETURN

020013 : END

. ® ELT FREQID,»1,710514, 38495 1
agogoy " SUBRQUTINE FOEGID(CL«CZ CSoO VAR NN)

Dooao2 A DIMENSICN C1(1),€2(1),C3(1),D(1),VAR(2),B(41), a<41)
000003 DOUBLE PRECISION €1,€2,€3.D,V4R,8/Q

Ga0und NNIZNN=1 -

noenos st B(1)=C3(1)/C2(1)

000006 DO 41 J=2,NNL

spocn? 41 B(JI=C3(JI/(C2¢I)=CL(JIeBlU=1))

000008 ' Q(1)=0(1)/C2(1)

090009 DO 42 J=2,NN

000010 42 Q(II=(D(I)-CLIYIHQII=1))/(C2(UI=CL(UI2BLU=1))
000011 VAR(NN) =G (NN)

056012 DO 43 Jz2,NN _

000013 : L=NN+1-y '

n00G14 . 43 VAR(L)=G(L)- B(L)oVAR(L*i)

000015 “RETURN

0o001é A © END

@ ELT FDEGIM.1,710514, 38492 v 2

000001 SUBROUTINE FDEQIM(C1,C2, CS.D VAR NN)
ogoco2 DIMENSION C1(1),C2(1),C3(1), 0(1),VAR(1).B(41).Q(41)
000003 NN1=NN-1
0000c4 B(1)Y=C3(1)/C2t0)
000005 DO 41 J=2,NN
000006 41 B(J)I=C3(UI/(C2(N)=C1(J)eBlJ=-1))
600007 Q(1)=D(1)/C2(1)
000008 DO 42 J=2,NN
0oooo9 42 QU= (DISI-CL{J)=B (Y- 1))/(C2(J) Cl(J)OB(J 1))
000010 VAR(NN) = G(NN)
000011 ’ DO 43 J=2.,NN
000012 L=NN+1-J
000013 43 VAR(L)=Q(LY=B(L)aVAR(L*+1)
poo014 RETURN
000015 END
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@ ELY FLAP#1,710719, 62342 v 1
SUBROUTINE FLAP S ) .
COMMON/ZAD/ TG(20)PH201 »TGI ,PA PK (2,20),PC021 TS (20)
12TC (200,7TX  (20), TS1 (20),782 (20),TX1 (20),TX2 (20),TC1 (20),
;Tcz (2D)W (4,20),PT (200, GHMR ,GMW,GVIS., PN2,PO2,

060020

000021
000022
000023
000024
0coo2s
000026
0gcaz7
000028
000029
000030
000031
000032
000033
000034
000035
000036
000037
000038
000039
0u0040
000041
090042
000043
000044
000045
000046
000047
000048
000049
000059
000051
000052
000053
000054
000055

)

62

61

63

64

AIRESEARCH MANUFACTURING COMPANY

ABED(20),AVC(20) 256 (200 ASK (200 + AGX (200 s AXC(20)
4AV¥(?H) RHOG(20) » RHOS3(20) 4 RHOS¢20) + RHOC (20, RHOX (20,
5CPG(201,CPC(20),CPX(20),CPS(20),0X, CPL(2),0P(20),
6POUT(L0), TIMET(10), WTACMS, WTSG »PUMP(10), VPUMP(10),CPP(20),
7NPSET&3).NDR4 NDXMAC, NBCOUT , NDX 1+ NDXM, NOG,» IDSORB(20)

AXG(20), HXS(20) , HXC(20) , HSG(20)),

QSK(ZU).TKX(ZU),DH(ZO) DIF(20),G6K(20) ,UC(20),T268,T0TCO2, TOTH20,
1SUMPTM. AVMSL 1/ AVSGL1,#TR(20) ) TMAX;
1 TOTKWH,HTR1(20),WC, TOTRTC,WCC, PCO2A,VCO24, SABCO2, TCO2A,
1R§1(20,9), AC20),F(20),C(20),VS(20),0VS5(20),0VS1(20) ,RS(20),
1UG{20),, PS(20):DS(20),51(20),C52(20),C1(4,20),C2{4,20),01(4,20),
2020207, PCL(20),PC2(20),0C3(20),C1P(20),C2P(20),C3P(20),D1P(20),
3FR(2,20), P1(20),P2(20),P3(20),WS(20),CR1(20,4),CR2({20,4),CR3

420,47, C€3(4,20),8(4,20),0(4,20),CP1(20),CP2(20),X(20),VOIDF(20),
5 wM(2), TIME,CYCLE,DTO,  DTMAX,WI,TI,PCO2C,
6VOLCAB,RCO2C,

INCYCLT,NPRINT s NCYELE » NDTCON,NTEMP, NSTART,NPR,DT,DTT( 4),SABCOS

NOURLE PRECISIQON €1,€2,n1,D2,PC1,PC2,PC3,P1,P2,P3,C3,8,B,

1 CP1,CP2,Xs»  CIP,C2P,C3P,D1P

DIMENS|CN DUMMY(20),DUMML(20), IDUMMY (20)

NAMEL1ST /CHECK/
1T6sPH201,TGIPASPK,IPCO2T TS TC, TXs TSL2TS2, TXL:TX2,TCL»TC2: WP Ts
2GMR, GMW ) ABED » AVC » ASG, ASX»AGX» AXCr AVXsRHOG»RHOSE s RHOS,» RHOC » RHOX » CP
3G, CPC,CPX,CPS,0X,POUT, TIMET,WTACMS, WTSG,PUMP, VPUMP, NPSET,NDR4,
ANDXMAC » NBCOUT » NDX1» NDXM+ NOG s HXG » HXS » HXC s HSG » 8Ky TKX s DH» DIF 4 GK 4 UC, T2
568, TATCO2s TOTHZ0,SUMPTM, AVMSL1+AVSGLL,HTR, TMAX, A+F+C» VS, DVS,DVS1

CALL FLIP(W,TG,TS,TX,TC,NOX1,NDR4,NOG,UC)

CALL FLCP(ABED,AVC,AS5,aSX s AGX,»NDX1)

CALL FLOP(AXCsAVX,RHOG»RHOSB/RHOC,NDX1)

CALL FLOP(RHOX,CPG,CPC,CPX, CPS,NDX1)

CALL FLOPCHXGrHXS HXC,HSG s DH»NDXL)

CALL FLOP(DIFIGK:PT  ,X JHTR o NDX1)

CALL FLOP (TS1,DUMMY, DUMMY,DUMMY,DUMMY,NDX1)

CALL FLOP(TS2sTX1,TX2,TCL,TC2,NDX1L)

NDX2=NDX1+1 _

CALL FLOP(SK,TKX»DUMMY, DUMMY s DUMMY , NDX2)

DO 61 K=1,2

DO 62 N=1, NDX1

DUMML (N) =FR(KsN)

DUMMY (N) =PK(KN)

PO 61 N=1,NDX1

1=NDX1+1-N

FROK, 1)SDUMMLIN)

PK(K, 1)=DUMMY(N)

DO 63 N=1,NDX1

TDUMMY (N)=IDSOREB{N)
DO 64 N=1,NDX1
1aNDX1+1-N

IDSORB( 1)=1DUNMY (N)
RETURN

END
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@ ELT FLIP 12710514, 31a98 At

NASA CR-112098

ueouoy . SUBROUTINE FLIP(W,T6,71S,.IXsTC/)NX+NR/NOG,UC)
0goooz C THIS SUBROUTINE INVERTS BED LUADINGS AND TEMPERATURES
voooo3 DIMENSICN W( 4,20),T6(2n0),.TS(20),TX(20),TC(20),UC(20)
ogocoon4 DIMENSICN TW( 4,20),TT6(20),T7S(20),TTX(20),TTC(20),TUC(20)
000005 DO 5 1=1.NX : i
090006 : Lo 6 J=1,NR
canua? & TWlJ, 1Y =W )
[slslUdee] ] TTCCD)=TC(D)
000009 TYG(I)=TGL])
000010 TTS(1)=TS(])
ceoctt TTX(I)1=TX(})
000012 5 TUC(la=uci)
0aneL3 DO 10 W=1.,NX
0:0014 I=NX+1-N
030015 . DO 15 J=1/NR
630016 15 W{Jr, 11=TW(JsN?
000gL7 TGUII=TTG(N)
000018 TSIISTTSIN)
0goN19 - TXCIY=TTX(N)
000020 TC(I)=TTCIN)
000021 13 UC(I)=-TUC(N)
0gou22 NOG=NX+1-NOG
000023 RETURN
000024 END

® ELT FLOP,1,710514, 3A499 1
0Gucol SUBROUTI'NE FLOP(A,B,C,D,EsNX) .
-050002 ’ DIMENSION A(41),B¢41),C(41),D(41),E(41)
000003 DIMENSION AA(20),8B(20).CC(20),DD(20)/,EE(2Q)
0Qo004 DO 10 I=1.NX .
000005 . AACTDY=ACT)
000016 BR(IY=B(])
poacn? : [ASRETIS D]
o0p0008 BHLIBRENISS]
000009 . - 10 EECI)=E(])
0cunio ' DO 20 N=1,NX
000011 I=NX+1-N
0Qoo1L2 ’ . ACI)=AACN)
0200413 ' B(I)=BR(N)
000014 C(1)=CCIN)
030015 DCIY=DDIN)
000016 20 EC(I)=EE(NY
000017 RETURN
000018 END

@ ELT GAST,1,710514, 38500 v 1
000001 SUBRQUTINE GAST (DX,RHOG+CPGsU»TS»TX,NDX1+ASG,HSG»AXG»HXG,»TG» VOIDF
0460002 1) .
000003 DIMENSICN RHOG(1),CPG(1)»UCL),TSCL)»TX(1),TG(1),ASG(1) ,HSG(1) HXG(
0000U4 11)VOIDF(1),AXG01) -
000005 W=1.0
000006 N2= NDX1-1
000007 i T6(1)=7S(1)
000008 . DO 10 N= 1, N2
000009 F= 0.50(VOIDFIN)+ VOIDF(N+1))
000010 AS1=ASGIN+1) - .
000011 HS1=HSGIN+1)
000012 - AX13AXGIN*L)
q00013 HX1=HXG(N+1)
000014 CPL1=CPG(N)
030015 RO = 0.58(RHOGINI+RHOGIN+1))
00060146 Uiz 0.52( UINI+UIN+1))
000017 TS1=TS(N+1)
000018 TX1=TX(N+1)
000019 C1=1.,/(FeRO=CP1=UY)
400020 D=C12(ASL1oMS1#TS1¢AX oKX 12TX1)
000021 Az (AS18HS1+AXLoHXL )0 .
gcauz2 10 TGIN+1)=((1,/7D0X-A8(1,-W))eTG(N)+D)/(1.,/DXeAsW)
000023 RETURN
000024 END
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® LT GASTA.1.,710%14, 38501 s 1
89‘8282 S)UHR'OH'T INE GASTA( GHR; CPG+ABED/NDXL,»TGI, ASG'HSCI AXG o HXG DX, TG» TS, TX
L) 1 . . . .
ooogoons c i
agncng C GAS TEMPERATURE CALCULATIONS FOR ADSORPTION
nooces c
330006 DIMENSICN CPG(1),ASG(1),HSG(1),HXG(1)»TG(1),TS(1),TX(1),ABED(1),
coouny 1AXG(L)
000008
000019 TGINDX1+1) = TGI
000010 D0 10 N=1,NDX1 °
goong1t CsGMR+CPGI(N)/aBEDIN)
0nuo12 N1NDXKL+iI-N
0onn1l3 C1=ASGINLIOHSGINL)I+*AXG(NLIOHXG(NL)
000014 10 TG(HN1) = (TG(N1+1)/DX+(ASGI(NL)#HSGINLIeTSINL)+AXGINL)
000N15 1 #HXGIN1)aTX(NL))/
000616 1Y/ {1./0x+C1/7C)
0goo17 RETURN
0o0018 END

® FLT HXCORE»1,710719, 62343 y 1

0506001 SUBROUTINE HXCORE
gQooo2 COMMONZ/AL/ TG(203),PH201 +TG1 ,PA , Pk (2,20),PCQ2!1 ,TSs (20)
800003 1.TC (200, TX (20)s TS1 (200,752 (20),TX1 (20),TX2 (20).TC1 (20),
000004 27C2 (20).W (4,20),PT (2n0), GMR ,GMW,GVIS, PN2,P02,
000005 3 ABED(20),4AvC(20),48G(20),A3X(20),AGX(20),4%C(20),
000006 4AVX{20),RHOG(20) «RHOS3(20):RHOS(20),RHOC(2D) . RHOX(20),
0a00c7 SCPG(2U),CPC(20),CPX(20),CPS(20),DX,CPL(2),.DP(20),
030008 6POUT(10), TIMET(10),WTACMS»WTSC »PUMP(L1G),»VPUMP(10),CPP(20),
000009 INPSET(3),NDR4,NDXMAC, NBCOUT,NDX1,NDXM»NOG, IDSORR(20),
000010 8 RXG{20),HXS{20),HXC(20),HSG(20),
000011 9SK(20) TKX(20),DHC20),DIF(20),6K(20) »UC(20),T268,TOTC02,TOTH20:
0C0012 1SUMPTM, AVMSL1/+AVSGL1,HTR(20), THAX,
000013 1 TOTKWH.HTR1(20).WC, TOTHTC,WCC,PCO2A,VC024,SABCON2, TCOZA.
000014 1R§1(2:3,9), A(20),F(203,C(203,VS(20).0VS(20),0V51(20),R5(207..
000015 1UGL20),PS(20),D05(20),£81(20),¢52(20),C1(4,20),C2(4,20).,D1(4,20),
000016 2D2¢(20),PL1(20),PC2(20),PC3(20),C1P(20),C2P(20),C3P(20),D1P(20),
000017 AFR(2,20 ), P1(20),P2(20),P3(20),WS(20G)»CR1(20,4),CR2(20,4),CR3
000018 4(20,4), (C3(4,271),B(4,207,004,20),CP1¢20),CP2(20),X(20),VOIDF(20),
000019 5 WM(2), TIME,CYCLE,DTO, DTMAX,W!,TI,PCO2C, ’
000020 6VOLCAB/RCO2C, )
000021 INCYCLT»NPRINT)NCYCLE :NDTCON,NTEMP, NSTART,NPR.DT,DTT(4),SARCOS
.000022 DOUBLE PRECISION €1,C2,721,D2/,PC1,PC2,PC3,P1,P2,P3,C3,:Q,8,
000023 CPL1,CP2¢ X CiP,C2P,C3P,D1P
00024 EQUIVALENCE (MDXsNDX1)
ogoo2s DIMENSICN S1€(20),52(20),53¢(20),0D(20)
000026 c
000027 DN=DT+DTO
030028 DO 10 N=1,NDX
000029 Ti= AVXIN)® (HXCINI+HXS(N)+HXG(N)I®0.5
000030 S1(N)=-TKXI(N)/DX/DX
000031 S3(N)= ~TKX(N+1)/0X/DX
000032 S2(N)= RHOX(NI®CPX(N)/DN =S1(N) =~ S3(N) + T1
000033 10 DDIN) = RHOX(M)#CPX(N)/ON#TX2(N) + AVX(N)e(HXC(N)
000034 1#TCL(N) + HXSINI#TSL(N)+HXGIN)I*#TGIN}) - T1«TX2(N)+HTR(N)/(ABEN(N)®
000035 2ASXIN)Y/ZAYX(N)eDX)
000036 S2(1)=52(1)+81(1)
000037 S1(1)=0.
000038 S2(NDXY=82(NDX)+S3(NDX)
030039 S3(NDX)=0.,0
000040 CALL FDEQIM(S81,52,83,70, TX,NOX)
000041 RETURN
000042 END
® ELT IFN,1,710514, 38502 r 1
000001 FUNCTION IFN(N,)NDXM)
0Qg0002 [FN=1
000003 IF(N.GT.NDXM)IFN=2
000004 RETUR™N
000005 END
000006 c
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eNEW
aNEW
aNEW
#NEW
#NEW
#NEW
oNEW
aNEW
eNEW
eNEW
SNEW
aNEW
oNEW
*NEW
aNEW
eNEW

- ANEW

sNEW
eNEW
SNEW
#NEW
eNEW
so-y



@ ELT LAGIN2,1,710514, 38503 , 1

Qo001
030002
0909u3
0ouVon4
0G00US
000006
ooouon7
000008
voonoe
000010
000011
opoo1i2
000013
000014
600015
0N0016
oounL7
090018
000019
£Qae2o
030021
000022
000023
000024
030025
000026
0Q0027
000028
000029
000030
000031
000032 -
000033
000034
000035
000036
000037
000038
000039
000040
000041
000042

10

13
16

19
22
25
28
31
ey

37.

40
43
46

49

SURROUTINE LAGINZC1D+X.NPsND,X04sY0,Y)

REVISED FOR.FORTRAN v 8-8-65 S, WONG

DIMENSICN X(2), Y(2)

ILo=1 ~
IF(X0-X(1))10+16,4 -
IFUXO-X(NP))19,13,7
ILO=NP-1

IHI=1L0%1

GO TO ‘46

1LO=NP

YO=Y(ILG)

RETURN

DO 22 I1LD=2:NP
IF(X0-X(1L0))25,16,22
CONT I NUE

IHI=ILO .

ILO=]HI-1
IF(ND-2)46,46:28

00 43 [=3,ND
[F(IL0-1)40,40,31
IFCIRI-NP)34,37,37

IF (2.5X0-X(ILO=1)-X(IHI+1)) 37,37,40
ILO=1L0-1

GO TO 43

IHI=1HI+4

CONT INUE

Y0=0.0

PNt1,0

DO 49 I=[LO+IHL

PN=PN# (X0-X(]))

DO 58 1=1L0s[H]

P=PN/(X0-X(1))

DO 55 J=1LOsIHI

v

- IF(J-1)52.55,52

52
55

58

P=P/(xX(1)=-X(J))

CONTINUE

YQ=YQ+PoY (D)

CONT INUE

RETURN

FORMAT (97X.7HLAG!N2 +14+,E12,.5)
END
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@ ELT MAIN4B,1,710719,. 62345 , 1

000001
000002
000003
030004
000005
000006
000007
0Q0008
oguong
000010
000011
000012
000013
000014
000015
000016
000017
000018
000019
000020
000021
000022
000023
000024
000025
000026
000027
0000238
000029
000030
000031
000032
000033
000034
000035
000036
000037
000038
000039
000040
000041
000042
000043
000044
000045
000046
000047
000048
000049
-000050
000051
000052
000053
000054
000055
000056
000057
000058

AIRESEARCH MANUFACTURING COMPANY

C MaIN PROGRAM FOR ANALYZING 4-BED SYSTEM FOR C02 RECOVERY

COMMON/AD/ TG{(20),PH201 »TGI ,PA , PK (2,20),PC02I ,TS. (20)
1,7C (200, TX (203, TS1 (20,782 (200,TX1 (20),TX2 (20),TCt (?0):
2TC2 (20).W (4,20),PT (207, GMR »GMW.GVIS, PN2,PO2,

3 ABED(20),AVC(20),456G(20),A8X(20), AGX(ZO),AXC(ZO),
4AVX{20),RHOG(20),RHOS3(20) RHOS(20),RHOC(20),RHOX(20),
S5CPG(20),CPCL20),CPX(20),CPS(20),0X,CPL(2),DP(20),
6POUT(10),TIMET(10)»WTACMS,WTSG »PUMP(10),VPUMP(10),CPP(20), -
7NPSET(3):NDR4:NDXMAC NBCOUT,NDX1,NDXM,NOG, IDSORR(20),
HXG(20),HXS(20) ,HXC(20),HEG(20),
9SK(20) TKX{(20).DH(20),D1F(20),G6K(20) »UC(20),T268,TOTCO2,TOTH20,
1SUMPTM, AVMSLL, AVSGLL, HTR(20)» TMAX,
1 TOTKWH,HTR1(20),WC, TOTHTC.WCC,PCO2A,VC024.54BC02, TCO24A,
1RS1(29,9), AC20),F(202,C(20),VvS(20),DVS(20),DVS1(20),RS(20),
1UG(201.P5(20),D5(20),€81(20),€82(20),C2¢4,20),C2(4,20),D1¢4,20),
2D2(20).PC1(2Q)PC2(20),PC3(20),C1P(20),C2P(20),CIP(20),DLP(20),
IFR(2,20), P1(20),P2(20)+p3¢20),WS(20),CR1(20,4),CR2(20,4),CR3

4(20,4), C€3(4,20),8(4,20),Q¢4,20),CP1(20),CP2(20),X(20),V0IDF(20),

5 WM(2),TIME,CYCLE.DTO,» - DTMAXSWILTI, PCOZC.

6VOLCAB.RCO2C,

INCYCLT,NPRINT,NCYCLE,NOTCON, NTEMP, NSTART, NPR, DT DTT(d) SABCOS
DOUBLE PRECISIQN €1.,C2,D1,0D2,pC1,PC2,PC3,P1,P2,P3,C3,Q.8)

1 CPL,CP2: X C1P»C2P,C3PsD1P -

COMMON TG1€(20),PH2011,TG11,PAY, PK1(2,20),PC0211 »TS01(20)

1,TC01(20),TXQL(20), T511(20),75210(20),TX11(20),TX21(20),TC11(20),
2T7¢21(20),W1(4,20),PT1(20), GMR1,GMW1,GV]S1,PN21,P021
COMMON T62(20),PH2012,TG12,PA2, PK2(2,20),PC0212 ,TS02(20)
1,TC02(20),TX0R(20), TS12(20),7522020),TX12(20),TX22(20),7C12(20),
2T7€22(20),W2(4,20),PT2(20!, . GMR2, GMW2,G6V]S2,PN22,P022
COMMON T63(20),PH2013.TGI3,PA3, T PK3(2,20),PC0213 ,TS03(20)
1,TCO3(20),TX03C(20), TS13(20),7523(20),TX13(20),TX23(20),TC13(20),
2TC23(20),%3(4,20),PT3(20), GMR3,GMW3,GV]53/PN23,P023
COMMON TG4L20),PH2014,TG14,PA4, PK4(2,20),PC0214 ,TS04(20)
1,TC04(20), TXO‘(ZO): TS14(20),7S24(20),TX14(20),TX24(20),T€14(20),
2TC24(20),W4(4,20),PT4(20), GMR4, GMW4,GV1S4,PN24,P024
COMMON/B1/ RDB(405),1958(29) :
COMMON/B2/RMB(405), IMB(29)
COMMON/B1A/RDBA(260)
COMMON/B1D/RDBD(260)
COMMON/B2A/ RMBA(260)
COMMON/B2D/ RMBD(260)
OIMENSICN RBiM(}49)oRBZM(349)'RBSM(349)oRB4M(349).RHAIN(11).
1IMAINCD6),KBED(4)
EQUIVALENCE (RBIM(1),7G1(1)),»(RB2M(1),T62(1)),(RB3IM(1), TG3(1)),
1(RBAMUL), TG4(1)) (RMAINCL) »WM(1) ), CIMAINCL) NCYCLT)
NAMELIST/MAIN/ WM, CYCLE.DTMAX,WI,T1,PC02C,VOLCAB,RCO2C,

1NPRINT,NDTCON,NTEMP, TGC,PAC,PH20C, TGHX .
2,PC024,VC024,SABCO2, TCO2AKBED/ TIMEDS» NCTL, NST1, NCT2, NST2
NAMELIST/BiM/ PAL, TS01,TCOL,TX01s W1,
1GMR1,GMW1, PN21,P021 ) : :
NAMELIST/B2M/ PAZ, 1502, TC02,TX02) W2,
1GMR2, GMW2, PN22,P022 . )
NAMELIST/B3IM/ PA3, TS03,TC03,TX03, W3,
1GMR3, GMW3, PN23,P023

NAMELIST/B4M/ PA4, TS04,TC04,TX04, W4,
1GMR4,GMW4, PN24,P024

DATA PT2,PT4/ 40¢3.0/,%X/20%1./,C/209%0.2E-3/
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*NEW
eNEW

© #NEW

*NEW
aNEW
eNEW

JeNEW"

eNEW
*NEW
SNEW
eNEW
oNEW
@NEW
eNEW -
oNEW
*NEW
SNEW
oNEwW
oNEW
aNEW
*NEW
SNEW
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020059
ny0060
03N061
000062
000NL3
(VAR
000065
. ue006s
600067
0600048
0000s9
0Qu07Q
0Qo071
000072
ogQuovs
090074
030075
0Qno7e
6gaar7
060078
000079
000080
000061
030082
ogocas
000084
000085
0000K6
000387
000088
000089
050090
000091
000092
000093
000094
000095
020096
0co097
000098
000099
000100
000101
000102
000103
0C0104
000105
000106
0001n7
000108
000109
000110
000111
000112
000113
000114
000115
000116
000117
000118

108
109

102

103

201

DATA DTT/401./
CONTINUE
FORMAT(1346.4A2)

FORMAT(20X,»1346,A2)

READ(%,MalIN)
WRITE(6,MAIN)
READ(5,B1M)
WRITE(6,B1M)
READ(S5.82M)
WRITE(6.B2M)
READ(5,83M)
WRITE 4.B3M)
READ(5,B4M)
WRITE(&4,B4M)
CaALL. REACD1L

CalL READ2

CALL READ3

CALL READ4
SABCOS=SABCOZ2
NHALF=1

DO 102 N= 1, 20
TC1L(NY=TCOL1(H)
TC21(NI=TCO1(N)
TX11(N)=TX01(H)
TX21(H)Y=TX01(N)
TS11(N)=TS01(H)
TS21(NI=TSOL(N)
TC12(H=TC02(I)
TC22(N)=TCO2(RN)
TX12(N)=STX02(N)
TX22(N)=TX02(N)
TS12(H)=T802(N)
TS22(N)=TS02(N)
TC130: D =TCO3(N)
TC23(N)=TCQ3(HW)
TX13(N)=TX03(N)
TX23(N)Y=TX03(N)
TS13(NISTSQ3(N)
TS23(N)=TS03(N)
TCL4(N)=STCO4(N)
TC24(N)=TCO4(N)
TX14(N)=TX04(N)
TX24(N)=TXD4(N)
TS14(H)=TSO4(N)
TS24(N)=TS04(N)
CONTINUE
NCYCLT=NCT1
NSTART=NST1

ASSIGN 103 TO NSuB4B

GO TO 104
CONTINUE

CalLL BED4(lu0:3-RBiM;?DBolDBnRDBA'lSTOPCnKBED)
CALL BED4(2,0,3,RB2M,RM3,IMB,RMBA, ISTOPC,KBED)

D0 201 K=1,60
N=K+120
RMBD(N)I=RMBA(N)
RDBD(N)=RDBA{N)
CONTINUE
NCYCLT=NCT2
NSTART=NST2

AIRESEARCH MANUFACTURING COMPANY

Los Angeles, Cafifomia

® TO READ IN DATA FOR A NEW PROBLEM
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DI0119 ASSIGN 105 TO NSUB4S

000120 GO TO 104

gjelal 105 CONTIRUE

000122 CaLL CXIT

000123 c

u00124 Cc

030125 104 CONTINUE

600126 - C SYART SUB4B

000127 NCYCLE=1

000128 101 CONTINUE

neni1eg IFINCYCLE .GT. NCYCLT) GO TO NSUB4B

R20130 TIME = 0.0 .

030131 oT0 =0.0

000132 DT=1.E-5

000133 NPR = 1

000134 GO TO 3

ngo135 4 CONTIMUE

000136 GO TO ¢ 3,42),NDTCON

000137 42 DT=DTMAX/10.0

000138 IF(TIME .LT. 1.E-4) DT=DTMAX/1000.0

000139 IF(TIME «GT. 0,06) DT=DTMAX

0Q0140 GO TO0 5

000141 3 CONTINUE

000142 DY=AMINLI(DTT(L),DTT(2),NTT(3),DTT(4))

000143 IF(TIME .LT. B,E-%) DT=1.E-5

000144 5 IFCCTIME+DT) .GT. CYCLE) DT = CYCLE-TIME

000145 TIME=TIME+DT

000146 GO T0(20,21), NHALF

000147 C wenaoeosPART TQ BE CHANGED FOR DIFFERENT HQOK-UP OF SYSTEM stcosvcscssssonncs

000148 C FIRST HALF CYCLE

000149 20 CONTINUE

0QeCL50 PcQ211=PCO2C

000151 PH2011=PH20C

0006152 T611=76C

0C0153 1STOPC=0

000154 CaLL BED4(4,0,1,R81M,RDR,» IDB+RDBA, ISTOPC,KBED)

000155 PCO212=PK (1,1)

000156 PH2012=PK (2,4)

000157 TG612=71G6 (1)

030158 IF(TG1(1) .GT, TGHX) TG12=3TGHX

000159 RMBA(201)=TC04(€10)

000160 35 CaLL BED4(2,0,1,R82M,3MBs IMB.RMBA, [STOPC,KBED)

000161 DPCO2CsDT#(RCO2C-GMRe (PCO2C-PK2(1,1))#844./ (PA®GMW))e554,4530,/

000162 1(44.9V0OLCAB) ’

000163 ) IF((KBED(1).EQ.0) AND. (KBED(2).EG.0).)DPC02C=0.

000164 PC02C=PCO2C+DPLO2C

000165 PCO213=PK (1,1)

000166 PH2013=0,00000

000167 T613=76 (1)

000168 . [F(TIME.GT.T[MEDS) 18TQPC=1

000169 CALL BED4(3,4,1,R83M,RDA+IDB.RDBD,ISTOPC/KBED)

000170 RMBD(201)2TCO3(10Y .

000171 CalLL BED4(4,0,2,RB4M,RMB, IMB,RMBD, ISTOPC.KBED)

000172 C vevanoconondnoonevmcandnons TO BE CHANGED UP TO HERE e#cdccascsnvascossassdsas

000173 NPR = NPR+1

000174 pTo=pT

000175 IF(TIME .GE. CYCLE) NHALF=2

000176 IF(TIME .GE. CYCLE) GO TO 101

000177 GO TO 4

000178 C #enesaeePART TO BE CHANGED FOR DIFFERENT HOOK~UP OF SYSTEM ssssocosscsnsscossa
72-8786
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030179 C SECOND HALF CYCLE
(sU180 21 CONTINUE
000161 ISTOPC=0
(00182 PCO213=PC0O2C
630183 : PH20135=PH20C
00184 : TGI3=TGC -
020185 CalL 5LD4(3, 0 1,R33M,R08, lDBrRDRA:I?TOPC-KBED)
uQ0166 PC0O214=PK (1,1)
0J0187 PH2014=PK (2,1)
000188 T614=7T6 (1)
030189 IF(TG3(1) +GT. TGWX) TG14=TGHX
000190 RMBA(201)=TCQ3(10)
09nN191 36 CALL BED4(4,0,1,RB4M,RMB, IMB,RMBA, ISTOPC,KBED)
000192 DPCO2C=0T#(RCOZC-GMR#(PCO2C-PK4( 1, 1))044 / (PARGMW) )#5354,9530./
000193 1(44.2V0LCAB)
00194 . [F((KBED(3).EG.0),AND.(KBED(4).EQ,0))DPC02C=0.
000195 PC0O2C=PC0O2C+DPCO2C
000196 PCO2]1=PK (1,1)
000197 P+42011=0,0000
000198 T611=7G6 (1)
006199 IF(TIME.GT.TIMEDS) ISTQPC=1
000200 CALL BED4(1,141,RB1M,RDB, IDB, RDBD.ISTOFCrKBED)
800201 RM4BD(201)=TCO01(1n)
000202 CaLL BED4(2,0,2,RB2M, RMQ;IMB;RMBD»ISTOPC KBED)-
U203 C 2uspusospavecconnoncsoncsaes TO BE CHAMGED UP TU HERE wonozcasssncosnnnnsonasas
000204 NPR = NPR+} )
000205 DTO=DT
000206 IF(TIME .GE. CYCLE) NHWALF=1
3002a? IF(TIME .GE.CYCLE ) NCYCLESNCYCLE+1L
000208 IF(TIME.GE, CYCLE) GO 70 101
000209 GO TO 4
000210 END
. 72-8786
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@ ELT NEWT02.1,710609, 32711 » 1
030001 SUBROUT INE NEWTOZ{N1,NGO+XsYsXDs Y0+ XMIN.XHAXER)

000002 c SET N1=1 [N MAIN PROGRAM BEFORE CALL NEWTON., THE ROUTINE
000003 c FINDS X FOR Y=0 GIVES NGO=1 IF RECALCULATIONS REAQUIRED,
0Q00v4 c GIVES NG0=2 }F CONVERGENCE REACHED.
o3neas . N1=N1-1 :

u30006 IFC ABS(Y)-ER) 8.8,5

ooouno? 5 IF(N1)7.86,7

000008 6 Y0=Y

000009 X0=X

000010 X=X0+(XMAX-XMIN)*D,01

006011 ‘ - IR(X-XMax)21,21.14

070012 14 X=X0=(XMAX-XMIN)*0.01

000013 ’ GO TO 21 ~ .

000014 7 SLOPE=(Y~YQ)/(X-X0)

000015 Yo=Y

000016 X0=X

000017 X=X~Y/SLOPE

020018 IF(N1+8)20,20.21

0QouLe 20 X=0.5#(X+XQ)}

000020 IF(N1+20122,22,21

000021 22 WRITE (6,23)

000022 - WRITE (6,30) X,Y.X0,Y0,ER

000023 23 FORMAT (32HOEXCEED 20 ITERATIONS "IN NEWTON //)
0QGo24 N1:0

000025 ER=5.+ELR

0oag26 21 CONTINUE

000027 [F{X-XMIN)11:41,12

000028 11 X=XMIM

050029 IF{X=X0)9.8:9

000030 12 IF(X-XMAX)9,43,13

000031 13 X=XMAX

000032 IF(X-X019,8.9

000033 9 NGO=1

oQo034 RETURN

000035 8 NGO=2

000036 N1=1

0006037 RETURN

000038 30 FORMAT(14H X.Y,X0,Y0,ER= 5G14.4)
000039 END
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® EIT PRADSB,1,710719, 62347 1

[ LI
020002
neonons
030604
0gua0s
000005
020u07
0230008
ugoen9
000010
0guaLs
000012
000013
no0014
090015
0noo1s
ogooL7
000018
000019
030020
000021
090022
000023
090024
000025
000026
000027
n30028
000029
020033
000031
000032
000033
000034
000035
000036
090037
000Q3s
000039
090040
vo0n4L
000042
0000453
070044
000045
000046
000047
000048
000049
000050
000051
0Q00s2 -
000053
000054
020055
000056
000057
000058

103

SUBROUTINE PRADSB(1BED)

COMMON/AD/ TG{(20),PH201 »TG! .PA , PK (2.20),PCO21 ,Ts (20)
1,TC (20),TX (20), TS1 (200,752 (20),TX1 (20),TX2 €(20),Tc1 (20,
2TC2 (20),W (4,20),PT (20, GMR ,GMW.GVIS, PN2,PO2,

3 ABED(20)., AVC(zn)-ASG(ZO).ASX(ZD).AGX(ZU),Axc(zn).
4AVX(2U),RHOG(20),RHOS8(.20),RHOS(20),RHOC(20),RHOX(20),
SCRG(20).CPC(23),CPX(20),CPS(20),DX,CPL(2),DP(20), .
6POUT(‘”)nTINET(10) WTACMS,WTSG »PUMP(10),VPUMP(1D),CPP(20),

INRSET(3),NDRE/)NDXMAC VBCOUT NP X1+.NDXMsNOG,» IDSORB(20) -

I HXG(20Q1,HXS(28),HXC(20),HS8G6(20),
ISK(20),TKX(20),DH(2D),DIF(20),6K(20) -UC(ZO).T26B TOTFOZ-TOTHZO.
1SUMPTM. AVMSL 1, AVSGL1,HTR(20) s TMAX,

1 TOTKWH,HTR1(20),WC, TOTHTC,WCC,PCO24A, VcOZA.SABCOZ, TCOZA.
1RS1(2U.,9), AC20),F(20),C(20),VS(20),0VS(20), DVS1(20),RS(20),
1UG(20),PS(20).DS(20),£51(20),CS2(20),C1(4,20),C2(4,20),D1(4,20),
202(20),PC1(20),PC2(20),PC3(20),C1P(20),L2P(20),C3P(20),D1P(20),

3FR(2,20), P1(20),P2(203,P3(20) ,WS5(20),CR1(20,4),CR2(20,4),CR3
4(20,4), c3(4.2(1\,B(4-.20).0(4.20).CP1(20).oCP2(20).X(ZO).VOIDF(ZO).
5 WM(Z).TXWE CYCLE,DTO, DTMAX WIS TI PCO2C,

6VOLCAERCO2C,

INCYCLT,NPRINT, NCYCLE:NDTCON NTEMP,NSTART, WPR, DT DTT(4),548C0S
DOUBLE PRECISIQON €1,C2,02,D02:PCL.,PC2,PC3,PL,P2:P3,L3:1+8,

1 CP1.CP24 X, .CLP,C2P,C3P,01P

DIMENSION AVLD(41)
EQUIVALENCE(NDX, NOX1)
AVMSLD=0.0 .

AVSGLD=0.0 ..
AVRC02=0.0 -

AVRH20:0.0

AVPH20 = SUMPTM/TIME
AVH20P=GMR®AVPH20#18 .,/ (PASGMW)

TIMEM=60.%TIME

WRITE(6,499)1BED

WRITE{6,100) NCYCLE,TIME »TIMEM, DT
WRITE (6,101)

NRITE(6-102)(N PK{1,N), PK(2,N)»

1 TG(N);TS(N):TC(N):TX(N);N=1 NDX)
WRXTE(ﬁ;lDS)PK(l NDX1+1)»PK(2,NDX1+1),TGI(NDX1+1)
FORMAT( ' INLET' Fin.4,F12.4,F19.4)

WRITE (6,202) :
N1=NDXM*+1
NOR3=MNDR4~1

DO 20 N= 1, NDXM -

- SUMMS=0.0

22

20

SUMMS=SUMMS+0.5#(W{1,N)+W{(NDR4,N))
IF(NDR4,EG.2) AVLD(N) = SUMMS
IF(NDR4.,EG.2) GO TO 20

DO 22 NR=2,NDR3

SUMMS =SUMMS+W (NR,N)
AVLD(N)=SUMMS/NDR3

CONTINUE

00 30 N= N1.NOX1

SUMMS=0.0
SUMMS=SUMMS+Q .52 (W(1,N)+WINDR4,N))
[F(NDR4.EQ.2) AVLD(N) = SUMMS
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0930059
0nu0ée0
0J0de1
030062
030063
0600064
000065
000066
000067
090068
noous9
090070
0o0071
030072
090073
020074
030075
0Qo0076
oounv?
000078
000079
00080
000081
000082
. 000083
0000484
0Q0NAsS
070086
000087
000088
00089
000090
090091
030092
000093
000094
0909095
000096
000097
090098
000099
000100
000104
000102
000103
000104
000105
000106
000107
000108
0co109
000110
000111
000112

33

30

31

IF{NDR4.EQ.2) GO TO 30
DO 33 NR=2, NDR3

‘SUMMS = SUMMS+W INR/N)

AVLD (N) 2SUMMS/NDR3

CONT INUE

SUM=0,

IF(NDXMAC .Ed. 0) GO TQ 35

DO 31 N= 1, NDXMAC - :

SUM= SUM+AVLD(N)%ABED{N)#DX@RHOSB(N)

. AVMSLD = SUM/WTACMS

35

32
40

10
B

1
205

499
100

1
1
1
1

102
202

1
1

1
2

203

AIRESEARCH MANUFACTURING COMPANY

SUM=0.

CONTINUE

TFCONDX1-NDXM) LEQ. 0) GO TO 40
DO 32 N= N1,NDX1

SUM = SUM*AVLD(N)OABED(N)ODXORHOSB(N).

AVSGLD=SUM/WTS6
CONTIHUE
DO 10 N=1,NDX
WRITE \5v703)No AVLD(N) .

» CWENR,N),NR=1,NDR4)
IF(TIME LT, 1.1E=5) AVYMSL1ZAVMSLD
IF(TIME -LT. 1:1E'5) AVSGL1=AVSGLD
AVRCO2=WTACMSe (AVMSLD-AVMSL1)/TIME
AVRH20=WTSG® (AVSGLD-AVSGL1)/TIME

NASA CR-112098

DIMENSICON F1(9),F2(9),F3{(9),F4(9)» F5(9),F6(9), F?(O)
WRITE(6+205) F1,AVMSLD, FZ»AVSGLD.F3.AVR002.F4 AVRH20i FS.TOTKWH.

F6,TOTRTC»F7,AVPH20
FORMAT(////(9A6,FB.4,6X,9A6,F8, 4 B

DATA F1/' AVG CO2 LOADING IN CO2 SORBENT (LB/LB)'/

DATA F2/' AVG W20 LOADING IN DESICCANT (LB/LB)'/

DATA F3/°' TIME AVG CO2 ADSORPTION RATE (LR/HR)'/

DATA F4/' TIME AVG H20 ADSORPTION RATE (LA/HR)'/

DATA F5/' ELECTRICAL HEAT INPUT FROM START OF CYCLE (KUH)'/
DaTa F6/' HEAT ADDED 8Y COOLANT FROM STARY OF CYCLE (BTU)'/

DATA F7/' TIME AVG OUTLET PH20 (MM)'/

RETURN .
FORMAT(8HLBED NO. I3)
FORMAT (1HO,16WADSORPTION CYCLE . 137

3X:5HTIME +F9.5 IX2HHRIFL12.3,1%X, SHMIN,
5X+15HTIME INCREMENT= F7 5+ 1X2KHHR)
101 FORMaAT (//2Xo10HAXIAL NODE+ 3X: 7HPCO2, MM, 5Xn7HPH20»MM 8%,

11HGAS TEMP, F

»8X, L5HSORBENT TEMP, F +6X+s L5HCOOLANT TEMP, F 17X 15HRX CO
2RE TEMP, F )

FORMAT(/(19,2F12.4,5X,4(F14.4,6X)))

FORMAT (// 3BHOLOADING AT INTERIOR OF SORBENT, LB/LB

E»3Xr 3HAVG, 9X.
THL 9% s 4H2+ 9% LH3+ 9X s 1HE
/6H AXTAL/BH NODE)
FORMAT ¢ 15,4X,12{F6,4,4X))
END
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® ELT PRDESB,1,710719, #2348 , 4

190091
ngaaue
ogouoa3
300004
0Quans
ga0g0ce
G6o0u7
090008
u3o0c?
000010
020011
000012
020013
000014
000015
000016
0p0d17
0guQ18
000019
020020
000021
agune2
030023
0Qu0z4
200025
300026
000027
000028
000029
030030
080031
000032
000033
000034
000035
000036
- 090037
000038
000039
000040
000041
000042
000043
000044
0Q0045
000046
000047
000048
000049
000050
000051
000052
000053
000054
000055
000056
000057
000058

o0

SUBROUTINE PRDESB(IBED)

COMMON/AD/ TGL(20),PH201 »TGI ,PA Pk (2,20),PC021 TS (200
1»TC (201, TX (20), Ts1 (20),TS2 (20),Tx1 (20),TX2 (20),TCcy (20),
ZTC2 (20).4 (4,20),PT (20), GMR »GMW,GVIS, PN2,P02:

3 ABED(20),AVC(20),A8G(20),a8X(20),AGX(20),4XC(20),
44VX(20),RHOG(20),RH0S3(20),RHNS{20),RHOC(20) RHOX(20),
SCPG(20),CPC(20).CPX(20),CPS(20),0X,CPL2),DP(20),

6POUT(L10), TIMET(20),WTACMS WTSG »PUMP(10),VPUMP(10),CPP(20),
TNPSET(3),NDR4,NDXMAC, NBCOUT,NDXL,NDXM, NOG, IDSORB(20),

8 HXG(20),HXS(20) s HXC(20),HSG(20C)
95K (20),TKX(20),DH(20),DIF(20),6K(20) »UC(20),T268,TOTCO2,TOTH20,
LSUMPTHM, AVMSL L+ AVSGLL,HTR{20) . TMAX,

1 TOTKAH,HTR1(20)WC, TOTHTC,WCC.PCO2A,VCO2A,SABCO2, TCO24AH
1R81(20.9), AL20),F(20),C(20),VS(20),DVS(20),nVSL(20),RS8(20),
1UG(20),PS(20),D5(20),¢81(20) »£S2(20),C1(4,20),C2(4,20),01(4,20),
202(20).,PC1(2Q),PC2(20),PC3(20),C1P(20),C2P(20),C3P(20),01P(20),

3FR(2,20), P1t20),P2(20),P3(20),WS(20),CR1(20,4),CR2(20,4),CR3
4(20,4), C€3(4.20),8(4,20),G(4,20),CP1(20),CP2(20),X(20),VOINF(20),
5 . WM(2),TI¥E,CYCLE,DTO, DTMAX.WI,T1,PCOZC,

6VOLCAB,RCO2C, .

INCYCLT,NPRINT, NCYCLEpVDTCON NTEMP,NSTART,NPR, DT, DTT(4);SABCOS
DOUBLE PRECISION €1,€2,01,D02.PC1,PC2,PC3,P1,P2,P3,C3,0,8,

1 CR1iCP2sXv . C1P.C2P.C3P,D1P

DIMENSICN AVLD(41),

EGUIVALEVCE(NDX;N X1},

", AVMSLD=0.0

99

22

20

33

AIRESEARCH MANUFACTURING COMPANY

AVSGLD=0.0 .

AVRC0220.0 .

AVRH20=0.0 ’

TIMEM=60.9TIME

WRITE(6,499) |BED

WRITE(6,100) NCYCLE,TIME »TIMEM,DT

WRITE (6,101)

WRITE (6,102)IN,PT(N), TG(N).TS(N):TC(N).TX(N) N=1,NDX)
IFCC NPSET(1) ,GT, Q) ,O0R. (NPSET(2) .GT. 0)) GO TO 99
WRITE (6,202) ‘ o
N1=NDXM+1 o

NDR3zNDR4-1

DO 20 N= 1, NOXM

SUMMS=0 .0

SUMMS -SUMMS*+Q + 5% (W (1, ) +4(NDR4/N) )

IF(NDR4 .EQ. 2) AVLD(N) = SUMMS

IF(NDR4.EG.2) GO 10" 20 -

DO 22 NR=2,NDR3

SUMMS=SUMMS+WNR, N )

AVLD (N)=SUMMS/NDR3

CONT INUE

DO 30 N= N1,NDX1

SUMMS=0.0

SUMMS=SUMMS+0+ 5 (W(1,N)+W(NDR4,N))

IF(NDR4.EG:2) AVLD(N) = SUMMS

IF(NDR4.EG.2) GO 10 30

DO 33 NR=2, NDR3

SUMMS =SUMMS+W(NR » N)

AVLD(N)=SUMMS/NDR3
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0Q0U59 30 CONTINUE

000060 : IF(NDXMAC .EQ. 0) Go T0 35

000061 - SuM=0.

000062 DO 31.N= 1, NDXMAC

0D0063 31 SuM= sUF+AVLD(N)GABED(N)’DXORHOSB(N)

‘000064 © AVMSLD = SUM/WTACHS

000065 : 35 CONTINUE

000066 : TFCONDX1-NDXM) .EG. 0) .60 TO 40

000067 . SUM=0.

000068 - DO 32 Nz Ni,NDX1

000069 32 SUM = SUM*AVLD(N)oABED(N"DX'RHOSB(N)

000070 o AVSGLD=SUM/WTSG

000071 40 CONTINUE

000072 DO 10 NS1,NDX

000073 10 WRITE (6,203)H, AVLD(\)

000074° B 1 +(WINR,N),NR=1,NDR4)

000075 IF(TIME LT. 1,1E=5) AYMSLA1=AVMSLD

0pnn7é IF(TIME LT« 1,1E»5) AVSGL1=AVSGLD

0600077 AVRCO2=WTACMS4(AVMSL1-AVMSLD)/TIME ]

000078 : ; AVRH20=WTSGe (AVSGL1~AVSGLD)/TIME : L
000079 : DIMENSICN F1(9),F2(9),F3(9),F4(9), F5(9),F6(Q).F2{0).FBIO);FO(9)
UQ00A0 . WRITE(6,205) Fi, AVMSLD.FZ:AVSGLD.FS.AVRCOZ:F4'AVRH20 FS, TOYKUH.,
000081 - 1F6,TOTHTC, F8,PC02A,» F9,VC02A . . )
000082 205 FORMAT(///7/(946+FB.4,6X,946,FB.4 )) . :

000083 DATA F1/' AVG CO2 LOADING IN CO2 SORBENT (LB/LB)'/

000084 ) DATA F2/' AVG H20 LOADING IN DESICCANY (LR/LEY'/

300085 DATA F3/' TIME AVG €02 DESORPTION RATE (LB/HR)'/ ;
000086 DATA Fa/' TIME AVG H20 DESORPTION RATE (LA/MR)'/ .

000087 DATA F5/' ELECTRICAL HEAT INPUT FROM START OF CYCLE (KwH)'/
000088 DATA F6/' HEAT ADDED BY COOLANT FROM START OF CYCLE - (BTU)!'/
0000AR9 DATA F7/' CABIN CO2 PARTIAL PRESSURE (MM)'/

000090 DATA F8/' ACCUMULATOR CO2 PRESSURE (PS1A)'/.

000n91 DATA F9/' C02 ACCUMULATOR VOLUME {CU FY)'7

000092 C ) .

000093 499 FORMAT(8H1BED NO. 13) :

000094 ) 100 FORMAT (1HO,16WDESORPTION CYCLE 13/ .

ngoo9s 1 3X)SHTIMES,F9,5+1X2HHRIF12.3,1Xs SHMIN,

000096 - 1 - B5Xs15HTIME INCREMENT=F7,8,1X2HHR) .
000097 101 FORMAT (//2Xn10HAXIAL NODE» 10X, 14HTOTAL PRESS,MM,6X,14HGAS TEMP,DE
000098 © 16 F,5X,19HSORRENT TEMP, DEG F.2X.18HCOOLANT TEMP,DEG F. 3x.19Hux co
600099 2RE TEMP, DEG F )

000100 102 FORMAT(/(I9,11X,5(F14.4,6X%)))

000104 103 FORMAT (/21HQCQ2 DESQRPTION RATE:f7. 4.1x5HLa/HR 5x.20HH20 DESORPTI
000102 10N RATE=F7.4,1X5HLB/HR)

000103 200 FORMAT (1HO/2X,10MAXTAL NODE»13X,9HMOLE FRAC:7X.-

000104 12X, 13HC02 RATE(M/HR, X1 L 3IHH20 RATEM/HR)

000105 201 FORMAT(/(I9,14X,3(4X,F12:6:4X)))

000106 202 FORMAT (// 31HOLOAD!NG AT INTERIOR OF sonBENTlfdx.4HSORB/4X.4HNOD
000107 - . 1E43X, 3HAVG, 9X.

000108 1 1HL,9X» LH2, 9% 1H3, 9X» 1H4

000109 2 /6H AX1AL/SH NODE)

000110 203 FORMAT ( 15,4X,12(F6,4,4X))

000111 RETURN :

000112 - END
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NASA CR-112098
® £LT READL,1,710712, %6801 P 1 '

naoecol SUBROUTINE READ1

uegnu2 COMMON/BL/

HYuoG3 1 ABED(20),AVC(20),456(20),A8X(20),AGX(20),AXC(20),
0Qo0ng 28VX{(20),RHQG(20Q) +RHOS3(20),RHOS(20),RHOC(20),RHOX(20),

naAnQUS XCPG(21).CPCI26G),CPX(20),CPS(20),DX,CPLI2),DP(20),

120000 APOUT(10), TIMET(10),WTACMS,WTSG »PUMP(10).VPUMF(10),CPP(20),
ta00u7 5 NPSET(3),\pR4,NDXMAC,NBCOUT,NOX1,NDXM, NOG, IDSORR(20)
0Gooos COMMON/B14A/

0¢noo9 1 ’ ) HXG(20) »HXS(20),HXC(20) 1 K§G(27),
GonoL0 28K(20), TKX(20),DH{20),D1F(20),GK(20) ,UC(20),T268,TOTCO2,TOTH20,
aso01t 3SUMPTM, AVMSLL AVSGLL,NTR(20)» TMAX

0eoe2 1+ TOTKWHHTR1(20) +WC, TOTHTC s WCCPCO2A+VC024+SABC02, TCO2A

uQoul3 NAMELIST/DB 7/ ABED,AVC, ASX,AGX, AVX,RHOG, RHOSB., RHOS, RKOC,
0co014 1RHOX,CPGy CPC.CPXCPP,OX»NPSET,»NDR4,NOXMAC,NBCOUT, NDX1+NDXM, NOG,
0pnp1s 2POUT,TIMET, PUMP,VPUMP,» IDSORB,CPL/DP. . -

opUnLé NAMEL!ST/DBA / ch MXS,HXC,HSG6,SK» TKX, DH,DIF,GK, TCINSHTR1» TMAX
onooL7 N W1 L

000018 e EQUIVALENCE(TCIN 7268)

neonty READ (5,DB)

090020 " WRITE(64DB) ..

vgo021 . T READXS.DBﬁr

00022 WRITE(6,DBA)

000023 DO 10 N=1,NDX1

000024 10 ASG(N) =5, vRHOSa(N)/RHOS(N)/DP(N)

000025 RETURM

000026 END

@ FLLT READ2,1,710712, 56801 y 1

0gogo1 SUBRQUTINE READ2

000002 COMMOJ/BlD/

00003 . HXG(20), HXS(20),HXC(20),HS6(20),
000004 ZSK(ZO) TKX(20),DH(20),DIF(20),GK(20) ,UC(20),T268,TOTC02, TOTH20,
000005 3SUMPTM, AVMSLL,AVSGL1,HTR(20) ) TMAX

0gooos 1 TOTKWH,HTR1(20) WC,TOTHTC WCC,PCO2A,VCO24,SABC02,TCO24

0Qooon? NAMEL1ST/0BD / HXG,HXS,HXC/HSG+SK.TKX,DH,DIF.6K, TCIN/HTR1, THAX
000008 1:WCC

800009 EQUIVALENCE(TCIN.T268)

000010 READ(5,08D)

000011 WRITE(6,DBD)

gooniz2 RETURN

090013 END

@ ELY READ3,1.,710712, 56802 v 1

000001 SUBRQUTINE READB

000002 COMMON/B2/

000003 1 ABED(20),4VC(20),A5G(20),A8X(20),A6X(20),AXC(20),
000004 2AVX(20),RHOG(20),RHOSB(20)RH0S(20),RHOC(20),RHOX(20),

000005 3CPG(20),CPC(20),CPX(20),CPS(20),0X,CPL(2),DP(20),

000006 4POUT(10), TIMET(10),WTACMS,WTSG »PUMP(10),VPUMP(10),CPP(20),
600007 5 NPSET(3),NDR4,NDXMAC ,NBCOUT ., NOIX1,NDOXM,NOG, IDSORB(20)
000008 COMMON/B247/

000009 1 HXG(20),HXS(20),HXC(20),HSG(20),
000010 258K(20),TKX(20),DH(20),D1F(20),GK(20) »uC(20),7268,T0TCO2, TOTH20,
0go011 ) 3SUMPTM, AVMSLL 1 AVSGL1,5TR(20),» TMAX

000012 1, TOTKWH,HTR1(20),WC, TOTHTC,WCC,PCO2A,VCO24,548C02,TCO24

000013 NAMELIST/MB /7 ABED,AVC, ASX» AGX, AVX,RHOG, RHOSB, RHOS, RHQC,
000014 1RMOX s CPG,» CPC1CPX ) CPP,DXsNPSET,NDR4,NDXMAC,NBCOUT,NDX1,NDXM,NOG,
000015 2POUT, TIMET, PUMP, VPUMP, IDSORB,CPL ., DP

D0DQ16. NAMELIST/MBA / HXG/NXS,HXC,HSG,SKTKX,DH,DIF 16Ky TCIN+HTRL, TMAX
000017 1.WCC

000018 EQUIVALENCE(TCIN,T268)

000019 DATA RHCG/ 20+0.0003/

000020 READ(5,MB)

0goo21 WRITE(6,MB)

000022 READ(5,MBA)

000023 WRITE(6,MBA) .

000024 DO 10 N=1,NDX1

000025 10 ASG(NY=6,2RHQSB(N)/RHOS(N)/DP(N)

000026 RETURN

000027 END
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@ ELT. READ4,1.710712, 56803 ) 1

000001 SUBROUTINE READ4
000002 COMMON/B20/
0000903 1 HXG(20),HXS5(20), uxc(zo).usc(zn>.
000004 ) 25K(20), TKX(20),DH(20),D1F(20),6K(20) .UC(20):TZ¢8.TOTCOZ.YOTH?O.
000005 ISUMPTM, AVMSLL+ AVSGL1,HTR(20) » TMAX
000006 ' 1, TOTKWH, HTR1(20) » WC, TOTHTC s WCC,PCO2A VCOZA-SABCOZ.TCOEA
0000907 NAMELIST/MBD / HXG,HXS, ch.Hsc.SK,TKx DH/,DIF,GK, . TCIN,HTR1, TMAX
000008 1.WCC :
000009 : EQUIVALENCE(TCIN,T268)
000010 . READ(5,MBD)
000011 WRITE(6,MBD)
000012 RETURN
000013 END
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@ ELT START,1.710719., 62350 v 1

000001
0GNGa2
ngono3
0ooon4
(gaaos
0co00s
ogcoac7
060008
0gcoco9
000010
gg00tt
0600312
000013
00nn14
000015
000016
000017
000018
000919
4Q0020
000021
000022

7000023

060024
060025
000026
000027

- 000028

. Do0029
000030

000031
000032

. 000033

‘- 000034
000035
- 000036
7000037

- 000038

000039
000040

000041
000042

- 0D0C43

" 000044

000045

000046

000047

000048

000049

000050

000051

000052

000053

000054

000055
000056
000057

30

115

10

11

12

SUBROUTINE START

COMMON/AD/ TG(20),PH201 TGI ,PA PK (2,20).PC02!1 ,TS (20
1,TC (20),TX  (20), TS1 (20),TS2 (20),7TX1 (20),7Tx2.(20),7T¢1 (20,
2TC2 (20),W (4,20),PT (20}, GMR ,GMW,GVIS, PN2.,P0O2,

3 ABED(20),4VC(20),AS6G(20).,A8X(20),AGX(20),AXxC(20),
4AVX(20),RHOG(2Q) ,RROSB(20),RHOS(20),RHOC(20)»RROX(20),
SCPG(20),CPC(20),CPX(20),CPS(20),0X,CPL(2),D0P(20),

6POUT(1C), TIMET(10)»WTACMS,WTSG »PUMP(10),VPUMP(10),CPP(20),
INPSET(3),NDR4 NDXMAC,NBCOUT,NGX1NDXM»NOG, IDSORR(20)

8 HXG(20),HXS(20) , HXC(20) , HSG(2C ),
9SK(20)» TKX(20)0Ht20),DIF(20),6K(20) »,UC(20),T268,TOTCO2:TOTH20,
1SUMPTM, AVMSLL s AVSBL1HMTR(20), TMAX,

1 TOTKWH,HTR1(20),WC,TOTHTC,WCC.,PCO2A,VCO24,5ABC02, TCO24A,
1RS1(20,9), AC20),F(20),C(20),VvS(20),0VS(20),0DVS1(20),R5(20),
1UG(20Y,PS(20),D5(20),€51(20).,€52(20),C1(4,20),C2(4,20),D1(4,20),
2D02(20),PC1(20),PC2(20),PC3(20),C1P(20),C2P(20),C3P(20),D1P(20),
3FR(2,20), P1¢20),P2(20),P3(20),WS(20),CR1(20,4),CR2(20,4),CR3
4(20,4), C3(4,20),B(4, 207.Q0(4,20),CP1(20),CP2(20),X{20),VOIDF(20),
5 WM(2),TIME,CYCLE,DTO, DTMAX:HI T1,PCO2C,
6VOLCAB,RCO2C,

INCYCLT,NPRINT,NCYCLE »NDTCON/,NTEMP, NSTART.NPR»DT DTT(4),SARCOS

DOUBLE PRECISION €1,€2:,01,02:.PC1,PC2,PC3,PL1,P2,P3,C3,0,+8s
1 "CP1,CP2)Xs»  C1P,C2P,C3P,D1P

DO 5 N=1,NDX4

I=1FN{N,NDXM)

CPS(NI=CPPIN)+N(1 N)eCPL(])

RSUN)=DP(N)/2,000

DO 30 N= 1, NDX1

VOIOFA(N) = 1., - RHOSB(N)/RHOS(N)

DO 115 N=1,NDX4

A(N)= GMR/ABED(N)/PA/GMW

NOR=NDR4-1.

NDR2z 24NDR -

NDR3=NDR2+1

DO 10 1=1,NDX31

VS(1)=4./3,23,14160R5(])#e3

DVS(1)=VS(1)/NDR

DvS1(1)=pvs(1)/2

RS1(1,1)=0.

DO 10 K=2,NDR3,

RS1(I,K)=CBRT(3./4./3. 14160(4 /3,%3,14169RS1{1,Kri)os3+DV8L(]1)))
D0 11 I=1,NDX1

CR1(1,1)=DVS1(])oRHOS(])

CR2(1,1)=0,
CR3(1,1)=4.03.14169R51(1,2)092eD[F([)/(RS1(1+3)-RSL(1/,1))eRHOS(T)
00 11 K=2,NDR4

CR1(1,K)=DVS(I)eRMOS(])
CR2([/K)=4,83,14180RS1(]s2°K=2)#020DIF(1)/(RS1(],29K=1)~RB1(1,)20K~
13))8RHOS(]) .
CR3(1,K)34,#3,1416%R61(1,20K)@a2eDIF(1)/(RS1(1/)20K+1)-RS1(],28K-1)
1)#RHOS(1)

DO 12 N=1,NDX3L

CR1(N,NDR4)=CR1(N;1)

RE TURN

END
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@ ELT TGLCOL»1.710514, 58260 , 1

000001
000002
poCoo03
000004
09000%
000006
000007
600008
000G009
000010
000011
000012
000013
000014
000015 -
0900016
- 000017
. 000018
000019
obCo20
000023
000022
000023
000024

SUBROUTINE TQLEOL{TC,NDXMAX,UC»RHOC,CPCCXsAXCoHXC»T268,TX,DXsDT,
1AVC, NOGLIN,DTO,T81,782,TX1,TX2.,TCL,TC2)

DIMENSION C1(20),£2(20),C3(20),D(20),TC(1),TX(1) ,HXC(1),AVC(L),
1 TS1(4),T82(1), TXI(L), TX2(1),TCL(L), TC2(1)

DIMENSICN UC(L1),RWOC(1),CPCLL),AXC(L)

DN=DT+DTO

DO 10 N31/NDXMAX

CCL=2~UC(N)

CC2=HXC(N)/(CPCINIORHOCIN) @ AVCIN)#0.5

IFC UCI(N) +GT:. 04) GO TO & -

C3(N)=-CC1/0X

C2(N)=1./DN+CC2-C3(N)}

C1(N}=0.0

GO TO 10

5 C1(N) = CC1/DX

C2(N) = 1,/DON *+ (L2 ~ Ci(N)
C3I(N) = 0.0

10.D(N)= TC2(N)/DNOCC2'TX1(N)“2- - CCZ“TCZ(N)

CLINOGLIN? = 0O,

CI(NOGLINY. 2 O, -

D(NOGLIN)=D(NOGLIN) +aBS(UCINOGLINY)/DX#T268
" CaLL FDEQIM(CL,C2)C3,D, TC NOXMAX)

RETURN .

END

® ELT TSORB,1,710719, 62351 1

000001

- 000002

000003
000004
000005
000006
000007
000008
000009
000010
000014
000012
000013
000014
000015
000016
000017
200018
800019
300020
000021
200022
300023
300024
300025
100026
300027
300028
300029
300030
300034
300032
300033 .
J00034
300038
1300038
100037
300038
100039
100040
300041
100042
100043
100044
100045
100046
300047
300048

)

SUBROUTINE TSORB

" COMMON/AD/ TG(20),PH201 TGl ,PA PK (2,20),PC02! ,TS (20}

10

1iTC . (20),.TX (20). TS1 (202,752 (20),7TX1 (20),7TX2 (20),TeL (20),
2TCZ (20),W (4,20),PT (20), GMR ,GMW,GVIS, PN2,P0O2,
ABED(20),AVC(20)/,ASG(20),A8X(20),A6X(20),AXC(20),
4AVX(20)'RHOG(ZO):RHOSB(ZU) RHOS(20).RHOC(20),RHOX(20),
SCPG(20),CPC(20),CPX(20),CPS(20),0X,CPL(2),DP(20),
6POUT(10),TIMET(10),WTACMS,WTSGE »PUMP(10),VPUMP(10).CPP(20),
INPSET(3),NDR4 NDXMAC ,NBCOUT,NDX1,NDXMsNOG, IDSORB(20),
8 HXG(20),HX5¢(20),HXC(20),H8G(20),
9SK(20),TKX(20)+DH(20),DIF(20),6K(20) ,UC(20),T268,TOTCOZ,TOTH20.
1SUMPTM, AVMSLL/AVSBL1,HTR(20) s TMAX,
1 TOTKWH,HTR1(20),WC,YOTHTC,WCC,PCO2A,VC024,5ABC02, TCO24,
1R81(20,9), A(20),F(20),€(20),V5(20),DVS(20),DVS1(20),RS(20),
1UG(20),PS(20),DS(20),681¢20),£52(20),C1(4,20),02¢{4,20),D1(4,20),
202(20),PC1(20),PC2(20),PC3(20),C1P(20),C2P(20),C3P(20),D1P(20),

3FR(2,20), P1(20),P2(20),P3(20),W8(20),CR1(20.4),CR2(20,4),CR3
4(20.4), C€3(4,20),8(4,20),Q(4,20),CP1(20),CP2(20),X(20),VOIDF(20),
5 WM(2),TIME,CYCLE,DTO, DTMAX, WL, T!,PCO2C,

6VOLCAB,RCO2C,
INCYCLT,NPRINT,NCYCLE,NDTCON,NTEMP,NSTART,NPR,DT,DTT(4),8ABCOS
DOUBLE PRECISION €1,C2,D1.02,PC1,PC2,PC3,P1,P2,P3,C3,6,B,

1 CP1.,CP2,X, CiP,C2P,C3P,D1P :

DIMENSION S1(41),82(41),53(41),B1(41)

00 10 N=1,NDX1

Ta2(DT+DT0)/CPBIN)/RHOSB(N)

T120,5¢T#(ABGINISHEGIN) +ASXIN)@HXS(N))

CBL(N)=CSL(N)a(1.0¢TY)

CE2(N)=2CS2(N)®(1.0+Ty)

81(N) =TSZ(N)0c51(N)OPT(N"CSZ(N)O(Pl(N)¢P2(N)0(W(NDR4 NI=WS(N))+
IP3(N)ePT(N) )+To(ABG(N)#HSG(N)I#TG (NI+ASX(NI®HXE(N)®
2 TXL(N))=T1eT82(N)
S1(N)=~-Te#SK(N)/DX/DX

S2(N)=s1.,-2.#84(N)eTL

S3(N)=81(N)

CONTINUVE

52(1)=S2(1)*Sl(1)

§1(1)=0.,0
SZ(NDXi)lSZ(NDXI)‘SS(VDXi)

S3(NDX1)20,

NSG=NDXM+1

S2(NDXM)=52(NDXM)#S3(NDxM)
S3I(NDXM1=20.

S2(NSG)a S2(N8G)+81(NSG)

S1(NSG)=0.0

CALL FDEQRIM(S1,52,83,B1,T8/,NDX1)

RETURN

END
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® ELT TSORBA,»1,710719, 62352 v 1

000001
00002
pSonNn3
0gooo4
Q0005
000006
0o0eo7
0oecns
pouGug
opLo1D
000041
000012
000013
000014
uyoois
000016
000G17
0oooLe
000019
De0o20
000021
000022
000023
Uu0024
000025
000026
003027
0Jo0028
0G0029
0000390
0p0N031
000032
yonn33
0900034
000035
000036
000037
000038
000039
000040
000041
000042
000043
pOU044
000045
000046
000047
000048
0006049
000050
000054
000052
000053
000054

SUBROUTINE TSORBA
COMMON/AD/ TG(20),PH20]1 »TGI +PA PK (2,20),PC021 ,»TS (20)

1,TC (200,TX  (20). TS1 (20),TS2 (20),TX1 (20),TX2 (20),TC1 (20),

10

27C2 (20)'W'(4n20).PT (20 GMR ,GMW,GVIS, PN2,P0O2,
3 ABED(20),/AVC(20),AS6(20)ABX(20),AGX(20),AXC(20),
4AVX(20),RHOG(20, RHOS3(20),RHOS(20),RHOC(20), RHOX(20),
5CPG(20),CPC(20),CPX(20),CPS(20) DX, CPLI2),0P(20),
6POUT(10) TIMET(10),WTACMS,WTSG »PUMP(10),VPUMP(10),CPP(2C),
INPSET(3), NDR4, NoxMac, NBCOUT, NDX1,NDXM,NOG, IDSORB(20),
8 ch(zo),Hxstzo) HXC{20).HSG(20),
9SK(20) TKx(zo) DH(20),DIF(20),G6K(20) »UC(20),T268,T0TC02,TOTH20,
1SUMPTH, AVMSL L, AVSGLL,NTR(20) « TMAX,

1 TOTKWH,HTR1(20),WC,TOTHTC,WCC,PCO2A/VCO24,SABCO2, TCO24A,
1R§1(29,9), . at20),F(20),€(20),VS(20),DVS(20),NV51(20),RS(20),
1UG(20),PS(20),DS(20),C51(20),€52(20),€1(4,20),C2¢(4,20),D1(4,20),
202(20),PC1(20),;PC2(20),PC3(20),CLP(20),C2P(20),C3P(20).01P(20),
3FR(2,2070, P1(20),P2(20),P3¢20) . WS(20),CR1(20+4),CR2(20,4),CR3
4(2054), C3(4,20),B(4,20,Q(4,20),CP1(20),CP2(20),X(20),VOINF(20),
5 ) WM(2),TIME,CYCLE,DTO, DTMAX,W1.T1,PCO2C,
6VOLCARRCO2C, )

INCYCLT NPRINT/NCYCLE,NDTCON, NTEMP, NSTART ,NPR,DT,DTT(4),54RC0S
DOUBLE PRECISION €1,€2.D1,02,PC1,PC2,PC3,P1,P2,P3,C3,0:B)

. CP1,CP24sX. ciP,C2P,C3P.D1P

DIMENSICN S1(41),82(41),53(41),81(41)

DO 10 N=1,NDX1

Ta(DT+DTO)/CPS(N)/RHOSBI(N)

T120.54Ta(ASG(N) aHSG(N)+ASX(NI#HXS(N))

CS1(N)=CSL1(N)8(1.0+TY)

CS2(N)=CS2(NYe(1.0+T1)

T2 IFNIN,NDXM) -

TGAVG1=TG(N) =~ -

BL1(N) =TS2(N)+CS1{N)e

1PK(T, W) .

2 =CS2(NIO(PLINI+P2INIS{WINDRA NI =WS(N) )+
1P3(N)® , A

2PK(1,N) o

3 y+To(ASG(NI®HSG(N)IeTGAVGLY

4ASXIN) @HXS(NIOTX1{N))~T12TS2(N}
$1(N)--T°SK<N)/DX/DX
S2(N)=1.-2.281(N)+T}

S3(N)=S1(N)

CONT INUE

§2(1)=62(1)+84(1)

$1(11=0.0
S2(NDX1)=2S2(NDX1)453(NDX1)
S3I(NDX1)=0.

NSG=NDXM+1
S2(NDXM)=S2(NDXM)+S3(NDXM)
SI(NDXM) =0,

S2(NSG)= S2(NSG)+81(NSG)
S1(NSG)=0.0

CALL FDEGIM(SioSZ.ss. 1, T8, NDX1)
RETUR - -
END
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@ FLT XYZMAP,1,710514,. 38520 e 1
38830% c FUNCTION XYZMAP(IND,X,Y:NP,»Z,NC» DX, 1DY,BX:sBY,ANS)

: Q : - . .

Jocoons C FUNCTION XYZMAP HAS THE CAPABILITY OF SUBROUTINES MAPRDY + LAGINZ.
100004 C ANSWER IS ALSO AVAILABLE AT LOCATION (ANS),

;00005 C ALSO CAPABLE OF HANDLING MAP THAT HAS Z-LINES CROSSING EACH OTHER,
00006 - C : o

-100007 C X=ABS[SSA,» Y=ORDINATE, Z=THIRD PARAMETER.

00008 C o i

100009 c IND=0, Z=F(X,Y), (EQUIVALENT TO SUBROUTINE MAPRDY).

00010 *C - IND=1, Y=F(X,Z), (EQUIVALENT TO SUBROUTINE MAPRDY),

300011 €. IND=-1, Y3F(X) ONLY, (EQUIVALENT T0D LAGIN2), THEN Z.NC,IDY, AMD aY
jgooi2 ¢ ARE DUMMY VARIABLES THAT ARE NOT NEEDED IN ACTUAL INTERPOLATIOM,
100013 c -

100014 C XS MUST BE STORED [N ASCENDING ORDER FOR EACH 2, SIMILARLY,
100015 c .SMALLEST Z BE FED IN AS Z(1), ZS ARE IN ABCENDING ORDER,

300016 C XS NEED NOY 8E THE SAME VALUES FQR VARIOUS ZS.

300017 4 X»Y AND Z ARE TO BE DIMENSIONED [N THE MAIN (DR CALLING) PROGRAM, .
Joo018 c THEY MUST BE DIMENSIONED NOT LESS THAN ose X(MPaNC), Y(NPeNC) AND
3883;9 g Z(NC) @=a NQTE NC MAY NOT BE- GREATER THAN 20 eow

0 S
100024 C NP=NUMBER OF PQINTS PER CURVE (OR NUMBER OF X,Y PAIRS FOR EACH 2),
iggggg g NC=NUMBER OF CURVES (OR NUMBER OF 2S5)¢ 1 TO A MAXIMUM OF 20
100024 C IDX=POINTS USED FOR INTERPOLATION IN X-DIRECTION,
100025 C IDY=POINTS USED FOR [NTERPOLATION IN Y-DIRECTION C(IND=0),
100026 C OR IN Z-DIRECTION (IND=1).
100027 c IDX OR IDY CAN EITHER BE 2 OR 3 ONLY.
100028 c BX=FIRST INDEPENDENT VARIABLE.
100029 C BY=zSECOND INDEPENDENT VARIABLE, (WHEN IND=0 OR 1 ONLY),
100030 C BY=Y INDEPENDENT VARIABLE, WHEN (IND=0).
100031 C BY=Z INDEPENDENT VARIABLE,» WHEN (IND=1).
100032 C ANS=DEPENDENT VARJABLE Z(XzAX,Y=AY), WHEN IND=30,-
100033 c ANS=DEPENDENT VARIABLE Y(X=AX,Z2AY), WHEN IND=4,
100034 c ANS=DEPENDENT VARJABLE Y(XsAX),» WHEN INDE-1. -
100035 c .
100036 c NO PRINT OUT, [F DATA OFF THE RANGE OF MAP OR CURVE.
100037 C THEN, USE 2<POINT INTERPOLATIONS AUTOMATICALLY,
100038 C
100039 C RO NDR OB DB RN RN TGN D IR IR R PR BARODNBEB PN ORI RRNORITODOROEBNOOD
100040 c XS+ YS, AND 28 ARE READ IN IN MAIN PROGRAM RECOMMENDED AS FOLLOWS,
100041 C4100 FORMAT(8]10) : asson
100042 C4101 FORMAT(BF10.0) sacee
100043 C encosnncse FOR INDZE) DR 1 000e00caconoataottsosonadoncscnssnssssos
100044 C4101 READ (5,4100) NP+ NC ssane
100045 4 DO 100 N=1:N§ snaan
100046 c READ (5,4101) Z(N) . choan
100047 C ME=N=NP - scass
100048 c MS=ME-NP+1 : - ances
100049 C 100 READ (5,4101) (X(M),Y(M),MeMS, ME) coaow
100050 (o} sosansanes FOR [NDZ-1 #ansssesotsactssanteanistonetoscnessonsnssons
100051 C READ (5:4100) NP sscsosenns
100052 C READ (5.,4101) - XEMI Y (M) M=4,NP) Sessensren
100053 [ L R T R Y R Y T R Y R R R Y PR Y AR R R R L R R YR R S R Y Yy Y Y ¥
100054 ¢
100055 DIMENSION X(2),Y(2),2(2),22(20),2X(20)
100056 Js=1
100057 IF CIND) 105,406,403
100058 103 DO 104 I=1,NC
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006059 104 ZIX(1)=2(1)

nguts0 GO TO 141

000061 105 JE=1

020062 GO TO 108

noones 106 DO 107 1:1,NC

000N64 107 Zz¢1)=7(1)

000065 ) JE=NC

upBUés NCR0OSS=0

0C0067 108 DO 126 J=JS»JE

000068 JX22(J-1)eNP

000069 DO 109 1=1,NP

090070 J2:1+0X2

000071 1F (BX-X{(J2)) 114,110,109
020072 109 CONTINUE

000973 GO -TO 119

000274 110 ANS=Y(J2)

00U075 GO To 123

ouon76 114 IF(1-1DX)120,12G,119

000077 119 Jx2=J2-1DX

0y0078 120 [S=JX2+1

030079 1E=Jx2+1DX

DA00AD IFCIDX.GT,2) GO TO 122
000081 121 ANS=(Y(IE)e(BX=X{18))-Y(IS)a(RX-X(IE)))I/(X(IE)=X(15))
UQ00A2 G0 TO 123 - . .
000063 122 1M=18+1

0Consd G1=(BX-X(1S)/(XCIM)~-X(1E)) -
0po0oss G2=(BX=-X{IMI)/{XCIE)=-X(18))
0GON&6 G3=(BX-X(IE))/Z(XCIS)=X(IM))
030087 ANS=~Y([8)#G29G3-51e(Y(IM)eG3+Y(EI®G2)
000088 123 IF (IND) 158,125,124

UD00AY 124 272(J)=ANS

0Qco9p GO TO 126

000091 125 IX(J)=ANS

000092 [FCANS.LT.ZX(1)) NCROSS=1
000093 126 CONTINUE

000094 [FUIND.NE.O) GO TO 1151
000095 [F(NCROSS.EQ.0) GO TO 141
000096 c

000097 Do 130 K=z2.NC

000098 JMINzK-1 .

000099 DO 129 IP=K)NC

000100 IF (ZXCIP)-ZX(JMIN)) 128,128,129
000101 128 JUMIN=1P

000102 129 CONTINUE

oceins IKsK-1

000104 C1zZX(JMIN)

000105 11=22Z(UMIN)

noo1ng IXCIMIN)=ZX( 1K)

000107 ZZ(UMINI=ZZ([K)

000108 IX(1K)=C1

000109 130 ZZ(1K)=21

000110 c

000111 141 JcPY= IDY-1

000112 00 142 121,NC

000113 IF(BY-ZX(1))145.144,142
000114 142 CONTINUE

000115 JS=NC-1CPY

030116 GO TO 147

000117 144 Js=1

000118 IF (IND,EG.D) GO TO 151
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000119 JE=JS

000129 GO TO 198
000121 145 IF(IL.LE.IDY) GO TO 147

000122 146 Js=1-1CPY

000123 147 JE=JS+[CPY

000124 IF CIND) 108,3152,408

000125 c Y=F(X+2Z) OR Z3F(X,Y) CALCULATION DEPENDING ON INDz0Q OR 1.

000126 . 151 ANS=2Z(JS) -

000127 GO TO 158

000128 1181 [F(JE.EG.JS) GO TO 151

000129 1152 IFCIDY.GT,2) GO TO 153

000130 152 ANS=(ZZ(UE)Y#(BY~ZX(J§))~ZZ(JUS)0(BY-IXCJE) ) I/ (ZXLJEY=IX(JS) ) 3
600131 . GO TO 158 :

000132 183 UMz JS+1

000133 G1=(BY-2X(JS) I/ (ZX(IM)I=ZXC JE))

000134 62 (BY-ZXCJM) I/ (ZXCJE) ~2X(JS))

000135 G32(BY-2X(JE) )/ (IXCIS)=ZX(UM))

000136 ANS=-7Z(JS)9G2C3eG18(ZZ(UM)I#G3+ZZ(JE)4G2)

000137 158 XYZMAP=ANS

000138 RETURN

000139 END
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