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or for damages resulting from the use of, any informa-
tion, apparatus, method or process disclosed in this
report.

As used above, "person acting on behalf of NASA" includes any employee
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ABSTRACT

A machine computational program has been developed under NASA Contract
MAS 3-13317 to calculate temperature and reactant concentrations as functions of
time and axial position in typical catalyzed hydrogen-oxygenreaction chambers. The
program is based upon a transient model of the reactor system which describes the
behavior of reactors operated under conditions of continuous flow,

The computer program developed from this model is described in detail in this
computer manual. The manual contains operating instructions for this program as
well as descriptions of input and output formats, inecluding all output messages.
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FOREWORD

This work was performed by United Aircraft Research ILaboratories for the
National Aeronautics and Space Administration under Contract NAS 3-13317 initiated
January 14, 1970.

Tncluded among those who cooperated in performance of the work under NAS 3-13317
were Dr. A. 8. Kesten, Program Manager, Dr. W. G. Burwell, Chief, Kinetics and
Thermal Sciences Section, Mr. D. B. Smith, Project Analyst, and Mrs. E. J. Smith,
Computer Analyst.

This work was conducted under program management of the NASA TLewis Research
Center and the Technical Manager was Mr. P. N, Herr, NASA Lewis Research Center,
Cleveland, Chio.
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Report XK910962-13

Trengient Model of Hydrogen/Oxygen Reactor

Contract WAS 3-13317.

SUMMARY

The Research Laboratories of United Aireraft Corporation, under Contract
NAS 3-13317 with the Netional Aeronautics and Space Administration, have performed
an anslytical study of the transient behavior of a hydrogen/oxygen catalytic igni-
tion system. This study has included the development of a computer program which
is used to calculate temperature and species concentration profiles as functions of
time in typicel reaction chamber configurations. This manual describes the com-
puter program. A description of input and output for the transient program is
included in the discussion together with exemples for typical data cases., In 2ddi-
tion, a short write-up of the subroutines contained in the deck is ineluded.
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INTRODUCTION

Under Contract NAS 3-13317, a comprehensive analytical program was formulated
with the objectives of (1) .developing a transient analysis of a continuous flow
hydrogen-oxygen catalytic ignition system to permit the prediction of temperatures,
pressures, and sSpecies concentrations as functions of time as well ag axial position
in typical reactor systems, (2) developing a compuker program based on this analysis,
and (3) performing calculations using this computer program to demonstrate the
effects of various system parameters on the transient performance of the reactor,
and thus to define ignition delay times. As part of the contract effort, attention
has been directed toward preparing a manual describing to pobential users the
cperation of the computer program. The mamial ineludes a detailed disgcussion of the
program,
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DISCUSSION OF THE H2/02 TRANSIENT COMPUTER PROGRAM

The equations representing the transient model of a HQ/OQ catalytic reactor
have been programmed for the UNIVAC 1108 digital computer using FORTRAN V.¥ This
compuber program is discussed below. Included in this discussion are input and
output descriptions and a list and short description of the various routines in the
program.

Input Description

The following is a description of the necessary input for the Hé/oz Transient
computer program. To complebe each data case run with this program, a minimum of
two geparate runs must be made; a third type of run may also be necessary. The
three types of runs are: (1) initial non-diffusion-controlled run (always necessary), -
(2) continuation of a non-diffusion-controlled run (sometimes needed), and {3)
diffusion-controlied (concluding) run (always necessary). The non-diffusion-
controlled runs (types 1 and 2) are based upon a very general reasonably complete
model of the reactor system. It would be best to run this type of yrun all the time,
but the large amount of computer time needed necessitabtes restricting its use to
the lower temperature calculations and then switching to the much faster diffusion-
controlled run which is accurate at the higher temperabtures. Splitting each case
up into two or more runs this way also allows for the use of fewer axial stations

“in the non-diffusion-controlled runs, which reduces computer time for these slower
runs.

Initial Non-Diffusion-Controlled Run

This type of run is the Tirst one made when running a transient Hé/oe case. A
general input format is given in Table I. The coding of a sample data case is shown
in Fig. 1, and a ligting of the input data punch cards corresponding to this sample
data case is shown in Fig. 2. Below is a detailed description of the input; the
nunbers correspond to the eard numbers (first column) of Table I.

1. The first card contains the title of the data case plus two logical indica-
tors, H2LEAD snd DEBUG.

Title: The title serves to give individual data case identification.
It consists of any alpha numeric information desired and should
be punched in card columns 1-73.

H2TEAD: 7This is & logical unit which should indicate whether the eatalyst
in the reactor is preconditioned with hydrogen (hydrogen run
through the reactor at its inlet concentration before the oxygen
is turned on). If it is preconditioned, the letter "T" ghould

*Discussion of these equations and their derivation can be found in NASA Contract

Report NASA CR-120799, "Final Report - Transient Model of Hydrogen/Oxygen Reactor",
February, 1971.

3
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appear in card column 79. If it is not, the letter "F" should be
punched. ‘

DEBUG: This logical unit indicates whether the detsiled printing is
desired. . A large amount of print will be generated under this
option. For example, a data case where NOFZ=16 and NPASS=5 (see
description of these variables on card 2) will produce over 150
pages of debtailed print. This printing will sometimes be neces-
sary, however, since summary printing only gives the temperatures
and concentrations at the end of every twenty time steps. To get
the detailed print,the letter "T" should be punched in card column
80; if the letter "F" is punched, only the summary print will
result.

2. The second card containg five variables, WOFZ, WPASS, INPERP, MODNC, FUNCH,
and ITSTEP.

NCFZ: This is the mmber of axial positions (Z's) at which analysis will
be made. These axial positions will be input on cards 6a, 6b, etc.
The maximum number of Z's allowed by the program is 75. However,
computer run time for the non-diffusion-controlled runs is
affected drastically by the number of %2 's. For these rums, it is
best to use as few as possible (10-15 were used in test cases),
especially for lower pressures. (Using 10 axial positions, one
data case run at P=15 psia took over 30 minutes of computer time
for the non-diffusion-controlled run. A comparable case run atb
P=300 psia took only four minutes.)

NPASS: This is the total number of time "passes” to be taken -for this run.
Each "pass" cousists of "INFPERP" time steps (see below), and during
each pass, a constant time step size is used. For the non-
diffusion-controlled runs, it is best 4o use NPASS=10 or less
although the maximum number allowed by the program is k0. If the
cage completes the non-diffusion-controlled run before the 10 passes
are through, the program will take care of itself (i.e., punch out
the appropriate cards for the diffusion-controlled run (run type 3)
and end). If more than 10 passes are needed {as in the low pres-
sure cases) the program will punch out the cards for run type 2
(continuation of non-diffusion-controlled run) and end. For the
two cases mentioned under the description of NOFZ, the low pressure
case which took over 30 minutes to complete needed over 17 passes,
whereas the high pressure case needed fewer than 2 passes which
were completed in under 4 minutes.

If it is decided to input the time increments (see ITSTEP) NPASS
must equal the number of input DELT's. However for non-diffusion-
controlled runs, inputting the DELT's is not advised.
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INFERP:

MODHO:

FUNCH:

ITSTEP:

This is the number of time increments per pass. The number used
in the test cases was "20" which seemed to work out fairly well.
Since summary plotting and printing is done only at the end of
each pass, ab times it might be desirable to use a smaller number
for this . variable.

This number indicates which axial position values will be plotted
on the summary printer-plots, If MODNO=1l, every point will be
plotted, if it equals 2, every-other point will be plotted, ete.

This variable indicates which of various read/write punch card
opticns will be used. TFor an initial non-diffusion-controlled
run, this variable ghould = 1. This indicates cards will be
punched at the end of the run (either when NPASS is reached or
when the non-diffusion-contraolled part of the run is completed).

This value indicates whether time steps will be input or calculated
by the program. For non-diffusion-controlled runs, ITSTEP should
equal O which indicates the program will calculate the time steps.

3. 'The third card contains the 8 values for &, TS, T(1L), P(1), H(1), cT1H2(1),
C¢102(1) and CIHE(1).

G: This is the inlet (at Z=0) mass flow rate in lb/ftz-sec. Tt must
be greater than zero.

TS: This is the freezing temperature of water in deg R.

T(1): This is the inlet interstitial temperature in deg R.

P(1): This is the steady-state inlet chamber pressure in psia.

H(1): This is the inlet enthalpy in BIU/1b, (reference mumber, usually
taken as 0).

CTH2(1): This is the inlet concentration of hydrogen in lb/ft3.

CI02(1): This is the inlet concentration of oxygen in 1b/ft3.

CTHE(1): This is the inlet concentration of helium in 1b/ftS.

4. The fourth card contains the 8 values, TI, PI, CH2I, C02I, CH20I, CHEI, PIT
and SDIIME.
TI: This is the initial (at time = O) interstitial temperature through-

oul the reactor in deg R.
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PI:

CHZ2I:

Co21:

CH20T:

CHETL:

PTT:

SDTIME :

. The fifth

AW:

HAL:

This is the
psia.

This is the

initial chamber pressure throughout the reactor in

Iinitial concentration of hydrogen throughout the

reactor in 1b/ft3.

This is the
in 1b/ft3.

This is the
in Ib/F%3.

This is the
in 1b/ft3.

This is the
in deg R.

This is the

initial concentration of oxygen throughout the reactor

initial concentration of water throughout the reactor

initial concentration of helium throughout the reactor

initial catalyst bed temperature throughout the reactor

time in seconds at which the oxygen flow 1s shut off.

card contains the 8 values AW, CW, MW, DC, TA, HA, HA1l and HA2.

Th%s is the
£t-.

This is the
This is the
This is the
This is the

This is the
the chamber

This is the
the chamber

This is the

total surface area of the chamber plus nozzie walls in

specific heat of the chamber walls in BTU/lb-deg R.
thermal mass of the chamber plus nozzle walls in 1bs.
diameter of the reaction chamber in ft. |
vemperature of the surrounding atmosphere in deg R.

heat transfer coefficient for forced convection between
and the surrounding atmosphere in BTU/ftg-sec-deg R.

heat transfer coefficient for natural convection bhetween
and the surrounding atmosphere in BIU/ftZ-sec-deg RL*27,

radiative heat transfer coefficient between the chamber

and the surrounding stmosphere in BTU/fte-sec-deg R".

Card siX should only be included for those cases where the catalyst is now
preconditioned with hydrogen (H2IEAD = ¥ on card 1). This card containg the
6 values FF', TSS, MBARSS, AC, VC and PREST.
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PE: This is the feed pressure in psia.

TS This is steady-state bed exit temperature in deg R. This number
can be obtained by running the HQ/OE steady-state computer program
(see UARL Report HOLO721 . . . MASA CR-T72567).

MBARSS: This is the steady-state bed exit average molecular weight. It can
also be obbtained from running the sieady-state computer program.

AC: This is the cross-sectional area of the reaction chamber in ftg.

VC: This is the volume of the reactor up to the nozzle throat exclu-
sive of the volume occupied by catalyst particles in 3.

PREST: This is the pressure of the surrcunding atmosphere in psia.

7. Cards Ta, Tb, etc. contain the axial station values (Z's) in feet at which
calculations will be made. There should be NOFZ (see card 2) values of Z
input at the rate of 8 per card. For most cases, it is recommended that
more Z's be placed near the reactor inlet. The first Z must equal O; the
second Z must be very close to 0; the last 7 equals the bed exit.

8. Cards 8a, 8b, etc. contain the input time increments (DELT's) in seconds.
These cards should be included only if ITSTEP on card 2 equals 1. For
non-diffusion-controlied runs, it is advisable to allow the program to cal-
culate DELT's (ITSTEP=0).

Cards 9 through 11 contain AVSZ(I), the interpolation table used to cobtain the
catalyst particle radius at any point along the reactor bed. Subroutine

UNBAR, an interpolation routine developed at UARL, 1s used to obtain an appro-
priate particle radius, A, for a given axial station along the bed. For this
table, there should be a total of NZ (see third entry on card 9)values of ZandA.

0. Card 9 contains the four itable descriptors needed by UNBAR. The first
descriptor signifies the table number. For this program, it should equal
0.0, The second descriptor tells at what location in the array the table
starts; the tables in this program are read in such that this number equals
1.0. The third descriptor is the number of independent variables in the
table (in this case the number of Z's). This number is called NZ. The
fourth deseriptor for a wnivariate table such as this one should equal 0.0.

10. Cards 10a, 10b, ete. contain the monatonically increasing 7 values in feet.
Enough cards should be used to contain NZ values of Z at the rate of 10 per
card. For example, if WZ=12, 12 values of Z should be input using two cards,
with ten values on the first card and the two remaining values on the second
card.
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11. Cards 1la, 11b, etc. contain the A's (in feet) which correspond to the Z's
listed on cards 10z, 10b, etc. Enough cards should be used to contain Nz
values of A at the rate of 10 per card.

Cards 12 through 14 contain APVSZ(I), the interpolation table used to obtain
the total external catalyst particle surface area per unit volume of bed
(AP). These AP values are obtained as functions of Z using UNBAR as in the
AV3Z table discussed above. For this table there should be a total of W2
values of Z and AP.

12, Card 12 contains the table descriptors and should be exactiy the game as
card 9.

13. Cards 13a, 1l3b, etc. contain the 7 values and should be exactly the same
as cards 10a, 10b, ete.

1k, Cards 1iba, 14b, ete. contain the AP values in £t™% which correspond to the
Z's listed in cards 13a, 13b, etc. ZEnough cards should be used to contain
WZ values of AP at the rate of ten per carxd.

Cards 15 through 17 contain DELVSZ(I),the interpolation table used to
obtain the interparticle void fraction (DELTA). These DEITA values are
obtained as Tunctions of Z using UNBAR as in the AVEZ table discussed
above. For this table there should be a total of WZ values of Z and DELTA.

15, Card 15 containsg the table descriplors and should be exactly the same as
cards 9.

16, Cards 16a, 16b, etc. contain the 7 values and should be exactly the same as
cards 10a, 10b, ete.

17. Cards 177a, 17b, ete. contain the DELTA values which correspond to the Z's

ligted on cards 1l6a, 16b, etc. FEnough cards should be used to comtain NZ
values of DELTA at the rate of 10 per card.

18. Card 18 contains the values CIH2(1) and CI02(1). These two values are the
inlet concentrations of hydrogen and oxygen, respectively,after "shutdown"
(that is, after the oxygen flow is turned off).

Contirnuation of a Non-Diffusion-Controlled Bum

If the initial non-diffusion-controlled run completes the input NPASS number of
passes without printing out "GO TO ALL DIFFUSION-CONTROLLED RUN", a continmation run
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will be necessary. Also if the continuation run ends without this printed message,
a continuation of the continuation run should be made, etc, A general input format
Tor this type of run is given in Table TI. The listing of the ﬁunch cards for a
continuation run is given in Figs. 3a - 3e. Below iz a detailed deseription of the
input; the numbers correspond to the card numbers (first colummn) of Table II.

L. The first card contains, again, the title H2LEAD and DEBUG. This card
should be exactly the same for the continuation runs as it was for the
initial non-diffusion-controlled rum.

3-17.

18.

19,

The second card again contains NO¥Z, NPASS, INFERP, MODNO, PUNCH and ITSTEP.

NOFZ

NEASS:

INPERP:

MODNO:

PUNCH:;

ITSTEP:

This value must be the same as it was for the initial run.

This is the number of time "passes" to be taken. It may be
changed, but the maximum still equals LO.

This is the number of time increments per "pass". It may be
changed.

This mumber indicates which axial position values will be plotted
as before. It may be changed.

This indicator specifies which read/write punch card opbtion will
be used. For continuation runs, it must equal 3. This indicates
punch cards will be read in with the data case and also punched
out at the end of the rum.

As in the initial run, this indicates whether time incremenits will
be input or internally calculated. Again, as in the initial run,
it should equal O (internally calculated).

Cards 3 through 17 should be exactly the same as they were for the initial

run.

Cards 18-32 are obtained from the cards punched out at the end of an initial
non-diffusion-controlled run or at the end of a previous continuation run

if thig is the 2nd or more continuation. These cards should only be included
for continuagtion runs.

Cards 18a, 18b, etc. contain NOFZ values of Z{I) . . . (axial positions).

Cards 19a, 19b, ete. conbtain NOFZ values of PT(I).. . . (particle surface
temperature at each axial stabion at end of previous run).
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20.
21.
22,
?3.
2k,
25.

26.

27.

28.

29.

30.

31.

32.

Cards 20a, 20b, etc. contain NOFZ values of T(I) . . . (interstitial
temperature at each exial station at end of previous run).
Cards 2la, 21b, ete. contain NOFZ values of H(I) . . . (enthalpy at each

axial gtation at end of previous run).

Cards 22a, 22b, ete. contain NOFZ values of P(I) . . . (chamber pressure
at each axial station at end of previous rum).

Cards 23a, 23b, ete. contain NOFZ values of CIH2(I) . . . {(interstitial
concentration of hydrogen at each axial station at end of previous run).
Cards 2ha, 24b, ebtec. contain NOFZ values of CIO2(I) . . . (interstitial

concentration of oxygen at each axial station at end of previous run).

Cards 25a, 25b, etc. contain NOFZ values of CIHR0V(I) . . . (interstitial

concentration of water at each axial station at end of previous run).

Cards 26a, 26b, etec. contain NWOFZ values of CIHE(I) . . . (interstitial
concentration of helium at each axial station at end of previous run).

Cards 27a, 27b, ete. contain NOFZ values of PPT(I) . . . (particle surface
temperature at each axial station one time increment previous to end of
previous run).

Cards 28a, 28b, ete. contain NOFZ x NPP values of TPP(I, J). . .
(temperature profile within catalyst particle at each axial station at end
of previous run). NPP is the number of radial positions within the particle
considered in the analysis (set at 30 in the program).

Cards 29a, 29b, etc. conbain NOFZ x WPP values of €02(I, J). . . (oxygen
concentyration profile within catalyst particle at each axial station at end
of previous run),

Cards 30a, 30b, ete. contain NOFZ x NPP values of CH2(I, J) . . . (hydrogen
concentration profile with catalyst parfticle at each axial station at end of

previous rum).

Cards 3la, 31lb, ete. contain NOFZ values of MINT(I) . . . (diffusion-
controlled indicator for each axial station at end of previocus rum).

Card 32 contains the values at the end of the previous run for TIME, TW, and
DELIT.

10
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TIME: is the cumulative rezctor run time in seconds
W is the wall temperature in deg R
DELTT: is the time increment

33. Card 33 for the continuation yrun is exactly the same ag card 18 of the
initial non-diffusion-contrelled run.

Diffusion-Controlled Run

This type of run is the last one to be made when running e transient Hé/Oa case,
When "GO TO ATT. DIFFUSION-CONTROLLED RUN" is printed out at the end of an initial
or continued non~diffusion-controlled run, this third type of run should follow.
Compared to the first two types, this kind of run takes relatively little computer
time. Depending on the number of axial stations being analyzed, a diffusion-con-
trolled run, on the UARL UNIVAC 1108, took between three and five minutes for all
cases run (between 20 and LO Z's were used).

A general input format is given in Table IIT. A listing of the input data punch
cards for a run of this type is shown in Fig. k. Below is a detailed description of
the input; the mumbers correspond to the card numbers (first column) of Table IITI.

1. The first card again contains the title of the data case plus the logical
indicators H2LFAD and DEBUG.

Title: This should be the same as it was for the two previous run types.

HPILEAD: This also should be the same as it was for the non-diffusion-
controllied runs,

DERUG: This indicator should be set egual to "F" for the diffusion
controlled runs; otherwise over 1000 pages of output may be pro-
duced. For the diffusion-controlled runs, the summary printing
gives sufficient information.

2. The second card contains the five values of WOFZ, NPASS, INFERP, MODNO,
PUNCH and ITSTEP.

NOFZ: This is the number of axial positions (Z's) at which analysis will
" be made in the diffusion-controlled run. The maximm number
allowed is 75, Since this type of run takes relatively little
run time no matter how many Z's are used, it is advised to use the
near the maximum (the test cases were run using 36 Z's).

11
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3-6.

9-17.

HPASS: This is the total number of time "passes" to be taken for this
run. For the diffusion-controlled runs, it is advised to input
the time increments (see discussion of ITSTEP). If this is the
case, NPASS must equal the number of time increments input on
cards 8a; 8b, ete.; the maximum number allowed by the program is

Lko.

INPERP: This is the number of time increments per pass. It may change
from previous run value,

MODNO: This number indicates which axial position values are to be
summaxry plotted. It may be changed from previous run value,

PUNCH: This variable indicates which of various read/write punch card
options will be used. For diffusion-controlled rung, this num-
ber must equal 4. This indicates a special set of data cards will
be read in (see discussion of cards 18-25).

IISTEP: This value indicates whether time steps will be input or calculated
by the program (ITSTEP=1 means input . . . ITSTEP=0 means calculated).
For diffusion-controlled runs, ITSTEP should equal 1 and the time
increments (DELT's)} should be input on cards 8a, 8b, etc. As the
case approaches steady-state, larger DELT's might be desired (see
sample input DELT's in Fig. 3). If ITSTEP is left equal to 0, all
DELT's will be calculated egual to .00l sec for the diffusion-
controlled runs.

Cards 3-6 should be exactly the same as they were for the non-diffusion-
controlled runs. )

Cards Ta, Tb, etec., contain the axial station values (Z's) in feet at which
calculations will be made by the program. There should be NOFZ (see card
2) values of Z input at the rate of 8 per card. MNote that this will be a
different set of Z's than those used in the non-diffusicn-controlled

runs . . . there should be many more. However, as -before, for most cages
it is best to place more Z's near the reactor inlet, Also, the first 2
must still egqual 0, the second Z must be very close to O, and the last Z
must be at the bed exit.

Cards 8@, 8b, etc., contain the input time inerements (DELT's) in seconds.
These cards must be ineluded if ITSTEP=1l. It 1s recommended that these he
input for diffusion-controlled runs.

Cards 9-17 should be exactly the same ag they were for non-diffusion-
controlled runs. ’

1z
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Cards 18-25 are obtained from the cards punched out at the end of the non-
diffusion-controlled runs (when the message "GO TO ALL DIFFUSTON-CONTROLLED
RUN" is printed). These cards should only be included for d&iffusion-controlled
rUns.

18. Card 18 contains the number for NAXT. This value is the number of Z's used
: in the preceding non-diffusion-controlled runs.

19. Cards 19a, 19b, ete., contain ZT(I) . . . (the axial stations used in the
non-diffusion-controlled runs). Enough cards are used to punch out NAXT
values of ZT at the rate of 8 per card.

20. Cards 20a, 20b, etec., contain PTT(I) . . . (the particle surface temperature
at each axial station at the end of the non-diffusion-controlled run).
MAXT values of PIT are punched out.

21. Cards 2la, 21lb, ete., contain CO2T(I) . . . (the oxygen concentration at
each Z at the end of the non-diffusion-controlled run). MNAXT values of
CO2T axre punched.

22. Cards 22a, 22b, etc., contain CH2T(I) . . . (the hydrogen concentration at
each Z at the end of the non-diffusion-controlled run). MNAXT values of
CH2T are punched.

23. Cards 23a, 23b, ete., contain CH20T(I) . . . (the water councentration at
each Z at the end of the non-diffusion~controlled run). NAXT values of
CH20T are punched.

2h, Cards 2ha, 2Ub, ete., contain PTI(I)} . . . (the interstitial temperature at
each 7 from the end of the non-diffusion-controlled run). NAXT values of
TTT are punched.

25. Card 25 contains TIME and TW, the cumuwlative reactor run time in seconds
and the wall temperature in deg R from the end of the non-diffusion-controlled

run.

26. Card 26" of the diffusion-controlled run is exactly the same as card 18 of the
initial non-diffusion-controlled run.

13
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TABLE I

INPUT FORMAT
TRANSIENT Hy/Op COMPUTER PROGRAM: INITTAL NON~DIFFUSION~CONTROLLED RUN

CORRESPONDING

CARD|NO. OF | FORTRA CcoLu SYMBOL OR
NO. | CARDS |  FORMAT | ~USED. | DESCRIPTION N EUATIONS NOMENCLATURE
1 1 |1346, 2ul | 1-78 Title - -
T9 H2TLEAD - - Logical indicator
80 DEBUG - - Logical indicator
2 1 6Th¢ 1-4 NOFZ, - - Number of axial stations
5.8 NPASS - - Number of "passes"
9.12 INPERP - - Number of increments per "pass"
13-16 MODNO -~ Axial position plotting indicator
1720 PUNCH - - Punch card indicator
2124 ITSTEP - - Tnput time step indicator
3 1 8E10.5 1-10 G G Mass flow rate
11-20 = - Freezing temperature of water
21-30 (1) Ty Tnlet interstitial temperature
31-40 P(1) P Steady-state inlet chamber pressure
4150 H(L) h Inlet enthalpy
5160 CTHR(1) ¢ P2 Inlet concentration of hydrogen
61L-T0 CT02(1) 0102 Inlet concentration of oxygen
71-80 CTHE(1) c; '
y 1 8E10.5 1-10 TT T Initial interstitial temperature
11-20 PT P Initial chamber pressure
21-30 CHAT cye Tnitial concentration of hydrogen
31-40 o2t 0. 02 Initial concentration of oxygen

#*right adjusted
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TRANSIENT Hp/Op COMPUTER PROGRAM:

TABLE I (Cont'd)
INPUT FORMAT

INTTTAL NON-DIFFUSION-CONTROLLED RUN

CARD | NO, OF | FORTRAN ¥| COLUMNS | SYMBOL OR | “Omntor CUoeD NOMENCLATURE
NO. | CARDS| FORMAT USED | DESCRIPTION | | EQUATIONS
e e — ——— =
b 1 8%10.5 | 41-50 | CH2OI ¢, 120 Tnitial concentration of water
(Cont.) 51-60 CHET ¢ e ITnitial concentration of helium
6170 PTIL (Tp)g Tnitial catalyst bed temperature
71-60 SDTIME - - Shutdown time
5 1 8B10.5 1-10 AW AW Chamber wall total surface area
11-20 CW Cy Chamber wall specific heat
21-30 MW iy Chamber wall thermal mass
31-k40 D¢ de Reaction chamber diameter
h1-50 - TA Ty, Ambient temperature
51-60 HA h, Forced convection heat transfer coefficient
61-TO HAL h} Natural convection heat transfer coefficient
7180 HA2 hy Radiative heat transfer coefficient
6% 1 6E10.5 1-10 PP P Feed pressure
- 11-20 TSS T, 88 Steady-state exit interstitial temperature
21-30 MBARSS mee Steady~state exit average molecular weight
31-40 AC Ap Cross-sectional area of reaction chamber
41-50 Ve Vo Volume of reactor minus catalyst volume
51-60 PREST - - Anbient pressure
Ta *% 8E10.5 1-10 Z{I) z Axisl station
fL 1120
ete.
T1=-80

¥This card is included only if H2LEAD (Card 1) is equal to "p"
#%¥Enough cards should be used to contain (NOFZ) velues of z at the rate of 8 per card
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TABLE I (Cont'd)

INPUT FORMAT
TRANSIENT Hp/Op COMPUTER PROGRAM: INITIAL NON-DIFFUSION-CONTROLLED RUN

CARD | NO. OF [ FORTRAN Y| COLUMNS | SYMBOL OR Cgﬁgg‘?g?&? NOMENCLATURE
NO. | CARDS FORMAT USED DESCRIPTION IN EQUATIONS
e ——— —rrr—rn
Bak | #% 8110.5 1-10 DELT(I) At Time increments
8b 1120 _—
etc,
71-80
9 1 4ES. b 1-8 0. - - Table descriptor
9-16 1. - - Table descriptor
17-2k NZ. - - Table descriptor
25-32 0. - - Table descripbtor
10a | %% 1OES.4 1-8 Z(I) Z Axial stations
10b 9-16
ete. l
T3-80
1la | *** 10E8 .4 1-8 A(T) a Catalyst particle radii
11D 9-16
ete. j
73-80
12 1 LE8, 4 1-8 0. : - - Table descripbors
9-16 1. - -
A7-24 NZ. - -
25-32 Q. - -

*These cards are included only if ITSTEP (Card 2) is equal to "L"
**Enough cards should be used to contain (WPASS) values of At at the rate of 8 per card
**¥Enough cards should be used to contain (NZ) values of 2, a, Ap, or § at the rate of 10 per card
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TABLE T (Cont'd)
INPUT FORMAT

TRANSIENT HQ/ Op COMPUTER PROGRAM: INITIAL NON-DIFFUSION-CONTROLLED RUN

CORRESPONDING

CARD|NO. OF | FORTRAN ¥'| COLUMNS | SYMBOL OR
NO. | CARDS FORMATY USED | DESCRIPTION ,S,:{ 'éz?,’;#gﬁ? NOMENCLATURE
13a | * LOES.L 1-8 Z(1) z Axial stations
13b 9~16 ~
etc. 1

73-80
1ha | * LOES.L 1-8 AP(T) Ap Total external catalyst particle surface areas
14b 9-.16 per unit volume of bed
ete. 1

73~80
15 1 LES. 4 1-8 0. - - Table descriptors

9-16 1. - -

17-24 NZ. - -

25-32 0. - -
16a | "% 10E8.4 1-8 Z(1), zZ Axial stations
16b 9~16 ’
ete. 1

73280
1Ta | * 10E8.4 1-8 DELTA(I) 5 Interparticle void fractions
17b 9-16
etc. I

T73-80

*Enough cards should be used to contain (NZ) values of z, a,

Ap, or & at the rate of 10 per card.
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, TABLE I (Cont'd)
INPUT FORMAT

TRANSIENT HQ/ Op COMFUTER PROGRAM: INITIAL NON-~DIFFUSION-CONTROLLED RUN

CORRESPONDING

CARD[NO. OF | FORTRANY | COLUMNS | SYMBOL OR
SYMBOL U OMENCLATURE
NO. | CARDS FORMAT USED DESCRIPTION IN EQUATI(S)EIS) NOM
\ - e nlet concentraticn of hydrogen after “"shutdown
18 |1 2E10.5 | 1-10 | cIHR(1) ;e Inlet tration of hyd fer "shutdowm"
11-20 c10o2(1) c; 02 Inlet concentration of oxygen after "shutdowmn"
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TABLE II
INPUT FORMAT
TRANSIENT Hp/Op COMPUTER PROGRAM: CONTINUATION OF NON-DIFFUSION-CONTROLLED RUN

CORRESPONDING
CARD|NO. OF | FORTRAN ¥ | COLUMNS | SYMBOL OR SYMBOL USED NOMENCLATURE

NO. | CARDS| FORMAT USED DESCRIPTION IN EQUATIONS

1-17 Cards 1-1l7 follow exactly the same formet ag cards 1-~17 in Table I. Note, however, the differences
in values on card 2 in the detailed discussion of continuation-run input.

Cards 18-3L are cards punched out by the program at the end of an initial or previous continuetion run.

18a | * 8E10.5.| 1-l0 7{1} z Axial stations
18b 11-20
ete.

T1-80

19a | * 8E10.5 " PT(I) (7)) Particle surface temperatures
160
ete.

20a | * 8E10.5 " T(T) . Interstitial temperatures

20b
ete.

21lal| * 8E10.5 " H{T) h Enthalpies
21b
ete.

¥Enough cards should be used to contain (NOFZ) values at the rate of 8 per card,
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TABLE IT (Cont'd)
INPUT FORMAT
TRANS TENT H2/02 COMPUTER PROGRAM: CONTINUATION OF NCN-DIFFUSION-CONTROLLED RUN

CARD
NO.

228,
22b
ete.

NO. OF
CARDS

FORTRANTY
FORMAT

COLUMNS
USED

SYMBOL OR

DESCRIPTION

CORRESPONDIRG
SYMBOL USED
IN EQUATIONS

NOMENCLATURE

8E10.5

1-10
11-20

T1-80

P(I)

Chamber pressures

23a,
23b
ete.

8E10.5

CIH2(I)

Interstitial hydrogen concentrations

Dlg,
2hb
etc.

8E10.5

cT02(I)

Interstitial oxygen concentrations

25a,
25h
etc.,

8E10.5

CIH20V(I)

Interstitial water concentration

26a
26b
ete.

8r10.5

éIHE(I)

Tnterstitial helium concentration

27a
27b

ete.

8E10,5

PPT(I)

Particle surface temperatures at previous time

¥Enough cards should be used to contain (NOFZ)values at the

rate of 8 per card.
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TABLE IT (Cont'd)

INPUT FORMAT
TRANSIENT H,/O, COMPUTER PROGRAM: CONTINUATION OF NON-DIFFUSICN-CONTROLLED RUN

CORRESPONDING
CARD | NO, OF | FORTRAN ¥ | COLUMNS | SYMBOL OR SYMBOL USED NOMENCLATURE
NO, | CARDS| FORMAT USED DESCRIPTION IN EQUATIONS
—— P — r— — - ——
28a ¥ 8E10.5 1-10 TPP(I,J) T(x,t) Particle temperatures
28b 1120 ’
etc.
71-80
29a *% 8EL0.5 " co2(L,J) Py (x,t) Particle oxygen concentration
29h 2
etc,
308, *¥ 8F10.5 " CH2(I,J) Pﬂe(x,t) Particle hydrogen concentration
30b
ete.
31a * horowwx| 1-2 MINT(I) - - Diffusion~controlled indicators
31b : 3.1
eta. j.
T79-80
32 1 3E10.5 1-10 TIME t Cumulative time
11-20 TW Ty Wall temperature
21-30 DELTT At Time increment
33 1 2810.5 1-10 GIHEfl; ciHE Inlet concentration of hydrogen after "shutdowm"
11-20 CIOo2(1 ¢ 02 Inlet concentration of oxysen after "shutdowm"

¥Enough cards should be used to contain (NOFZ) values at the rate of 8 per eard.
**Enough cards should be used to contain (NOFZ x NPP) values at the rate of 8 per card (WPP values for first Z, then NPP
values for second % . . . ebe. . . to WPP values for (NOFZ) Z).
*¥¥¥Right adjusted.
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TABLE TITIT

INPUT FORMAT
TRANSTENT H,/O, COMPUTER PROGRAM: DIFFUSION-CONTROLLED RUN

CARD | NO, OF | FORTRAN Y| COLUMNS ; SYMBOL OR CORRESPONDING CLATURE
NO. | CARDS SYMBOL USED MOMEN
. FORMAT USED DESCRIPTICN IN EQUATIONS
1-17 Cards l-l'f follow exactly the same format as cards 1-1T7 in Table I. Note, however, the differences
in values on cards 1, 2, T and 8 in the detailed discussion of diffusion-controlled input.
Cards 18-25 ars cards punched out by the program at the end of the final non-diffusion-controlled run.
18 1 2% 1-2 NAXT - - Number of Z's in non-d.c. runs
19 *k 8E10.5 1-10 ZT(I) 2 Axial stations in non-d.c, runs
11-20
71-80
20a | *% 8E10.5 H PTT(T) (Tp) < Particle surface temperatures at end of non-d.c.
20b runs
ete.
2la ** 8E10.5 " £02T(1) ci02 Interstitial concentrations of oxygen at end of
21b non-d.c, runs
ete.
22, *% 8E10.5 " CH2T(T) ciHE Interstitial concentrations of hydrogen at end
220 ' of non-d.c., runs
ete,

_¥Right adjusted.
*¥Enough cards should be used to

contain (NAXT) values at the rate of 8 per card
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TABLE TII (Cont'd)
INPUT FORMAT

TRANSTENT Hp/O, COMPUTER PROGRAM: DIFFUSION-CONTROLLED RUN

CORRESPONDING
NO. | CARDS [ FORMAT USED DESCRIPTION IN EQUATIONS
= s == == —_— ]
23a., | * 8EL0.5 1-10 CH20T(I) ciHEO Interstitial concentrations of water at end of
23b 11-20 non-d.c. runs
ete. 1 '
T1-80
2ha | * 8EL0.5 " TTL(I) T, Interstitial temperatures at end of non-d.c. runs
2hp
ete.
25 1 2E10.5 1-10 TIME t Cumulative time at end of non-d,c. runs
1120 W Ty Wall temperature at end of non-d.c. runs
26 1 2E10.5 1-10 CIH2(1) c__,._H:2 Inlet concentration of hydrogen after "shutdown"
11-20 ¢ro2(1) ci0p Inlet concentration of oxygen after "shutdown"

*Enough cards should be used to contain (NAXT) values at the rate of 8 per card.
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CODING OF A SAMPLE DATA CASE
TRANSIENT H2/02 COMPUTER PROGRAM: Initial Non-Diffusion-Controlled Run

1 2 34 % 6 7 8 9 10111213141516171B10 20212223 242026272420 3091323334353037383940414243444850474540 5051525954 855657 590696001 52636463 06670000T0 71727574 7576°7770 79 6(

i AL

#¥ idalsdeldr WiglAsil lddsid 1/ [l | 1 [a=l30bl 14 6= 4. 1d&l [#_7i5= f 4 /e [# 1253l WS
7

Ay, 492, 30, 3. . 74 147 14}
1. . | 1Ml74 : . . 14
“¥i Ny N2, 13 300, 104011 .
0a/ LAy 002 R0 N7\ 10 A/
/ Vi L2
/1. Z, Oh
. Ay Ik e
A0 0 00t A00/
. il. \ .
A, A4 03 OA
100, 4100, /a0, 100,
0! /l 40 [
. 141 \ a4q
.4 M 4/ R
|2M4 a.

CARD NO,

[T SO FURY U

7a

10
1
12
13
14
15
16
7
18.

LT 2960164

1914
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LISTING OF INPUT DATA PUNCH CARDS: Sample Input

TRANHENTHﬁ/02COMPUTERPROGRAM
(Initial Non-Diffusion—_Contrelled Run)

Card No.
#% TRANSIEMT Hz/02 CASE 13 a4 (P=300 * 621,065 % TF=360 * O/F=1 % 25.30 MSH)TT 1
L0 20, Lol .. . 2
1,05 yao, 360, 300, Oe o 1872 1472 Co 3
360, 300, ,1472 Ga o O, 360, G5 b
200487 Del2 L0068 , (358 360, 0, .00011 Oe 5
Oe + 80001 +00L 002 N 0606 .008 «010 Ta.
+012 .015 .020 ‘b
C» . s .. L X VRNNUDUIN ¢ ORI 9
0o o013 W03 +05 10
+ 001 001 001 o001 11
Do 1. by 0, 12
Coe oGl 03 + 05 13
2100, 2100, 2100, 2100, 1k
Qe . L. be. . __ De 15
Os o 01 203 N 16
o1 NS il o4l 17
2944 Ge 18

€1-C96016)

Z°9I1d
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1,05
360,
L0047
Qe
o012
Do

% TRANSIENT Hz/032 CASE 13 4+
11 EO Sﬁ i/ 3 Sg
Laz, 360
300, L1472
Cel2 » (066
v 00501 J00l
«015% L020
i, e T
01 £ 03 Ml
o001 +001 o 01
1. L Ae
01 W03 95
2300, 2139, 2160,
1. by I
+01 « 03 e U5
o4l o1 ol

o1
+20000
»12000-01
JUIBTE40S
3530403
e 360264+03
fUZ2ULTHOD

2 845379-090

«10525+07%
e 30000+03
«29998+03
« 1471000
«12618~00
14703=09
v7u098'01
00000
+ 00000
« 20000
00000
+ 30000
J425544+03
06000
20000
L0000

LISTING 0F|NPUt DATA PUNCH CARDS: Sample Input
TRANSIENT H,/0 3 COMPUTER PROGRAM (Continuation of Non—Diffusion—Controlled Run)

(P=300 % GZl,G% « TF=360 x O/F=1 % 25.30 MSH)TT

300,
(o

L0358
002

J10030=04 L10000~02 2000002
c15050=31 ,20000~01
CJU3STEH4YT LJUBS20+03 JLTOULH0D

L1936 +I3 $39722+03

2 3BBH9+O3 LL121T+0D 44521403

«H00GO+GS5

JHBE7IG2 ,91102+402 (15125403

»52982+4%2

¢ 30000403 30000405 L 30600+03

e 29998+33

«13630-00 L,12837~-08 ,11852+00

e 13376~50

»12992-90 . 14576480 103056400

» 00000
« 00000
« 00080
« 00000

0000
« L0000

« 000600
«G0O00

JH2134+33 43569403 L446656%03

fH1223493 429352403

+00020
« 08000
« 00030

« 20000
+ 20000
L0000

« 00000
« 00600
« 32500

G
e
3640,
+ 104

4000002
,48000+63
o 45768+03
e 1 7HALHO3
229999403
«11599+09
+88582-01
+ 00000

il

$45616+03
e 0O000

«G00GO
500090

«60000~02
JU4TULITHN3
45661+03
« 17235403
«29992+03
e 11877+006
0 80914~-01
«G0OGO

«30000

«U45292+03

« 30000
« 306000
+006000

L1u72
3en,
00011

.008

«.80000-02
46072403

44953403

15724403

229995403
11822+00
«76944~-01
«00000
« 00800
J44431403
00000

00000
00000

G
0.5
O
+010

. 1000001
40732403
H4040+03
. 13892403
.29999403
. 12155400
. 75017=01
.00000

«00000

43466403
.00000

«00098
+00000

2Lb
258,
25b
26a,
26bh
27a
270
28a
28b
28c

EL—C79601 62

oE "9l



iz

00000

«40855+03
+ 42064403
+45805+03
eS1044+03
«UDT78L4+03

2363403 -

JHET7044+03
«HSE0T7+03
UNTT7T74+03
JH2THL+OR
47695+ 03
¢ 39GFL+03
40561403
42712403
oHTTIZ+(3
+39634+03
JHOITSH03
‘42641+03
7288403
e 39331403
«H0215403
LH2B1a40%
JHE1L3403
039090+03
40078403
W42334+03
+38580+03
+38899+03
+39962+03
JH2094403
38184403
«38557+03
+ 39557403
LH1250403
+ 37578403
¢ 37919403
» 38658403
» 306104+03

» 30090

JH0OLL4SS
dU2381+93
JUBBLE4GE
e 50104403
«H40BT7I+03
f42720+53
#7506+93
48520403
40916453
W#3165+03
+ 148559443
SHODDL+93

eH0T723495

o 33155493
JH48528+03
¢ 39655+103
405586403
043087+03
JHTT22403
¢ 39387443
JH0LN94+03
JLU2UL403
o H0072+93
¢ 39163+43
d40280+03
JU2T20+93

+38630+05"

e JB3BHH+Y3
+401c6+93
JH2420+93
e 38202+03
|38643+03
e 39736+373
fH41480+03
e 37601403
e 387 76+93
e 397224133

LISTING OF INPUT DATA PUNC.H CARDS (Cont.)

200000

LHG992400
JH2T00+05
2LHTI0OLHGD
2HBLISH+GS
+51601+05
W431208403
248353403
JHGU154+ 00
041078+55
+UBEITHLT
JHOU32403
JHG0334G3
JH09114483
«436474+00
2HO221403
+207106+03
UOTBL403
s 3BT78403
.47998+63
¢ 3OUBT+03
2456204063
+U3UH0L+GS
e SB8BY4G3
¢ 302UB4+03
JH05024+03
+ 53122403

38614+ AS

+ 39082+03
+H038B405
427454483
+ 38228443
$ 38740403
¢ 39926403
2H1691 405
¢ 37629443
« 38065453
+38898+03

G000
+421098+05
43085403

48122403~

H43575+03
+431150+03
JAI5TTHOS
49217403
o Gol2u+03
3271403
4164+93
«S0203%03
4pH72+03
41125403
fU44193403
49680+ 0N3
« 2G782+03
L4N993+03
MG LI4+03S
B74174+03
« 39542403
«U40B68+03
43804403
+»33901+03
« 39347+03
40THT7+03
w43531+03

V33635403

¢ 39192403
00629403
+43057+03
+ 383262403
+33847+035
«40128+03
«419056+00
«37063+03
«38148%03
+39022+03

+0000GG

cH1235+03
eH3D184+03
JUE8968+03
2 H0659+03
41326403
44083403
¢ D0054+03
s HOALTHGS
e H18492+03
JHLETHEENT
e S0BGI+03
s 40133493
2 H1371+03
LHU4TI5+03
e HO6LE+0T
¢ 30864+03
e H12804403
s H4E9B6+03
0 39213+03
e 39642403
d41136+03
SHUUNHFO?
¢ 38918+073
« JOUBHH0
eH1015+03
c43932+63
e 28663+03
e 39316+03
LH0U828+03
+43326+03
¢ 38304+03%
¢ 38966403
cUHOIRIH+OS
0 D T71225403
e ITTO2403
+28238+03
+ 39147403

« 00000

JU13914+03
48004 +N3
+U497984+03
«H0BZ0+N3
JH15Z3403
JUHBUBENTS
« 50756403
«40G533+03
JUHLTHTHNOF
«453954+N03
« 50869403
#HG209+03
416494+03
2UBLU53+03
+848203+03
e 39963403
41547403
45318403
e 39238+03
¢ 39758+03
JHILZL+NF
J4U49254+03
« 389044403
«39589+03
JH1308+03
«HA3G14+03
«3B8711+03
« 32454403
JU1166+03
243539403
e IB35H4+NI
.39096+ﬂ3
U40G562+03
«37540+N3
«ITTUT+03
e 38334403
e 39271403

LU08N5+03
LU15814n3
LB45485+03
« 50539403
LU0655403
JBYT7734+03
JU52T71403
51101403
LA0574+03
H2039403
JHBL1034N3
50216403
LU40305403
41963403
46168403
« 39592403
LU40080+03
041873+03
LA45973+03
39258+03
39821403
41762403
JUSH23403
«389814+Nn3
0 39734403
41626403
JHB525+03
« 38763403
«39007+03
L41l462+03
+A8154+n03
+ 38412403
« 39237403
240789403
«3T54T7+03
« 37799403
L SBUB640TF
« 39392403

040819+03
«41805+03
JH45145403
o2l 0U47+03
40705+03
42048403
45958+03
«DH0773403
JH0604+03
42370403
4872403
+H47044+03
JU0H23403
42316403
46932403
« 39607403
40217403
42238403
J46634403
e 39287+03
J40043+03

42123403

«45851+03
«39030+03
+ 39897+03
41968403
JHUGTI2403
«38826+03
+ 39776403
wH1772403
«38172+03
«38480+03
« 39391403
41019403
« 37560+03
« 3785&+03
« 38544403
+39511+03

Card No.

284
28e
28¢
28g
28h
281
283
28k
281
28m
28n
280
28p
28q
28r
28s
28%
28u
28v
28w
28x
28y
28z
28aa
28bb
28ce
28dd
28ee
2847
28gg
28hh
2843
28353
28kk
2811
28mm
28nn
28c0
28pp

EL-Z950L6H -
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L0000

» 000G

20006

00000

e 95392=02
8243102
» TOHBE8=D2
034662‘01
012340-01
e 10403=01
«10280-01
.56584~01
15070=01
e12705=-01
o 14187=01
22281501
217U5-01
«1049g=01
024189‘01
£ 2803801
W 2789701
» 2696801
v J8U64~01,
3369201
¢ 33362=01
e JEI8~01
+O5153-G1
e 97518-01
+38200-01
v42391“01

040118‘0L

040563-01
J42861-01
e 3001101
W42501=01
24397101
048Q99‘01
+59297~01
¢“1931“01
045192*01
«523UT=01
6679001

« 00050

« 009230

« 000450

« 30030

+24819-G2
8013192
981119“02
«47984=31
o12177=91
010132-91
o11156-5%
¢97675=)1
e 14845-31
e 128423=31
+«15946=31
I22757_01
c21488-91
019397*Ql
02731831
«28782~31
o27721~%1
«27123=31
043771‘01
+ 33659-91
» 3334 7=01
e 35386~01
e 71597=91
¢ 37552+
e 3BUHE~GE
LU37208~51
OQOOSI-GI
0407$4-91
«43023~01
5207031
4257501
044311'01
48922~31
619713
042156’91
+45840=31
«23611~91
o 72823-91

LISTING OF INPUT DATA PUNCH CARDS (Cont.)

+L 0000

L0000

+L0000C

00000

2 2378Q g2
«77931~02
+ 8880902
2658 T71=01%
911982”61
G811 ~-02
« 1256101
L 1577093
0 14585~¢}
¢12189—-0t
+18667=01
e 22700~
«21212-01
.;QQIQﬁQI
¢ 3193861
2 28708~=01%
27U WY
«51024~01
e 33620~01
.33356-51
» 36340~51
e 27595~013
e oB661-01
S454 3801
o50102~-0%
»40868-01
+43565-01
Shb24~0]
W426T9=01
BHEF2D1
+H49852~014
«65158=01
JHES00.0]
+CUQBBMnL

«G0I00

U0OGE

«G0GGO

« 00000

«D2345-02
«THG35~02
«310082~01
«11025+00
«11765~01
« 96067302
1d788~01
1571801
«14300=01
«12031-01
c2802~01
v 22618-01
2092001
.19241-01
+ 38630701
« 28615601
f 2736791
e27983~01
« 7240701
.33575-01
»33398=01
« 3764701
e 37H42™0]L
e 3700001
+38982-01
JH7044~01
+A40138=01
«41459-01
+44205™01
+57798-01
«542813-01
v45118-01
+50909~01
v 73348~01
L42758-01
4734701
«55482-01

GO0

il

e GGOOG

¢ 0G0G0

e 2063302
¢ THUGT=02
«11921-01
+ 1261801
+11527-01
« 2512102
¢ 18091-01
e 15669~01
¢ 13993~01
«113984-01
« 2900601
¢ 2250301
e 2061701
+ 19455=01
.48638‘01
«28505-01
0 2T7205-01
e 28833=01
e 23806~01
e 33528=01
e 33485~01
« 59428~01
e 3T4UE~-0]
e 37716~01
¢ 39384=-01
e 50884=03
+4189~01
+41279~01
« H4968=01
00173801
f42978~01
e 45592=-01
5211801
o41568=01
o 4313701
e H8194=01
eD8140~01

« 30000

«G0a00

+20000

« 00000

«88778~-n2
e 73468-n2
«14712~n3
«12573-01
«11268-01
094474"02
«23146-n1
«15581~-n1
« 1367001t
+12097-01
038104“01
022358~011
020310~n1
e 76389-01
«28375=-01
0 27067~01
+306111-0n1
«33756-01
»33479~n1
¢ 336F4=11
eH1841-01
3745501
037801"ﬂ1
»39892~01
«54133~01
wU4G257-01
+4#1833~11
+45884~-01
« 7234901
f43176=N1
W46120~01
e53514-n1
H41558=-n1
.43569*ﬂ1
e49113-01
059964“01

. 000n0
.000ng -
.00800
+95872-02
086808‘02
. 73186=02
.18932-01
. 12536-01
«10989=01
+95155~-02
015451“01
113340”01
«12433-n1
«50854-n1
«22183~n1
«20011-01
e 20759-01
« 28929~01
.28228=01
« 2696901
«31979=01
«33781=-01
«33433~-01
+ 33866-01
+45089-01
‘3?“70“01
«37906-01
S40534-01
58797-01
JH0341-01
J11826-n1
46923~01
JH42484-0]
JU3406~-01
«55139~01
JH1632=-n1
«A4054=01
5010701
»61989~01

«00008

«0000

.20000

«95618=02
+8469L=02
«7T4024-02
«25276-01
-12“61-01
-10698“01
«97691-(2
+H#1636+01
.15282“01
013015-01
013083"01
«87845-01
021978-01
«19732-01
022108'01
»28873=01
+ 2806701
«26927-01
e 34662-01
«33719~01
¢+ 33393=01
e 3420801
«49428=-01
« 37491-01
«38037~01
+41350-G1
« 7177501
JH40o442-01
«H42166-01
0“8347—01
042458-01
+43670=-01
«U47365-01
«57045-01
«H41757-01
044595-01
«51182=-01
6425101

Card No.

29a,
20b
29¢c
294
29e
2of
29¢g
20n
291
293
29k
29l
20m
20n
290
20p
29q
29r
298
29t
29u

29w

29%.

2%y

29z

28as,
29bb
29¢ce
29dd
2%ee
29rf
29gg
29hh
29ii
2933
29kk
2911
29mm
20nn
2900
29pp

EL—T6016M
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62

20000

L00000

00000

20009

»13658«00
c13666“00
2 13700=090
-13926“00
0 13229=00
«13198=00
0 13153-00
« 13375=0¢%
+12905=00
.12828"ﬁ0
012713—00
«1255u=00
.12504“09
12353490
0 12383400
«12468+00
»12383+00
012197490
« 119854900
-12528-00
v 12428490
s 122234900
¢ 12065+00
312660-03
012543-0&
+1234740D
012863“00
«1282L=0%
012697-99
+ 1252300
013187~0¢C
.1313?-00
21302309
+12893-00
+13774=90

« 000350

.« 20000

00050

« 00000

e 13658=~30
;13668_90
013709-00
e 15047-90
013226"00
+13163=-90
013150-00
+13610-v0
» 1289950
«12815=50
«12705~40
.12553'00
e 12893+90
«12327+50
e 12129490
e12Upl+30
« 12370+%0
e12166+400
11981490
01252130
s L248E+I0
0121534490
«12097+90
«12650=-00
.12522-60
o12322+90
.12862’@0
1281040
«12676=30
1254550
«13185-90
013126-90
e 13055-90
« 1288L~3p
«13770~-00

LLISTING OF INPUT DATA PUNCH CARDS (Cont.),

25000
» LHVO00
L0000
oL 0030
013658"53
0 1367000

21372050

e LU 33~00
«132224=~05
013187"00
«13151~080
« 1292304
012892~06
+12800~00
21270360
« 12550~00
«124774+045
+ 12300405
12823405
« 12458400
« 12350400
912135+O6
+11988+00
«12512-05
« 12383400
+ 12165465
+ 126856=00
«12639~46
0 124994 G0
« 12300406

+128660~00.

¢ 12798~015
e 12655=00
o 12490445
o 13181~00
e13114mg
2 12987~00
012878"05
e 1 3700=05

000900

G000

v G000

« 002000

« 1305900
1367300
« 137340y
» 3 4424=00
«13221~020
»13180-0u
0 13157~00
«12922=00
« 1288400
«12785=00
01270900
«12544=00
« 12460+00
«12272+00
12130100
12450100
+ 12320400
»12104+00
«120471+00
«12502~0u
»12360100
+12137+00
v 1268500
1262700
» 12475400
«12280100
¢ 1285700
+12785-00
e 1203230
«12480100
13175600
1310500
« 1296900
«12881~00
1376200

e G0Q000

«GGOOD

+ G000

e GOCOG

e L3665~-00
e 1367700
« 13753-00
¢13233-00
¢13217-00
013174"00
¢ 12317000
e 1292600
¢ 12875-00
e 1276900
e 12727-Qn
+12541-00
l2442+0n
«12243+90
12154499
Js128414+00
e 12306400
¢ 12074+09
o 12541~0n
e 12490+00
+12335+00
12112400
o 1268200
e 126135~G0n
«12451+09p
e12264+00Q
.12852"00
e12770~00
e 1260900
o Lot 7L+00D
e 1317100
«13687=00
¢12952~00
013?80"00
e 13756~00

» 30060

«30QGO

« 30000

« 30000

.13661-ﬂ0
e 13681~ng
«13778-00
«13233-n¢
«13213~00
«13168~00
.13193-00
,12918~00
e 12865-n0
«12754=00
«12764~08
«12534-n0
l12422+Nn0
012215409
s 12260404
12831409
«12281+090
« 120464+N0
.12540-00
«12477+0¢
12308400
«120914+00
e12579~00
«125986~n¢
«12U25400
«12253+00
¢ 12846~00
«12753-010
«12483+00
«13164~N0
013073~00
¢12935~0¢
«13779=0g
« 13750~00

« 00000

.000n0

00000

.13658~00
«13662-07
«13686=-00
«13812-00
«13232=0n
«13209=09
«131i62~01
«13232=0n19
«12918-n0
+12853=n19
« 12739=-n1n
«12822=-00
« 12526040
12800400
»12188+00
12472400
+I24184+00
12254400
+12020+0n0
«12538=-0n
L 12461400
12281+00
«12075+00
L12674~00
012581“&0
12399400
. 12249+00
+12839=-00
.12736-00
+12564~00
«13190=-n0n
«13156~-0n
« 13057-00
«12919-00
«13778=-00
«13743~00

»00000

00000

20000

+13657-00C
013664‘00
«13692=-00
.13860-00C
«13230=00
«13204~00
1315700
+13292-00
.12910-00
«12841-00
«12725-00
«13008-00
«12516~-00
«12377+00
12164400
12470400
«1248044+00
«12226+00
« 11999400
012534"00
+ 12445400
12252400
012065+00
012667“00
« 1256300
« 12373400
12266400
-12831“00
f12717-00
« 12543-00
«13189~00
«13147=-00
-13040*00
. 12905=-00
«13776=00
«13736-00

Card No.

30a
30b
30¢
30d
30e
30f
30g
30h
3041
303
30k
301
30m.
30n
3Co
30p
30q,
30r
308
30t
30u
30v
30w
30x
30y
30z
30aa
30bb
30cc
3044
3Cee
30ff
30gg
30hh
3011
3033
3Ckk
3011
30mm

EL-2%6016X
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«13727=00
»13641=00 -
» 13565=00
111t
»290090-01%

e 13718-50

. 13629"'00

«13563~90

11111

« 260U4B+)3
Qe

LISTING OF INPUT DATA PUNCH CARDS (Cont.)

015709“03
¢ 1361705

1 .
« 10000~52

. 13600=00 ,13688=00 ,13677=10 .13665-00 ,13653-00
. 13605=00 013594-00 ,13585-n0 .13576-0n ,13569-00

Card No.

30nn
3000
30pp
31
32
33

EL~2960L6X
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LISTING OF INPUT DATA PUNCH CARDS: Sample Input
TRANSENTPQ/OZCOMPUTERPROGRAM(AHDﬁmsmn—GmHmHedRum

EL-Z946016M

€

. Card No,

#% TRANSICNY H2/02 CASE L2 #+ (P=3CD % G=2,10 % TF=360 * Q/F=1 % 14.18 MSH)TF 1
24 29 2§ 1 4 i 2
210 492, 360, 200, Oe 1472 L1472 Oe 3
360, 300, L1u72 O, 0, O 360, 2.0 b
0087 .12 » U066 0358 360, Do ,00011 Oe 5
Q. o 0002 25008 « 0006 «0008 0010 0012 « 0015 Ta
0029 +0025 5030 20480 «0050 « 0060 ,0070 «0080 7o
« 009G 00130 JOll0 1120 20180 « G160 0180 + 0200 Te
o002 +001 + 001 <002 + 802 «062 «O0N5 « 005 8a

+ 005 o 0G5 o010 +010 o025 «020 «020 , 020 8b
»R30 +050 L0506 10 8c
Go 1. Ly e 9
O + 01 03 o5 10

e 00156 L5016 S081e L0016 11
O i. Lo Qe 12
o. .61’- 0@3 .:"E‘- 13
1300, 1300, 1367, 1345, 14
C, 1. 4o U 15
00 o\‘)l 093 005 16
+53 P 3 Y Y S Y. 3 17
1 18
«20000 «10000~32 JE2H000~02 JU40500-02 L,60000-02 L8G0G0-~N2 ,10000-n1 .12000~01 19a
«15000-01 ,20050~21 190
JHOUZE+AT UL 28+0)3 LLO579+43 50970103 ,52166+03 51481403 51263403 «D1010+03 203z,
«50783403 L89854+53 20b
«18720-00 o 12946=90 11385464 «B830~01 463297~01 ,55351~n1 ,44606=01 .36167-01 2ls
2654001 161682~31 elb
o 1UT20=00 13956=00 L13330~09 12282400 ,11501+00 L110i3+00 .10683+0n .10460+00 225
10247405 L,10149+50 ’ 22b
20000 01353591 #Z25079~01 J44432"01 ,58977-Q1 70682~01 ,8029-n1 .88311~0t 23a
29799601 11017490 23b
¢ 30000+03 JITTHE+I3. ¢ 39220480 +42021+03 44399403 45987403 (47091403 47834403 2hsg
JHAB5LIL403 L8626+93 24b
+21000=01 ,I606T74+03 25
2944 26

O
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K910962-13 .

Qutput Descripbtion

Output from the Hé/og transient program consists of both printout and punch cards.
The printing is basically the same for all of the three types of runs discussed under
the input description; however, the form of the punch card output varies.

Printout

There are two different types of printed output from this program: (1) summary
printing (when input indicator DEBUG=F), and (2) detailed printing (when DERUG=T).
The detailed form yields a considerable smount of printed output sinece everything
produced by the summary output is printed out as well as a full station-by-station
and time-by-time account of reactor calculations. This can yield over 2000 lines
of printing per pass, The detailed printing should be used only when the summary
form doesn't give enocugh detailed information (as for example, at the very beginning
of an initial non-diffusion-controlled run for fast reacting cases), where the
sumary printing for only every twentieth time step may not allow enough information
for plotting. An abridged sample of the detailed output from a transient Hé/oz run
is shown in Figs., 5a through 5%. The oubtput shown in the top of Fig. 5a and in Figs.
5e - 5t is what would have been produced if the summary printing alone had been
requested. A description of the printed output produced for both the detailed and
summary forms follows, along with the name of the roubtine from which it is printed.

Detailed Form

A listing of the program input including the data case title (see top of Fig. 52 ).
The extra punch card input for the continuation and all diffusion-controlled runs is
not printed.

The following message which concludes each run (see Fig. 5t):
I

*¥XX¥NK OFERATIONS COMPLETE #¥¥H¥¥¥%%
TOTAL EXECUTION TIME = XX.XX MINUTES

Subroutine MCATC:

The following message which is printed when the non-diffusion-controlled phase
of a deta case is completed (see Fig. 5%):

o i TR R LTS

GO - 7O-ALL - PIFFUSION-CONTROLLED RUN
IIME = XX, XX SECONDS
RO e e I e e

Subroutine DEBUG3:

1. A complete ligt of the following values for éach axial station and every time
increment of each pass (see Figs. 5b - 5d):

32



K910962-13

a. interstitial concentrations of hydrogen in lb/ft3

b. interstitial concentrations of oxygen in 1b/ft3

c. interstitial concentrations of water in its solid phase in lb/ft3
d. interstitial concentrations of water in its liquid phase in lb/f%3
e. interstitial concentrations of water in its vapor phase in Ib/ft3
f. interstitial concentrations of helium in lb/ft3

. interstitial temperatures in deg R

¥h. particle surface temperatures

i. enthaelpies in BTU/1b

J. Ainterstitial pressures in psia

K. corresponding axial positions in ft.

2, The cumulative time (sec) and wall temperature (deg R) at the end of every time
step. (See Figs. 5b - 53).

Subroutine PRPLOT:

Printer plots of the following values vs. axial position (in feet), corresponding
to the last time gtep of each pass. Each plot summarizes the last five passes or
whatever passes remain. (See Figs. Se - 5k).

a. interstitial temperatures (deg R)
¥b. particle surface temperatures (deg R)
¢c. chamber pressures (psia)

d. hydrogen mole-fractions

e. oxygen mole-fractions

f. water mole-fractions

g. helium mole-fractions.

Subroutine QUTFUT:

Summary printing of the seven variables mentioned under subroutine PRPLOT vs.
axial pogition (£t) at the end of every pass. This printing is produced after every
tenth pass and/or at the end of the last pass. (See Figs. 5£ - 5r).

Subroutine TMPRNT:

Summary printing of wall temperature (deg R) and interface location (axial position)
in feet of water change-of-phase) vs. time (values printed correspond to the end of
each pass). (See Fig. 5s). Also, if H2LEAD=F, pressure in psia and mass flow rate
in lb/ftg—sec vs. time are printed. This printing is done after every tenth pass
and/or at the end of the last pass.

*Trregularities in the values for particle surface temperature, caused by water
change-of-phage, may be exaggerated in some cases due to use of too few axial positions.

33



K910962-13

Everything printed under the detailed printing described above is alsc produced
for the sumary form except those things printed from subroutine DEBUGI.

Punch Cards

Two different types of punch card output can be produced by this program. For
the all diffusion-controlled runs, nc punch cards will be produced at all. TFor
both of the two types of non-diffusion~controlled runs (initial and continuation)
the two possible types of punch card output are described below.

Continuation Cerds

These cards are described in detail under the input discussion section (cards
18-32 under "continuation run"). They will be produced when PUNCH=l or 3 and when
a run completes NPASS number of passes without reaching the all diffusion-controlled
phase.

Diffusion-Controlled Cards

These cards are described in detail under the input discussion of all diffusion~
controlled rung (cards 18-25). They will be produced whenever the non-diffusion-
controlled phase of a data case is completed.

3k



LISTING OF OUTPUT FORSAMPLE DATA CASE_

*kkkk PROGRAM INPUT skkskuok

TRANSIENT ANALYSIS OF M2/02 CATALYTIc REACTOR
*x TRANSIFNT H2/02 CASE 13 *x% (P=300 * 621,05 * TF=360 * O/Fz=l * 25-30 MSH)

INTERSTITIAL CONCENTRATIONS OF H20(5)

NOFZ NPASS INPERP DEBUG MOONO PUNCH
11 10 20 T 1 1
A
G Ts MH2' Mo2 MH20 MHE DoHz Dooz DOH20 KP ALPHA
+10500+01 49200403 ,20200+01 ,32000+402 ,18020402 ,40030+01 ,16760=02 ,75720=03 .63550=03 ,40000=~04 ,16000+14
ALPHAK GAMMA
31740408 ,50000+04
AW cw Mw DC TA HA HAL HA2
L47000-02 12000400 L.66000-02 ,35800=-01 ,L36000+03 ,00000 «11000=03 ,00000
INITIAL TEMPERATURES, PRESSURES, AND CONCENTRATIONS
T P CIH2 c1o2 . CIH20 CIHE TPS
+ 36000403 .éoooo+03 +14720~00 ,00000 +00000 00000 «36000403
INLET TEMPERATURE, PRESSUREs ENTHALPY, AND CONCENTRATIONS
T P H CIH2 croz CIHE
36000403 ,30000+03 60000 W34720=00 L15720-~00 L00000
w INPUT AXIAL STATIONS
W ,00000 +10000=04 ,10600=D2 -20000~02 ,L40000-02 6000002 ,80000~02 .10000=01 o12000=-01 .15000«01 ,20000w01
Ar AP, DELTA VS Z TABLES
«00000 .10000+01 «40000+01 00000
«U8000 +10000=01 +30000~01 +50000=01
.1000p~-02 «10000-02 .10000~02 «10000~02
«00000 .1000040% «40000401 .00000
.00000 «10000=01 130000-01 «50000=01
21000404 +21000+04% «21000+04 «21000+04
«00000 +10000+01 «40000+01 00000
JU0G00 «10000=01 «30000=01 «50000-01
#H1000=00 «#1000=00 L41000-~00 +41000-00
INTERSTITIAL CONCENTRATIONS OF H2 .
.iuvau-oo d8722=00 V14B898«00 «15034-00 +15229=00 «15357-09 2 1544400 +15507=00 «15553=00 «15604=00
«15658-00
INTERSTITIAL CONCENTRATIONS OF 02 )
«l8720=00 « 14685=00 , 11922400 97876=01 «67544~=01 «48046~01 W34870=01 «25661=01 «19071-01 +12376-01
WO178L=02

{ e1-295016Y
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+Louoo
2G000u

LU000y
»U00000

LU0y00
LU0U00

L0000
+00000

+36000+03
«36000+03

«26000+03
«S6U00403

+U000u
»U0000

+30000+03
« 29938403

«00000
+20000-01

«14720-00
+« 1554300

«L4720=00
«15674-01

00000
200000

00000
+U0000

+0000Y
+G0U00

JU0u0D
JUou0D

«0ulvo

«JOUGO0

«0o0oo

.00000

«36000+03

«36000+03

L00000

+ 30000403

+10000=04

TIME

»14720~00

«14716-00

00000

00000

«00000

+00000

08000

00000

,0000c0

.00000

«36000+03

«36000+03

.00000

«30000+03

«10000~02

«20000-02

«14756=00

«13862=00

200000

00000

«00000

00000

00000 00000 »00000 «+00000

INTCRSTITIAL CONCENTRATIONS OF H2O(L}
.00000 + 00000 00000 «00000

INTERSTITIAL CONCENTRATIONS OF H20(V)
+00000 +00000 +Q0a000 +00000

INTERSTITIAL CONGCENTRATIONS OF HE
+00000 +00000 «00000 +00000

INTERSTITIAL TEMPERATURES

«36000+03 «36000+03 +» 36000403 » 36000403

PARTICLE SURFACE TEMPERATURES

«36000+03 +36000+03 «36000+03 «36000+03

ENTHALPIES -
00000 «00000 »00000 «00000

INTERSTITIAL PRESSURES

«30000403 +30000+403 229999403 «29999+03

AXIAL POSITIONS

«20000=02 +H0000=02 «60000=02 «B0000=02

WALL TEMP = ,36000+03

INTERSTITIAL CONCENTRATIONS OF H2

«lu814=00 «14964=00 «15098=00 «15209=040

INTERSTITIAL CONCENTRATIONS OF 02

+12832~00 «10386+00 «829456-01 +65949=01

INTERSTITIAL CONCENTRATIONS OF H20(S)
00000 «00000 00000 + 00000

INTERSTITIAL CONCENTRATIONS OF H20(L}
00000 «00000 00000 00000

INTERSTITIAL CONCENTRATIONS OF H20(V)
00000 +«00000 00000 00000

INTERSTITIAL CONCEMTRATIONS OF HE
+ 00000 «00000 .00000 . 00000

+00000

.00000

00000

+00000

« 36000403

« 36000403

00000

« 29999403

+10000%~01

«15298=00

[l

.52380-01

+00000

-30000

.20000

-000080

.00000

+00000

00000

00000
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. 10000-04%

TIME =
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INTERSTITIAL TEMPERATURES
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2 36064+03
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»12052+04 » 11143401
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«30000403
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AXIAL POSITIONS
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+ 36055403
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+80000=02
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+69743+03
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00000
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TIME PROFILES: CHAMBER PRESSURE VS AXIAL POSITION
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* -

L - ®

: :

; ;

3 :

+ 26500403 + +

: H

: :

; :

: H

i :

: 3

H :

: :

.25500"’03 A Y o o P s 0 + 4 - + - + + ’ + : + +
=291 =073 « 145 + 364 «582 «800 1,018 l1.236 1,455 1.673 1,891 2.109
AXIAL POSITION (FT} TIMES (IN SEC) REPRESENTED BY CURVES 1 THRU &

«0290 + 0490 « 3690 « 0750

X=AXIS SCALING] X VALUES*10#% 2

"E1-Z960T6Y

9l |



=
o

TIME PROFILES: PARTICLE TEMPERATURE VS AXIAL POSITION
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TIME PROFILES? INTERSTITIAL TEMPERATURE VS AXTAL POSITION
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TIME PROFILES: H2 MOLE FRACTION VS AXIAL POSITiON
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TIME PROFILES: 02 MOLE FRACTIOM VS AXIAL POSITI
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TIME PROFILES! H2o MOLE FRACTION V& AXIAL POSITION
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TIME PROFILES: HE ’MbLE FRACTION VS AXIAL POSITION
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AXIAL
POSITAON
(FT}

U000
«1000~=04
«1000=-02
«2000-02
H000=02
+6000=02
«8000=-02
+1000-01
«1200=01
.+ «1500~01
«2000=-01

O O R OEE N KKK RN K

.0290
skC

+ 36000403
1 36U26403
+ 38409402
s4lel7403
4521403
45768403
+#5061+03
44953403
P44 040+03
W 42447403
+40009+03

« 0490
SEC

«36000+03
«36257+03
«60845+03
«T4391+03
«87814403
.82655+03
2 73519+03
63285403
+59176+03
51846403
43799403

TIME PROFILES

. 0690
skC

+ 36000403
«3O3IUH2H03
» 72352403
20246403
+11287404%
«10729404
4292403
+81355403
v 71008403
+58606+03
JH45632+403

OF IUTERSTITIAL TEMPERATURE VS AXIAL POSITION

TEMPERATURE (DEGREES R)

«0750
SEC

+ 36000403
«36353+03
THYTTHOD
«F2759+03
«11766+04
«11279+04
«994567+03
«85695+03
»TUIBTHOS
«B0733+03
L46241403

-
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+00000
+00000
«00000
+00000
+00000
+00000
-00000
+0000Q0
+ 00000
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00000
+00000
+ 00000
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«00000
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+00000
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.00000
+00000
+00000
+00000
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+00000
.00000
+000090
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+00000
+000a00
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+ 00000
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+ 00000
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.00000
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«00000
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«00000
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«00000
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+ 00000
«00000
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00000
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.00000
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AXIAL
POSITION
(FT)

«0000
+1000~04
+«1000-02
+2000-02
«4000=02
+60080=p2
«8000=02
+1000+-01
++1200-01
«1500=-01
+2000-01

I

o I HE W FE KKK XN R

0290
SEC

3075403
4 3575+03
«455204+03
fHT704440D
+48000+403
«B7917+03
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JHUT7I2403
«H3539403
«B1906+03
« 39722403

0490
SEC

+ 97026403
+ 97026403
« 10798404
«10119+08
+10011+04
« 81849403
« 59309403
»B0B26+03
«55712403
L49171403
LH#3226+03

TIME PROFILES OF PARTICLE TEMPERATURE VS AXIAL POSITION

+0690
SEC

11390404
11390404
+ 13824404
12411404
13028404
«10789+04
89575403
+75381+03
+65608+03
55219403
JB4603+03

TEMPERATURE (DEGREES R)

U750
SEC

«11596+04
+11596+05
«14381 408
«12711404
+ 13648404
» 11413404
+35012+03
+ 79626103
+68695+03
+57105+03
45104403

+00000
00000
«00000C
+00000
00000
« 00000
«000G0O
+ 00000
+00000
+90000
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«00000

«00000
«00000
00000
00000
«00000
00000
+00000
00000
«00009
«00000

00000
00000
00000
.00000
«00000
200000
.00000
«00000
« 00000
00000
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.00000
00000
00000
.00000
+00000
«00000
00000
00000
- 00000
.00000
00000
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+00g000
«00000
+00000
+00000
«00000
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«00000
«00000
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00060
000080
.00000
00000
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.00000.

00000
.00000
+ 00000
00000
.00000
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AXIAL
POSITION
(FT)

«00090
«1000-04
«1000~02
«2000-02
#4000-02
+0000-~02
«5000-0&
+1000-0)
. «1200-01L
« 1500~-01
«2000=-01

o E N E N E K E N EFAEE K

L0290
E1.4

+ 30000403
+30000+03
+ 30000403
«30000+03
+30000+03
« 29999403
+29999+03
«29999+03
129999403
+29998+03
«29998403

. 0490
SEC

«30000+03
«30000+03
« 30000403
.30000+03
29999403
+ 29998403
+ 29938403
29997403
£ 29997403
29996403
« 29995403

TIME PROFILES OF CHAMBER PRESSURE

+ 0690
SEC

+ 30000403
+30006+03
« 30000403
+299959403
+29998+03
+ 29997403
+29996403
» 29995403
+29994+403
29993403
+ 29992403

PRESSURE (PSIA)

0750
SEC

« 30000403
« 30000403
+30000+03
+29999+03
29998403
«29997+03
«29995+03
+ 29994403
«29993403
¢ 29992403
29991403

00000
00000
00000
«00000
+000400
+00000
»00000
+50000
«00000
00000
+00000

VS AXIAL POSITION

+00000
«00000
00000
00000
+00000
00000
00000
«00000
00000
+00000
+00000

+00000
00000
+00000
00000
00000
00000
»00000
+ 00000
»00000
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+00000
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«00000
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+00000
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+00000
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« 00000
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«00000
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00000
08000
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ARLAL
POSITiON
(FT)

0000

«1000-04
«1000-02
« 200002
«4000-02
»6000-02
+8000~02
«1000~0}
«1200-01
«1500=-01
«2000-01

&n
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+0290
SEC

»94002=00
2 94065-G0
«94324-00
«94614-00
2 94796~00
«95401=00
«95009=00
+96076=00
«96250-00
«96425-00
+96065=00

0490
SEC

«94062=00
«94050-00
«21756=00
«90642-00
+89075~00
.88380-00
.B87984-00
LB7T46~00
,87598=00
87478=00
«B9093-00

TIME PROFILES uF H2 MOLE FRACTION V5 AXTIAL POSITION

L0690
SEC

y9u062-00
.34050=~00
+90955=00
+30048+=00
18869600
«88156=00
+8785U=00
»87673-00
+87560=00
+87468=00
+89514=00

H2 MOLE FRACTION (DIMENSIONLESS)

0750
SEC

«34062~00
»IU050-00
+30772=-00
+89919=00¢
,88617-00
+88107=00
«87823-00
.87654=-00
«B87549=00
«B7463~=00
«89600=00

«00000
.00000
00000
00000
«00000
«00000
+00000
«00000
00000
«00000
00000

00000
.00000
.00000
00000
o000
00000
«00000
«+00000
«00000
00000
00000

00000
. 00000
00000
. 00000
00000
00000
.00000
+00000
+ 00000
00000
+ 00000

L.00000
.00000
00000
L0000
»00000
L0000
.,009000
L,00008
+00000
+00000
. 00000

00000
00000
» 00000
+ 0000
« 30000
+00000
«00000
«00000
+00000
+00000
+00000

.00000

.00000
00000
.00080
,00000
00000
00000
.00000
.000DY
»00000
.00000
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AXIAL
POSITLION
(FT)

L0000

+1000=04
«1000=02
«2000=02
«24000=02
»0000=02
LB000=-02
«1000=01
«1200~01
«1500-01
+2000~0L

04
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20290
sEC

«59377-01
«553550=01
+56757-01
+53460=01
+52U36~01
+45991~01
+41907=-01
«39241-01
+3T4O7=01
+30745=~01
+ 33350~01

0430
SEC

«59377-01
+59263~01
« 38946~01
«29086=01
+91678-02
+56854=02
+35891=02
«22823=0D2
«12365=-02
«77516=03

TivE PROFILES OF 02 MOLE FRACTION VS AXIAL POSITION

. 0690
SEC

+59377=01
5926601
L 31847=01
+23815-01
+11909=01
«71535=02
+44932=02
+29001-02
+«19053=~02
+10983=-02
062785'03

02 MOLE FRACTION

L0750
5EC

«59377~01
+59266~01
+50228=01
2267601
«11205-01
«67170-02
JHA2lau=02
2728002
017939-02
«10471=02
«58944=-03

00000
«00008
.00000
00000
000080
»00000
«00000
»00000
+00000
«00000
«00000

(DIMENSIONLESS)

.00000
00000
+00000
»00000
00000
00000
00000
«00000
« 00000
«00000
«00000

«00000
»00000
«00000
00000
. 00000
«00000
00000
L Q0000
« 00000
00000
00000

. 00000
00000
. 00000
+00000
. 00000
.00000
00000
«00000
« 00000
00000
+00000

+00008
+00000
0000
+00000
»00000
00000
+00000
00000
«30000
+00000
«00000

.00000
. 00000
. 00000
.00000
00000
000090
.00000
+00000
.00000
+00000
.00000
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AXIAL
PUSLITLON
(FT)

«0000

«1000=-04
«1000=02
+2000=~02
»4000~-02
«6000~02
800002
«1000=01
120001
«1500=01
«2000-01

6%
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+ 0290
SEC

«00UGo
00000
00000
«00000
«00U00
«000090
00000
«00000
«00000
+ 00000
«00000

+ 0490
SEC

00000

+28157=03
LH3493=01
+HHLAG=0L
.93976-01
» 10703400
11447400
211895400
« 12074400
+12398+00
« 10830400

TIME PROFILES UF H2C MOLE FRACTION V5 AXIAL POSITION

0690
LEC

+«00000

«23631=03
«58605-01
£ 75707=01
«10113+00
»11129+00
«11697+00
212037400
«12250+00
« 12422400
« 10423400

H20 MOLE FRACTION (DIMENSIONLESS)

«0750
SEC

00000

. 2358203
«62051~01
«78131=01
«10262+00
211221100
»11755+00
12073400
«12271400
12432400
110341400

-

00000
+ 00000
+00000
«00000
+00000
+ 00000
+00000
«00000
« 00000
+ 00000
200000

.00000
+ 00000
Q0000
00000
00000
00000
00000
« 000800
00000
«00000
00000

.00000
00000
00000
00000
,00000
»00000
.00000
.00000
00000
«00000
« 00000

00000
«00000
+00000
00000
00000
00000
«00000
.00000
«00000
08900
00000

+00000
+00000
«D0000
«00000
«00060
«00000
«00000
« 80000
00000
+ 00000
00000

« 00000
.00000
+00000
00000
.00000
+00000
+00000
00000
. 00000
00000

" L,00000
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AXIAL
PUSITLONH
(FT)

+U000
«1000=-04
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+4000~02
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»8000=02
+1000=01
«1200~01
 «1500=01
«»2000-01
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«0290
akC

«00U00
+00U00
«00000
00000
«00000
+00V00
«00000
+006000
«00U00
+ 00000
00000

« 0490
SEC

«00000
+00000
00000
+00000
00000
«00000
00000
00000
«00000
«00000
00000

TIME PROFILES OF HE MOLE FRACTION VS AXIAL POSITION

0690
SEC

.00000
«000600
+00000
0000
«00000
«000400
«00000
« 00000
« 00000
«00000
«000800

HE MOLE FRACTION {DIMENSIONLESS)

U750
SEC

00000
«00000
+00000
«00000
« 00000
«00000
+00000
00000
«00000
000400
«00000

« 00000
+00000
«00000
+ 00000
« 00000
«00000
« 000060
+00000
00000
+00000
«00000

»00000
00000
+0oooeo
«00000
.00000
«00000
00000
«00000
«00000
«00000
«00800

00000
+00000
00000
« 00000
. 00000
« 00000
« 00000
00000
« 00000
00000
. 00000

38000
08000
» 00000
«00000
+ 00000
00000
+00000
. 000400
+00000
«00000
00000

+000600
+00000
«00000
«00000
« 00000
« 00000
«00000
«00000
+ 00000
+00000
00000

.00000
.00000
+00000
« 00000
.00000
.00000
»00000
« 00000
00000
» 00000

- 00000

- E1-296016Y
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sU290
L0490
+ U690
«U750

WALL TEMPERATURE, INTERFACE VARIATIONS VS TIME

WALL TEMP SOLID/SOLID=-LIGUID SOLID-LIGUID/LIGUID LIQUID/LIGUID=VAPOR
(DEGREES R) (FT} {FT) tFT)

« 36046403 «20000-01 «20000-01 «20000~01

+ 6428403 +20000~01 «20000=01 +20000-01
37203403 +20000~01 «20000-01 «20000~01

« 37495403 «20000=01 «20000-01 «20000~01

LIQUYD-VAPOR/VAPOR
(FT)

»20000=01
»20000~01
+20000=01
«20000=01

56 *9id |
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Description of Routines

The following is a list andbrief description of all the routines in the HQ/OE
transient computer program:- ’

87k
MCAIC:

DERIV:

PCALCT:

ECALCS:

GREEN:

ROOT:

INSERT:

DELETE:

OVSTEP:

This routine handles the reading and writing of the standard
deck input., Subroutine MCAIC is called from it.

This routine handles the main body of reactor calculations,
Most of the other subroutines are called from it.

This subroutine calculates the values of thg derivative
expressions.

This subroutine does the non-diffusion-comtrolled catalyst
particle analysis.

This subroutine does the diffusion-controlled catalyst particle
analysis. :

This subroutine finds the values of the Green's functions used
in ealculations in subroutine PCAICT,

This subroutine finds the roots of the characteristic ‘equation
X-cot(x)+c=0. using a modified method of successive substitu-
tions., These roots are used to find the Green's functions in

subroutine GREEN.

This subroutine ingerts the interface axial positions (positions where
water changes phase) into the original 7 array. -

This subroubine deletes the inserted interface axial positions at
the end of each time step.

This subroutine makes appropriate adjustments to temperature,
pressure, concentrations, ete., when axial positioning has over-

stepped the interface boundaries.

This routine is used to find the maximum value of elements in an
array.

This routine is used to find the minimum vglne of elements in an
array.
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RDPNCH: This subroutine handles the punching and reading of the extra
input needed by the continuation and all diffusion-controlled runs.

OUTFIT: This routine prints the temperature, pressure, and mole-fraction
profiles-in summary form.

SETUP: This subrouvitine is used to setup the arrays needed for the printer
plots in subroutine PRPLOT,

PRPT.OT: This subroutine is used to develop and print the printer plots of

) temperatures, mole-fractions, etec. vs. axial position at various
times.

TMPRNT . This subroutine handles the printing of wall and interface position

values vs. time. For non-hydrogen~lead cases, it also handles
printing of the mass flow rate and pressure vs. time,

DEEBUG3: Thig gubroutine handlegs the detailed printing which is produced
only vhen input logical indicator DEBUG=T.

UNBAR: This subroutine will do linear guadratic or cubic interpolation
between tabulated points., Interpolation may be either univariate
or bivariatve,

TABLES: This subroutine contains tables of heat of reactiocn, species
viscosities, species gpecific heats, vapor pressure, heat of con-
densation, and species thermal conductivities.
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APPENDITY T ...
LISTING OF COMPUTER PROGRAM

LOGICAL DEBUG,HZLEAD

INTEGER TITLE(L3) PUNCH . .

REAL KAPPArKPrKCHZpKCOZrKCHZOoMH&pMOErMHEOvMHE;MHpMUpMBAR;MBARSS
PARAMETER NAX=70, NYTIz=40 .

PARAMETER NPP=30, NRTS=200

COMMON, /CB1ls TRPANPPyNAXI 2 COR(NPPaNAX ) CH2 (NPP e NAXY 2 CH20 (NPP s NAX) o

X TINAX) » P (NAX) s PT(NAX) o H(NAX) 2 CIH2 (NAX) » CTO2 (NAX) » CIH20 (NAX)»
X . CIH20S (NAX)Y »CIH20L (NAX} 2 CIH20V (NAX) s CIHE(NAX) ¢ DELT(NTI1)»
X PPT (NAX)

COMMON /CB2/ Z{NAXI pZSSLINTI) »ZSLLINTI) o ZLLYINTI) oZLVVINTI)
COMMON /CB3/ ALPHA» GAMMA ,KAPFA HC 1 KP Ay DELTT+KCH2,KCO2 9 KCH20»TCH2»
TCO2r TCHR20 PCH2 e PLQZ» PCH2Q s MH2 p MO2 p MH20 9 MHE s HR e HA 2 HAL 2 HAR »
Ao CHsMWDCp TAPDOH2 D002, DOH20  ALPHAK » AP DELTA» G o MU HS e HL
HV » TW o RHOM ¢ WH2 » WO 2 p WH20'S  WH2 0L » WHZ20Y » WHE » CFBAR s MBAR»CICP1
CICP2yCICP3rRHOWRHOV»DELHC TITPSDTDZ»OHDZ» TS» TLDPDZ,DCADZ,
DCRDZyDCISDZyOCILDZ DCAVRZ s DCHDZ s RHOP yCPrDELTP s DPTPS o SOTIME
PFsTSSsAC,VCrPREST » G55, MBARSS
LMMMON ZCBY%/ NOFZeNPASS s NAXLAL 2 INPERP  MODPCaMODNO,PUNCH ITSTEP, .
JOP ISHUT,» IHOT
COMMON /TABLES/ AVSZ(40))APVSZ(40) »DELVSZ(40) v HRVST(36)TC1(22),
TC2{20) ¢ TCIV(20)» TCH(18) pMULVST (34 »MUSVST(34) yMUZVST(32)
MUGVST (34) » CFLVST (34) 2 CF2VST(34) » CFIVST(34) o CFASYT (20 #
CFUVST(20) ¢ VPVST(60) » TVSVP (48) » DHCVST (24 )
LATA ALPHA 2 ALPIHAK ¢ GAMMA 2 KP. o MH2 s MQ2 ¢ MHRQ s MHE » PCH2, PCQ2 s PCH2Q /
160 E+L4y L3174 E+8¢ ,50 E+b4y 40 E=l4), 2,02, 32,0, 18,02,
. 4,003y 188,16 730,59 3200.2 /
DATA  TCHZ2:TCOZ2yTCH20,D0H2,0002,D0H20,RHOPCP /
53,94y 277,92+ 1164,6, ,1676 E=2y 7572 E=3, 6355 E=3,
124,99 L177 / .
KAPPA = KP/(RHOP*CP)
CALL TMINS {TSTART)
REAU (521 eEND=99) TITLE!HELEAD:GEBUG
FORWMAT (13A62L.1)
READ (593) NOFZ)NPASSy INPERP ¢ MODNC s PUNCH ITSTEP
FORMAT (2014)
READ (De2) GeTSaT 1) ePLllaH(L) b CIH2(1) CI02 (L) P CIHE(L)
FORMAT {8E10,.5)
READ (5¢2). TIyPI»CH21,C02]1»CH20I,CHELPTIySOTIME
HEAD (52) AW»CWoMW»DCr»TAsHAPHALHAZ
NAXIAL = NOFZ -
IF (PUNCHJ.EQ.4) NAXIALZNOFZ+4
1F (HZLEAD)} GO TQ 101
G55 = 6
KEAD (573102) PFreTSSoMBARSSrACIVCPREST
FORMAT (6E10,.5)
READ (592) (Z(1)IS]1eNOFZ)
IF (ITSTEPLEQ.Q) GO TO 7
READ (922) (DELT(I)LrIZ1.NPASS) .
WRITE (6,10) TITLE
FORMAT ('Y 53X, txikkk PROGRAM INPUT *kxkx! ///
X 43X *TRANSIENT ANALYSIS OF H2/02 CATALYTIC REACTOR?Y /
X AgxX  14a6 )
WRITE (6,17) NOFZyNPASS, INPERP » DEBUG» MODNO » PUNCH
FORMAT (t0' // 3TX 'NOFZ' 6X_ 'NPASS! . 5X. 'INPERP' 5X 'DEBUGY 7X
X YMODNOT 6X 'YPUNCH' / 37X, 13, 9X» I2¢ 8Xe I2) 9%y L2y 9%
X I2, 10Xy I1)
WRITE (6,12) Gy TSyMHZ »MO2,MH20,MHE »DOH2 D002, D0OH20,KP» ALPHA
FORMAT (012X 1GY 10X TS 8X 'MHZ2Y 8x 'MO2Y 8X YMHR0' 7X 'MHE!

o7
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13
19
1g

16

lu3d

104

24

20
21
e

&3

X 8% 'DOH2' 7X 'D002' 6X °*DOH20' BX 'KP' 7X ALPHA!' /
X 6Xy 11EL11,5 )

WRITE (6913) ALPHAK»GAMMA

FORMAT (°0' 9X FALPHAK? 6X_'GAMMA' / 6X, 11E18,5) _ =

WRITE (6!5) AW!CW!MW!DC!TA!HA!HAlIHAZ

FORMAT (0" 27X 'AWY 9X 7CWt 9X "Myt 9X *DCY GX tTAY 9X 'HA' 8X
X tHAL® 8YX *HAZ2' / 22X¢ BE11.5/ )

WRITE (6,19) TI:PI!LHZI!COEI?CHZOI,CHEI,PTI

FORMAT ('0Y 40X "INITIAL TEMPERATURES, PRESSURES, AND CONCENTRATIO
XNS' /7 33X YT 10X P 8X tCIHZ2' 8X 1CI02Y 6X _FCIH2Q' 7X MCIHR' .

BX TIPS / 28Xy TE1ILL.5 /)

WR!TE (5)L8) T(l)aP(l)oH(l)pCIHd(l)tCIOé{l)rCIHE(l)

FORMAT ('0' 37X YINLET TEMPERATURE, PRESSURE» ENTHALPY: AND CONCE
XNTRATIONSY / 39X ¢T* 10X P 10x YHY 9X *CIH2Y TX 1CI02Y 7X 'CIHE?
X / 33Xy BELL.,S /)

WRITE (6016) {(Z{I)»I=1,NOFZ)

FORMAT (t0% B6x *INPUT AXIAL STATIONSY / (12E11,.5) )

IF (ITSTEP.EQ,0) 60 TO 8

WRITE (©218) (LELT(I)+I=1NPASS)

FORMAT (*0' 51X 'TIME INCREMENTS FOR EACH PASStY / (12E11,.5) )

IF (H2LEAD) 60 TO 104

WRITE (6,103) PF,TSS,MBARSSQAC,#C

FORMAT (*0' S&X 'VALUES USED TO CALCULATE DPDTY / 39X 'PFY 12X

X 1TESY 10X YMEARSSY 10X YACY 12X ¢VCY / JBX,EL0,504X,
X EL10.5rHAsELD .52 U4XpELG 54X 105 /)

READ (S5»84) (AVSZ(I)1=1,4)

NA = AVSZ{3)+8,

HE = NA+L

NG = 2,%AVSZ(3)+4.

REAL (Sek) (AVSZ(I)»IzH,NA)

REAG (Sef8) (AVSZ(I)eISNBNC)

witlITE (6+24)

FURMAT (T0Y /7 53X 'Ay APy DELTA VS 2 TABLESY)
WRITE (&921) (AVSZ(I)elz=led)

WHRITE (6e22) (AVSZ{I)eI1z5,RA)

WHITE (6222) (AVSZ(1)+I=NBeNC)

WRITE (6+23)

READ (54) {APVSZUI)eI=ieH)

MA = APVSZ(3)+4,
N = MNA+L
HC = 2.*%APVSZ(3)+4,

REALD (Se0) (APVSZ{1)rIzu,HA)
READ (Sel) (APVSZ (1) I=nbeNC)
WRITE (6s21) (APVSZ(1)eI=1,4)
ARITE (ws22) (APVSZ{1)e1z5eNA)
WRITE (wr2R) (APYSZ(1)»I=SNB,NC)
WRITE (6023}

REALD {Sel) (UELVSZ{LI) eIzl W)

NA = DELVSZ(3)+4,

NE NA+Y

WG = 2,.*%DELVSZ(3)+4, .

REAL (Se4) (LELVSZ(I) pIzhyNA)
READ (5»%) (GELVSZ(L) pIzNBsNC)
WRITE (6p21) {(UELVSZLII)»Izl,b)
WRITE (0022) (UELYSZ{I)eI=50A)
HRITE (6922) (LELVSZ(1)2I=NBeNC)
FORMAT (L0E&.4)

FORMAT (v0Y s/ 53X tAs AF, DLLTA VS £ TABLESY )
FURIMAT (38Xy BLE13.5)

FORMAT (1Xe 10:13,0)

FORIGAT (0%}

IHOT = @

i
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IF (PTI.GT.TI) IHOT=1

CIHZ0(1} = Ga

CIH20S5(1) = 0.

LIH20L{1) = Qo ...

CIHZ20V (1) = G.

IF (PUNCH.EQe2,0R.PUNCH,EQ.3) €0 TO 20. .
C  SET INITIAL CONDITIONS THROUGBHOUT REACTOR BED

0O 50 I=2.NAXIAL .

CIH2(1}) = CHzl

L£102(1) =. €021

CIHZ0(1)} = CH201

CIH205(1) = CH201X
CIH20L (1) = CHZ0X
CIH20V{(I) = CH201
CIHE{I) = CHEI
T¢1l1 = 711

FT(I) = PTI

50 P{l) = PI
C STARY REACTOR CALCULATIONS
90 CALL MCALC {(HZLEADDEBUG)
91 CALL TMINS (TEMND)
. TOTELT = TEND=TSTART
IF {TOTELTWLTe0,) TOTELTZI440,»TSTART+TENDU
WRITE (60300) TOTELT
100 FORMAT (0% /277 49X tExksss OPERATIONS COMPLETE #ugxsxt /
X 49X *TOTAL EXECUTION TIME:I'»F5.1e" MINUTESHY )
0 TO 6

99 S0P
£END

29


http:PTIGT.TI

“EUBKGUTINE MCALE “(RZLEAD ;DEBUG)
C  ROUTINE TO HANDLE MAIN BODY OF REACTOR CALCULATIONS

LOGICAL DEBUG,H2LEADSSTATE

 INTEGER PASSNOjsPUNCH)REGION

""REAL MHZ2,MO02, MH20 » MHE » MUH2 , MUOZ » MUM20 » MUHE » MU » MBAR » MFH2 s MFO2,
X - MFH20 ¢ MFHE p KAPPA p KP pKCH2 p KCO2  KCH20 p MW ) MULVST y MUZVST s MUBVST,
X MUSVST s KCF ¢ MBARSS

PARAMETER NAX=70, NTI=40

PARAMETER NPP=30, NRTS=200

PARAMETER NX10=NAX=10

COMMON /CBL/ TPP (NPPyNAX) +CO2 (NPPrNAX) rCH2 (NPPsNAX) ¢ CH2O (NPPSNAX) ¢

X . TINAX) o P{NAX) v PTINAX) s H{NAX) ¢ CIH2 (NAXY 1 CT02 (NAX) » CTH20 (NAX) s
X CIH205 (NAX) p CIHZ0L (NAX) » CIH20V (NAX) oy CIHE(NAX) # DELT(NTI) »
X. PPT (NAX)

COMMON /CB2/ ZINAX) s ZSSLANTI) o ZSLL{NTI) »ZLLV(NTL) » ZLVVI(NTI)
COMMON /7CBS/ ALPHAGAMMA sKAPPASHC P KP e AP DELTT  KCH2 1 KCOZ2 1 KCH20 2 TCHR2y .
TCO29» TCHROPCHZ 2y PCOZ s PCHZ0 o MH2 1 MO2 ) MH20 s MHE y HR e HA pHAL s HA2,
AN CH MW DC» TAPDOHZ2 D002, 00H2G s ALPHAK 1 AP 1 DELTA G o MU HS o HL»
HV ) TWe RHOM» WHZ2 s W02y WH2059 WH20L » WH20V ¢ WHE » CFBAR ¢ MBAR» CICPL s
CICPZ2»CICP3I+RHOyRHOVDELHC» TITPS DTDZyDHDZ» TS» TL»DPDZ,DCADZ,
DL&DZ?DC3SDZ!DC3LDZoDC3VDZ|DC4DZ'RHOP CPyDELTP:DPTPS,SDTIME,
PFeTSSPACLVCPREST »6SS r MBARSS .
COMMON /CB&/ NOFZeNPASS NAXIAL » INPERP pMODPC » MODNG, PUNCH'ITSTEPI
JOP e ISHUT » THOT
COMMON /TABLES/ AVSZL{H0) sAPVSZ{40) »yOELVSZ{40) +HRVST(36) s TCL(22)»
TC2(20) p TCAV(20) » TCH(18) pMULVST (34) ¢ MURVST (34) +MUSVST (32)
MUBYST (34} pCFLVST (34) yCF2VST(3U ) s CFIVST{I4) »CFASVT(20)
CFaVST (20) yVPVST (60) s TVSVF(48) «DHCVST. (24)
UIMLNbION MFHZ (NAX) o MFOZ {NAX) ¢ MFH20 {NAX ) y MFHE (MAX) oY (MAX )
MINTONAX Y pTMINTI) e TWT(NTI) vGTI(NTI) ,PRESTTINTL) PP (NX10)}»
TTINXLO) s TPINXLIO) »FH2(NX10) pFOZ(NXL0) yFH2O(NX10) oFHE (NX10)
DATA  RyPIOMEGA KM . A10,73, 5,1415927, 35800, 5 !
GIF {(DOWPeT) = 14, 7*00/?*(T/492 y*%l, 823
KCF (GrRHOPAMLL s AP) = JOL1%G/RHOX (AM/RHO/DT ) vk , 674 (G/AP/AM) ke s 41
******************************* e 3 o 3 o 28 o o e e o o e R ok sl il oK o el e e ek ol ok ** b 2 3¢ 3 ]

po g B I Pt

><>< X)()( >

PROGRAM FLAGS ANY INUICATOR5 )
NOFZ § nue OF INPUT AXIAL STATIONS
NAXIAL: NOFZ+4 {AFPOWS FOR IHTERFACE AXIAL STATIONS)
INPERP; No, OF TIME INCREMENTS PER PASS THRU MESH

MOCPC ¢ MODULAR PASS COUNT INDICATOR USED TO DETERMINE WHEN
SUMMARY OUTPUT SHOULD 8E CALLED

" MODWO ¢ MODULAR NUMBER OF INDEPENDENT VARIABLES USED FOR
PHINTER PLOT OUTPUT

10CT : PROGRAM _COUNT OF THE NO, OF TIMES SUMMARY 1/0 HAS
" - BEEN CALLED

i7
1Z

PROGRAM COUNT OF CURRENT TIME STER INCREMENT

COoOOC OGO OO OC OO OoOns

PROGRAM COUNT OF CURRENT AXIAL STATION
60
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OO COaCOO OO OO OO0 COCROnnNnano

¢

PUNCH i AUXILIARY INPUT/QUTPUT INDICATOR mw-
=1 NO AUXILIARY 1/0
- - 22 _READ AUXILIARY INPUT ONLY . . ..
=3 PUNCH AUXILIARY OUTPUT ONLY
=4 READ AUXILIARY INPUT. AND PUNCH AUXILIARY QUIPUT

ITSVEPL TIME INCREMENT INDICATOR ===
=0 PROGRAM DETERMINES DELT INCREMENTS
=1 DELT INCREMENTS. ARE.INPUT.

THOT § HOT START INDICATOR ==-=
=0 WORMAL START
=1 HOT START

ISHUT 1 REACTOR SHUTDOWN INDICATQOR ===
=0 NORMAL REACTOR OPERATION
=1 REACTOR SHUTDOWN HAS OCCURRED
JOP CONSTANT DELT INDICATOK (USED ONLY WHEN ITSTEP=0) -—w=
=0 PROGRAM DETERMINES DELT AS USUAL
=1 DELT SET CONSTANT AT 001 SEC

MIMT3 § DIFFUSION CONTROL INDICATOR ww=
=y REACTOR CALCULATIONS NOT YET DIFFUSTION CONTROLLED
=1 REACTOR CALCULATIONS ALL DIFFUSION CONTROLLED

-y

e AN R AR R R R AR K O Aok AR R 0RO AR ok kK S ok Rk
INITIALIZL FLAGS AND COUNTERS

IOCT = 9
ITP = 4§
MINT3 = &
JUP = @

NL = %

PASSHO = 1

R §

MODPC = 10

IF (NPASS,LT.10) MOUPCINPASS
DCTEMP = (29160.=6B,%F (1)} /57,
SSTATE = FALSE,

ZEND = Z(NCGFZ)

INITIALLY ALL IMNTERFACES CQINCIDE wWITh EMND OF REACTOR BED

PO 7 I=l#NTI

2556 (1) = ZEMD

ZSLL(I) = ZEND

ZLLVAT) = ZEHD

ZEVV(IY = ZEND

GO TO (102,102,102,111), PUNCH

CALPHA = U

IF (IHOT.EQ.L) 0O TG 33
IF {(TC(1)=DCTEMP)Y 25925,24
SLTATE = ,TRUE,

&0 TO 11y

WO 32 I=1eNAXIAL

MINT(I) = 1

G0 1o 35

DO 34 I=1rNAXIAL

MINIT(I)Y = 2

61
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60 TO 35
111 DO 112 I=1eNAXIAL
112 MINT(I) = 3
¢ DETERMINE APPROPRIATE DELTT .
35 IF (ITSTEP.EQ.1) GO TO 19
TPSMAX = PT(2)
CALL DELTAT
GQ TO 17
19 DELTT = DELT(l)
17 PT(1) = PT{(2) _
¢ SET. INITIAL PARTICLE SURFACE’ VALUES FoRr TEMPERATURE, CONCENTRATION
TRPS = PT(1)
TW = TPS
CH2 = CIH2(2)
€802 = (I102(2)
CSH20 = CIH20(2)
IF {H2LEaAD) GO 71O 121
G = GSS*SART{{(PF~PREST)/Z(PF=P(1)1})
CI0z(l) = CIo2{1)*PREST/P{1)
CIH2¢1) = CIM2(L)*PREST/P(L}
CIHE(1) = CIHE(LY*PREST/P(1)
121 TIME = §.
IF (PUNCH,NE.4%)} 60 T0 113
CALL PREVUS
113 IF (PUNCH,EQ,2,0R,PUNCH,EG,3) CALL RUPNCH{TIMEHW,MINT)
CMSUM = CIH2(1)/MH2+CI02(1)/M024CIH20LL )Y /MH20+CIHE (1) /MHE
MFOZ (1) = CI02(1)/M02/CHM5UM
REGION = 1
Cabl. UNBAR (TVSYP»LeP (1) 0, TLIKRK)
IF (T(1)=TS) 1rle8
8 IF (T{1)~TL) ©»r2yly

9 REGION = 2
GG 10 1
10 REGION =
¢

C BEGIN STEPPING AXIALLY THRQUGH THE REACTCOR

1 IZ = 12+1
IRHUM = O
¢ CHECK IF CALCULATIONS UIFFUSION CONTROLLED AT CURRENT AXIAL STATIGN
MZ = MINT(IZ}
GO 10 (37939,47)y M
X9 IF (PASSNOGEQ.1.AND.IT.EQ,L1) 6O TO 3¢
’ IF (PPT{IZ2)=~PT{12)) 37+37:36
36 SSTATE = (JFALSE,
oU TO 38
37 IF (PT(IZ)=DCTEMP) 3193630
30 MINT(IZ) = 3
GO TO 47
¢  NOT DIFFUSION CONTROLLED «=-
31 SSTATE = JFALSE,
MINT(IZ) = 1}
«0 TO 34
o GIFFUSION CONTROLLED =ee-
47 S55TATE = .TRUE,
IF (PUNCH.NE 43 REGIONZY
38 DELYZP = DELTZ
DELTZ = Z{E2)=2{1Z~ l)
TAV = (PT(LZ=1)+T(1ld=1)) /2,
CALL UNBAR (AVSZe12,2(12«1) 20, rAsKK)
CALL UNBAR (APVSZel e Z(12«1) 0,0 APKK)
CALL UNBAR (DELVSZrl»Z{12=1)+0,:DELTAKK)

62


http:AVSZ,,Z(IZ-1),O,,A.KK

a4
61
62
83

CALL UNBAR (HRVSTeL1rT(IZ~1)00ssHRIKK}
CALL UNBAR KDHCVST;er{IZrL}gp,pQELngKKJ
CALL UNBAR {(MULVSTs1sTAV, 0. pMUH2 KK)

LALL UNBAR (MUZVSTeleTAVQ.sMUOReKK)

CALL UNBAR (MU3VSTr1leTAV0,.pMUH202KK)
CALL UNBAR (MUSVST»1rTAV oD, s MUHE 2KK) .
CALL UNBAR (CFIVSTl,T{IZ=1)+0,,CFH2,KK)
CALL UNBAR (CF2¥STrlseT(I2=1)s0.¢CFO20KK)
CALL UNBAR (CFAVST»lsT(IZ-=1}0,+CFHE»KK)
CALL. UNBAR (TCirleTAV2eDarTHHSKKY. . .
CALL UNBAR (TC2,1,TAV» 0, THOZ»KK)

CALL UNBAR {TC3VsleTAVD,.»THH20,KK)

CALL UNBAR {(TCH4,1»TAVe0, s THHE #KK)

GO TO {2e2p3¢%95)r REGION

CALL UNBAR (CF3S5VTeLleT(1Z=1)20,sCFHR0SIKK)
CFHeoL = 1.0

CFHzoV = 0,
RHOM = 0,

60 T0 6

CFH20S = 0.
CFH2CL = 1.0
CFH20V = Q.
RiHOM = 0O,

GO T0 6 .
CALL UNDAR (CF3VST,1:T(12=1)0,,CFH20V1KK)
CFHZ20S = 0,
CFHzoL = 1.0
RHOM = Q.

GO TO &

CALL UNBAR (CF3VSTel,T(IZ=1)0,CFH2ZOVKK)

IF (1Z.EQ.2) 60 TO 84

IF AH{IZ=1)LToH(1Z=2)) 6C TO 83

IF (T{1Z=1}=TS}) 81,81,82

CALL UNBAR {CF3SVTelsT(IZ=1)r04rCFH2OVIKK)

&0 TO 83

IF (T{IZ=1).LT.TL) CFH20V=1,0

CFH205 = 0.

HHOM = ALPHASCIHZ2(IZ=1)%CI02(1Z2=1)%EXP(=0OMEGA/T{IZ~1})

RHO = CIH2(IZ=1)+Cl02(1Z=1)}+CTHR20S{IZ=~1)4+CIHROL{IZ~1)+CIHROVIIZ~1)

X +CIHE(XZ=1)

RHOS = RHO=CIHaOL{iZ~1)=-CIH20V(IZ=1)

RHOL = RHO=CIH20S{IL=1)=CIH20V(]Z=-1)

RHOV = RHO=~CIH205({1Z2=1)-CTH20L{1Z~1)

SUM = CIH2(IZ-1)/MH24CI0Z(12Z~1)/MO2+4(CIH205{IZ~1)+CIHROL(IZ=1)+
CIHAOV(YIZ=1) ) /MH204CIHE(IZ=1) /FHE

MU = (MUHZ2XCIHZ(IZ=1)/Mri2+MUO2%CI02(1Z2=1)/MO2+MUH20*{CIH205{IZ~1)+
CIH20L (IZ=1)+CIH20V(12~1) ) /MH20+MUHE*CIHE(IZ=1)/MHE) / SUM

MBAR = RHOV/{CIH2{1Z=1)/MH2+CI02(1Z=1)/MOR+CIH20V(1Z2=1)/MH20+

CFBAR = {CFH2%CIHZ2(IZ=1)+CFO02%CI02{172=1)+CFH205%CIH20S{IZ2~1)+
CFH2OL*CIHZ20L(I1Z~1)+CFHR2OV#CIHROV (12~=1) +CFHEX*CIHE(IZ=1)} 7
RHO

DIHZ = DIFCOOHZyP{I4=1)T(1Z2=1))

D102 = DIF{LOO2yP{IZ~1)»T{IZ~1))

DIH20 = DIF(DOH20,P(12=1),T(1Z2=1))

KCHz = KCF{G)RHO,MUDIHZ,AP)

KCOz = KCF(G)RHO,MU,DIOZ,AP)

KCH20 = KCF{GyRHO»MU»DINM202AP)

SUMC = CIH2{IZ~-1)/MH24CI02(IZ~1)/M02+CIH20(IZ=1}/MH2O+CIHE(12Z=1}/

X
X
X CIHE(IZ~1)/MHE)
X
X

X MHE

THERMC = {(THH2#CIH2({IZ=~1)/MH2+THO2%CI02{I2=1)/MO2+THHR0*
' 63
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X CIH20(12=1) /MH20+THHE*CIHE ( 1Z=1) /MHE ) /SUMC
HC = BL4CFBARKGK (6/ (APHMU) ) %=, 4 14 (CEBARMMU/THERMC ) #=, 667
MW(IZ) = HC
 HW(L) = HW(2)
58 "TIF (SSTATE) GO 10 60
¢ PARTICLE ANALYSIS w== TRANSIENT
CALL PCALCT (CSH2»CS02,CSH20sTPS,DCTEMP, 1T+ 1TP)IZ,PASSNOsNCDEBUG)
ITP = 1T L
IF (NC,EG,0) GO TO 59
JPST = (PT{1Z2)=PPT{I1Z))/DELTP*(DELTP+DELTT)I+PPTL(IZ)
IF (TPST,LT.DCTEMP) TPST=DCTEMP
TPS = TPST
€502 = CI02(1Z2)=HC/ (HR*KCO2) % {T{1Z)=TPS)

CsHe CIH2{1Z) =2 ., %KCO2/KCH2*#MHZ/M02x (CI02(IZ)}~CS%02)
CsH20 = 0.
G0 . T0 B

¢ PARTICE& ANALYSIS o=~ STEADY STATE
60 CALL PCALCS (TPSeCS02+CSH2 e CSH20,CL0aPRIZ e MINT)

59 TITPS = T{IZ=1)=TPS
CICP1 = CIH2(IZ~1)=C3H2
Ci1CPR2 = CI02({1Z=1)=~CS502

CICPA = CIH20V(IZ-1)=CSHRO
IF {CSH20) 85,85,86
85 CICP3 = 0,
86 WHE = CIH2{IZ~1}/RHU
Wo2 = ClQ2(1Z=~1}/RHO
WH20S = CIH20S(1zZ2-1)/RHo
wWH20L = CIHzOL(1Z2~1) /RHO
WH20V = CIH20V{IZ=1)/RHO
IF (REGIONGNE.D) 60 TO &7
WH2US = (.
WH20L = 0.
87 WHE = CIHE(IZ=1l)/RHO
¢ MAKE DERIVATIVE CALCULATIONS
900 CALL DERIV (CI02PRDELTZ IZ»HEGION)
CIOZ{IZ) = ClO2(1Z2~1)+0C2D2*DELTZ T
IF (CIOZ2(IZ) LT 0s e AHDRHOM,GT.D,) &0 TO 901
IF (IRHOM,EW.]) CI102(1Z2)=0,
Gu TO 903
9yl RHOM = O,
IRHOM = 1
GG TO 900
203 P(IZ) = P(IZ-1)+DPUZxDELTZ
C TEST FOR NEGATIVE PRESSURE
IF (P(1Z)) 905rul+6d
63 T(IZY = T(IZ~1)+DTDZ4DELTZ
IF (TUIZ2YLTTL)Y T(IZ)=T (1}
PFT(IZ) = PT(1Z)
PT(1Z) = TPS
FT(1) = PT(2)
H{Iz) = H{IZ=1)}+DHDZ4DELTZ
IF (H(IZ¥ LT, H(1zZ=1}} REGIOQNSS
IF (H(IZ).LT,0.) HIZ)=0,
CIHZA(IZ) = CIH2(I1Z=1}+DCIDZADELTZ
CIHZ20S(IZ) = Clm205(1Z2=-1)+0CSSbis*xDELTZ
CIH20L(12) = CIH20L{IZ-1)+DC3LDI*DELTZ
CIH20V{IZ) = CIH20V{IZ~1)+DC3VDL#DELTYZ
IF (REGIONSNE.5) 60 TO &&
CIHz0S(1Z) = 0,
CIMZOL(IZ) = O,
44 CIME(IZ) = CIHE(IZ=1)4DCU4DZ*DELTZ
IF (CIMZ2(1Z)+LT,0e) CIHZ(IZ)=0,

6l
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TIF (CY02(I2).L¥.0.) C102(1Z)=0,

IF (CIH20V{IZ) LT+0.) CIHR20V(IZ)=0. .
1F {CIHE(IZ).LT.O } CIHE(12)=0,

(i) 4CIHSOL (121 +CX
CALiL UNBAR (TVSVP1sP(IZ) 40, s TLKK) .
. CMEUM = CIH2(IZ)/MHE+CI02(12)/M02+CIHRO(TIZ) /MH204CIHE(IZ) /MHE
MFOZ(1Z) = CI02(I1Z)/M02/CMSUM
IF (SMFOR(IZ)obTaeOL¥kMFOR(3) ) o AND S (PTAIZ) 6T LT(1) 430,300 MINTLIZ) .

R ]

X . =3

DQ. 91 1z2sNAXIAL
IF (MINT(I)=3) 140+91,140
CONTINUE

BEGIN TESTING FOR. INTERFACE LOCATIONS

G0 TO (100,310¢120,130,140) REGIQN .

< SOLID/SOLID=LIGUID INTERFACE

100
101

IF (T(IZ)=TS) 51,101,201 .
CALL OVSTEP {ZENDoIZvPASSNO REGION)
GO TO 140

C SOLID=LIQUID/LIGUID INTERFACE

115,

IF (CIHA0S(IZ)} 101.101,51

C LIQUID/LIGQUID=VAPOR INTERFACE

120

IF (T(IZ)=TL) 91,10L,101

< LIQUIO=VAPOR/VAPOR INTERFACE

130
C
140
51
70

IF (CIH2OL(IZ)) 101.101,51

END OF REACTOR BLb

IF (Z{1Z)=2END)} B5l.70s101

IF {I1Z,LT.NOFZ) GO TO %

MM1 o NOFZ2-1 :

DTWOT = (PIxDOCRRSUM(NML)=~ AW*(HA*(TW-TA)+HA1*(TW~TA)**1.c5+HA?*
X (ThxxUwTA%EL) ) )/ (Mb*Cui )

Te = TW+DTWOTDELTT

C  CALCULATE MOLE FRACTIONS

=%

83

C
118
C

107

DO 53 I=teNAXIAL

CMSUM = CIH2(I1)/MH2+CI02(T1)/M02+4CIH20{1) /MH2O+CIHE (1) /MHE
MFHZ (1) = CIH2{})/MHz/CMSUM

MFO2(1) = CIQ2(1}/M02/CMSUM

MFHeO(I) = CIHaO({I) /MH20/CMSUM

MFHE (I} = CIHE(])/MHE/CMSUM

1F (MH2LEADUR,TIME.GT.SOTIME) G0 TO 118

DPDT = RxT(IZ}/MBAR+AC/VC¥{G-PRLST*GSSKSQRT (MBAR*TSS/ (T (12) *MBARSS
X Y)Y/B(L))

PPP = R#AC*OSS/(VOxP (1) *SQRT{MBARSS/TSS) )*SURT(T(1Z) /MBAR)
DPDT = OPDT*(14=~EXP(=PPPxDELTT) )/ (PPP*DELTT)

PREST = PREST+DPDTHUELTT

G = GLES*SART((PF-PREST)/(PF-P(1)))

C102(1) = CIQR(1)*PREST/P(L)

CIHZ2(1) = CIH2{1)Y#*PREST/P(1}

CIHL (1) = CIME(1)Y*PREST/P(1)

END OF REACTOR HAS BEEN REACHED FOR CURRENT TIME STEP

TIME = TIME+DELTT

CHECK FOR DEBUG PRINY

1F (DEBUG)Y CALL DEBUGI(TIME,IT)
IF (PUNCH.EG,%) G0 TO 1c4

DO 107 I=2eNAXIAL

IF (MINT(X)=3) 104,107+104

CONT INUE

‘CALL RPNCH4 (TIME)

MINT3 = 1

NPASS = PASSNO

G0 To 108.
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104 IF (ISHUT,EQ.1) 60 TO 42
C TEST IF SHUTDOWN TIME HAS BEEN REACHED
IF (TIME-SDTIME) H2:42+40
C . SHUTDOWN mm=
40 ISHUT = §
. READ (5,481) CIH2(1),CI02(1)
L4 FORMAT (2E10,.5)
42 iT = IT+1
1Z =1
REGION = 1
1IF (T(1)=TS) 78;78;76
76 IF (T{1)=TL) T4,74,75
T4 REGION = 3
50 TO 78
75 REGION = 5
78 IF (PUNCH,NE,4} 60 TO 89
CALL DELETE (PASSNO)
NOFZ = NAXIAL=4
C DETERMINE APPROPRIATE DELTT FOR NUoXT TIME STEP
&89 DELTP = DELTY
TPOMAX = FMAX({PTNAXIAL)NAX,1)
CALL DELTAT
IF (ITSTEPNE.L,OR,JDP,EG.1) GO TO 26
IF (TPSMAX=380.) 36s&3923
23 JOP = 1
CELTT = L0011
GPTPS = TPSMAX
2b IF (IT.LELINPERP) GU TO 1
C COMPLETION OF A PaASS === CiIECK OUTPUT REQUIREMENTS -
168 iT =z 1
He = PASSNO
" MOLPC = NO, OF COLUMNS OF PRINT UN SUMMAKY GUTPUT PAGES - MUST BE
¢ RESET AS PASS nUMSER COUNT (PASSHQ) EXCEEDS 10 ——— MAX, NO, OF oUTPUT
L COLUMNS PER PAGE IS 10 === I0CT 1S COUNT OF HOW MANY TIMES SUMMARY
C OUTPUT HAS BEEN PRINTED wmwew MAX, OF 3 TIMES (IOCT = Dele2)
IF (I0CTEQ.Q) 60 Td bh
G0 TO (56+57)Ye 10CT
Lo MODPC = NPASS~L1(
G0 TO 55
a7 MODPC = NPAS3—Z20
H5 TWT(PASSNO) = Tw
TH{PASSNG) = TIHE
IF (HRLEAD OR,TIME.OT,.SDTIMEY 60 10 2
OT{PASSNO} = 6
PRESTTIPASSIHO) = PREST ’
o PASS COMPLETE == SET UP TEMP» PRESSUREr MOLE FRACTIONM CURVES FOR
. PRINTER PLOTS
28 CalL SETUP (TMaNFHZ»MFOZ p MFHAD » MFHE » FPASSNO s K KM)
. STURE TEMP, PRESSUREr MOLE FRACTIUN PROFILES FOR LATER PRINTOUT
D0 ©2 I=1eNOFZ
MKT = M+MODPC#(I=1}
TTIMRT) = T{I)
TRPIMKTY = PT(I)
PP{MKT) = P(I)
FH2 (MKT) = MFH2(I)
FO2(MKT) = MFQ2(I)
FHEO(MKT) = MFH&0(I)
02 FHE (MKT) = MFHE(I)
M = M+l .
IF (ITSTERLEQ.U} GO TO 27
DELTT = DELT{PASSMNO}
¢ call. GUTPUT EVERY 10T+ PASS AND AERTER LAST PASS
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27 IF (MOD(PASSNO!IO) EQ, 0 OR PASSNO.EQ NPASS’ GO TO 63
PASSNO = PASSNO+1
C RETURN TO INLET
JURTRUURONY < 1+ S £ ¢ 9 §
63 NNAX = NAXIAL
NAXIAL = NOFZ .
CALL OUTPUT (TM,TT»TPy PP!FHZ!FOZ:FHEO!FHE!NI!NE'IOCT)
CALL TMPRNT (TMpTWTNIeN2) .
IF ( NOT H2LEAD AND,TIME LT, SDTIME) caALL TMPRP(TM:GT PRESTTlNlnNa)
e NAXIAL. = NNAX ... . .. ..
M= 1
N1 = N2+1
PASSNO = PASSNO+i
IF (MINT3,EG.Q). 60 TO 73
WRITE (6.79) TIME
79  FORMAT ('1' 46X 3B(**%) / 47X '« GO T0 ALL DIFFUSION=CONTROLLED RU
XN xv 2 HTX tx TIME =t E9, 4t SECYy X%t 7 47X, 3A('%Y)
X . )
IF {ISHUT.EG.1) GO TO 72
c DUMMY READ STATEMENT POSITIONS PAST FINAL INPUT CARD IF SHUTSOWN TIME
C HAS NOT BEEN REACHED )
71 READ (5r41) DUNMYL,DUMMYZ ’
" RETURN TO MAIN PROGRAM IF CASE HAS REACHED ALL DIFFUSION CQNTROLLED
C STATUS {MINT3=1) --~ EVEN IF AMIDST A PASS
72 RETURN
73 IF (PASSNO.GT.NPASS) 60O TO 77
C RETURN TO INLET
GO TOo 1
77 IF (PUNCH.EQs1.0R.PUNCH,EQ43) CALL RPNCH3(TIMEHW,MINT}
IF (ISHUT.,EQ.0) G0 TO 71
RETURN

¢

L ERROR MESSAGES FOLLOW we=

905 WRITE {69902) P(IZ)sDPLZ,IT,PASSNOYIZ»REGION

902 FORMAT (0t 5X, 120('%') s/ 26X 'ERROR =w= L RROR* s 53X *PRESSURE
X HAG GONE NEGATIVE' / 48X 'p =',E11,5s 5X 'OFDZ =t',E11,5 /
X 52X 'TIMEL INCREMENT*I3s* OF PASSY,13 /
X 51X 'AXIAL STATION'» {4y * se. REGION'y 12 // 5Xp120(t%1) )
CalL EXIT

INTERNAL FUNCTION ANU SUBROUTINE SUDB=PROGKAMS FOLLOW wwm

oo o

FUNCTION RSUM {wWML)
RGUN = 0,
p0 101 I=1i,phiadl
101 RSUS = RSUMH, S (HW(1+3)x(T(I+1)=TW) W I Rk {T{I)=Tw} )% (Z(I4+1)=Z(1))
BETURN

SUBROUTINE PREVUS
ROUTINE TO SET UF AMD INTERPOLATE TEMP, PRESSURE, CONCENTRATION VS Z

g R ol o [eR @

BIMENSION TABLUL(84)»TABLEZ(84) TABLES(84) » TABLEL(84) 42T (40},

X PTT(40)CO2T(LO) »CH2T(40) 2 CH20T(40) s TABLES(84) , TTTI (40)
DATA (TABLEL(I) 1 IS1e4) / Doy Loy Our O, /

DATA (TABLEE(I)IIzqu) / Oal lq' 0.' 0. /

DATA (TABLE3(I)}2I=1+s%) / Dur 1us Dar Oy /
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DATA (TABLE4(I)»I=1+4) / Bar L4r O4r 0. 7

DATA (TABLES(I)eI=194) / Gay Lor . 0cr 0o /

CALL RPNCHZ2 (TIMEsNAXT»ZToPTT¢CO2T»CH2TCH20T)TTI)

TABLEL(3) = NAXT
TABLEZ(3) = NAXT
TABLE3(3) = NAXT
TABLE4(3) = NAXT
TABLES(3) = NAXT

DO 1 I=1yNAXT
TABLEL (1+4) = ZT(I)

TABLEZ (I+4} = Z7(I)
TABLE3(I+4%) = ZT(1)

TABLE4 (I+4) = ZT(I)

TABLES (I44) = ZT(I)

DO 2 I=1yNAXT
TABLEL(I+44NAXT) = PTI(I)
TABLEZ (I+4+NAXT) = CO2T(I)
TABLE3(I+4+NAXT) = CH2T (1)
TABLESG ( I+44NAXT) = CH20T(I)
TABLEB (I+4+NAXT) = TTI(I)

DO 3 I=1lsNAXIAL

CALi. UNBAR (TABLEL21+Z(1) 04 rPTLI),KK)
CALL UNBAR (TABLE2,1rZ{(1)+0,»CI02{1)sKK)
CALL UNBAR (TAGBLE3+19Z(I)e0.2CIH2LI) KK}
CALL UNBAR (TABLEL L vZ(1)»0,»CIH20(I)1KK)
CALL. UNBAR (TABLES»1»Z{I)s0,»T(1)+KK)
CIHzOV(I) = O,

RETURN

SUBROUTINE DELTAT

ROUTINE TO DETERMINE APPROPRIATE wELTA T INCREMENT BASED ON- TEMPERATURE

IF (ITSTEPW.EQ.1} GO TO 9
IF (B7.*TPSMAX+12.#P(1)=1T7280,) 10s1091
IF (57 .%TPSMAX+12.%P(1)=1999G,.) 11,11,2
IF (100.*TPSMAX421.%P(1)-38000,) 12,123
IF (TPSMAX=380.) 1313s14

BELTT = ,001
JOP = 2
DPTPS = TPSMAX
GO TO 9@
DELTT = ,002
60 10 9
DELTT = L01
GQ T0 ¢
DELTY = ,05
GO T0 9
DELTT = 10
RETURN

EnND
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SUBROUTINE DERIV (CTO8PR,DELTZ, IZ/REGION)
ROUTINE TO CALCULATE DERIVATIVE EXPRESSIONS IN EACH REGION

INTEGER REGION

REAL KCH/KCO2 s KCHRO MH2 1 MO2 1 H20 MHE 1 M2 MBAR

PARAMETER NAX=70, NTIz=40

PARAMETER NPP=30

COMMON /CB1/ TPPINPPNAX) »COZ (NPPeNAX) » CH2 (NPPaNAX) s CH2C (NPP o NAX) »
X TINAX) pP(NAX) yPT(NAX) pHINAX) pCIH2 (NAX) pCIO2 (NAX) yCIH20 (NAX),
A CIHZ20S (NAX)Y s CIHZOL (NAX) s CTH2OV {NAX ) » CIHE (NAX) +DELT(NTI)

X PPT(NAX) e

COMMON /CB2/ Z(NAX)!ZSSL(NTI)iZSLL(NTI);ZLLV(NTIJrZLVV(NTI)

COMMON /CB3/ ALPHA ) GAMMA , KAPPA ) HCyKPp ArDELTT o KCH2 o KCO2p KCH20 e TCHZ »
TCO2y TCH20PCHZ2 s PLO2Z2,PCH20 s MH2 ; MOZ2 ¢ MH20 » MHE s HR s HA»HAL 1 HAZ,
AWeCWoliW e DC» TAPDOHZ v D002 DOHZ0 1 ALPHAK AP ¢ DELTAs G MU HS o HL
HV s TW ¢ RHOM p WH2 » WO2 ) WH205 » WH20L. , WH20V » WHE » CFBAR ,MBAR,CICP1,
CICP2yCICPIYRHO Y RHOV e DELHC » TITPS 1 ODTOZ e DHDZ e TS TLoDPDZ.DCINL,, .
DC2DZ DCASDZI0CINDZyDCIVOZDCUDZ RHOP o+ CP e DELTP DPTRS y SDTIME,
PF TS5 AC ) VCyPREST s 655 MBARSS
COMMON /CBU/ NOFZsNPASSyNAXIAL » INPERP ¢ MODPC o MODNQ » PUNCH» ITSTEP
JOPp ISHUT 2 THOT

DATA DELHF/143,4/
IF (1Z.EQ.NOFZ) 60 TO 10
OIPR = Z{1Z+1)=Z(1d=-1}

.10 FACTL (14~EXP (~KCH2%AP*RHOV*DELTZ/6) ) /A (KCH2*AP#RHOV*DELTZ/6)
FACT2 (1ls=EXP(=KCOZ¥AP*RHOV*DELTA/G) ) / (KCOZ*AP*RHOV*DELTZ/G)
FACT3 {(1,=EXP(=KCH20#APXRHOV*ELTZ/6) ) /{KCH20 xAP+RHOV*DELT2/G)
FACT2P = (l.~EXF{=~KCOZ2*AP*RHOV=DZPR/G) )/ (KCOZ*¥AP*RHOV*DZPR/G)

o0

> )<¥:K><><X

iy

DRILZ = (= (RHOMDELTA4KCHA*AP*CICPL) /G)*FACTL

DW2UZ = (~(RHOM<DELT A%, 5xMO2/MH2+KCO2xAP¥CICP2) /6 )*FACT2

Uw3LZ2 = {{RHOMADELTA®MHZO/MHZ=KCH20=AP*CICP3} /6 ) %FACTS

CDW2DZP = DW2DZxFACTZP/FACTZ

Uwlnz = O,

DPDZ = (DELTA=1,.,) /{148 4DELTA®:F) %1, 75475 xMU (] . =DELTA) /7 (A%G) %
X (GxG/ [O4 JHRAXNHO) ))

GO TO (1+22+3+%95)» REGION
C ICE RLGION
i HRD = 4.,
DELTAH = DELHC+OHELHF
DH3DZ = DW3IDZ/FACTS

SuwbDZ3 = Q.
LWAsSDZ = DWan2
Dw3LDL = 0.
Uw3vDZ = 0,

®3 = @,

HFACT = 0.

RHOL = RMO/{].=wHZ05%)
OwdDZ = DWaDZ
RHOz = RHOV/EHO
G0 10 &

< 1CE~LIQUID REGION

4 hHD = D

fisl. = H(IZ~1)+UELHF»9H20%
DELTAH = DELHCHUELHF* (HSL-H(IZ~1) )/ {HSL-HS)
Dw3NZ = DM3DL/FACTS
Dﬁ023 = 0O,
DWASPHZ = DWIDZ* ( (HSL=H(TZ=1) )/ (HSL=H5) )=DHDZ/ (HS5L~HS)
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SUBROUTINE PCALCT (CSHEvCSOZrCSHEOvTPSPDCTEMP:ITcITP IZ.PASSNO,
X, NCON:DEBUG] -

ROUTINE TQ.DO PARTICLE ANALYSIS OF TEMP, CONCENTRATION DISTRIBUTIONS
AT PRE-STEADY STATE (TRANSIENT) CONDITIONS

LOGICAL DEBUG

INTEGER PASSNOsPUNCH
REAL LAMDA-LAMDAOrKAPPApKPchozyKCHarKCH20nMOZ.MHE.MHEO
PARAMETER NAX=70, NT1=4Q
PARAMETER NPP=30, NRTS=200

COMMON ZCBL/ TPFLNEPPNAXJAQQZ(NEPLNAKLLCHELNPRJNAXJzﬂHZQiNEEJNAXlA“

)-C Eoae A A - A

TINAX)Y o P{NAX) o PTINAXY o H(NAX) pCIH2 {NAX) »CIO2 (NAXY »CIH20{NAX ) »
CIH205 (NAX)Y 1 CTH20L (NAX) s CIH20V (NAX) » CIHE (NAX) o DELT (NTI}»
PPT{NAX)
COMMON /CB3/ ALPHA»GAMMA s KAPPA yHC v KP e ArDELTTrKCH2 s KCO2 2 KCH20 TCH2 »
TCOZ2» TCHZ20 s PCH2 2o PLOZ s PCH20 s MH2 ¢ MOZ 9y MH20 0 MHE y HR s HA 1 HAL # HAZ

AW CH oMW e IC o TA»DQHZ2 + DODZ ¢ DOH20 L ALPHAK s AP» DEL TA 2 Ga MU HSsHL s .
HY » TH» RHOM o WH2 » WO 2 , WH205 , WH20L » WHROV o WHE « CFBAR ¢ MBAR Y CICPL,
CICPZrCICPIRHEO:RHOV e DELHC r TITPS+DTDZ o DHDZ » TS TLe DPDZ e DCIDZ
DC2DZ,DCISDZ,DCILDZyDCIVDZ,DCUDZyRHOP » CP#DELTP »DPTPS y SDTIME,
PFeTSS AC VC s PREST 1 G55 MBARSS

COMMON /CB4/ NOFZNPASS,NAXIAL ¢ INPERPF ¢ MODPC o MODNO s PUNCH» ITSTEP,

JOP L ISHUT ¢ IHOT

1 IMENSION GRT(NPPvNPP)o&RTI(ﬂPPtNPP)9GRTTI(NPP1NPPlpGROZ(NPPrNPP)r

D

GROZI(NPPyNPP} ¢ GROZTI (NPP NPP) £ GRH2 (NPP oy NPP )  GRH2I (NPP+NPP) &
GRHETI(NPP:NPP)rTP(NPPrZ)tCPOZ(NPPlE)rCPHZ(NPPta)rCPHEO(NPPr

2) 1 RHET (PP 2) s LAMBA (NPP) » LAMDAD (NPP) »RATE (NPP) s RTT{NRTS) »
RTOZ2 {WRTS) s RTHZ (NRTS) o F (NPP)

UATA  PI/3:1415927/1RADP/ (OS6E=T7/1TOL/ 0001/ »MAX/25/

PARTICLE ANALYSIS NOMLNCLATURE FOR 02 + 2H2 === 2H20 REACTION

£soz2
CSH2 3
LSH20 3
75 :

CPO2(1s1}
CPH2(TI01)
CPH20(I,1)

TP{I+1)

CPO2(1.2)

cpoz2all)

CPH2(1e2)
CPH20(I1.2)

TP(1:2)

CiH2
c1o2
CIH20

T
P

e By 4 WE e

ooz
DH2
OH20

LA L

PARTICLE SURFA

CE CONCENTRATION OF 02

PARTICLE SURFACE CONCENTRATION OF H2

. PARTICLE SURFA

PARTICLE SURFA
PARTICLE
PARTICLE
PARTICLE
PARTICLE
PARTICLE

v B S B

PARTICLE

-y

PARTICLE
PARTICLE
PARTICLE

"8 8 &0

INTERSTITIAL C
INTERSTITIAL C
INTERSTITIAL C
INTERSTITIAL T
INTERSTITIAL P

KNUDSEN
DIFFUSION
COEFFICIENTS

CE CONCENTRATION QF H20
CE TEMPERATURE
CONCENTRATION DISTRIBUTION OF 02 AT TIME 1
CONCENTRATION DISTRIBUTION OF H2 AT TIME 1
CONCENTRATION DISTKRIBUTION OF H20 AT TIME 1
TEMPERATURE DISTRIDUTION AT TIME 1
CONCENTRATION DISTRIBUTION OF 02 AT TIME 2 .
{GUESSED)
CONCENTRATION DISTRIBUTION OF G2 AT TIME 2
(CALCULATED)
CONCENTRATION DISTRIBUTION OF H2 AT TIME 2
CONCENTRATION DISTRIBUTION OF H20 AT TIMF 2
TEMPERATURE DISTRIBUTION AT TIME 2. . .

ONCENTHATION OF H2
ONCENTRATION OF 02
ONCENTRATION OF H20
EMPERATURE

RESSURE

T0
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<
c
G

CO0MOTOOCOOCOoCOCnNCOOCOCO0n0

28
25

23
21
20

93

RTOZ2(N) —
RTH2 (N} CHARACTERISTIC ROOYS OF

: ARRAYS CONTAINING
RTH20(N)}$ _ THE EQUATION X#COT(X)+(PHI*A=1) = 0

RTT{N) HEAT TRANSFER (RTT)» AND MASS TRANSFER (RT02sRTH2,RTH20)

LAMDA(I) : NORMALIZED RADIAL POSITIONS
LAMDAO(I)! WITHIN THE CATALYST PARTICLE

GRT . 3 GREEN'S FUNCTIONS USED IN_PARTICLE

6RTI 3 TEMPERATURE DISTRIBUTION CALCULATIONS

GRO2 ¢ GREEN'S FUNCTIONS USED IN PARTICLE CALCULATION

GRO2I ! OF OXYGEN DISTRIBUT.ION

GRH2 5 GREEN'S FUNCTIONS USED IN PARTICLE CALGULATION

SRHZI I OF HYDROGEN DISTRIBUTION

GRH20 ! GREEN'S FUNCTIONS USED IN PARTICLE CALCULATION
GRH201: OF H20 DISTRIBUTION

RADP ¢ PORE RADIUS OF CATALYST PELLET

TOL. ¢ TOLERANCE USED FOR CONVERGENCE CHECK ON 02 PROFILE
MAX 3 MAXIMUM NO. OF ITERATIONS ALLOWED

NPP : NO, OF POINTS/PROFILE WITHIN CATALYST PELLET ..

WRTT ¢ MAXIMUM-NUMBER OF TERMS USED IN SERIES EXPANSION FOR
NRTO2 § OBTAINING GREEN'S FUNCTIONS + 44

NRTH2 8  NRTT === TEMPERATUREs NRTO2 === OXYGEN:

NRTH203 NRTHZ we= HYDROGEN) NRTH20 === WATER

DRFARADP»TrWT) = 237*RADP*SQRT(T/NWT)
DF(PC/PCH2 o WTpWTHZ22ToPpTCHTCHZ) = G42E~6xCBRT(PCHPCH2) #SQRT (1, /W

X . +1a/WTH2) xTx%1,82%3 / (PE{TC*TCH2) %% ,495)
R = A
DT = DELTT
CAPPA = KAPPA
NPl = NPP=~1
ITER = 0
KOUNT = ©
NCON = 0 o
IRATE = 0
NEWOT = ©

IF {PASSNOWEQ,1.AND,.IT.EQ.1) GO TO 21
IF (ITSTEP.EQ.1.ANDPASSNOEGQ,1) 60 TO 20
IF (ITSTEPEQ.1.AND,JDP,EQ.0) 60 TO 25
IF (JDP,£@,0) GU TO 28
TPS%x = DPTPS+54,
IF (PT(I2),6T.TPSX) GO TO 23
CHECK TIME INCREMENT WITH PREVIOUS DELTT === MUST CALCULATE NEW GREEN'S .
FUNCTIONS IF DIFFERENT
IF (DELTP=DELTT) 21:20,21
IF (DELT{PASSNQ)=DELT(PASSNO~1)) 21,20,21
NEWDT 1S INDICATOR FOR NEw TIME INCREMENT ...
NEWDT = (@ =e«= INCREMENT yNCHANGED
NEWDT = 1 ===~ NEW INCREMENT IN USE
DPTPS = PT(IZ)
HEWDT = 1
1F (PUNCH.EQ.2.URPUNCH,EQ.3) GO TO 93
IF (PASSNO.EG.14AND,IT,E@,1) GO TO 43
SET PARTICLE CONCENTRATION, TEMP, RHET PROFILES FROM SURFACE VALUES

CALCULATED AT PREVIOUS TIME INCREMENT
DO 42 I=1yNPP

CPO2(I,1) = CO2(Ield)
CPH2{I,l) = CHZ2(I»12)
CPH20(I+1} = CHZO(I»IZ)

7L
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42

- RHEX(I,2). 5 RHET(Ie1) . -

1
B4

71

26
24

1a

59

TP{I,1) = TPP({I,14)

RHET(Is)) = ALPHAK#CPO2(Ip1)#%,8%EXP (=0AMMALTP(Is1)) ..
RHET(I:2) = RHET(Is1)

G0 _TO 44

PO 1 IzlyNPP

CEQE[I.LI.E £602 . . .

CPH2(I,1) CSHZ

CPHZO(I;l] = CSH20.

RAET(I,1) = ALPHAK*CPOE(Ir1)*#.B*EXP(-GAMMA/TP(1:1))

TP{I,1) = TPS
NRTT = A*SQRT (23,037 (KAPPAXDELTT))/PI+.5
IF (NRTT,G6T.NRTS) NRTT=NRTS '
PHIT = HC/KP

SOLVE FOR ROOTS OF EQUATION X#COT(X)+C = 0, .e¢ C=HC/KP2A=1,
£ = PHIT*A=1, .

HEAT TRANSFER
BLOWER Pl/2.

RUPPFER Pl

DO 2 N=loNRTT

CALL ROOT {(RLOWER(RUPPER, CtRTT(N)rN]

RLOWER = RLOWER+P1

RUPPER = RTT{N)+PI

OKQ02 = OKF(RADP,T(1IZ)M02)

DkHz = DKF (RADP,T{1Z) MH2)

IF (P(IZ).LT.4001) 90 TQ 18

IF {PUNCH.EQ.2.0R-PUNCH,EQ,3) G0 TO 71

IF {(PASSNO.EQ.L.AND.IT.EQ.L)} GO TQ 26

TEMP = PT({I1Z) :

60 TO 24

TEMP = T(IZD)

PO2 = DF(PCO2rP(HR2riM02 9y MH2» TEMPP(IZ)»TCO2¢ TCH2)
pH2 = DF (PCH2 o PCH2 o MH2 pMH2, TLMP P (12} » TCH2» TCHZ)

po2 DO2% {1, ~EXP (~DKO2/002) )
LH2 DH2# (L y=EXP {=-DKH2/DH2) )
GO 7O B0

pu2 = DKo2

DH2 = DKH2

PHIG2 = KCO02/D0e

PHIAZ2 = KCH2/0H2 -
SOLVE FOR ROOTS OF THE EQUATION X%COT(R)+C = Ua === CzKCHZ/DH2%A=1,9

. C=KT02/D02¥A=1 4

C=KCH20/0H20%A=1,

NRTOE = AXSURT(23,03/(Do2xDELTT))/PI+,5

NRTAZ = A%SQRT(Z23.03/(DH2*LELTT) I/ RI+.5

IF (NRTOZ2.GT.NRTS) ARTOZ2=NRTS

IF (MRTHE«OGT NRTS) NRTHZ2=MRTS

RLOWER = PI/2,

RUPPER = PI

MASS TRAMNSFER

CA = PHI0Z%A-1,

DU & H=1p,NRTO2

CALL ROOT (RLOWER(YRUPPER»CASRTOZ (M) o)

RLOWER = RLOWER+PI :

RUPPER = RTO2(N)+P1

CB = PHIH2%A~1,

RLOWER = Pi1/2.

HUPFER = Pl

DO 4 N=l,NRTH2

CALL ROOT (RLOWER»RUPPER,CByRTHZ (N} #N)

RLOWER RLOWER+P1

RUPPER RTH2 (N) +PI

HH
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¢ SET UP RADIAL STATIONS WITHIN PARTICLE ON FIRST ENTRY TO ROUTIN
DEL = 1,/FLOAT(NPP)
LAMDA(L) = O,
LAMDAO(1) = 0,
DO 8 T=2,NP{
LAMDA(I) = LAMDA(I=1}4DEL
8  LAMDAO(I) = LAMDA(I)
LAMDA (NPP) = 1,0
LAMDAO (NPP) = 1,0

¢
¢  CALCULATE INITIAL GUESS FOR PARTICLE CONCENTRATIUN DISTRIBUIIUN UF UZ
C
19 NT = NRTO2 )
DO 150 L=1,NPP
DO 100 [=2.NPP
IF (NEWDT.EQeQeORITPLEQ, IT.O0RITER,GT.0) 60.TO0 9 .
IF (I.LT.L) GO0 TO 7
CALL GREEN (LAMDA(L)»LAMDAD(I) RTO2/)DOR,PHIO2¢6ROZ(LrI)
X GRO2I (Lo 1) +GRO2TI{LsY)+DTHReNTL)
G0 T0 9
C  GREEN'S FUNCTIONS SYMMETRIC W,R.T, LAMDAy LAMDAD === G(L,L0}=G{LO,L)
7 GROZ(L I} = GROZ({I:L)
GROZI(L»I) = GROZI(INL)
GRO2TI(LeI) = GRO2TI(INL)
9 IF (L.EQ,1) 6O TO 30
F(I) &.*LAMDAO(I)/LAMDA(L}*(-A**Q/EOE**a*(RHET(Irz)-RHET(I 1))/

X DELTT#GRO2TI(L s I)=A%*2/DO2*RHET (1, 1) *GRO2I(L, 1)+
X (CPO2(1,1)=CI102(12))*GRO2(L,1))
G0 TO 100
ad F(I) = 2% (=Adkb/D02+%2% (RHET{I2)=RHET (1,1) ) /DELTT#GRO2TI (L I) =A%
A *2/D02%RHET(I» 1) *GROZ2I (L, 1) +(CPO2(Is1)=CI02(IZ))I*GROZ(LsI))
100  CONTINUE
BLUM = 0,

D0 133 I=1.NP1
133 RSUM = RSUM+ , S¥(F{L}+F(I+1))={LaMOA(I+1)=-LAMDA{I})
CPO2(Ly2) = CIO2(IZ)+RSUM
IF (CPO2(L12) T 04) CPO2(L,2) = 0,
co2{LeI2Z) =-CPO2(L12)
150 CONTINUE
1"
C CALCULATE PARTICLE TEMPERATURE DISTRIBUTION
"
15 NT = NRTT
PO 650 L=l rNPP
HO 500 I=2sNPP
IF (NEWDTSEQ.04ORITPER.IT, OR-ITER.UT 2) 60 TO 10
IF (I.LT,L) GO TO 1}
CALL GREEN (LAMUA(L)0LAMDAU(I):RTT:CAPPﬂrPHITrGRT(L:I)c
X GRTI(L e IYpORTTI(L 1) pDTeRyNT#L)
vQ TO 10
C GREEN'S FUNCTIONS SYMMETRIC w,R.T. LAMDA AND LAMDAO === G(LsLO)=G(LO,L)
il GRY{LyI) = GRT{1,L)
GRTI(LI) = GRTI(I L)
GRTTI(L¢I) = GRTTI(I,L)
C CALCULATE INTEGRAND FUNCTION
10 IF (L.EQ.1) G0 7O 31
F(Y) = 2.,#LAMDAD (I} /7LAMDA (L) * ( { =HR&Axkl4/ (KAPPARKP) ) (RHET(I,2)~

X RHET (191} )/70cLTT*GRTTI (L ¢ 1) =HR¥AXX2/KP*RHET {19 1) *GRTI (Lo 1)+
X (TRP{IF1)=T{ILY)#GRT(L1))
G0 To 600
331 FLI) = 24%({~HRxA%%3/ (KAPPA4KP) } % (RHET(I»2)=RHET (1o 1)) /DELTT*
X GRTTI (L I)=HR*A%x#2/KP*RHET (T2 1) *GRTI(L 2 I} +(TP(I,1)=T(IZ))»
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X GRT(L,I1))
600 CONTINUE .
C CALCULATE INTEGRAL EXPRESSION FOR GIVEN LAMDA, ALL LAMDAOS.
e BEUM 5 Oa. R -
DO 55 I=1,NPL .
55 RSUM = RSUM+ S*KF(I}+F(I+1}3*(LAMDA(I&1)-LAMOA(I))
TP(Ls2) = T{IZ)+RSUM
TPP(L+12}.= TP{L.2)
RATE(L) = ALPHAK*CPOE(LoE)#*.B*tXP{-GAMMA/TP(LQQ})
650 CONTINUE _ . ... —~

OO

CHECK FOR CONVERGENCE

0O 49 I=<1:NPP
IF (ABS(RHET(I,2)=RATE{I))=,024RATE(I)) 45,4932

32  IF (RATE(I)=,02+RATE(NPP})} 49,49.27
49  CONTINUE

CONVERGENCE === CALCULATE CONCENTRATIONS FOR H2, H20
CALCULATE PARTICLE CONCENTRATION DISTRIBUTION FOR Hz2

aoao

MNT = NRTH2

DO 550 L=1lNPP

DO 500 I=2»NPP

IF (NEWDTLEQeDB+ORITPEw,IT) 60 TO 13

IF (I.LT.L} GO YO 12

CALL GREEN (LAMUA{L) :LAMDAG(I) fRTH2yDHZyPHIH2oGRHZ (L0 1)
X GRAZI(L s I} 2GRAZTICL p X 20T o NT L)

60 TO 13

" GREEN'S FUNCTIONS SYMMETRLIC Wu.HeT. LAMDA AND LAMDAQ === G(LL3)SG{LD.L)

i2 GHRH2 (L, 1) = GRHz2{I L)
GRH2I(L21) = GRH2I{isL)
GHHLTItLPI) = GRH2TI(IL)
13 IF (L«EGail) GO TOQ 33
F(I} = 2.%LAMDAD(I}/LAMDA (L) # (=Aaxkl /DHZxR2%2 , kMH2 /MO2 %

X. (RHET (T p2)~RHET{I 1) }/DELTT#GRHZTI (Lo l) ~A%42/0H2x2 , xMH2/
X MORRRHET (T2 1) ®GRHZTI (Lo T)+{CPH2{ I+ 1) =CIH2(X2) Y %6GRH2 (L2 1))
GO TO 500
33 FLI) = 2% (=Akkb/DH2%%2%2 , 4MH2/MO24 (RHET(12)=RHET (I 1)) /DELTT
X AGRH2TI (Lo 1) =A%x2/DH2 42 o« aMHZ/MOZ24RHET (19 1) #GRH2I (L2 1)
X +(CPH2(1s1)=CIH2({I2))4GRH2(L, 1))
500 CONTIRNUE
RsSUM = O,

PO 75 I=1leNPL
75 REUM = RSUM+ S (FIL)+F{i+1) )+ (LAMDACI+1)~LAMBALT))
CPHa(Lp2) = CIhe{IZ)+RSUM
CH2(L+IZ2) = CPH2({L 2}
550 CONTINUE
CPH20(NPP2Y = 0,
C . SAVE SURFACE VaLUES OF TEMP, COMNCENTRATION
Cs02 = CPOZ2(NPPy2)
CSHe = CPH2(NPP»2)
CSH20 = CPH2O(NPPYZ)
TPS = TP(NPP.2)
ITER = ITER+1
IF (TPS~LCTEMP) 777778
78 NCON = 1
GQ TO 99
77 IF (CS02) BaUs76,76
7e IF (C8H2) 881¢99,99
g9 RETURN

T4



C  NO CONVERGENCE se0ee SAVE CALC. RHET PROFILE AND REPEAT TEMP AND CPO2 CALCS
¢ .
a7 IF (KOUNT,.,EQ.,1) 60 TO 38

IF (ITER,6T,0) 60 TO 35

IF (RAT&(NPP) GT.RHET(NPPs2)} IRATE=1

60 TO 36
35 IF ((RATE(NPP) ,GT.RHET(NPP+2) 4AND, IRATE ,EQ,0) +OR, {(RATE(NPP) (LT,
X RHET(NPPs2) +AND,IRATE EQ,1)) 6Q TO 38

36 DO 37 I=1/NPP
37 RHET(I,2) = RATE(I)
G0 TO 41
38 DO 39 I=LeNPP
39  RHET(I»2) = S*(RATE(I}+RHET(I+2))
KOUNT = 1
41 ITER = ITER+!
IF (ITER.GEMAX) GO TO 86
60 TO 19
86  C€S02 = CPO2(NPP,2)
CSHZ = CPH2{NPP,2)
CoH20 = CPH20(NPPe2)
TPS = TP{NPP»2)
IF (TPS=DCTENMP) 16]+161,162
162 NCOM = 1
RETURN
161 IF (CS02) 8809090
90 IF (CSH2) 881,92,92
92  RETURN

C

C ERROR STATEMENTS FOLLOW ...

c

880 WRITE (6,890) C502,05H2,CSH20 TPS IT,PASSNO

890 FORMAT (0" HX, 120(*%') // 58X 'ERROR === £RROR' / 38X 'PARTICLE
XSURFACE CONCENTRATIOM OF 02 HAS GONE NEGATIVE' / 24X 'C5G2 ='»

A ELLa5r 55Xy tCSHR =9:ELL1.5, 5Xs 'CSHR2O =',811.5, SXe 'TPS 3%
X £E11.5 / L2X 'YTIME INCREMENT'»I3,% OF PASS'» i3 // 120('%') )
call EXIT

831 WRITE (6,891) CHHE,CS502,CSH20»THS» ITPASSNO
891 FORMAT (10 5Xe 120('%?) // 5BX 'ERROR === fRROR' / 38% 'YPARTICLE
XSURFACE CONCENTRATION OF H2 HAS GONE NEGATIVE' / 24X 'CSH2 =t

X ElleDr SXy 'C502 = E11.5 55Xy 'CSH20 ='sE1lllbe 2X» YTPS =21
X ELLl.S / 52% 'TIME INCREMENTY I3, OF PASSY I3 // 120(Y%') )
ALl EXIT .

LD
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SUBROUTINE PCALCS (TPSsCS02,CSH2,CSH20,CI02PR IZeMINT)
¢ ROUTINE TO DO PARTICLE SURFACE -TEMPERATURE CALCULATIONS AT STEADY STATE

INTEGER PUNCH
CREAL KCO2rKCH2 s KCH20 ) MOZ s MH2 4 MHZ2Q. ..

PARAMETER NAX=70, NTI=4( )
PARAMETER NPP=30, NRTS=200

COMMON /7CBLl/ TPP(NPPsNAX) »CO2(NPPsNAX)Y »CHZ (NPPoNAX) » CH2O {NPP s NAX) »
TINAX) pP (NAX) o PT(NAX) yH{NAX) s CIH2 (NAX) s CIO2{NAX) ;CIH20(NAXY,
CIHZ20S (NAX) v CIH20L {NAX) » CIHZ0V (NAX) » CIHE (MAX) o DELT{NTI}
PPT.(NAX)
COMMON /CBA/ ALPHAG AMMA!KAPPArHCvKPrArDELTTrKCHEpKCOZ'KCHzoyTCHZp
TCO2¢ TCHZ20¢PCHZ s PCOZ 2 PCH20 » MH2 ¢ MO2 9 MH20 » MHE s HR o HA P HAL s HAZ
AWrCWeMWoDC» TADOHZ, D002, 00H20+ ALPHAK » AP DELTA» G MU HS P HL
HV o TW e HHOM y WHZ W02 , WH205 , WH20L, , WH20V » WHE s CFBAR ¢ MBARCICPLy
CICP2eCICP3+RHGPRHOV s DELHC e TITRS»DTDZ ¢ DHDZ ¢ TS TL2DPDZ e DCLDZ
DC2DZ P RCISDZYDCILDZL 2 DCIVRZ 1 DCULZ 2 RHOP s LP s DEL TP s DPTPS s SDTIME »
PFeTSSeAC, VC»PREST +GSS ) MBARSS
COMMON /CB4/ MNOFZeNPASS  NAXIAL ) INPERP yMODPC » MODND , PUNCH, ITSTEP,
JOP e ISHUT , THOT
COMMON Z/TABLES/ AVSZ(H0) APVSZ(40) pDELVSZ{40) s HRVST(36) 2 TCI(22)
TC2(20) 2 TCAVI(20) o TCU(1E) pMULVST (34 +MUSVST(34) o MUBYST(32)
MUGVET (34) o CFAVST (34) »CF2VST(34) 2 CFAVST (34 )y CF3SVT(20) s
CFUVSTI(20) pVPVSET{o0) » TVSVP (48) yDHCVYST (21)

CALL UNBAR (HRVST 1 ePT(IZ) 0. 91HRIKK)
GG TO (Lelelr2)y PUNIH

2 If (IZ.NEL2) GO TO 3

CI02(IZ) = CI02({1Z2=-1)

@0 10 1

CI02(1IZ) = CI0EPR

IF (CTO2{1Z).L.Y:0.4) CI0R(IZ)=0,

DTIPSDT = 34/ (A%RHOP*CP )% (HCx {T(IZ2)=PT({12) ) ~HR*KCO2%CI02(I2Z=1})
EXTRM = {1o=EXP(=3++HC*DELTT/ (A«RHOP*CP} )/ (3. %HC/ (A%RHOP*CP) )

TPS = PTLIZ)+DTPSDTH {1 =EXP (=3, +HCHDELLTT/ (AxRHOP%CPY)) /
X (34#%HC/ { A%RI{OP%CP) )

€502 = (.
CSHz = CIH2{IZ-1)=(KCO2/KCHZ%xMH2/ (MO2%,5)*(CICZ(IZ2-1)=C502))
C5H20 = CIHa2OV(1Z=1)=(KCO2/KCH20XMH20/ (MO2%,2)x{CS02-CT02(Iz=1)1)
KETURN
EnD
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C
3

C
4

c

DWALDZ = DW3IDZ%( (H({IZm1)wHS) / {HSL=HS) ) +0HDZ/ (HSLwHS)
DW3YDZ = O, . .
W3 = O,

. HFACT 5 =KCO2¥AP¥CICPI#DELHF/ (G (HS) »H(IZ=11)). .
RHOL = RHO/{1.~WH205=WH20L}

DWJDZ = DW3ISDZ+DW3LDZ

RHO2 = RHOV/RHO

G0 TO 6

LIQUID REGION

HRD = Q. .
DELTAH = DELHC
DW3DZ = DW3DZ/FACTS

DWD23 = 0,
Dw3sDZ = 0,
DW3t.be = DW3DZ
DW3VDZ = Q.

W3 = 0,

HFACT = Q.

RHOL = RHO/{1,=~wH20L)
Dudpz = PWaDZ

RHOz = RHOV/RHQ

GO TO &

LIGUID=-VAPOR REGION

HRD - Da

HLV = H({IZe1}+DelHCxUHZOL

DELTAH = DELHCx(HLV~H(IZ=1) )}/ (HLY~HL)
DW30Z = DW3IDZ/FACTS .

DW3sSDZ = 0.

OGwIL0Z = DWAIDZx{ {HLV=H(1Z=1)) / (HLV=iL )} )=DHDZ 7 (HLV=HL)
DW3VDZ = DW3DZ*({H{IZ=1)~HL) /{HLV=1iL))+DRDZ/ (HLV~HL)
OwDZ3 = DwIvVDZ

Az WH20V

HFACT = «KCOZ*AP*CICP3*DELHC/ {Ge(HLV-H(IZ~1)))
RHOL = RHO/Z{1.~wH2OL)

DwJuZ = Dw3LDZ

RHi0g = RHOV/RHU

60 TO ©

VAPOR REGION

HRD = HH*RHOM*DELTA/G

LELTAR = &,

OwbDZ3 = DW3DZ

Dw3sDZ g,

UW3LDZ 0.

Du3dVDZ OWabZ

W3 = ¥H20V

HFACT = 0,

RHGL = RHO

DWJUZ = U,

RHOZ2 = 1,

FACTOR = (1.=EXP(=(hC*kAP/ (GxCFBARY+HFACT) 4DELTZ) ) / ({ {HC AP/ {G*
X CFBAR}Y+HFACT ) #DELTZ)

UHDZ = (=HRD=HCkAP*TITPS/G=KCH20%AP*( ICPI*DELTAH/ G=1 , ¥HC

X #{T{IZ=1)=Tu) /{GxDC) I*FACTOR

D102 = DHDBZ/CFBAR

GO TO (728e7¢897)r REGION

THZ = DIDZ/T(I2~1})

G0 TO 9

THZ = 0O, !

DMBRDZ = =MBAR* (DW1DZ/MH2+DW2DZ/MO240WDZ3/MH20) / (WH2/MHZ4+W02/M02+
X W3 /MH204WHE/MHE )

PRHODZ = RHOLx{UWJBI+RHO2* (DPDL/P(IZ~1)+DMBRDZ/MBAR =TDZ))
KCOR = «RHOL/RHUx {DWJDZ+RHO2% (DPDZ/P(IZ2=1)+OMBROZ/MBAFR=~TDZ))

77

niiu



DRODZP = DRHODZ* (1 ,~EXP (~RCOR¥DZPR} ) / (RCOR*DZPR)
DC2DZP = RHO¥DW2DZP+W02#DRODZP

CIO2PR = CI02(IZ=1)+DC2DZP*DZPR

DRHODZ_ = DRHODZ# (1.~EXP (=RCOR*DE(TZ) )/ (RCOR#DELTZ}

DC1DZ = RHO*OWiDZ+WHZ¥DRHODZ
DC2D0Z = RHO%DWZDZ+WO2%DRHODZ

DC3SDZ = RHO*DW3SDZ+WH20S#DRHODZ
DC3LDZ = RHO»DW3LDZ+WH20L*DRHODZ
DC3VDZ = RHO¥DW3VDZ+WH20V*DRHODZ
PCADZ = WHEXDRHODZ

RETURN

END
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" "SUBROUTINE GREEN (LAMDA,LAMDAGRT+D,PHI)GRsGRI+GRTI)DToAPNRyLL)

ROUTINE TO CALCULATE GREEN'S FUNCTIONS NEEDED FOR TRANSIENT
PARTICLE ANALYSIS

REAL LAMDALAMDAD
DIMENSION RT(1)

SUMl = G,
SUME = 0.
SUM3 = 0,
SUMLL = 0.
SUML2 = O,
SUML3 = 0,
PO 2 I=1¢NR

RTERM = {(RT(I)#¥x2+{PHI®A=L, ) %%2) /(RT (I} *%2+PHI®A% [PHI®A=1,)}
RAD = RT(I)=LAMDA
RADE = RT{I)*LAMDAQ
SINL = SIN(RAD)
SINLO = SIN(RADU)
EXTRMI = EXP(={RT(I)/A)»x2xDDT)
= EXTRML/RT(I)*%2
EXTHM3 = (1.=EXTRML)/RT(I)*x4
IF (LLLEG.L) GO TO 1

SUML = SUML+RTERM*SLINL*SINLOAEXTRML
SUME = SUMZ24+RTERMAS IHNL*SINLO+EXTRMZ
SUM3 = SUMI+RTERM*SIHLASINLOEXTRMS
G0 70 2

SUMLLL = SUMLLI+LAMDAO*RTERM#RT (I} «SINLO*EXTRML
SUMLZ = SUML2+LAMDAURRTERM*1, /RT (L) #5INLO*EXTRML
SUML3 = SUMLI+LAMDAURTERM=%1 /RT (I #x3xSINLO* (1 ,=EXTRM1)
CONTINUE

IF (LL.E®.1) GO TO 4

GR = SUM1

IF (LAMDAQ.GT.L.AMDA) GO TO 3

S = 0.5%LAMDARLAMDAD® {1, /L AMDA= (PHI*A~1,)}/ (PHI®A))
GRI = 5 « SUMZ

GRTLI = DRDT/A%x%24%5 = SUMD

RETURIN

S = 04 5*%LAMDA*LAMDAG* (L, /LAMDAD=~ (PHI*A=1,)/(PHI*A})
GRI = § =~ SUM2

GRTI = DaDT/A%*x2%S =~ SUM3

RETURN

BR = SUMLL

% = LAMDAD/Z2.=LAMDAO**2/2 .k ( {PHI®A=1,)/(PHI*A})
GRI = § = SUMLZ2

GRTL = DHDT/A%kI%S =~ SUML3

RETURN

END
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SUBROUTINE ROOT (RLOWER,RUPPER;C»RTO»N)

ROUTINE TO FIND ROOTS OF THE CHARACTERISTIC EGUATION X%COT(X)+C = 0,

MODIFIED METHOD OF SUCCESSIVE SUBSTITUTIONS

=28 .

RTLO = RLOWER

KTH1I = RUPPER

IF {ABS(RTHI=RTLO) +LT+2,E~5} GO TO 9

I = I+l

IF (I.6T.25) 60 TO0 7

R10 = (RTLO+RTHiI}/2.

RT = =CxTAN(RTO)

IF {RT=RUPFER) 2:2r4%

IF {(RT=~RLOWER) H543,3

IF (ABS{{RT=RT0)/RT)~.G0D0S) 949,6

RTLO = RTO

L TO0 L

RTHL = RTO

G0 7O 1

IF (RTLLT.RTG) RTHI=RTO

IF (RT.GT.RTC) RTLO=RTO

Co TO L

WRITE (£:8) N )
FORMAT (0% 2/ 21Xs "HO CONVERGENCE oOnN ROOT HNUMBERY,I3,t AFTER 25
AITERATIONS =~= USE VALUE CALCULATED ON 25TH ITERATION')
KETURM

LND
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CI102(K) = CC102(Y)
CIH20{K) = CCH20(1)
R = K=1

20, CONTINUE
RETURN
END
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SUBROUTINE INSERT (ZIF,IZ)
UTINE TO INSERT INTERFACE AXIAL POSITIONS INTO ORIGINAL Z ARRAY

'PARAMETER NAX=70, NTI=40
~PARAMETER

X
X.
X.

NPP=30 . __.
COMMON /CBl/ TPP (NPP s NAX).s CO2 (NPP ¢+ NAX) » CH2 (NPP ¢ NAX) » CH20 (NPP ¢+ NAX) »
T(NAX) P (NAX) o PT(NAX) pH{NAX) y CIH2 {NAX} » CI02 (NAX)  CIHZO(NAX} ¢
CIH20S{NAX) + CIH20L (NAX) » CIH20V (NAX) o CIHE (NAX) o DELT(NTI)
PPT {NAX) .
COMMON /CB2/ Z(NAX)rZSSL(NTI):ZSLL(NTI)uZLLV(NTI)oZLVV(NTIl

COMMON ZCBA/. ALPHA GAMMA s KAPPASHC 1 KP 3 As DELTT.aKCHR ¢ KCO2 2 KCH20 TCH2,

¢ xx&xxx

TC02) TCH20/PCH2)PCO2 s PCH20 » MM2 ¢ MO2 y MHZ20 9 MHE yHR ¢ HA s HAL 1 HAZ
AHpCEpMHaDC;TAynﬂﬂaanﬁoagDUHZOpRLPHAKOAPlDELTA!GPMU’HS'HL'
HY p TWe RHOM e WHZ » WO 2 ¢y WH20S » WH20L, » WH20V s WHE » CFBAR ¢+ MBARCICP1,
CICPZ2yCICPIsRHOSRHOV DELHC » TITPS,DTDZDHDZ 2 TS TL,DPDZDC1IDZ,
DCEDZyDCISDZPDCILDZ P DCIVDZyDCUDZ s RHOP s CPP DELTPDPTPS SDTIME
PEsTSSsACsVCIPREST # GSS e MBARSS .

COMMON JCBH7 NOFZ)NPASS)NAXIAL y INPERP) MODPCpMODNOtPUNCHpITSTEPD
JDOP s ISHUT p IHOT

DIMENSION ZZ INAXY»PTZINAX) »TIZ(NAX)»CI02Z (NAX]) »CIH2ZZ (NAX)

0O 20 I=1,NOFZ

PTZ{(I) = PT{I)

CIIZLLY & TL1)

CI02Z2(1) = CI02(1}
CIH2Z(1) = CIHZ{(I)
ZZ(3) = 2(1)

DO 51 I=1ZeNQFZ
PT{I+1) = PT2(D)
TX+0) = T1Z(1)
C102(I+1) = C102Z2(1)
CIHZ2(I+1) = CIH2Z(I)
Z{I+1) = ZZ(1)

Z2(12) = ZIF
NOFZ = NOQFZ+1
RETURN

END
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SUBROUYTINE DELETE (PASSNO)

INTEGER PASSNO .

.« . PARAMETER NAX=70, NTIztQ, NPP=3n

S
C

10

20

K1

40

4
¢
&

COMMON /CBL1l/ TPP(NPP/NAX) »CO2{NPPeNAX}) »CH2 (NPPINAX) » CH20 (NPP#NAX) »

X T{NAX) oP (NAX) o PT (NAX) pH(NAX) o CIH2 (NAX) 9 CIO2(NAX) 1 CIHR0 (NAX) »
X CIHZOS (NAXY e CIH20L {NAX) » CTH20V (NAX) + CIHE (NAX) » DELT(NTI)»
X PPT {NAX)

COMMON /CB2/ Z(NAX)}»ZSSLANTI) »ZSLL (NTI) »ZLLV (NTI),ZLVV(NTI}
COMMON /CBY4/ NOFZ:NPASS:NAXIAL.INPERP;MODPC MODNO PUNCH ITSTEP,
X JDP ISHUT THOT
DIMENSION ZZ (NAX) e TT{NAX) pCCIHZ (NAX) pCCY02 (NAX) pCCHRO (NAX)
SAVE CURRENT Z ARRAY AND CORRESPONDING TEMPS, CONCENTRATIONS
00 5 I=1¢NOFZ
22{1) = 2{I)
TTLL) = T(L)
PPT(I) = PTI(I) -
CCIH2(I) = CIHZ(I)
CCIoz(I) = CI02(1)
CCH2O0(I) = CIH20(1)
L.OCATE INTERFACE POSITIONS
NOFZ)L = NOFZ~1
00 10 IZYeNOFZ}
IF (Z2(1)«=Z55L{PASSNO))Y 10:1,10
CONTINUE
RETURN
Ifrl o 1
DO 20 ISIFleNOFZL ,
IF (Z({I}=ZSLL(PASSNU)Y) 20:2,20

CONTINUE

IF2 = NAXIAL+L
IF3 = NAXIAL+]
IF4 = NAXIAL+1
GO TO 6

IfF2 = 1

DO 30 I=IFZ2.NOFZ1
IF (Z(1)=ZLLV{PASSNI)) 30,3,30
CONTINUE
IF3 = NAXIAL+1
IFH = NAXIAL+1
G TO &
IFs =1
DO 40 IZIF3,NOFz1
IF (Z(1)Y=ZLVV(PASSNO}) 4Gl oH40
CUNTINUE
IF4 = NAXIAL+1
GO TO 6
IF4d = 1
ADJUST £ ARRAY TO INITIAL VALUES
K = NAXIAL=YH
DO 50 I=NOFZyly-1
IF (I.EQ,IF4,0R, Y, EQ,IF3,0R, I.hu.IFz ORLILEQ,IFL) 60 To 50
Z2(KY = Z2Z(1}
TKY) = TT(1)
PT(K) = PPT{(I)
CIH2(K) = CCIH2(1)

83


http:I.EQIF4.ORIEcIF3,OR.1.Eu.IF

"SUBROUTINE OVSTEP (ZEND,IZsPASSNO,REGION)

THIS ROUTINE MAKES APPROPRIATE ADJUSTMENTS TO TEMPERATUREs PRESSURE,
CONCENTRATION.ETG. WHEN AXIAL. POSITIONING HAS OVERSTEPPED. INTERFACE
BOUNDARIES FROM GONE REGION TO ANOTHER

akshslel s

INTEGER PASSNO,REGION
PARAMETER NAX=7(, NTIz4p
PARAMETER NPP=3Q

COMMON /7CBlrs TPP(NPPQNAKIPCOaiﬂPP NAX) ».CHZ (NPP s NAX) » CH20 (NPP 1 NAX} 2 .

X TINAX) pP{NAX) rPT{NAX) pHINAX) y CIH2 (NAX) ¢+ CT02 (NAX) » CIH20(NAX) »
X ..§é¥23§§?AX)LﬂIHEQL(NAX}JﬂlHZQV{NA31J£IHE(NAK13DELT(NTl)Ln .
X (

COMMON /CB2/ Z{NAX) pZSSLINTI) »ZSLL(NTI) »ZLLVINTI) »ZLVV{NTI)
COMMON /CB3/ ALPHA »GAMMAKAPPAHC s KP e AsDELTT 1 KCH2 s KCO2 ) KCH20 ) TCH2,»
TCO22 TCH20 s PCH2 s PCO2 9y PLCH20 2 MH2 s MO2 yMH20 o MHE s HR ¢ HA 2 HAL r HAZ
AWeCWoNWoDCr TA»DOHZ2 »DOOZ2yLOH20 ¢ ALPHAK » APy DELTA»Go MU HS W HL
HY s TW s BHOM e WHE ¢ W02, WH20SG , WHROL » WH2OV o WHE s CFBAR s MBARSCICPI..
CICP2yCICP3RHO yRHOV ) DELHC» TITPS+DTDZ »DHDZ» TS Ty DPDZ,DCIDZ,
DC2DZ DCISDZeDCALDZ s DCIVDZ 2 DCHDZ s RHOP s CPyDELTP yDPTRS o SOTIME y
PFs TS5 AC ) VCPREST G55 MBARSS

COMMON /CB4&/ NQFZ!NPASS!NAXIALOINPERP!MGOPC!MGDNO:PUNCH!ITSTEP'

% JOP» ISHUT y THOT

G0 TO (le223sY4s5)y REGION
o SOLID/SOLID=-LIQUID INTERFACE

>¢‘)<><><><)<

1 DELTZ = (15=T{1Z)}/07D2
T(12) = TS
H(Iz) = H(ll}+DHDZfULLTZ
HS = H{I1Z)

LIH205(12) = CIH2O0R{IZY+DCASDZxDELTZ
2551 (PASSNO) = Z({IZ)+DELTZ
ZIF = ZSSLIPASSNQ}
PTUIZ) = (ZIF=Z(12=1)} )% {FT(1Z)=PT(IL=1) )}/ {212} =Z(12~1})}4PT(IZ~1)
GhAkl INSERT (2Ir,12)
REGION = 2
G0 TO 10

C SOLID=L TQUID/LIGULID INTERFACE

2° pEhTZ = =~CIH205(12) /DCAsDZ

H(IZ) = M{IZ)Y+DnDZ2#VELTZ
CIMeOS(LZ) = 0.
CIH2oL([2) = Cim20L(IZ)+DCALDZxIELTZ
ZSLL (PASSNOQ) = Z2{IZ2}+DELTZ
ZIF = ZSLL{PASSNO)
PTE1Z) = (ZIF=Z{IZ=1))%(PT{IZ)=+T{IZ2=1)}/(Z032) =2 (12=11)4PT(1Z=1})
CALL INSERT (ZIF,12)
REGION = 3
G0 TO 14

C LIQUID/ZLIQUID=-VAPOR INTERFACE

3 DELTZ = (TL=T{IZ2))/uTD2Z

T(IZ) = TL
2y = H(IZ)+DHDZ*DtLTZ
ML = H{IZ)

CIHZOL{I2) = CIHRO0L(I1ZY+DC3LUZ*DELTZ

ZLLV(PASSNO) = Z(1£)+0DELTZ

ZIF = ZLLV(PASSKNO)

FTEIZ) = (ZIF=Z(IZ=11)*(PT(IZ)=PT(IZ~1})}/{Z(12)=~Z(12~1))4FT(IZ~1}
CALL INSERT (ZIF,12)

REGION = &4

8l



60 YO 10
¢  LIYUID=VAPOR/VAPOR INTERFACE
4 DELTZ = ~CIH20L (12) /DC3L.DZ

T g

CIHZOLIIZ) = 0,
c:ﬂaOV(Izg_=,;zuagvc:;)+nc;voz*QELTg
ZLVV(PASSNO) = Z({IZ}+DELTZ
ZIF = ZLVV{(PASSND} ,
PT(12) = (ZIF=Z(IZ=1))%(PT{IZ)=PT(1Z2=1))/{Z(12)=2(12=1)1+PT(IZ~1)
GALL _INSERY (ZIF,12}
REGION = 5
GO TO 14

C END OF REACTOR BED

5 DELTZ = ZEND=Z{1Z}
H(1Z) = H{IZ)}+DHDZ*DELT2
CIH2OV(IZ) = CIH20V(IZ)+DCIVDZ*DELTZ
Z(12y = ZEND
ZiF = ZEND
PT(12) = (z:sz(Iz-z))*(Pr(xz:-PTtxz-li)/(2(12)-2:Iz~1))+Prtxz-1)

¢  ADJUST TEMP» PRESSUREs CONCENTRATLIONS

10 CIH2(I2) = CIH2(IZ)+DC1D2*DELTZ
CI02(1z) = ClQ2(1Z)+DC2DZ+DELTZ
CIH20(IZ) = CIH20S(IZ)+CIH20L(IZ)+CIH20V(IZY
CIHE(IZ) = CIHE(IZ)+DCUDZ*DELTZ
IF (REGIONEQ,2.ORREGION.EQ.4) GO TO 12
T(IZ) = T(IZ)+DBTDZ*DELTZ
12 P(12) = P(I1Z)+DPDZ=DELTZ

RETURN
EnD
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FUNCTION FMAX (XyNyMAX M)
C . C e e e C .- .
C  ROUTINE TO FIND MAXIMUM VALUE OF ALL ELEMENTS IN ARRAY X
C . .
DIMENSION X{MAX,M)
FMAX.= Xilrd) .
DO 10 J=ieM
DO 10 I=1,N
IF {X{X»J)=FMAX) 10,105
8 FMAX = X(I1+J}
10 CONTINUE
RETURN..
END

FUNCTION FMIN {XxoNyMAX,M)

(9]

L ROUTINE TO FIND. MINIMUM VALUE OF ALL ECLEMENTS IN ARRAY X

DIMENSION X{MAX M)

Farlty = X(1s1)

DO 10 J=1sM

LR 10 I=1eN

IF (FMIN=X(IsJ)} 10,1045 .
5 FNIf = X{(1»J)

10 CONTINUE

RETURN

END
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SUBROUTINE RDPNCH{TIME,HW,MINT)
¢ ROUTINE TO READ AND PUNCH AUXILIARY INPUT

INTEGER PUNCH
- PARAMETER NAXST70, NTIz40. ..
PARAMETER NPP=30, NRTS=200
COMMON /CB1l/ TPP(NPPrNAX) +CO2 (NPPsNAX) 1 CH2 (NPP ¢ NAX) ¢ CH20 (NPP # NAX) ¢

X TINAX) o P{NAX) s PTINAX) o H{NAX) »CIH2 (NAX) » CIO2 {(NAX) »CIH20 (NAX) ¢
X . CIH20S (NAX} rCIH20L {(NAX) »CIH20V (NAX) » CIHE (NAX) »DELT(NTI) s
X PPT (NAX)

COMMON /CB2/ Z(NAX)oZSSL(NTI) ZSLLINTX) 2 ZLAVINTI) s 2LVMANTI) v
COMMON /CB3/ ALPHAGAMMAKAPPAHC +KP 2 A» DELTT o KCH2 s KCO29KCH20» TCH2,
TCO2, TCH20 ¢ PCHZ2 ¢ PCO2»PCH20 s MHZ # MO2 o MH20 o MHE y HRyHA, HAL 1 HA2,
AV CH e MW o DC TAWDOHZ2 0002, D0H20 5 ALPHAK s AP+ DELTAGe MU HS s HL »
HVy TWrRHOM s WH2 s WO WH20S » WH20L. ¢ WH20V s WHE » CFRBAR«MBARCICPL,
CICP2¢CICPI+RHOYRHOVIDELHC» TITPS»DTDZ DHDZ» TSy TL o DPDZ#DCLIDZ
DCabZ DCISDZ P PCILDZ 1 DCIVDZ 2 DCUDZ s RHOP ) CP ¢ DELTP 2« DPTPS s SDTIME
PFTSS P ACIVCIPREST 1 GSS e MBARSS
COMMON /CBL/ MOFZoNPASS,NAXIAL» INPERP » MODPC » MODNO » PUNCH,; ITSTEP,
JOPr ISHUT » IHOT
DIMENSION HW{1) 2CO2T{L) pCHET (L) + CH2OT (L o PTTCL) s TTL(LY 2 ZT (1)
MINTLYL)
READ (S591) {(2€1)I=LoNAXIAL)
READ (Ssi) {PT(1)eI=lsNAXIAL)}
REAL {S¢1) (T(I)eI=2sNAXIAL)
REAL (5s1) {(H{I)sI=z+NAXIAL)
REAL (Sr1) (PL{I)eI=2rNAXIAL)
READ (5e19 (CYHZ(I)rI=2,NAXIAL)
REAU (S5p1) (CIOR(I)rI=2yNAXIAL)
REAU (S591) (CIH20V(I)I=2¢NAXIAL)
RLAD (H591) (CIHE(I)Iz2,NAXIAL)
HEAD (5pl1) (FPT(I)erI=1sNAXIAL)
REAL (5p1) (STPP(Led) v 1=1NPP),Jd=1+1AXTAL)
REAQ {501) ((CO2(TIsJ)}»I=1yNPP)Y,JdzlyNAXIAL)
READ (551) ((CHZ(IsJ) eIzl NPP) =l NAXIAL)
HEAD (522) (MINT(I)sI=lsNAXIAL)
READL (5e1l) TIME,TW,DELTT
1 FORMAT (B8E10,5)
RETURN .
ENTRY RPMCHZ (TIMEsNAXT »ZTePTToCO2TyCH2TH»CH2ZO0T»TTI)
READ (be2) HNAXT ;
READ (5r1) (2T(I)21=1NAXT)
READ {591} (PTT(I)2I=1,NAXT)
REAU (5p1) (COZ2T(I)eIz=1ekAXT)
READ (591) (CHET(I)2I21,NAXT)
READ (591) (CH2OT(I)eI=1,NAXT)
READ (S¢1) (TTI(I)»1=1pNAXT)
READ (5p1) TIME,TW
RETURN
ENTRY RPMCH3(TIME sHWIMINT)
10 WRITE (791) {(2(1)s1=LNAXIAL)
WRITE (7e1) (PT(I)sI=1,NAXIAL)
WHITE (7o1) (T{l}rI=2eNAXIAL)
WRITE (701) (H{I)elz2sNAXIAL)
WRITE (7»1) (P{L)rI=2,NAXIAL)
TWRITE (7,1) (CIH2(1):I=2,NAXIAL)
WRITE (723} (CTO2(IY»I=2,NAXIAL)

’

>, > b B S 3 S
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WRITE
WRITE
WRITE
WRITE

(7,1)
(7, 1)
{7:1)
{(7+1)

(CIH20V{I} s I=2,NAXIAL)
(CIHE{I) 122,NAXIAL)

(PPT(1) p Ix=X,NAXIAL)

((TPP(IsJ)rI=1sNPP)J=1,NAXIAL)

WRITE
WRITE
WRITE
WRITE

71D

{(7:1)
{7:2)
(7e1)

({CO2(LsJd) pI=1»NPP) s J=1 o NAXTIAL)
({CHZ2{I+J)pI=1yNPP) pJ=1oNAXIAL)}
{MINT(Y)»I=1,NAXIAL)

TIME, TW,DELTT

FORMAT (4012)

RETURN

ENTRY
WRITE
WRITE
WRITE
WHITE
WRITE
WRITE
WRITE
WRITE
RETURN
END

RPNCHE (TIME)

{7:2)
(7¢1)
{7:1)
{7:1)

{72}

(Tr1)
{7¢1)
(7el)

NAXIAL
(Z{L)eI=1pNAXIAL)
{PT{I}»i=1)NAXIAL)
(CIOE(I)!I—l!NAXIAL)
(CIH20(I)’I l!NAXIAL)
(T(IYrI=1,NAXTIAL)
TIME, TW
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SUBROUTINE OUTPUT (TMeTT,TP,PP,FH2,F02,FH20,FHE)N1,N2910CT)

ROUTINE TO PRINT TEMP, PRESSURE, MOLE FRACTION PROFILES IN SUMMARY FORM

g e ¢ o b et o o

PARAMETER NAX=70y NTIz=f40 )
INTEGER FORMT(9) / SuH (11X e1H*,)5XyIHSEC {9X3HSEC) /1)

XXy lHx) / )

COMMON /CB2/ Z{WAX) »Z5SL(NTI)»2ZSLLINTI) y2LLVINTI) pZLVVINTI). _ . .
COMMON /CB4/ NOFZ)NPASS)NAXTAL, INPERP »MODPC »MODNG ) PUNCH ITSTEP,

X .. . JOPsISHUT,IHOT
DIMENSION NUMBER(9)
DIMENSION TH(L) e TTLL) o TP(L) PP{L1)}rFH2(1),F02(1)FH20{1),FHE(})
DATA NUMBER / ¢ 1 2 3 4 5 6 7 8

X 9%/

NO, OF COLUMNS OF OUTPUT = (N2<Mi+i1)
FORMT(5) = NUMBER(N2=~N1)
WRITE (vr100) -
FORMAT {*'1' / 36X 'TIME PROFILES OF INTERSTITIAL TEMPERATURE VS AX

XIAL POSITIONY // 3X 'AXIAL Y 42X *TEMPERATURE (DEGREES R)* /

X * POSITION =t / 3X Y(FT) ' )

YRITE (6,101) (TM{I)eI=N1,N2)

FORMAT ( 11X *x * 8.4y Q(4XrFB.4) )

WRITE (b FORMT)

K} =-1

Kz = MOODPC

PO 10 I=ieNAXIAL

WRITE (69102) Z(I)p(TT(K) 1 KoK1,K2)

Ki = K2+1

Ke = {(I+1)*M0uDPC

FORMAT ( €£9,4p ' #'y Ell.5y 9(E12,H) ) e
WRITE (&,109) ’

FORMAT (1t / 38X YTIME PROFILES OF PARTICLE TEMPERATURE VS AXIAL

APGSITIONT /7 3X  'AXIAL *' 43X YTENPERATURE (DEGREES R)t /

A t POSITION %' / 3X '(FT) xt )

WRITE (65101) (TM{I)sI=nN1sN2)
WRITE (6+FORMT)}

Ki =1

Kg = MODPC

DO 70 I=1.NAXIAL

WRITE (65102) Z(I}e(TP{K)K=K1 K2}
KL = K2+})

K2 = {I+1)*MODPC 3

WRITE (6,103}

- mmiew b e s Lm e Sar ALY AR A et % mrnehr w i b et

103 FORMAT (*1' / 40X 'TIME PROFILES OF CHAMBER PRESSURE VS AXIAL POSI

20
104

ATYIONY s/ 3X 'AX1AL *t 486X YPRESSURE {PSIA)Y /
X ' POSITION =Y / 85X '(FT) *1 )

WRITE (65101) (TMIZ)»I=NLsN2)

WRITE {(6¢FORMT)

KL =1

Ke = MODRC

DO 20 I=leNAXIAL

WRITE (6+102) Z(I)r (PP{K) K=Kl K2)

Kl = K2+1

Ke = (I+1)%MCODPC

WRITE (6¢104)

FORMAT (*1' / ROX YTIME PROFILES OF 2 MOLE FRACTION VS AXIAL POSI
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XTIONY /7 3X YAXIAL &% 38X *H2 MOLE FRACTION (DIMENSIONLESS)! /
X ' POSITION %' / 3X '(FT) ___ =*v )
WRITE (65,301) (TM{I)»I=Ni.N2)
WL NRITE (6 FORMT)
KL =1
K = MobPC . . . ..
DO 30 I=1,NAXIAL
WRITE (6:102) Z(1}s (FH2{K)seK=Ki1.K2) . ...
Kl = K2+}1
20 .. K2 = (I+1)*MODPC | -
WRITE (6+107)
107 FORMAT (*1* / 40X 'TIME PROFILES OF 02 MOLE FRACTION VS _ AXIAL PoOSI
XTIONY /7 3X 'AXIAL ** 38X '02 MOLE FRACTION (DIMENSIONLESS)Y /
X . ¢ POSITION =t / 3X Y(FT) £t )
WRITE (6,101) (TM{I).I=Ni,N2)
WRITE (6:FORMT).
Kl = }
Ke = MODPC
0O 40 I=1sNAXIAL
WRITE (6:102) Z(I}» (FO2(K)iKzK1,XK2)
Kl = K2+1
40 . K2 = (I+1)*=MODPC
WRITE (6,10%)
105 FORMAT (*1' / 40X 'TIME PROFILES OF H20 MOLE FRACTIOM VS AXIAL POS
XITIONY s/ 3X *AXIAL *1 38X "H20 MOLE FRACTION (DIMENSIONLESS)t /
X ¥ POSITION %Y / 3X Y(FT) ¥}
WRITE (6,101} (TM(I)I=i1,N2)
WRITE (6:FORMT)
Ki = 1
K2 = MOOPC
DO 50 I=leNAXIAL
WRITE (62102) Z(I)e (FHR2UTK)YsKZK1:K2)
K1 = K2+1
e K2 = (I+1)=*MQDPC
WhITE (be106)
106 FORMAT (*1' / 40X 'TIME PROFILES OF HE MOLE FRACTION VS AXIAL POSI
XTIONY 77 3X YAXiAL ¢ 38X tHE MOLE FRACTIUON (DIMENSIOMLESS)Y /
X ' POSITION %' / 3X Y(FT) ¥t}
WRITE (o0pl01) (TM(I)I=N1,N2)
WRITE (62FORMT)
Kl = 1
Kz = MOUPC
DO 60 I=ilsNAXYAL
WRITE (69102) 2(I)y (FHE(K),K=K1:K2)
Kl = K2+l
By K2 = {([+1}+MODP{
IGCT = 10CT+1
RETURN
END
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SUBROUTINE SETUP (TMsMFH2,MFOZ2»MFH20 s MFHE » PASSNO ¢ K ¢ KM)
ROUTINE TO SET UP ARRAYS FOR PRINTER PLOTS

INTEGER PASSNO

REAL.. MFH2sMFQ2 MEHRQ L MFHE

PARAMETER NAX=T70, NTI=40

PARAMETER NPPz30, NRTSz=200 -

COMMON /CB1/ TPP(NPP/NAX) s COZ (NPPsNAX) 2 CH2 (NPP ¢ NAX) 2 CH20 (NPP s NAX} »

) O TINAX) o P {HAX) o PT (NAX) pH(NAX) y CTH2 {NAX) ¢ C102 (NAX) » CIH20 {NAX}
X CIH20S (NAX) o CIH20L (NAX) + CIH20V (NAX) y CIHE {NAX) » DELT(NTI)»
X PPT (NAX) -

COMMON /CBa/ Z(NAX)nZSSL(NTI):ZSLL(NTI)pZLLV(NTI}pZLVV(NTI)
COMMON /CB4/ NOFZ!NPASS:NAXIAL:1NPERP:MQDFCpMODNOrPUNCHpITSTEPi
X JOP» ISHUT » THOT
DIMENSION LABEL{?l)nLBL{ISJpLABLY(Ql]vLABLX(24laTZt5)
DIMENSION ZL(NAXsS) oY1 (NAXS) o Y2LHAX#B) pYI(NAXS) o YR (NAX D) ¢

X YS(NAX#D) 0 YO (HAXeS) s Y7 {NAXYS)
DIMENSION TM(1) oMFH2(1) sMFO2(1) MFH20 (1) MFHE (L)

LABELS FOR PRINTER PLOTS ARE IN FOLLOWING DATA STATEMENTS ...

DATA LABEL/b*? Yo 'TIME PROFILES: INTERSTITIAL TEMPERATURE VS
XAXIAL POSITION M1-E ', 'TIME PROFILES: CHAMBER PRESSURE VS
XAXIal POSITION Vit +)*TIME PROFILES! H2 MOLE FRACTION V
XS AXIAL POSITION 'r6x? "p*TIME PROFILESS 02 MOLE FRACTION
X VS AXIAL POSITION LT3 ' OTIME PROFILES: H20 MOLE FRACT
X1O0N v5 AXIAL POSITION 'row? *»'TIME PROFILES:! HE MOLE FRAC
XTION VS AXIAL POSITION '/

DATA LBL/G*! ' 'TIME PROFILES: PARTICLE TEMPERATURE VS AXIAL
XPOSITION v/

DATA LABLX/'*AX1AL POSITION (FT) Tyt TIME (SECONDS) Ly

Xt TIMES (IN SEC) REPRESENTED BY CURVES 1 THRU *,vAXIAL POSITION

X5 (1IN FT) REPRESENTED BY CURVES 1=/

DATA LABLY/Y 0 |,!T"!E!,Ihl'QPOPUEC'!Rl'OA','T|'ILHJ)RI,'E',| ]
b b 1t NN (PR RE N LG IR pIEN P TERp ISt R, 0] 0,0 1,
t t, CLRME P00t N, 0E 0 P IR LR TR R T e Y KN,
3;t,!gt,vl!,vmj,tgt,vN!,cSl,ell,igl,le,ch,VE!,rsi.vsu,v)f,l 1,
LR PR ANR NP SRR R IR S PR T - IS 1 -0 I R IS LIPS I S B AP L PR B
AL NGRS A N LA A LY LN D L L IS LS L PR B R I

IF (KeGTW1) G0 TO S

MAX = NAX :

CALCULATE NUMBER OF POINTS PER PLOT

NPTS = NAXIAL/MUDNQ
IF (MOD({NAXIAL pMODNG) NE,0) WPTSINPTS+L

20 2P0 M ™

1 =1

D0 L0 J=1eNAXIAL yMODNO
1(i,K) = 2{J)

YI0LeK) = TN

Y7{I:K) = PT(J)
Y2(i,K) = P{J}

Y3(1.K} = MFHE(J)
Y4 (I K} = MFO2{4})
YS(I:K} = MFH20(J)

Yo (1K) = MFHE(J)

I = I+l

Z1INPTS K} = Z{NAXIAL)
YL(NPTSeK) = T{NAXIAL)
Y7TINPTSsK) = PT(NAXIAL)
Y2 (NPTS#K) = P(NAXIAL)



Y6INPTS K}

Y3(NPTSyK)
Y4 {NPTS:K)

MFH2 (NAXTAL )
MFO2 (NAXTAL)

YS(NPTS,K) = MFH20 (NAXIAL)

MFHE (NAXIAL)

K = K+1
IF (PASSNO.NE.NPASS) 60 TO 15
KM = K=l

IF (K

LE,KM) RETURN

ITM = PASSNQ=KM

Bo 20
TZ{1)

ISLeKM
= TM{ITM+I)

CALL PRINTER PLOT ROUTINE WHEN ALL Y1l Y25...¢Y6 ARRAYS FULL

X

> M w

X

cALL
CALL
Call
CALL,
CALL
calt
CALL
K =1

RETUR
END

PRPLOT (Z21,Y1+NPTS,KMpMAXsTZoLABEL{1) +LABLX{L},LABLX(9)»
LABLY (1) LABLY(17)+1600)

PRPLOT (Z1,Y7 NPTS KMaMAX»TZoLBL (1) pLABLX{1) )LABLX(D)},
LABLY (1) »LABLY (17,1500}

PRPLOT (Z1y)Y2oNPTS KMyMAX,TZsLABEL(17) sLABLX (1) LABLX(9),

LABLY (62) o LABLY (77)¢15,0) .

PRPLOT (Z1Y3sWNPTS/KMeMAX, TZoLABEL (32) ¢ LABLX{1) »LAGLX(9)
LABLY (32) »LABLY(47) 15,0}

PRPLOT (Z1sYU4pNPTSeKMeMAX» T2 LABEL (#7) 2LABLX(1) +LABLX(9)»
LABLY (32) yLABLY (47)915,0) -
PRPLOT (ZLyYSeNPTS KMeMAX s TZoLABEL (62) v LABLX (1) pLABLX{9) ¢
LABLY (32) s LABLY{47)+15,:0)

PRPLOT (Z1rY6eNPTSsKMeMAXsTZrLABEL(77)9LABLX{1) +LABLX(9)
LABLY (32} r LABLY (47)215,0)

B
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100

C
¢

L
920

30
31
1G0
L0

41
22

302

303

S04

305

L

306

339

C
338

SUBROUTINE PRPLOT (XeYsNPaNVIMAX, TZoLBLILXL s LX2oLY1oLY2»NLINC)
ROUTINE TO DEVELOP PRINTER PLOTS OF Y VS X
MAXIMUM OF FIVE SUPERIMPOSED CURVES PER PLOT
DIMENSION X(1)eY{X)TZ{1). .
DIMENSION LBL(L) LX1C(1),LX2013,LYT(1)s0.¥2(1)
DIMENSION LINE (126} ¢ XGRAD(12)YGRAD(12) 2 XSCAL(12),YSCAL (12)
INTEGER NUMBRLO)Y /Y10, 020,030, 040,050,080, 879,18¢,1G0,1Q¢/
INTEGER ALPHA(26) /YAY 1B ) 1CY DY, vEV pVF 0,050 pVHY, 00, 00, 1K,
X LY VMY YN YO Y IR  IQY IR IS YT I I R Xt IYE 20y
DATA KBLNKZS. /2 IPLUS/ZY 9.0/ MINUS/Y=%/9 IGOLN/YLYZ. .
WRITE (601000) (LBL(I)2IzisNL)
0 FORMAT (tit // 20A6)
NGSCAL = 120
LK = 12
HTIRS = 1
. NNN = 1
XYMRGN = 0, -
XMAX = FMAX({XyNPsMAXINY)
XMIN = FMIN(X NP MAX)NV)
SCALE AXES FROM MAX ARD MIN VALUEs {SAME SCALING PROCEDURE FOR BOTH AXES)
L.XSF: POWER OF 10 TO WHICH X VALUES ARE SCALED
LYSF? POMER OF 10 T0O WHICH Y VALUES ARE SCALED
IE {(ABS(XMAX) . i-Tel.) 60 TO 100
00 30 11z1.30 ~
IF (ABS{XMAX)LT.10.*#*%I1) GO TO 31
CONTINUE
LYSF = =(11I~=1)
G0 TO 22
U0 40 II=1,10
IF (ABS({XMAX) +OT 410k (=11)} GO TO 41
CONT INUE
LYSF = 11
MANT & IFIX(XMAX%10,%%x{LYSF+2))
L0 302 Kzlal0
IF (MOD(MANT+K»5) 0.0} GO TG 313
CONT INUE,
AMM = FLOAT(MANT+K) /100,
XSPAN = AMM~XMI%10,*%LYSF
MANT = IFIX(XSPAN¥10G,)
DO 304 K=leNSCAL
IF (MOD(MANT+K e NSCAL) LEQ,D) 6O TO 345
CONTINUL
XINCR = (FLOAT(MANT+K)/100,)/FLUOAT(LK=1)
HALFX = XINCR/Z,
IF ((XMIN={AMM=FLOAT (LK=L1)%XINCRR}) ,GT , HALFX) XYMRGN=HALFX
AU HALF A SCALING INCREMENT TG FQRM MARGIN IF NEEDED
YSCAL (LK) = AMM+XYMRGN
DO 306 IzlkrZ2e~i
YSCAL(I~1) = YSCAL(I)=XINCR
IF (ABS(YQCAL(1)).LT,30,) 60 TO 338
LYSF = LYSF=1
XINCR = XINCR/10.
DO 339 l=1sLK
YSCAL({IY = YSCAL(I)/10,
SCALING COMPLETE UON X~AXIS w=w-IF NTRS=0s SCALING COMPLETE ON Y~AXIS ALSO
IF (NTRS.EQ,0) 60 TO 42
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42
i

14

15
13

403

i8

19

¢

C

XSCALS SCALING GRADATIONS ON X=AXIS
YSCAL: SCALING GRADATIONS ON_Y=AXIS _
LXSF = LYSF
XINCX = XINCR
RO B3 Jd=1 LK
XGRAD (JJ) = YSCAL(JJ)
XSCAL (JJ) = YSCAL (Ju)
RESET SCALING PARAMETERS TO SCALE FOR Y=AXIS

NSCAL = 590
WK=6_
NTRS = 0

MM = LK

XYMRGN = 0,

XMAK = FMAX(Y:NP,MAX NY)
XMIN = FMIN{Y NP »MAXNV)
RANGE = ABS(XMAX=XMIN) = __
IF Y=AXIS RANGE LESS THAN 1 PERCENT OF MAX VALUEs ASSUME CURVE IS CONSTANT
IF (RANGE +LL.T+ABS ({4 B16XMAXY ) XMAXZXMIN
G0 TO 920
DO B4 Jz=1,LK
YGRAD(J)} = YSCAL(J)*10,%%{=LYSF)
GENERATE TOP AND LOTTOM LINES OF GRAPH
DO 13 K=16.126
1F (MOD{K=16,10)) 14,15+14
LINE(K) = MINUS
6Q TO 13
LINC(K) = IPLUS
CONTINUE
NMN = 11=NNN*%5
WRITE (6+52) YORAD(NMN) » (LINK (M} sM=10r126)
FORMAT (6X» ©£10.5¢ 1X, 111A1)
IF (NNN.EGQ,2} G4 TO 712
GEMERATE INTERWAL LINES OF GRAPH

C = XINCR*¥LO xx(=LYSF) /10,
A YSCAL(6)x10,¥*{=LYSF)+C/2,
i) A=C

LBEGIN LOOP TO SET UP EACH INTERNAL LINE OF GRAPH =~w=e LINES ARE LASELED
1 THKU %9 FROM TOQP TO BOTTOM
PO 401 JS=1.49
DO 403 K=1,i26
LINS(KY = KBLNK
IF {(MOD{J5»10)) 18,1918
LINE (i6) = ICOLN
LINE (126) = ICOLN
GG TO 28
LINE(le) = IFLVUS
LINE(126) = IPLUS '
Ay B ARE UPPER AND LOWER BRACKETING VALUES FOR Y=COORDINATE OF POINT
¢ IS SCALED HEIGHY OF PRINT CHARACTER (Ar B ARE AQJUSTED §Y THIS AMOUNT
ON EACH NEW PRINT LINE)
A~C
g=C
DO 427 HN=1.NV
LG 427 JUR=L.NP
GET SUBSCRIPT GF JR Tri POINT OF N TH CUKVE
JO = JRE(NN=1)*mMAX
TEST IF Y=COORDINATE LIES WITHIN RANGE OF A MINUS B OF LINE NO. JS
IE (Y{JD) GTALORLY(JD) LEBY GO TO 427
VALUE IS POSITIONING VALUE FOR X~COORDINATE OF POINT
VALUE = X(JD)%10,%xLXSF
DD = XINCX
NPOS = (VALUE=XSCAL (L)) /DD*10,+16,.5

ol

x
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c

c

C

427

24
25

33

&7
34
36
55
401

c

~J
’—L
o

35
b7

IF {NPQOS.LTa17:0R:NPOS.6T,125) 60 Y0 %27 . e

CURVES IDENTIFIED WITH DIGITS IF WC=0
CWLRINE(NPQS) =
JRS = MOD{JR»26)

1F idRS4Eﬂ,0) JRES26 . -

CURVES IDENTIFIED WITH SEQUENTIAL CHARACTERS OF ALPHABET IF Ne=t

IF (NC.E®@.1) LINE(NPOS)=ALPHAGJRSY} _. . ... R
CONTINUE

AE AMODCJS»10)) 25924925

MM = MM=~1

WRITE (6¢52) YGRAD(MM)p (LINE(M),M=16,126)
60 TO 401

IF (JS.NE+25+AND.JS,NE.26) 6O TQ 36
IF (JS.,EQ.26) GO TO 27

0. 33 Is1s15 e

LINE(I) = LYL(I)

Go TO 36

DO 34 I=1.15

LINE(I} = LY2(I)

WRITE (6,55) (LINE(M)eMz1,126)
FORMAT { 1X: 13ALlr 1Xe 111A1 )
CONTINUE )

NNN = NNN+1

G0 To 9

PRINT X=AXIS GRAUATION MARKINGS

WRITE (6,53) (XGRAD(M) oKBLNK,Mz1,11}),X6RAL(12)
FORMAT (14X» LL(FGade Al)r Fbhod)

WRITE (0¢56) (LXI(I)rI=1,4)

FORMAT {0V 56X, 4AGL )

WRITE (6258) (LX2(L)sIZLeB) NV (TZ(X) Izl NV)
FORMAT (*+% 81X, BAG» Il / 86Xs 5F8.0)

IF (LXSF.E@,0} 60 TO 57

WRITE (&r35) LXSF

FORMAT ( *0Y 50x "X~AXIS SCALING: X VALUES*10%x%,12 )
RETURN

END
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10

30
40

20

20
60

SUBROUTINE YMPRNT (THs TWT, N1 ¢N2)
ROUTINE TO PRINT WALL TEMPERATURE AND AXIAL INTERFACE VS TIME PROFILES

PARAMETER NAX=T0, NTI=40

COMMON_ /CB2/ Z{INAX) v ZSSLAINTI) o ZSLLINTI) »ZLLV(NTL) pZLVV(NTI)

DIMENSION G(L)»PC(Ll) e TMCL) »TWT (L)

WRITE (6,18}

FORMAT (*1' ///7 43X *WALL TEMPERATURE, INTERFACE VARIATIONS VS TI
XMEY® // 15X 'TIME * WALL TEMP SOLID/SOLIND=LIQUID S0LID
X=LIQUID/LIQUID LIGUID/LIQUID=VAPOR LIQUID=VAPOR/VAPORY /

X 15X 1(SEC) . »  (DEGREES.R)' 10X M(ED)Y 3(18X 1(FTAt) ./ 23X
X txt)

0o 30 I=N1gN2

WRITE (6,40) TM(I)esTWTLI)Y »ZSSL (1) ZSLL{TY»Z2LLVIL) s2LVV(D)

FORMAT ( 13Xr F8u%9r ' % Y E12.5r 5X¢ El2.%9¢ J(10Xe E12.9) )

. RETURN
ENTRY TMPRP (TM1GrPrNLoN2)
WRITE (6,20)

FORMAT (v0' // 44X *PRESSUREs MASS FLOW RATE VARIATIONS VS TIME' /
% / 43X YTIME *  PRESSURE?' BX "*MASS FLOW RATE' / 43X
X ' {SEC) * (PSIA}Y OX Y (LB/FT%%2-SEC)" / 51X %' )

0O 50 I=NLIWNZ

WRITE (6460) TM(I)+P(I326(])

FORMAT ( 41X, F8,4 2Xy tx%, E12.5, 7X» E12,5 )
RETURN

END

g6
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SUBROUTINE DEBUG3 (TIMEIT)

REAL MHZLMO&;MHE_JMHELMU:MBAR;KAEEAtBPLKQHB:KCQZJKﬁHQD;MH;MHlRSIL__
MUZVST » MUSVST e MUGVST

X

PARAMETER NAX=70: NTI=ho = _

PARAMETER NPP=z=30

_COMMON /CBL/ TPP(NPPyNAX) »CO2 (NPPsNAX) 2 CH2 (NPP s NAX) o CH20O (NPPoNAX) s
TINAX} +P{NAX) o PTINAX) o H{NAX) g CTHZ {NAX) ¢ CI02 {NAX) » CIH2O(NAX) »

X .
X .

X

> D W e

COMMON /CB2/ Z{NAX)»ZSSLINTI) vZSLLINTI)} +ZLLY(NTIL) p2LVVINTI) .

CIHR2O0S (NAX) »CIH20L (NAX} o CIH20V (NAX )L CIHE (NHAX) » DELTUANTI )0,
PPT(NAX)

COMMON /CB3/ ALPHA »GAMMA ,KAPPAsHC»KP ¢ A9 DELTT 1 KCH2,KC02,KCH20,TCH2,

X -
X
X .

NAXIAT =

.. TCOZ TCH2Q W PCHRZ 1 PLO2,, PCH2Q ¢ MH2 1 MO2 s MH20 s MHE s HR o HA 2 MAL 2 HAR

AW CWoMH,DCs TA2DOHZ2/ D002y DOH20 ¢ ALPHAK s AP» DELTA»SoMUSHSoHL

HV » TH o RHOM p WH2 » W02 s WH20S y HR20L » WH20V.» WHE ¢ CFBAR s MBARSCICP1, . ..
CICP2yCICPIvRIHO)RHOVDELHC» TITPS»DTDZ¢DHDZ s TS TLoDPDZ»DCIDZy
RE2DZ DCISDZyDCILD2p DCIVDZ DCHDZ e RHOP + CP e DELTP « DPTPS » SDTIME »
PFeTSS,AC,VCyPREST »GS5SyMBARSS

COMMON. 7CB&/ NOFZ e NPASS ) NAXIAL L INPERP 1 MODPC s MODNQPUNCH ITSTER,

JOP ¢ ISHUT ) THOT

COMMON /TABLES/ AVSZ(40),APVSZ(40) ¢DELVSZ(40) rHRVST(36) ,TC1(22)
TC2(20) p TCIV(20) » TCA(18) »MULVST(34) oMURVST (34) yMUSVST(32)
MULVST (34) s CFLVST (34) s CF2VST (383 s CFIVST (34) s CFASVT(20)
CFUVST(20) s VPVST(ED) » TVSVP (48) 2 DHCVST (24}

NAXTAL

NAXIAL = NOFZ
WRITE

WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WHITE
WRITE
WRITE

FORMAT ('0' 57X
FORMAT (*0' 50X

{6¢50)
{65:91)
(6p82)
(623}
(Gr94)
{6995)
{6p96)
{6e81)
(6,97)
(6,98)

{680

(6:99)

{CIH2(1) »1=1NAXIAL)
{CIO2(1)sIzleNAXIAL)
(CIHZ05(TY» 121, MAXIAL)
(CIH20L{I)yI=1,NAXIAL)Y
(CIH2QV(I)Y»I=1,MNAXIAL)
{CIHE(I) v I=1oNAXTAL)
{T(I)rI=ioNAXTIALY
(PT{L)Y 1= ,MAXIAL)
(H(X) e l=1yNAXTAL)
(P{I) eIzt NANIALY
(E(T)r =1 s NAKIAL)
TIME e TH -

YAXIAL POSITIONS' / (1Xr10E13,5))
tPARTICLE SURFACE TerPERATURES' / (1X»10E13,5))

FORMAT (10'//UBAYINTERSTITIAL CONCENTRATIONS OF M2t / {[1Xe10E13,5)

X )
FoRM&T (10" 48X YINTERSTITIAL CONCEMTRATIONS OF 02' / (1X)p10E}3.5) .

X

X 10E13,5)
X. 10E13.5) )
X 10E13.5) )
FORMAT ('O 48x
X )

FORMAT (107 52X
FORMAT ('O 680X
FORMAT (0% 53X
FORMAT (*0' 22X
NAXIAL = NAXIAY
RETURN

ERND

FQRWAT (90" 47X VINTERSTITIAL CONCENTRATIONS OF H20(S)' / (1Xs

FORMAT (0t u7X tINTERSTITIAL CONCENTRATIONS OF Hz0(L)t' / (1iX,

FORMAT (*0* u7X YINTERSTITIAL CONCENTRATIONS OF H20(V)! / (1Xe - .

VINTERSTITIAL CONCENTRATIONS OF HE' / {1Xr10E13.5)

TINTERSTITIAL TEMPERATURES' / {1X,10E13.5) )
tEHTHALPIESY / (1X,10E13,5) )

VINTERSTITIAL PRESSURES' / (1X:10E13.5) ) .
PTIME =teE11.5, 3X twALL TEMP =9,£11.5)
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SUBROUTINE UNBAR (Ts TRy XIN, YINs ZZsKK)

C
C THIS ROUTINE WILL DO LINEAR, QUADRATIC» OR CUBIC INTERPOLATION BETWEEN
C. TABULATED POINTS IN TABLE T === INTERPOLATION MAY BE EITHER UNIVARIATE
C OR BIVARIATE
= €
DIMENSION A{6)eX(6)sYL(E)}T(1) 10
11 = IK+1 R 20
N =3 39
Ne = 2 _ __..h0 _
IF (T(I1)=3.) 7007010702 50
. ..A08  IF ATL4IY1)) 6Q.70%e7OM . 60
704  IF (T{If)=2,) 705,706,701 70
705 N =1 .80,
G0 TO 707 a0
706 N = 2 1040
707 N2 = 1 110
A04 1Y = II+i. NSO - | N
702 NI = N+1 130
DO 50 L=IIleII 10
IF (T(L)) &0,60,51 150
60 KK = =1 160
22 = 0, 170
GO To 9989 e ~AB0
51 NX = TiL) 190
IF (T(L+1)) 60,%2+50C 290
52 NY = 0 210
00 TO 53 220
50 NY = TtL+1) 230
23 CONTINUE 240 _
KK = O 250
KY = O B— 260
XX = XIN 270
YY = YIN 280
Ji oz 1I42 2690
g = HX+II+} 300
IF (XX=T(J1)) 301+306)400 310
n6 DO 302 J=JlJ2 220
IF {XX=T(J}} 304,304,302 330
302 CONTINUE $40
509 KK = 2 3s0
XX = T(J2) 360
308 JX1 = J2«N 370
0 TO 305 3380
301 KK =1 IR0
XX = T(J1} 400
306 JX1i = Ji 410
0 7O 305 420
304 IF (J=Jl=1) 301,306,307 430
307 IF {(J=Jd2) 303:308+309 44q
303 Jx1 = J=N2 450
305 CONTIMUE 466
KINT = XX 4790
IF (NY) 1500.,1500»3000 4aQ
1500 DO 1599 L =1,N1 4490
Xk} = T(JXL) 500
LY = JX14NX 510 .
520

Y{L) = T(LY)
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1599

JX1'= uxi+t
151 o
G0 TO 54

L2000 oL = WJEENX

J2 3 J2+4NY

CIF (YY-T(J1)) 312,316,401

401

312
.al9.

DO 312 J=JdlrJ2

IF (YY=T(J)) 334,314,312

CONTINUE
KY = &

318
311
216

314
317
313
315

3099

3098

4350
L300

4199

54

28

711

YY = T(J&}

JYL = J2=N

60 7O 315

KY = 3

YY = T{JY)

oYL 5 Ji

GO TO 315

IF (J=Ji=1}) 311,316,317
IF (J=Jd2) 313,318,319
JY1 = J=N2

CONTINUE

MX2 = JXL

LY = JYL4NY%R{Jx2wII=]1)
LY = LY :
D0 3099 L=1,N1

X{L) = T{JX2)

Y(L)Y = T{LY1)

LYl = LYL1+NY

JX2 = JX2+1

L =0

B30 TO 5%

Y(ly = 22

DG 4400 Islln

LYl = LY+I

Y(I+1} = @,

DO 4050 MM=1.M1

Y(I+1) = YOI+1)24T(LYL)®({MM)

LYl = LYi+NY

CONT INUE

OO 4199 L=1rNi

(L) = T(JdYL)

JYI = JYi+l

XINT = YY

I =1

D= 1l

A{N+2) = X{1)

X(HN+3) = X{2)

00 55 J=lei}1

AlJ+1) = X({J+l1)-%X({J)
TRPALL = XINT-X(J)

IF (TPAL1) 57¢86,57
L = YD)

X(1) =
x(2)
xX{3)
X e

GQ TO b9

D = D*TPALL

GO TO (711e7i2y713)¢ N
X(J)} = TPALL/A(J+1)

60 TO 85

0.
O

HHH s

530
—5480
550
—560
570

590
610

630
. 640
650
060
670

690
700

710
720 _

730

750
760 .
770
780 .
790
810
420
530

gun
850

870
geo
890
240
910
- 220 .
930
940
950
260
370
..-280
990
1900
1010
1020
-1030
1040 |
1050
1060
1670
1080
1999
1100..
1110
1120
1130
1140



712 X{J) = =TPALL 1150

.. . -GO TO 55 1160.
713 X(d) = {(X{J+2)=X{J))}xTPALL 1170
55 _CONTINUE 1180
AfLl) = A(N+2) 1190
2z = 9, _d200
DO 56 J=1eN1 1210
v X)) = DZ{ACS A (JHL X (J)) o o 220
22 = ZZ+Y{J)*X(J) 1230

— 2B CONTINUE 1240
89 T IF (1) 3098,3098,9999 1250

- 9999 KK = KK+KY 1260
RETURN 1270

END 1280

— —— ——— ——— ——— —— e e et T T —rE—— ———— T T— = —— ot e ey e T AN TR TARMIE TN ——— T——— | T oy 3



BLOCK DATA

c .
C
..... . REAL. . _MULVST MUZVST dMUBVST »MULVST . . . .
COMMON /TABLES/ AVSZ(QD)1APVSZ(QO)!DELVSZ(40)tHRVST{36)rTC1(22)l
e X o JC2(20) p TCIVI20) , TCH(18) pMUIYST (34) yMURYST (30 ) 2 MUAVST(32),
X MUGVST (34 ) pCFLIVST(38) 2 CF2VST(3U) pCFAVST(34) »CFASVT(20) »
X CFUVST(20) y VPVST(E0) » TVSVP{48) yDHCVST (24)
C
C HEAT OF REACTION OF 02 VS TEMPERATURE (DEG R}
<
... DATA (HRVSTAI)rI=1s36) /. 0e ¢ 14 ¢ 18 0 04 . e e e e
C TEMPERATURES :
X . D. ' 180. ¢ 3860, T20e » loag, 1440,
X 180G, o 2160, 2520. 2880, 3240, 3600,
X 3960, » 435206 ¢ 4680, 2040, o
< HEATS OF REACTION
L X o823. 1 =b4GLl, ¢ =6UTH, » =H529, o =6581. s .=662B,.
X =H665, ¢+ =0696, ¢ =6T20, ¢ =674, ¢ =b755, ¢ =6766,
X. =0777:. » =678B6s ¢+ «=6794, » =6801, 7
C
c FOUR VISCOSITY TABLES FOLLOW .ea
C
[ .
C He VISCOSITY (LB/FT=SEC) VS TEMPERATURE (DEG R)
L .
GDATA (MULVST(I)#2=1038)/7 Ge v 1, # 154 ¢ 0.
¢ TEMPERATURES

X i80. ] 360, ’ 720 ] i080. r 1440, 1800, ]
X 2160t ’ 2520, ’ 28831 f 324G. t 36&6. t 39601 L4
X 4L320. ¢ 4680, » 5040, o

L H2 VILHCOSITIES
X 2,54 E=Ge 4,47 E=6p 7,30 E~br 9,54 E=by 11,48 E=6, 13,29 E=6,
X i4,97 L=6p LB,54 E~Oy 16,04 E=09 19.47 E~6r 20.84 E=6y 22,16 E-6¢
X 233“5 Ew=by 24.68 E=bty 25.89 E=n /

-

C
¢ 02 VISCOSITY (LB/FT=5LC)Y VS TEMPERATURE (DEG R)
<
UATA (MUEVST{I)'I:llsq)/ Ge le v 15, v G,
€ TEMPERATURES

X 180. [ 3050 + 720. ’ 1080' ] 1440. [ 1800. ]
X 2160, 2520, v 2880, 32H0a 3600, o 39604 1.
X 43206 ¢ 4580, 504C,

¢ 02 VISCOSITIES
X 5,15 E=b6y .94 E~br L7,24 Ewty 22,94 E=b6y 27,87 E~6y 32,30 E~69
X 36,33 £~6r U010 E~By 43,74 E=6p 47,29 E~6y 50,65 E~6p 53,90 E=6y
X 57403 E=69 60408 L=6p 63,03 Emn /

C

< Hz0 VAPOR VISCOSITY (LB/FT=SEC) V5 TEMPERATURE (DEG R)

C

DATA (MUBVST(I)»IZle32)/ Do v L. » 14, 5 0O, »

C TEMPERATURES
X 360, ' 720 ¢ 1080, 1440, 1800. 2160,
X 2520 2880, 2240, 3600, 3960, v 4320, »
A 4680. 9 5040,

C H20 VAPOR VISCOSITIES

X 5,18 E=G6y 9,62 E~0y 14,44 E=gy 19,35 E~6y 24,10 E~6, 28,67 E~6,
X 32,99 £=6r 37,07 L=o» 40,92 E=6) 44,60 E-6) U4B,1L E-=6) 51,49 E=Hy

101



X 54,73 Ewbp 57,87 E=~6 /

c .. . . L
C  HE VISCOSITY (LB/ET=SEC) VS TEMPERATURE (DEG R)
o . i e e
DATA (MUBVST(I)»I=1»34)/7 O »- 1, ¢ 150 ¢ 0. 0
¢ TEMPERATURES ) o Co
X 180, 366, » 720, s 1080, ¢ 1440, , 1800,

]
X 2160, ¢ 2520 + 2880, . » 3240 » 3600. » 3960, o
X 4320, 4688, 5040, -

L. HE YISCOSITIES .. _ _

X 6,71 Ewbys 10,54 E=6y 16,50 E~Or 21,43 E=6y 25,80 E=by 29,79 E=6)
X 33,50 E~br 37,01 E~69 40,34 E~br 43,52 E=6) 46,58 E~by 49,54 E=64
X 52,40 E=Bs 55417 E~64 57,87 E=6 /

¢ )
L FIVE SPECIFIC HEAT TABLES FOLLOW
C et e
¢
¢ rtz SPECIFIC HEAT (BTU/LB=DEG R) VS TEMPERATURE (DEG R)
¢
DATA (CFIVST(I)»I=1+38)Y/ Qs ¢+ 14 ¢ 154 » O, ¢
C  TEMPEKRATURES
X 1800 ’ 360, ] T20, ? 1030. ' 1“40- [} lﬁﬁQ. R
x 2160. r 2520. 1 28800 f 32“0. ¥ 3600. 1 4 39605
X . 4320. Lu80, ¢ 504G. ¢
C H2 SPECIFIC HEAYS
b 4 2075 3,233 ¢ 3460 JJUTH 209 o 3.577 »
X 3,670 ¢ 3,772 3.872 3.966 4,050 4,126
LR 4ed93 p H,253 4 8,306 / : _
¢ .
¢ 0z SPECIFIC HEATS (BTU/LB-DEG R) ¥$ TEMPERATURE (UEG R)
¢
LGATA (CF2VST{I)vI=1p38)/ 0e ¢+ le ¢ 15. 9o O, »
C TEMPERATURES

X 180, ? 35@! ' 720, ! 10500 r qugo ] 1300. ?
4 31600 ? 2520a 28800 ] 3240- ’ 36000 L 3969.
A 4320 r kB0, ! 50400 []

C 02 SPECIFIC HEATS .
b3 0217 L4 nalT r .22“ r 1239 ’ -25l ] ;260
X 266 ' «270 ' 274 y 2278 ’ 261 ’ 285
A 288 ! +291 t + £9Y4 /

- -

C
L Hz¢ VAPOR SPECIFI{ HEATS (BTU/LB~LEG R} VS TEMPERATURE (DEG R)
¢
DATA (CF3VST(I)sI=1e34)/ Q9 v 1a ¢ 15e ¢ 04 »
C TEMPERATURES

X 1500 r 3b00 ¥ 7200 t 1086, t 1440, IBOOA
X 2160, » 20204 2680, S8, » 36060 3960,
X 4320- L} 46890 r 5346. ]

< H20 VAPOR SPECIFIC HEATS
X JH406 L4411l v L4535 P WHBE y  W512 t  o+SHO r
by 279 ’ + 609 r -636 r <659 ’ 578 ] 069‘4‘ r
X +709 v W72% v o731 /

¢ Heg SOLID SPECLFIC HEaTS (BTU/LB-gEG R) VS TEMPERATURE (NDEG R)
UATA (CFASVIL(Y)pI=2918)/ 0v v 1s ¢ Be ¢ 8. v '
L TEMPERATURES

A 200, ] 30u. 4 350, ] HG0,. ’ 430, ? 491 .4 H
L HeO SOLID (ICE) SPECIFIC HEATS

A e2e7 P 329 4307 [P S §+) r L462 r  W502 /
C HE SPECIFIC HEAT {8TU/LB=-DEG R) Vs TEMRPERATURE (DEG R)



[ o o2 o NN & N o NN o

[sR ok &

DATA {(CFHVST(X)I=1916}/ Qu v 1o v 64 ¢ 04
TEMPERATURES

X 1000. | 4 20000 ’
THERMAL CORDUCTIVITIES (02)

103

. X 180, e 720, y ABOO,. 2 2880, ¢ 3960, r 5040, ?
HE SPECIFIC HEATS .
X 1.24 ] 128 » 1.2“ Ay ] .1.2§ ? l.24 [ ] 142&._“ql~-
VAPOR PRESSURE (PSIA) VS TEMPERATURE (DEG R)
DATA (VPVSTAI eI=1:60) / Der. los 28a2 0as . . e e e e e s
TEMPERATURES
X 210, ’ 281, ? 301, ' 331, ] 360, » 280, ?
X 401; ’ 4300 ? “40. [ 4 “60. 14 460- r 492- L4
X. 513. 562. ¢ 586s ¢ 622, 653, » 688.
X Te7e ¢ T68. T88, ¢ 818, v 842, 877«
X . 905. 927 12 1005. » .1155., e e
PRESSURES
K 17 Ewll » U441 E=8 » ,5B8 Em=7 o L147 E£=5 ¢ 4232 E=-4 , ,00012 .
X 00056 0019 Q062 +0185% 0505 0885
X 0.2 r 1.0 r 2:0 ] 5.Q ! 101 ? 200 ’
K 40, r 76. ’ 100. [ § 150. [ ] ZOQ. [ ] 300- ]
X . 400, ’ 5ﬂ0.- !’ 1000- ] 50&0. / . -
TEMPERATURE (DEG R) VS VAPOR PRESSURE (PSI1A4)
DATA (TVSVYP(I)rI=1:48) / 06 v 1, ¢ 224 ¢ Go 9
PRESSURES
X «20 ' 50 ' 1.0 ' 2.0 ' G945 ’ 5.0 ...
X 7.5 ' io, ' 15, ' 20, ’ 25, ' 30, ’
X ‘iﬂ. r 59. [ 4 75. t 100. ? lSG- | 4 200. I
X 500. ] 400. ’ 500‘ r 1000. [ 4
TEMPERATURES
X 513, ’ 540, ' 562, ’ %86, N 604, ’ 622, '
X 40, ? 653. [ 4 673- r 688. ? 70“- ? ‘710- ’
X 727, ) Tal, ’ T68. r 788, ’ 318, ’ 842, ’
X 57?& ? 905' | 927- 4 10050'\ /
DELTA HEAT OF CONDENSATION VS TEMrERATURE
DATA (DHCVST(I)el=1024)/ 0o ¢ Lls ¢ 10« » Qs
TEMPERATURES
X 513, ’ 562 ' 586, ' 622, ’ 653, ' 688, ?
X 710, ’ T4l ' 68, ’ 788, '
DELTA HEATS OF CONDENSATION
X 1064, 1836, » 1022, 1u0t, 982, ’ 860, ’
x w5, ’ L ' S04, ’ ®E89, /
TARLE OF THERMAL CONDULTIVITY OF He VS TEMPERATURE (DEG R)
DATA (TFl!I)rIZI'EZ) S Der Lar Fer Qur
TEMPERATURES
x 132| ’ ::112. 1 ug.(.‘. ] 672. ] 852. | ] 1032. r
A 1200, 150G, 2000, ¢
) THERMAL, CONDUCTIVITIES (H2) :
X e0ll& E=5y 1,811 E«5y 2,683 E-by 3,484 E-5, 4,122 E~5y 4,736 E~5y
X 5H.292 E~He 0,198 E=5y 7,583 Ewb/
TABLE OF THERMAL CONDUCTIVITY OF 02 VS TEMPERATURE (DEG R)Y .
DATA (TC2(I)eI=1920) / Tor Lar Bar Va2
TEMPERATURES
X 1320 [ 512I L4 bz, ? 582. ’ 672. r 800, []



X o 106 E=5, ,253 E=5, ,394 E=5, ,461 E=5, ,522 E=5, ,600 E«5,
X 71l E=5y 1,222 E=5/ X

TABLE OF THERMAL CONDUCTIVITY OF H20 VAPOR VS TEMPERATURE (DEG_R)
DATA (TC3V(I}2ISLe20) 7 Oes Lor Ber Cor
) TEMPERATURES
X 6?2! ’ 8520 ? 10329 [ ] 1212' (] 13920 ’ 1600. | ]
X 1800, 2000,
: THERMAL CONDUCTIVITIES (H20 VAPOR)
X o378 E=Sp o506 E=5, 639 E=Sy, 775 E=5» o911 E=5, 1,061 E=Sy _
X 1.208 £=5» 1,356 E=~5/

TABLE OF THERMAL CONDUCTIVITY OF HELIUM VS TEMPERATURE (DEG R)
UATA (TCH(I)eI=1918) / Osr Ler 79 Cor

TEMPLRATURES
X 132, » 312, » bgz, 6720 1 1000, . v X500, _» .
X 2000,
THERMAL CONDUCTIVITIES (HELIUM}
X 936 E=5y 1,700 L=5y 2,272 E~5, 2,744 E=5y I,458 £=5, 4,347 £-5
X 54132 E=5/
END



