@ https://ntrs.nasa.gov/search.jsp?R=19700020801 2020-03-12T02:31:15+00:00Z

NASA .
UACRL G91C361-30

COMPUTER PROGRAMS MANUAL

ANALYT!CAL STUDY OF CATALYTIC REACTQRS
FCR HYDRAZIMNE QECOM?OSITION |

_ONE-AND TWO-DIMENSIOMAL STEADY-STATE PROGRAMS

- by .
EJ. SSAITH, D.B. SMITHE und AS. KESTEN

praparad for

NATIGNAL AERONAUTICS AMD SPACE ADMNITTRATION

AUGUST, 1968

CONTRACT NAS 7-45%¢

7 P
o fg) NAER712 “
G ) ~‘Z’lﬂ'l: Al il ;T)

M0~ 301 41

! : -

- United Rircraft Research Laboratories

URITED AIRCRAFT CORPCRATIN.



NASA .
UACRL G910461-30

COMPUTER PROGRAMS MANUAL

ANALYTICAL STUDY OF CATALYTIC REACTORS
FOR HYDRAZINE DECOMPOSITION

ONE-AND TWO-DIMENSIONAL STEADY-STATE PROGRAMS

by
EJ. SMITH, D.B. SMITH and A.S. KESTEN

prepared for

NATIONAL AERGNAUTICS AND SPACE ADMINISTRATION

AUGUST, 1968

CONTRACYT NAS 7-458

United Rircraft Research Laboratories

UNITED AIRCRAFT CORPORATION



1

ANALYTICAL STUDY OF CATALYTIC REACTORS
FOR HYDRAZINE DECOMPOSITION

g_olnimter ?@m Hanual

One- and Two-Dimensional Steady-State Models

by

E. J. Smith, D. B. Suith aud A. S. Kesten
| TABLE OF CONTENTS
%STMGT * . L > - L] = > » * - - & » - L] ® - - - - _: - 2 . » -\ - o * *

- R . K
R’mm . > » » » L] L] < L] - - o L] - - * - - . * » & > v » & x & - * »

Stmy c.-o.\)oeootvoro.’O.c.o'.."'Dn'oota

mnumﬁn..uc“‘..@".'o....‘..ﬂ.’ﬁlw.‘..‘
' DESCRIPTION OF ZWALYSES o o o = o o « o o s n o ¢ o s s o s'e s s o

_ One-Dimensicnal Steady-State Model « o » o o o v v o 0 0w e oo

M“Dimeﬂson,&lstuﬁayﬁstatemel O‘l.#...!a"ﬂ"t
DESCUSSION E}E"_DR"‘- AND TWO-DIMENSIORAL STEADY-STATE COMRITER FROGRAMS

One-Dimension Steady~-State Model .« ¢ ¢ . ¢ ¢ o c o s o o o o « o
- Irgub Def PIPEION 4 4 o 5 s c o o s o o o « a o o s ss o =
Toble .. Iopul FormBE o « ¢ o » ¢ ¢ ¢ o 2 s s o s v » s

Fig. 1: Coding of a Sample Data (B8 . o « ¢ o o ¢ '» o ¢

Fig, 2: Listing of Input Dats Punch ea*ﬁs' Sample Case ,
Oatnutnascription.......,,.........k..

- “Figs. 38-3f: Listing of Output tor Sample Date Cage . . .
ggnrgmn@emtionmmmm * 2 ¢ o & v s e s s s e s ou s e

13

13
13
18
21

23
28
34



Dm-Dimensional Steady-State Model o ¢ « « « o o o « « o
Input Deseription . ¢ ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o o &

Table I7: Input Format . . . . . + . . .

Figs. ha-lbb:

Coding of a Sample Data Case

e e

Pigs. 5a-5b: Listing cf Input Jata Punch Cards:

Output Descripiicn

TIST OF SYMBOLS « = « o o v o o o e e e e e e et

Description of Subroutines
One-Dimensionel Steady-State Model .
Two-~Dimensionai Steady-Siate Model .

TLow DIograms « « « o« « s s « o o = s o

® e » » & ®

-

Figs. I-1 through I-5: One-Dimensionsal
Figs. I-6 through 1-8: Two-Dimensional

R‘sz)lx II > L] L ] - L] - - - - » - > L] - * e
Listing of Computer Programs
One~Dimensional Steady-State Model

Two-Dimensignal Steady-State Model .

* 2 ° * o

2 e €© ®» @ ® & 8 ® 5

Figs. fa-bi: Listing ¢f Output for Semple etz Case .
Common Operatioral IToblems . . « ¢ o -~ ¢ ¢ ¢ o « o o o =

>

Steady-State Model

*

L

*

-

------

<

* L > - L] -
Sample Case

« & e e & @

3

Steady-State Model

-

EY

L3

-

Py

4
3

s

Lt

o

Ly

’ g

I

RV hE

o
Pt

A
b}

N
\n



AUSTRRCY

Two mnchine computesional programe huve been developed wrder EASA CJontract-
WS T-458 o caloulate the siesdy-state tenpersture and resc. .t concemtration
distributicne in typical caislymed hydrezins dscompusition reaciion ohaxbevs.
Cue progran is based upm & ope~dlrensional model of the psacter aystem &s?iw
cescrﬁ:ses the bebavior of weaciors heving sedisily wmifew injention profile
and catalyet bed ..mfis‘m&},iﬁxs while the a.,;%ik* propram iz pesad upen 8 tw
éime.;sim modal which @m»s sopsiseration oF nonunifoms radisd m&ee’mﬁn
and of vabtalyst M ami ti@ﬁs Aﬁ&hiﬁi‘i@ :-5% %m‘ g.,m gxial ﬁc—mrsi«
fﬁz‘* tiﬁs. - . ~ : - R

- The- fm&« asd i%m—, m%&‘zwﬁl z:x}éalﬁ s& cﬁ'@u 28 5 }gm feve; ged
£rom thess wodsls e ‘gageribed in dedsil iz “ia sobgRber manuel. The mAnuel
cotibaing opexating .g:sstb.,;wim fie Sheee - emg?%% g2 ¥l 23 desc “ip‘ai:ms of
input and oukpal bﬁm‘gﬁ mma&:w 2L% ouipst %&gv%gﬁ ,&ss'% Holoadad 1
aiscussivn of pussiile opersticosi poilse ssi*&ggzﬁ a;;.se: “topather amh
appropriacy weans £or a&lﬂfg ’;:&%w peeieEL . T - - )

3



FOREWORD

This work was performed by United Aireraft Research Laboratories for ihe

Hetional Aeronautics aud Space Administration under Contract NAS T-358 initiated
April 15, 1966.

Included among those who cocperated in performance of the work under
NAS T-458 were Dr. A. S. Kesten, Frogram Maneger, Dr. W. G. Burwell, Chi=¥,
Kinetics and Thermel Sciencss Section, ¥r. D. B. Smith, Project Analyst, and
Mrs. E. J. Suith, Applied Mathewatielan.

This work was conducted under program management of the NASA Chief, Liquid
Propulsion Experimental Engimeering Systems, NASA Headquarters, Washington, D. C.,
and the Technical Manager was Myr. T. W. Price, Jet Propulsion Laborstory,
Pasadena, Californis. ' — ‘



Report G9LO461-30

Analytical Study of Catalytic Reactors

for Hydrazine Decomposition
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SINAARY

A d=scription is contained hevrein of two mochine computstional programs

.. developed under Contract NHAS 7-458 with the National Aeronautics and Space
Adaindetration. These programs represeat one- and two-dimensionsl steady~state
modala of caitnlyzed hydrazine decomposition reacticn chambers. Both of these
models consider both thermal and catalytic decomposition of reactants, along
with simulianecus heat and mass iransfer between the free-gas phasce and the gas
within the pores of the catalyst pellets. The one-dimensional model of the
resctor syatem describes the behavior of reecters having radially uniform injec~
tion profiles and catalyst bed configurations, while the two-dimensional model
rermits conglderation of nonuniform radial Injection and of catalyst bed con-
figurations exhibiting both redial and axiael nonuniformities.

A genersl description of the onr and two-dimensional models and a dis-
cussion of the machine programs developed from these models are contained in
this manual. A description of input and output for both the one- and two-
dimensional steady-state programs are included in the discussion together with
examples of typicel data ceses. Also included is & description of several
operational problems which might be encountered while using the programs along
with appropriate means for solvirz these problems, In sddition, a short write-
up of the subroutines contained in esch deck is ilnciuded along with general
flow charts of the major routines.
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IRTRODUCTION

Under Contract NAS T-458, the Research Laboratories of United Aircraft
Corporation are performing analytical studies of the behavior of distributed-
feed catalytic reactors for hydrazine decomposition. The specific objectives
of this program are {a) to develop computer programs for predicting the tem-
verature and concentration distributions in monopropellant hydrasine catalytic
reactors in which hydrazine can be injscted at arbitrary lncations in the
reaction chember and (b) to rerform calculations using these computer programs
to demonstrate the effects of various system parameters on the performance of
the resctor.

Progress previously reported in the first annual report (Ref. 1) included
the development of a computer program which describes the steady-state behavior
of & continuous fiow type reactor system in which complete radial mixing in the
free-~-gas \or liquid) phase was assumed. Progress previously reported in the
second annual report (Ref. 2) included an extension of the steady-state program
to include radial as well as axial veriations in temperature and concentrations
in order to permit an analysis of various injection schemes and catalyst bed
configurations which exhibit radial nonuniformities. These programs had been
used to calculate temperature and reactant concentration distributions as func-
tions of feed temperature, chamber pressure, mass flow rate distribution, cata-
lyst size distribution, and ewbedded injector locations. As part of the third
year of contract effort ctiention has been directed toward preparxing a masnual
describing to potential users the operation of these computer programs. The
manual includes & general description of the one- and two-dimensional models
as well as a detailed discussion of the machine programs repfesenting these
models.
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DESCRIPTION OF ANALYSES

The ana’ysis of a hydrazine engine reaction system carried out to aate
pertains to a reaction chamber of arbitrary cross section perwed with catulys
particles into which liquid hydrazine is injected at arbitrarily selected loca-
tions. Catalyst particles are represented as "equivalent" spheres wi'h a dia-
meter taken as a function of the particle size and shape. Both inermal ana
catalytic vapor phase decomposition of hydrazine ard ammonia are considered in
developing equations describing the concentration distributions of theze roac-
tants. Diffusion of reactants from the free-gas phase to the outeide surfacc
of the catalyst pellets is taken inlo account. Since the catalyst material i
impregnated on the interior and exterior surfaces of porous particles, the
diffusion of reactants into the porous structure must also be ccusidered. In
addition, the conduction of heat within the porous particles must be taken into
account since the decomposition reactions are accompanied by the svalution or
absorption of heat. :
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One-Dimensional Steady-State Mcdel

In developing the one-dimensional steady-state model, the temperature and
reactant concenitrations in the interstitial phase {i.e., the free-fluid phase
as distinguished from the gas vhase within the porous particles) are assumed
to vary only with axial distsrce along the bed. In the entrance region nf the
reaction chember, vhere the temperature is low enough to vermit the existence
of liquid hydrazine, vaporization of liguid is agsumed to oczur as a result of
decomposition qfﬁvaggr hydrazine within the pores of the catalyst particles.
That is, catalytic reaction is mesumed to be Past enough to keep liguid hydra-
zine from wetting the pores of the particles; the hydrazine concentration at
the surface of the catalyst particies at any axial location in the entrance
region is then computed from the vapor pressure of ligquid hydrazine in the
interstitial phase st the same axial location. Neglecting axial diffusion of
heat or mass, the change in enthalpy of the interstitial phase in the region
where liquid hydrs~ine is present (i.e., where h; < hjv) is relsted to the con-
centration gradient at the surface of the porous catalyst particles by

: N,
ah NoHeo . d&Cpe °
¢ AN, whetep g —-«f—m) + F(h.-h.} = 0 1)
oz P'?< x /s 1 F (
for h <h’

The variation of mess flow rate, G, with axial distance is easily computed
from the rate of feed of liguid hydrazine from the distributed injectors into
the system. In the region where liquld hydrazine exists at temperatures below
the vaporization temperature, the temperature may be obtained from

Tl :\TF + -:?’“i‘—""‘f' f0r hi < hi'- (2)

In:the two-phase region, where Ty = Tvap’ the welght~fraction of vapor may bhe
computed from ’

L
.- h
WEIGHT - FRACTION VAPOR = &\7“"““"'1‘ for b, <h, sh’  (3)
hi - h‘ '

At the axial position st which the enthalpy of the interstitial phase %s Just
¢qual to the enthalpy of vapor hydrszine at the boiling point (hy = hy ), the
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fraction of hydrazine injected upstream of that point which has been decomposei
is easily calculated from an overall heat balsnce. The associated amounts of
ammonia, nitrogen, and hydrazine formed Prom decomposition of hydrazine can
then be calculated taking the decomposition reaction as

2N2H4~ww ZNH3 + N2+ H2

7% should be noted that this is the overall reaction scheme determined exper-
imentally for both homogeneous decomposition of hydrvazine (Refs. 3 , 4 , 5 )

and low pressure heterogeneous decompogition of hydrazine on platinum surfaces
(Ref. 6 ).*

In the remainder of the reaction ¢, mmber, where h; > hiv, heat is being
supplied to the system by homogenecus as well as heterogeneous decomposition
of hydrazine. 1In addition, at sufficiently high tempersture, heat is removed
from the system by the endothermic decomposition of ammonia. For h; > hiv
then, the change in enthalpy with axial distance is related to the reactant
concentrationg in the interstitial phese and at the surface of the perous
catalyst particles by

ah | o+ H g
preall -3 {F(hrhr) + Aede [Ti- (als] o+ WM gl 8} “

The changes in reactant weight fractions in the interstitial phase with axial
distance are related to the resctant concentrations in the interstitial phase
and &t the surface of the povous catalyst particles by

N H
dwi L fe o MMy L (o F(ﬂ)”*”* (5)
dz G hom P (o] p'

¥t i3 more commonly assumed, without benefit of experimen*al evidence, that
the decomposition reaction is 3 Nth-n—h NH3 + Ny, followed by dissociation
of one of the four ammonia molecules to nitrogen and hydrogen. This two-step
process leads to the same overall reaction cited above but assumes that a
minimum of 25 percent of the ammonis produced by hydrazine decomposition also
decomposes, The fractional ammonia dissociation, f, caleculated assuming the
validity of the two-step process is .elated by the fractional ammonie disso.-
ciation calculated in the present report by

(f) two-step = 3 (f) present + 1
process report

4




G910k61-20

L MH
du 0L 0 [ omn g M A
pre = o 11""“ 8 e + AP(kcci) M“‘t"—i
{©)
N o NH, _ EL-NH3}
A’(kc-[c' (CP)S]) F(P;)
My #y N,
dw, * _ 1 {ir..':;if‘s LI
a2 s 2 whte 2 i Mt .
Ap My i C; \N2
+ _é”(k(:“cl'(c!’)si) Huﬁs - F(P") }
dwi® | [ wg L + Be g et M
dJz 6 (2 wm T g, 2 YRIoN )
3A ﬂH; ““! C; Hz
o 3 felen]) ™ - e ()
vher: +he film coefficients, £, and k,, may be estimated from (Ref. T )
-0 H
A = 074 (..‘.5_., {%6) (9)
Ap},{
and
K - (esnex( ® )’°“’(_fi )—04' (10)
¢ p. I\pin? Aop

The changes in reactant concentrations with axial *=tsy-e are then givern by

= P g e ar (ll_l)
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where
Foon TE-TS o+
and
L, QY L dw
7 oz g% - W’ dz (13)
and

- () b 82 (o) o

The temperature of the interstitial phase in this region is related to
the enthalpy by

h|“ h|v = CF dTi (15)
Tvop

It should be noted that the hydrazine cgoncentration &t the surface of a
cetalyst varticle in the vapor region, (cp) H‘*, is taken as zero. This
refiects the fact that the catalytic reaction is so fast that ‘he rate of
d=composition is controlled by the rate of diffusion of hydrazine from the
bulk vapor, through a stagnaunt gas fiim surrounding the catalyst particles,
to the outside surface of the particles. 1In the case of ammonia, film dif.
fusion is rapid relative tc the rate of dissociation of ammonis within the
particles. The conceatration of ammonia at the surface of the catalyst par-
ticles, (e ) FH3 is therefore fairly close to the ammonia coucentrations in
the bulk vapor phase, ~1N;3 The surface concentration cen be cs.culated,
along with the concentration profile in the porous particles, at any axisal
loctition by soiving simultaneously the equations representing f¥ilm and pore
diffusion of heat and mass. In descrioving the diffusion of mass within a
porous pellet, it is assumed that changes in the mass density of fluid within
the particle are negligible relative to changes in concentration of the reac-
ting species. In additicn, pressure changes within the particle resulting
from nonequimolar diffusion are neglected, as 1s heat transported by pore
diffusion of mass. Assuming constant diffusion coefflcients, Dp, end thermal
conductivities, Kp, the equetions describing heat and mcss iransfer within a
catelyst particle may be wrlitten as
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Ny 2 NHy NH;

Dp V cp - net - O (15)
2
KeV' Tp = HUSp B o g (1)

The houndai'y conditions which consider diffusion of heat and mass through a
fii. surrounding a spherical particle are

NHy

Nus f dCp NH3 NH3 NH
Op ('E')s = ke [d™ - ds ] (18)
and
NH
Co e N b ) -
(’H kcci) + H Dp ’(%;ﬁ)s = A [Ti - (T (20

Using Egs. (16) and (17), Prater (Ref. 8 ) has pointed out that temperature
and concentration are reiated quite simply by

) HD,, )
TP - {Tp)s = TP-"— [ (CP}S— CP] (20)

The use of this relationship ensbles the reaction rate. rhetNHB: te be written
ag a function of concentration alone instead of concentration and temperature.
In this case, however, the reaction rate is a function of two parameters,

)s and (e )s 3 which are yet to be determined. Equation 16 can be solved
for the concentration at any point in the porous particle in terms of the reac-
‘tion rate, rhetm3 and the interstitial concentration, ci 3. The solution is
derived in Refs. 2 and § as an implicit integral equation given by

o) = g [":'( - —%‘gcm—]f ¢ —"3"&3' L3 (21)
221 .2 Thate)
[d[ a kc“D’? ]5 g:m: X
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In order to determine the particle ammonlia concentration profile directiy in
terms of the interstitial tempersturs and reesctant concentrazions it is neces-
saxry to solve Egs. 18, 19 and 21 sim.lteneously.

In the special case of negligible film resistance to heat and rniss irans-
fer (i.e. (T )s =Ty and (c )s = ¢;), Eq. (21) can be written, for any r:acting

species, as
Colx) = ¢ - [}L - -——]fea 'hgi(&)d{

4]
- r_ "het (Co)
.[[f G] : DPP 7

It is Eq. (22) which is usad tc describ+ e hydrazine concentration profiles
within the catalyst particies located in the liquid region of the reaction
chamter. 1In this liquid region it is assumed that liquid hydraszine wets the
outside surfaece of “he cabalyst particles so that (cp)sﬂam* = ciNQH'*, where
eim is the vapor concentration in equilibrivm with liquid hydrazine st
temperature Tj. In the liquid-vapor region the situation is somewhat more
complirated since it is difficult to predict whether liguid or a combinaticn
of liquid and vepor wets the outside surface of the catalyst particles. Boih
of these options are presently in the computer program representing the sieady-
state modei. In the case in which both the liquid and vapor are tsken to wet
the particle surface; it is assumed that, at g given axial location, the frsc-
tion of the surface covered by vapor is equal to the weight-fraction of vapor
precent. Decomposition rates, computed zssuming pure ligquid suxface coverage
anu then pure vapor coversge, are weighted accordingly. Fortuitously, for

the system conside-ed here, the liauid-vapor region is so narrow that the
choice of either of these options has negligible effect on the resulting tem-
perature distributions (Ref. 1 ).

(22)

Finite difference methods have bezn used vo program for digital computa-
tion the ordinary diferential equations describing the changes in enthalpy
and reactant concentrations in the interctitial phase. No iteration is neces-
sury tc solve these equations numerically when the incremental axial distances
are sufficiently small. The size of a succeeding increment is calculated at
each axisl position as a function of the rates of change of tempersture and
fractionel ammonise dissociation with axial distance. However, Egs. (21)and
€2), vh’ch must be solved simultaneowsly with the differentisl equations, are
implicit integral equaticns which rejuire iterative procedures for solution.
Hand calculations have indicated that convergence to solutions for cp(x) are
difficult to achieve unless the initial estimates of the concentration distri-
butions are fairly accurate. Methods have been developed for generating these
estimates and ite. tive procedures have been devised which effect rapid convei-
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gence over a Tairiy wide range of cconditions. These procedures are presently
used as subtroutines in the mair program representing the steady-state modei.

Dwo-Dimensional Stesdy-State Model

1. seveloping the *wo-dimensional steady-state model of a hydrazine reac-
tor system the tempersture and reactant cancentrations in the bulk fluié phase
are pemmitted to vary with radial and axial position in the reaction chember.
In the entrance region of the reactor, vhere tks temperature is low enough to
permit the existence of liquid hydrazine, radial mixing between sdjacent layers
of liquid is neglected. The eguations represeuting the change in liquid en-
thalpy and temperaturs with axial distance at any redial position are the sane
as these developed for the one-dimensional model described previously. As in
the one-dimemsional model, cavalytic reaction is assumed to be fast enough to
keep ligoid hydiasine from wetling the pores of the particles; the hydrazine
concentration at the surface of the catalyst particles at any location in the
entrance region is then computed from the vapor dressure of liquid hydrazine
in the imterstitial phase at the seme locstion.

In the vapsr regions of the reaction chamber, turbulent diffusion of heat
and mess is considered as a mecha. 3m for radial mixing. Radial heat and mass
fluxes are computed as functionz of temperature end reactant concentration gra-
dients. Heat is being suppiied to the system by homogeneous as weil as hetero-
genecus decomposition of bydrazine,; and is being removed from the system by the
catelytic decomposition of esommonia. The change in enthalpy with exial distarce |
at any redial locstion is related to the reactant concentrations in the inter- -
stitial phase and at the surface of the porous catalyst particles by

&h; _ 1 NH,
""'é‘{ = —E {F (hrhp) + Aphc [Tl*‘(Tp)s] + H 2t rm’Nan‘S

(23)*
GQI’ . O aTl J J
ar d + 5 3 + Br 3 %Nf C¢

The changes in reactant weight fractions in the interstitial phase with axial
distance at any radial locatior are related to the reactant concentrations in
the interstitial phase and at the surface of the pcrous catalyst particles by

*Equations of this type are presented in somewhst different form in Ref. T.
The last term on the right-hand side of the equation reflects the neat trans-
ferred by the radial diffusion of massa.
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5142"‘
w S {" ~ 8 = Ap (ko) T
- (2
- der 3 - er"vss F(Cl)”t“4} { )
dr r Pi
a3 [ o MBS NH S
TZ = —g Thom 3 “—gz-“‘ 4= AP“’Q;ci ) h—ﬁm (25)
. NHy NK
- . Wiy  ONWr _ Nr e Ci "“3}
Ap(kc [ei (cpg]) 3 H_5 - F (?’T)
dw;™ i I NH, R + D (ke )% M
3. T & 17 “hom - cCi )
d2 G 2 iR 2 TaRs (26)
N
Ap ; Nﬂs_m_"_z _ N e ci \N2
+ 2 (kc [ci (cp)s]) MNHS ar 8 v F(Pi)
dwiﬂa 1 » i NIH"s Mﬂz Ap (k )NQH‘ M2
Pz 0 % 12 e O gER Yo VeG4 R 27)
3 My M ONETS MR o ¢ “e}
2 foperal) ™ - 40 - e ()
where '
ar = ~A{9T;/ar) (28)
J . 3
Ny, = —€(dci"/dr), (29)
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he= 0 [——G—]ﬂf' [TF 6] (30)
Ap‘u,
_ fosei6 657 s 1-3.40
- B ] 1] (3

. r%Fix“

The eddy conductivity and diffucivity may be és,tima‘_;ad From (Ref. 11)

A s and o€ (32)

gy owd ¢! op
where
i [_l_ oM Ly b dP]' -
3z VLW 9z T, o2 TPz (34
LM ! s Coowy :
M 9z z (WiJ/M") X MY gz (35)
J

and the pressure drop may be estimated from the Ergun equation (Ref. T ) as

_ _ 2
ae _ _ (-—-—' 8) (I."IS + Bl S)) ( 6 ) (36
dz 83 2aG/u ZapigC

The mass flow rate, G, is computed as & function of the rate of feed of iiquid
hydrazine from the distributed injectors into the system. Bulk radlal flow,
caused by particle-~fluild viscous intersction, is neglected. It is assumed,

therefore, that downstream of the injectors the mass flow rate profile remsins
unchanged.
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DISCUSSION OF ONF- AND TWC-DIMENSIONAL
STEADY-STATE COMPUTER PPOGRAMS

The egquaticns representing the one- and two-dimensional steady-state
models have been programm=d for the UNIVAC 1108 digital computer. These com-
tuter programs are discussed helow. Included in this discussion are input
and output descriptions and descriptions of common operstionel problems asso-
cisted with the programs.

One-Dinmensional Steady-State Model

Input Description

'the following is a listing of the necessary input for the one-dimensional
steady-state computer program. The inpubt formet is given in Table I. The
coding of a sample data case is shown in Fig. 1 and a listing of the input data
punch cards corresponding to this semple data case is shown in Fig. 2. The
card numbers in the text below correspond to the card numbers (first column)
of Table I. For each run there will be only gggacard nunber one. Cards
2 through 16 should be repsated for zach dets case to be run.

l. The first card_contéins the number NCASE. This number indicates the
number of data cases with each run. 1 < NCASE < 999.

2. The second csrd 1s thz title card used for individuasl data case iden-

tification. The title may be any alyhs numeric information desired.

3. The third card contains the indicators @PTIPN and PRINT and the nrum-
ber N¢FZ. pPTI¢N is used to indicate which method of analyzing the
liquid-ﬁapor region is desired. If ¢PTI¢N = 2, the program will use
the method in subvoutine LQV2. If @PTIYN # 2, the program will use
the method in subroutine LQVP. These two methods are described in
Appendix Y. FPRINT is used to indicate which type of printout is
desired. If PRINT = O or is blank, the "standard output" Aescribed
in the section ¢ . output is printed. If PRINT = 1, both - e "standard"
and "nonstandard output" sve printed. "Nonstandara outpu " is also
described in the section on output. N¢FZ is the number of axial sta-
ticns (Z's) to be used in the threee tables input on cards 8 through 16.

k. fhe fourth card contains the eight constants Z0, GO, FC, ALPHA3, XF,
B, WMk, and WM3.

Z0 is the axial distance to the end of & buried injector in
ft. (Ref. 1).
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FC

ATPHA3

WMl
WM2

The f£ifth
AGM, BGM,

M2

ALPHA2

AGM

is the inlet mass flow rate in Ib/fta-sec. It must be
greater than zero,

is the rate of feed of hydrazine from buried injectors (Ref. 1)
into the system in 1b/ft3-sec.

is the preexponential factor in the rate equation for the
thermal d°com£031t10n of hydrazine (See Ref. 1l ). It equals
2,1hx10'%ec

is the enthelpy of liquid hydrazine entering the bed in Btu/1b.

is a gas consvant. It equals 10.73 (psia-ft3)/(lb mole-deg R).

is the molecular weight of hydrazine. It equals 32.048 1b/
1t mole.

is the molécular weight of ammonia. It equals 17.032 lb/lb
mole.

card contains the eight constants WM2, WML, ALPHAl, ALPHA2,
K?, and CCM.

is the molecular weight of nitrogen. It equals 28.016
1b/1b mole.

is the molecular weight of hydrogen. It equals 2.016 1b/1b
mole.

is the preexponentisl factor in the rate equation for the
catalytic decomposition of hydrazine (See Ref. 1 ). For the
Shell 05 catelyst it equals 101Csec~l.

is the preexponential factor in the rate equation for the
catalytic decomposition of ammonla (See Ref6 ). For the
Shell 405 catalyst it equals 10%1(1b/£t3)1*C(sec)-1.

is the activetion energy for the catalytic decomposition
of hydrazine, divided by the gas constunt. For the Shell
105 catalist it equals 2500 deg R.

is the activation energy for the catalytic decomposition of

ammonia, divided by the ges constant. For the Shell 405
cavalyst it equals 50,000 deg R. :

1k
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caM

is the thermal conductivity of the porous catalyst par-
ticle. Fcr the Shell 405 catalye it equels 0.4x10~ %
Btu/ft-sec-deg R, -

is the activetion energy for the thermal decomposition of
hyd: .zine, divided by the gas constant. It equals 33,000
deg R. '

The sixth card contaiuns the seven constants TF, CFL, ENMX1, ENMX2,
ENMX3, DIF3, DIF4, and the inlet value of PRES.

iy

CFL

DIF3

DIFL

PRES

*s the temperature ofiliquid hydrazine entering the bed in
QeR Ro S ’

is the specific héat’af‘liquid hydrazine. It equals
0.7332 Btu/lb-leg R.- ‘ .

is the constant used to determine the size of axial station
increments in the liquid region. It squals 20C. Increas-
ing this number would result in a decrease i1r size of sxial
station increments (and an increase in computer rur time).

1s the constant used tc determine the size of axial station

increments in the liquid-vapor region. It equals LO. In-
creasing this number would result in a decrease in size of
axisl station increments (and an increase in computer run
time).

is the constant used to determine the size of axial station
increments in the vapor region. It equals 80. Increasing
this number would result in a decrease in size of axial sta-
tion increments (and an increase in computer run time).

is the diffusion coefficlent of ammonisa in the gas phase at
STP. It equals 0.17x10"3¢t%/sec.

is the diffusion coefficien} of hydrazine in the gas phase
at STP, Tt equals 0.95x10~*ft%/sec. :

is the inlet chamber pressure in psia.

The seventh card contains the four constants ZEND, EN1, EN2, and EN3.

ZEND

is the catslytic bed length in ft.
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ENL is the order of hydrazine catalytic decomposition reaction
with respect to hydrazine. ¥or the Shell kOS5 catalyst it
equals 1.0.

EN2 is the order” of ammonia catalytic decomposition reactic-
with respect to emmonia. For the Shell 405 catalyst it
equals 1.0,

EN3 is the order of smmonia catalytic decomposition reaciion with
respect to hydrogen. YXor the Shell 405 catalyst it equals
-1.6.

8. Cards 8 through 10 contain ZTBLA(I), the interpolation table used to
obtain the catalyst particle radius at any point along the reactor
bed. Subroutine UNBAR, an interpolation routine developed at the
United Aireraft Research laboratories, is used to obtain an appro-
priate particle radius, A, for a given axial station, Z(I), along the
bed. For this table there should be a total of (NFZ) z's and (NGFZ)
A's, The table is set up as follows.

CARD NO,

8 Tis card containz the four table descriptcrs used by UNBAR.
The first descriptor signifies the table number. For this
program it equals 0.0. The second descriptor tells at what
location in the array the tebic starts; the tables in this
program aye read in such that this number equals 1.0. The
third descripbtor is the number of independent variables in
the table (in this case, the number of Z's). This number
aquals'N¢FZ. The fourth descriptor for & univariate table
such as this one should equal 0.0.

9 These cards contain the monatonically increasing 2 values.
Enough cards should be used to contain N¢FZ values of Z at
the rate of ten per card. For example, if NFFZ = 12, 12
wvelues of Z should be input using two cards with ten values
on the first card and the 2 remaining values ~un the second
card.

10 These cards contain the A's which correspond to the Z's
listed on cards 9. Enough cards should be used to contain
N¢FZ values of A st the rate of ten per card.

9. Cerds 1l through 13 contein ZTBLAP(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 from UNBAR as func-

1A
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10.

tic.s of exlal distance (Z) as in the ZTE'A %able discussed above.
For this table there should be a total of (NJFZ) 7's and (NJFZ) AP's.
The table is set up as follows:

CARD NO.
11 This card is exactly the same as card 8,
1z These cards are exactly the same as caxds 9.

13 These cards contain the AP values which correspond to the
7's listed on cards 12. .Jnough cards should be used to
contain NFZ values of AP at the rate of ten per card.

Cards 1h through 16 contain ZTBLD(I), the interpolaticn table used to
obtain the interparticle void fraction (DELA). These DELA values are
obtained from UNBAR as functions of axial distance (Z) as in the ZTRIA
teble discussed above. TFor this table there should be & total of
(WPFZ) Z's and (NPFZ) DELA's. The table is set up as follows:

CARD O,
1k ‘This card is exactly the seme as card 8.
15 These cards are exactly the same as cards 9.
16 These cards contaln the DELA values which correspond to the

Z's lieted on cards 15. Bnough cards should be used to cou-
tain N@FZ values of DELA at the rate of ten per card.
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Output Description

~Qi;t§)ut from the one-dimensicnal st ady-state program is entirely in
printout form. Standard output, which is printed out when input option
_PRINT = C, inciudes all printing normally done during execution of any repre-
sentaﬁ‘a‘é data case, three messages which pertain to calculations which do
not follow the normel pattern in a typlesl Tun, and one error message which
is fsllowed by program termination. Non-standard output is printed in addi-
tion to the standard output when PRINT = 1. This non-standard output includes
addltmna.l calculated values and comments which pertain to intermediate cal-
c\datlons. The print statements associmted with each routine in which output
is generated are descnbe& below.

Standdrd Gutput

MAIN program

..—_-'-_-ngzs

1. A complete 1i tmg of all program input including FYRTRAN varisble
titles for all input verisables.

‘2. Axial position, (Z), temperature, (TEMP), enthalpy, (H), and rate of
change of enthalpy with axial distance, (DHDZ) , Por each axial p051t10n
in the lmuld region. oo

Suhroutine LQ.'\F" or Qve

1. Axisl position, {Z), temperature, (TEMP), enthalpy, (H), and weight -
iraction of .vapor, {WFV), for eack axial position in the liquid-va.por
region.

Subrouvtine V R

1. Axial position, (Z), temperature, (TEMP), pressure (PRES), enthalpy,
(H), and concentrations of hydrogen, (Cl), nitrogen, (C2), ammonia,
(c3), and hydrazine, (Ch), at each axial position in the vapor region,

2. Mole fractions of hydrogen, (MFRACL), nitrogen, (MFRAC2), ammonia,
(MFRAC3), and hydrazine, (MFRACEK), and the fractional dissociation of
ammonis,’ {FRAC3D), at each exial position in the vapor region.

3. All axial positions, (2 values), in the vapor region listed consecu-

tively and MBAR and f values at the end of the reactor for use in pre-
pering input to the transient model computer program.

23
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L,

"KOUNT = XX --- THIS INTERVAIL HAS BEEN REDIVIDED XXXX TIMES"

For all cases involving a non-zero embedded injector feed rate, a check
is made on the Z step size after each calculaticn. If the increment
proves too large to yield satisfactory results, it is halved and re-
checked. The procedure continues until a satisfachory 1nterva1 size

is found, and the above message is then printed.

"THERE IS A PUDDLE ¢F CJLD HYDRAZINE AT THE LIQUID-VAPOR/VAPOR
INTERFACE. --- TRY USING A LARGER VALUE F@R GO"

When using & buried injector scheme it is possible to "flood" the

region surrounding the injector tip with cold, liquid hydrazine. A
sudden drop in axial temperatures at the 1i quid-vapor/vapor interface
indicates that this nas occurred, and in such cases the above message -
is printed and no further calculations are made.

Subrouvtine SGRAD

1.

3.

~"w:: HAVE cALcumTEn A NEGATIVE Y0 DURING ITERATIPN Ng. XX. SET

X0 = 0, CALCULATE TPS = .XXXXX + XX, AND CYNTINUE"

X0 represents an approximation of the radial distance to which hydra-
zine penetrates the catalyst particle before being dissipated. It is
determined through an iterative procedure, and in some instances initial ..
guesses do not yield setisfactory results. In this case, ;corrective
measures-to yield a better approximation to X0 are instituted and the
procedure repested. This message indicates only that corrective cale
culations to:improve on the accuracy of X0 are being ini'biated.

"UNABLE E[¢ 0¢NVERGE ¢N CPS IN 50 TRIES -- CP(X/A) = .X0OOX + XX"

If subroutine SGRAD caunot calculate a "converged'value for CPS after
50 iterations, the ‘final value for G¥ at the particle surface is used
to approximate CPS. This is a good a.i:proximation to CPS_, however, and
program calculations continu‘e with the above message being print;ed.

"UNABLE 1¢ FIND SUITABLE X0 AFTER FYUR TRIES @F 25 ITERATI¢NS EACH -~
PRYGRAM STYP FPLLGWS" ~

If a.fter four corrective attempts to approximate XO the procedure still
does not yield satisfactory results, this message along with all unaccept-
able values for X0 is printed and further calculations are stopped. An
octal dump of core accompanies the progrem stop.,

2k
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Non-Standard Outout

- mm e W e wee

Subroutine SIFPE

1.

"INITTAL CHPICE THRFUGH $RIGIN IS T¥¢ LARGE"

When iterating to find a satisfactory approximation to the radial éepth
of penetration of hydrazine in a catalyst particle (X0 calculation), an
initial guess is the particle radius itself. If this proves to be an
unsatisfactory choice, the sbove message is printed and a different

- initial guess is used.

 "SATISFACTYRY STARTING CURVE FJUND AFTER XX TRATLS. THE VALUE fF

B (X0) IS .X000X + XX"

This message indicates that a satisfactory aﬁproximation to the radial
depth of penetration of hydrazine in a catalyst particle has been found,

and appears frequently in calculations involving the liquid region of
the reactor.

"INITIAL CHPICE 'THRU gRIGIN SEEMINGLY #K, BUT RESULTS RJTTEN AFIER

' 99 ITERATIONS --- SET X0 = .GCOCO1% A AND USE MJRE REFINED TECHNIGUE" .

When cglculating a concentration vs radial position profile within the
catalyst particle, an initial guess at the profile is used assuming a
linear profile from the center of the particle to the surface. It can ‘
happen that this appears to be a satisfactory first guess, but ulti-
mately yields unsatisfactory results for the final “"converged" values
of CPA. In such instances the sbove message is printed and the iter-
ation procedure is-repeated using & new initiasl guess. '

"LTERATIPN = XX

X/A CPA X/a  cPaA”  X/A CPA  X/A  CPA

THE SIAPE CPNVERGES 'I¢ . XO0000K + XK I

\\
L

When a converged value for the slope of the concentratiz)m profile curve
at the catalyst particle surface has been calculated, the above "concen-
tration profile” will be printed. The word "ITERA‘I'I¢N" reférs to the

5
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iteration count at the time of convergence. X/A is ‘the nommalized
distance from the center of ‘the catalyst parh:lcle of ra&ius A to the
surface. CPA is the concentra.ticn of- hy&mzine withm “the particle

at the correspovxding normslized radial distanee. The final message

1 dicates the final. c*’rmrerge& valu& of the. sloPe This block will be
printed for: each axia.i sta:t:ian ef the uquid reglon. ‘ ’

RIS N R ,-—\7

é; va;lue of %he hyﬁmzine c:cncentmtmn gradlent at the
rticla-\\sx.rface, and &ppea.rsffreqxzently in calculations in-
liqaid regian af‘ ﬁh\. reac;ter. ;“», o

2. (aj - "cémmmmﬁz@ Gmmwm AFTER XX TRIES"

. (v) "f‘P’X) A’.‘E PAE['ICL}:. szmmc.E XX+ X"

o
\
e
P

(c) 1 3* \"I3-CPS) ‘- DDQQ{ i \)ﬁ{}}{" |

f_'(—a3 ) “HC* (T-TPS) m:ﬂ .

P.cint nessage (a) indicates the number of iterations that were needed -
to find a convergeé value for the concen'tration gradient,

‘ Print message (b ) glves the converged vall..e for the concentra.tion at the
particle surface (cp)s el
Print messages (c) and (d) give calculated values where XC3 is the.
‘mass transfer coefficient for ammonia, CI3 is the interstitial con- -
w centration of ammonia at the catalyst surfa.ce, HC is the heat trans-
il 7 fer coefficient, T is the interstitial temperature, and TPS is the
temperature at the surface of the catalyst.

Print meszages (a), (b), (c),- _and (d) ‘appear at each axial position
in the vapov' reglion. »
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3. "SATISFACTORY X0 I'5UND AFTER XX TRIES, X0 = ,XXXXX * xx"

When calculating an ammonia concentration radial profile within a
catalyst particle it is necessary to determine the radial depth of
penetration of ammonia. The approximate radial position of "zero"
concentration is referred to as X0 in subroutine SGRAD, and wher *he
iterative procedure employed hes successfully determined a value of
XD, the sbove message, with iteration count, is printed.

A saﬁple listing of thé output for a typical one-ﬁimensional steady-state
data case is shown in Figs. 38 through 3f. '
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LISTING OF OUTPUT FOR SAMPLE DATA CASE.

ONE-DIMENSIONAL STEADY-STATE

474

Gu=bluyng*
Qu=buusss*

Qu=iLuxnte”
TI=GUlugB6 "

curuLOOLL”
gu+LLQOEE "

ou=ulEnee*
10-010286°

20=500009°

20=-000049°;

00=-005heR*
ﬂcloﬁeﬂno.

2u+060008°
SXWN3

ou=-000052°
Givaz

]

Tu+00000¢€°*
vo

Ju=Quulnt*
Vu=GLOUnS*

JO=yuLuce®
TU=0CuiLng°®

=

cU+0U0oUEE"
gu+oLuOEe”

vu=oulivee*
10=000408°

20=0000h9*
€U=000049°

0o=p0L022*
10=000499°

2u+00000*
ZXKN3

104009102°
TWa

T I ] B
4

.

no&o:ooa«. na+oeen¢u.|ao+oocceuc da#a“ooad-,NﬁQQQecnu. ﬂuﬁacauam.
. z o -

TAXWN3 €N
20409T092" COFUZROIT" 28
N!B, ShWM

e

acneocae@ no.aoooe~, eeteomnnn naeaaeaﬂu. na+eaoon

@

3UNsSSIud

eN

HOx

2

- d¥AL,
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Common Operational Problems

Many different data ceses have been run with the one-dimensional steady-
state computer program. During these runs, most of the problems which have
developed heve been eliminated through program modification. However, two -
problewe which may still occur are noted below, together with appropriate
techniquee for solving them.

1. "UNABIE T9 F]Ii'D SUITABLE XD AFTER FYUR TRIES ¢F 25 ITERATIPNS EACH ...
PRPCRAM STYP FOLLOWS"

It a satisfactory value for X0 camnot be found after four attempts,
this message is printed and program execution is terminated. An
appropriate solution to this problem would be to try different values
for £3 lEq. (1-11) in Giscussion of. SGRAD, Appendix Il‘ . These val-
ues cculd be greater than 0.95. To make this change, subroutine
SGRAD would have to be rgcompiieﬁ using the new values of £j.

2. "THERE IS A PUDDLE §F OJLD HYDRAZINE AT THE LIQUII)-VAP{#R/VAP;%R
INTERFACE --- TRY USIN" A mnem VALUE w!n Go"

When wring a buried 1n‘lector scheme it is possible to "floed“ the
region surmunding the injector tip with cold, liquid hydragine,

A sudden drop in axial temperatures at the 1iquid-vapor/vapor inter-
Pface indicates that this has occurred; and in such cases the gbove
message in printed and no further calculations are made. A: appro- -

. priate solution to this problem would be to try a larger input value for
~.§0 and rerun the program with the revised input, -

al.
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Two-Dimensional Steady-State Model

Irput Description

The following is a description of the necessary input for the two-dimensional
steady-stete computer program. The input format is given in Teble II. The
coding of the sample duta case for this program is shown in Figs. La and Lb,
snd a listing of the input date punch cards corresponding to thie sample data
-case is shown in Figs. Sa and 5b. The statement numbers in the text below refer
to the card numbers {first colum) of Teble [I. For each run there will be only

- one card number one. Cards two through twenty-one should be included for each
aa.ta case to be run.

1. 'me‘ first card contains the number NCASE. This number: indicates tb:
number of data cases with each run. 1< NCASE <€ 999.

2. The second card is the title card used for individuel date case idene-
tification. The title may be any alpha numeric information desired.

3. The third card contains the indicators NRINGS and NgFZ. NRINGS indicates
the number of evenly spaced radial siations at which calculations are to be
made where radial station rumber one is that one neavest the center of the
reactor snd radial station number (NRINGS) is that station nearest the
reactor wall. For typical runs, NRINGS = 10 was found adequate to insure .
geod gsults. Increasing this number would allow more detailed radial
analysis, but it would also increase computer run time. N@FZ is the number
of axial stations (Z's) to be used in the three tables input on cards 1O
through 21.

. Cards four contain the valuee of F(I), (the races of feed of hydrazine

: from buried injectors (Ref. 1) into the systen in 1b/ft3-sec). One value
of F for each radial station (total number of radial stations = NRINGS) -
should be input. Ten numbers sre allowed to a card. For the suggested
NRINGS of 10, there would be.one card with ten values of F.

Se . Csar&s tive ccntain the values of GO(I), (the 1nlet ‘mass flov rates in
' 1b/ft2-sec) Por each radial station. Ten numbers ere allowed to'a
card. Tor the suggested NRINGS of 10. there would be one card-with.
ten values of GO. A1l values of GO must be greater than zero.

6. cards stx contain the values of Z0(I), (the axial distance to the end
of & buked injector in ft) for each radial station. Ten numbers are
allowed to & card. For the suggested NRINGS of 10, there would be one
card with ten values of 20, )

7. The seventh card conteins the eight constants ALFHA3, HF, R, MN2HU,
MNH3, MN2, MH2, and ALFHAl.
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ALPHA3

MveHb

_MNE3

MN2

is the preexponentlal factor in the rate equation for the
thermal decomposition of hydrazine. It egials 2.14x10 10gect,

is the enthalpy of liguid hyd.i'azine entering the ved in deg R.

is the gas constant. Tt equals 10 73 \psla-ft3)/ {1b-mole-
deg R). S

'is the molecular weigh't cf nyqra*i.in .o ;;»t equals 32.048
1b/1b moie. .

s the molecular weight of ammomia.” Tt equaﬁfrz,ma 13,’133
mole.

is the molecular weight of nitrogen. It equals 28.016 1b/1b
mole.

is the molecular weight of hydrogen. It equals 2.016 1b/1b
mole. s

is the preeprnential factor in. the rate equation for the
catalytic decomposition of hydrazine. For the Shell k05
catalyst it equais 1010gec-l.

The eighth card contains the eight constants ATPHA2, AGM, BGM, KP, TF,
CF, KMAX1, and IMAKS, .

ALPHA2

is the preexponential factor in the rate equation for the
catalytic decomposition of anunonia. For the Shell 405 cate-
lyst it equals lousec 1

is the activation energy for the catalytic decomposi;bion of
hydrazine,divided by the gas constant., For the Shell 405
ca.talyst it equals 2,500 deg R.

is the a.ctive.tion energy for the catalytic decomposition of
amonia,divided by the gas constant. For the Shell 1&95
catalyst it equals 150,000 deg R. . o

is the effective thermal conductivity of the porous catﬁlyat
particle., For the Shell hos ce.talyat it-equals G.kx10"
Btu/ft-sec-deg R. ~

is the temperature of liquid hydrazine entaring the bed in deg/ .
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CF is the specific heat of liquid hydrazine. It equals 0.7332
Btu/lb-deg R.

NMAXL is the constant used to determine the size of axial station
increments in the liquid region. It equals 200. Increasing
this number would result in a decrease in size of axial sta-

“%+ion increments (and an incresse in computer run time).

naxe is the constant used to determine the size of axial station
increments in the liquid<vapor region. It equals 20. In-
creasing this number would result in a decrease in size of
axial stetion increments (and an increase in ccmputer run
time).

9. The ninth card conteins the inlet value of P and five canstants ZEND,
DONEHh DONH3, CGM, and RADIUS.

P is the inlet chamber pressure in psié.
ZEND is the catalyst bed length in feet.

DON2HA - . is the diffusion coefficient 05 hydrazine in the gas phas~
at STP. It equsls 0.95xI0"*ft /sec.”

DONH3 is the diffusion coefficient of ammonia in the gas phase at
. STP. It eguals 0.17x10~3ft%/sec.

CcGM is the activation energy for the thermal decompogition'of
hydrazine,divided by the gas constant. It equals 33,000 deg R.

RADIUS is the radius' of the catalyst bed in feet.

10. Cards ten through thirteen contain AVSZ(I), the bivariate interpolation
) “teble used to obtain the catalyst particle radius, A(z,r)*, These A
values ere obtained from subroutine UNBAR, an interpolstion routine
developed at the United Aircraft Research Laboratories, as functions of
- axial distance, Z, and radisl disternce, RAD. For this table there should
be a totel of (N¢FZ) 2's, (NRINGS) RAD's and (NgFZ x NRINGS) A's. The
table 18 set up as follows:

P -

#This vari&ﬁle iz yiob- subscriﬁted in the program. This notation is used to
_ghow. that the’ var*able ig a function of both axial diatann¢ end radial” niss .
tanee &nd e ciarify +he way the table is set up. -

¢4
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CARD NO,

10 This cerd contains the four table descriptors used by UNBAR.
The first descriptor signifies the table number. For this
program it equals 0.0. The second descriptor signifies the
location in the array at which the table starts; the tables
in this program are rtad in such that this number equals 1.0.
The third descriptor for a bivariste table such as this one
is the number of elements in the first set of independent
variables in the table (in this ¢ase, the number of Z's).

. *nis number equals N¢FZ. The fourth descriptor is the num-
ber of elements in the second set of independent variables
in the table (in this case, the number of RAD's). This nui.-
ber equals NRINGS,

11 These cards contain the monatonlcally increaging Z values.
Inough cards should be used to contain NJFZ values of Z at
the rate of ten per card. For example, if NJFZ = 12, 12 vel-
ues of Z should be input using 2 cards with ten values on the
first cérd and the 2 remaining values on the second card.

12 These cards contein the monatonically increasing RAD's.
Enough cards should be used to contain NRINGS values of RAD
at the rate of ten per card. '

13 These cards contain the values for A(z, r). The A values
are input at each Z velue for all FAD's (i.e., (NRINGS) val-
ues of A for each Z) at the rate of ten per card.

Example 1: if NAFZ = 10 and NRINGS = 5, the first card would
contain five A values corresponding to the five RAD's on card 12
Pfor 2(1); the second card would contain the five A values cor-
responding to the five RAD'z for Z(2); ... etc. ...; the 10th
card would contain the five A values corresponding to the five-
RAD's fov Z’lo) -

Example 2: if N¢Fz = 10 and NRINGS = 12, the first card would
contain 10 A values corresponding to the first ten RAD's (on.
card 12a) for Z(1); the second card would contain the two
remeining A's corresponding to the last two RAD'e (on card 12b)
for Z{1); the third card would contain the 10 A's corresponding
to the first ten RAD's-for 2(2); the fourth card would contain
“the 2 remaining -A's for Z{2); ... etc. ...; the 19th card would
_contain the ten A's corresponding to the first ten RAD's at
Z(10); the 20th card would contain the two A's corresponding to
the lest two RAD's at Z(10).

38
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11. Cards 14 through 17 contain APVSZ(I), the bivariate interpolation table
used to obtain the catalyst particle surface area, AP(z,r)*, These AP
values are cbtained from UNBAR &g functions. of axial distance, 2, and
radial distance, RAD, as in the AVSZ table diséussed above. For this -
table there should be a tatal of (z«gﬁfz) Z's, {(NRINGS) m's, and (NgFZ
x NRINGS) AP's. The table is set up as fo¢lows° .

CARD NO.

14 This card is exactly the same as card 10.

15 These cards are exactly the sume as cards 11.

16 These cards are exactly the same as cards 12.

. . C

17 Tese cards contein the values for AP(z,r). These values are

input a8t each Z value for all RAD's st the rate of ten values
per card. (See examples in the discussion of the AVSZ table
&s the table setup is the same.) - :

12. @ards 18 through 21 contain DELVSZ(I), the bivariate interpolation
“7 _ table used to obtain the interparticle void fraction, DELTA (z,r)*.
?ﬁﬁﬁae DELTA values are obtained from UNBAR as functions of axial dis-
%aace,.z, and radial distence, RAD, as in the AVSZ table discussed
- -.@hove. For.this table there should be a total of (NfFZ) z's, (NRINGS)
-7 RAD 85 - (Négz x NFLNGS) DELTA's, The table is set up as follows:

-

GARD NO., . '{:}3_‘_'!

- 18 hThis car& 18 exactly the seme as card. 10.
19.J These cards are exactly the same as cards 11.
20 These cards are exactly the same as cards 12,

21 These cards contain the values for DELTA (z,r). These valués
are input at each Z value for all RAD's at the rate of ten
values per card. (See-examples in the discussion of the. AVSZ
tabl: as the table setup is the same).

NOTE s The values for the orders of the decomposition reactions (called ENl,'“
EN2, and EN3 in the one-dimens;onal model) are included in the equations’
N in the two-dimensional model and therefore are not input,

I\
N

¥This variable is not subscripted in the progrem. This notatlon is used to
show that the varigsble is a function of both aklal distance and radial dis-
tance and to clarify the way the table is set up.

anm
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Qutput Description

~ .

Qutput from the two-dimensional steady-state program is entirely in print-
cut form. There is no print option as in the one-dimensional program; therefore,
all printing deacribed below is “"standard" and could possibly occur with each
dete csse run. The print statements generated from each routine are described
below; they include all printing ncrmally done during execution of any repre--
gentative data case, error mesailges, and certain comments pertaining tc eslecu-
lations which do not follow the normal pattern in a typical run.

Standerd Ou gut

MAIN Pro ram
EWmaEes

~ 1. A complete listing of the punch card input with appropriate l‘eadings
and FYRTRAN variable titles for all input variebles.

2. Axial poei‘;ions, (Z), and temperatures, (T), in each annular region for
both liguid a’nd ‘liquid-vapor regicns. -

3. Axial position, radial position and tempere.ture a'l: the liquid/liquid-
- vapor interface for each annular region.

h m«l posit:lon, radial positicm and temperature at the liquid-»vapor/
vapor interface for each annulsr region,

Subroutine unsg§
F 2 8 E & B B -ER

1. Concentrationa of hydrazine, (Ck), ammonia, (C3), nitrogen, {C2), and
hydrogen, ‘CiL}. and mole fractions ot hydrezine, (MFRACK), ammonia,
(MFRAC3), %, “igen, (MFRAC2), and hydrogen, . (MFRAC1), st the liguid-

) vapor/va.por anterfaces (these values will ‘ne indentical for sach ring).

2. Axial positien, (2), temperature, (TEMP), and concentrations of hydra-

- zine, (N2E4), ammonia, (NH3), nitrogen, (N2), and hydrogen, (H2), for
each annuler region at every axial increment along the reactor.

3. Assvmed uniform pressure (calculated by averaging the pressure drop
calculated for each ring over the reactor cross-section) in the reactor
at each axial 1ncrement.

LR
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s,

7.

Mole £ractions of hydrazine, (MFRACH), smronza, \MFRAC3) , nitrogen,

{MFRAC2), and hydrogen, (MFRACL), ani the equivulent fractioral ammonia

~dissociation, (EQUTVALENT FRAC3D), for each amular ring at every axial

incremen‘hk

mmnn.m A PUDDLE #F CLD HYDRAZINE AT THE LIQUID-VAPYR/VAPSR INTER-
FACE ~-= TRY USING A LARGER VALUE FgR Q"

. Wnan uaing 8 buried injector scheme it is possible to "flood" the region

;surrounding the injector tip with cold, l.;quid hydrazine. A sudden drop

E in axial temperatures at the liquid-vapor/vapor interface in sny annular

ring indicatea that this has occurred, and in such cases the above mess-

- age is printed and no further calculations are made.

© "HE PRAGRAM HAS CALCUALTED A NEGATIVE PRESSURE --- RETURN AND JERMINATE'

If a negative pressure is calculated at some axjel station, further
calculations for the current dats case a.m stopped and this message
18 printed out.

"THE PRIGRAM HAS CALCULATED A NEGATIVE TEMPERATURE IN RING XX -~~ RETURN

AND TERMINATE"

If a negative ihemper&ture is calecnlsated in any annular regioh at any -
axiaj station, further calculations are stopped and this message,
including the current annuler ring, 1s printed,

Subroutine SGRAD

1.

2.

g HAVE CALCULATED A NEGATIVE X0 DURTNG ITERATISN Nb. XX, SET X0 = 0,
CALCULATE TPS = .XXXXXX + XX, AND CANTINUE"

X0 represents an approximation of the radial distanc2 to which hydrazine
penetrates the catalyst particle before being dissirated. It is deter-
mined through an iterative procedure, and in some instances iritial
guesses do not yleld satisfectory results. In this cgse, corrective
meaeures to yleld a better e.pproximtion to X0 are instituted and the
procedure repeated. This mess&ge indicates only that. corrective cale
culations to improve on the accuracy of X0 are being initiated. '

"UNABLE T9 FIND SUITABLE X0 AFTER F§UR TRIEC OF 25 TTERATIONS EACH -e= .
PMGRAM STPP FELIGWS" »

~

IR after four ,correciy;ive‘ attempts to approximate X0 the procedure still

does not yield satisfactory results, this message aiong with all unaccep-
«~ le values fcr X0 is printed snd further caleuwlations are stopped. 4n
OC.wl dump of core accompanien. the program stop. N

he
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3. "UNABLE 1Y CYNVERGE §N CPS IN 50 TRIES --- CP(X/A) = .JOOOKX + XX"

If subroutine SGRAD cannot calculate a "eonverged" value for CPS afver
50 iterstions, the final value for CP at the particle surface is used
to approximate CPS.: This is a good approximation to CPS, however, and
progran calculations continue with the above message being printed.

A listing of typical output for the two-dimensional sample data case is
shown in Figs. 6s through 6i.

50
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LISTING OF OUTPUT FOR SAMPLE DATA CASE
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Common Operational Problems

The two-dimensional steady-state computer program has been run with a
large variety of date cases. During these runs, most of the problems which
developed were eliminated by modifying the program. However, a few problems may
8till remain; these problems are outlined below together with appropriate
techniques for solviug them.

l.

"HE PRYGRAM HAS CALCULATED A NEGATIVE PRESSURE---RETURN AND TERMINATE"

If a negatiﬁe pressure 1s calculated at some axial station in ‘the vapor
region, further calculations for the current data case are stopped and
this message is printed out. This diagnostic statement indicates that
a physical limitation of the reactor system has been exceeded. There-
fore, this particular case cannot be run. A lower mass flow rate or

8 higher feed pressure should work.

"THE PRYGRAM HAS CALCUIATED A NEGATIVE TEMPERATURE IN RING XX---
RETURN AND TERMINATE"

If a negative temperature is calcualted in any annular region at any
axial station in the vapor region, further calculations are stopped
and this message, including the current annular ring, is printed. An
appropriate solution to this problem would be to increase the number
of radial regions into which the reactor is divided.

"UNABLE T FIND SUITABLE XO AFTRR FYUR TRIES @F 25 ITERATI@NS EACH ---
PRIGRAM STYP FELIGWS"

If a satisfactory value for XO cannot be found after four attempts,
this message is printed and program execution is terminated. An
appropriate solution to this problem would be to try different values
for £; [Eq. (I-11) in discussion of SGRAD, Appendix I ]. These values
could be greater than 0.95. To make this change,subroutine SGRAD
would have to be recompiled using the new values of fy.

"PHERE IS A PUDDLE ¢F CgLD HYDRAZINE AT THE LIQUID-VAPPR/VAPYR INTER-
FACE --- TRY USING A TARGER VALUE F@R GO"

When using a buried *-jector scheme it is possible to "flood" the re-
gion surrounding the injector tip with cold, liquid hydrazine, A
sudden drop in axial temperatures at the liquid-vapor/vapor interface
in any annular ring indicates that this has occurred, and in such cases
the above message is printed and no further calculations are made. An
appropriate solution to this problem would be to try a larger input
value for GO, and rerun the program with the revised input.
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LIST OF SYMBOLS

a Radius of spherical particle, ft

Ap nggl external surface of catalyst particle pér unit volume of bed,

ey Reactant concentration in interstitial fluid, 1b/ft3

cp Reactant concentration in gas phase within the porous particle, lb/ft3

Cp Specific heat of fluid in the interstitial phase, Btu/lb - deg R

55_ Aversge specific heat of fluid in the interstitial phase, Btu/lb -
deg R

Dy Diffusion coefficient of reactant gas in the interstitial fluid,
ftz/sec

D, Diffusion coefficient of reactant gas in the interstitial fluid at

STP, ft2/sec

Dp Diffusion coefficient of reactant gas in the porous particle, fte/sec

£y Weighting factor in Eq. (I-11) ‘

F Rate of feed of hydrazine from buried injectors into thl system (Ref. 1),
lb/ft3-sec

&g Conversion factor, (1by/lbe) £t/sec? \

G Mass flow rate, 1b/ft2-s¢c \

h Enthalpy, Btu/lb

j% Heat transfer coefficient, Btu/fte-sec-deg R

H Heat of reaction (neéative for exothermic reaction), Btu/1b

ko Mass transfer coefficient, ft/sec

ky Reaction rate constant, equals ae”’

K Thermal conductivity of the porous catalyst particle, Btu/ft-sec-deg R
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Thet

Thom

Molecular weight, 1b/1b mole

Average molecular weight, 1o/1b mole
Order of decomposition reaction
Radial mass flux, 1b/ft°-sec
Chémber pressure, peia

Radial heat flux, Btu/ft°-sec

Activation energy for (heterogeneous) chemical reaction on the
catalyst surfaces, Btu/lb mole

Activation energy for (homogeneous) chemical reactiocn in the inter-
stitial phase, Btu/1b mole

Radial distance from the center of the cylindrical reaction chamber, ft

Rate of (heterogeneous) chemical reaction on the catalyst surfaces,
1b/t3_gec

Rute of (homogeneous) chemical reaction in the interstitial phase,
1b/ft3-sec

Gas constant, equals 10.73 psia - ft3/1b mole - deg R, or,
Radius of reactor

Temperature, deg R

Veporization temperature, deg R

Weight fraction of reactant in interstitial phase

Radial distence from the center of the spherical catalyst particle, ft
Defined in Appendix I (Discussion of Subroutine SGRAD)

Axial distance, i

Axial distance to the end of buried injectors, ft

Preexponential factor in rate equation
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Bquele [-(0p), My | / [Kp (3)]

Equals Quet/R (Tp)S

Interparticle void fraction

Fddy diffusivity, £t°/sec

Eddy conductivity, Btu/ft-sec-deg R

Viscosity of interstitial fluid, lb/ft - sec

Density of interstitial fluid, Ib/ft3

B

y

]

€

A

M

Pi
Subscripts
F Refers
i Refers
P Refers
8 Refers
§Eperscripts
J Refers
L Refers
v Refers

to

to

to

to

to

to

to

feed
interstitial phase
gas within the porous catalyst particle

surface of catalyst particle

chemical speciec
liquid at vaporization temperature

vapor at vaporization temperature
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APPENDIX I

Description of Subroutines

The following is & list and brief description of the subroutines which
comprise the UNIVAC 1108 computer programs describing the one- and two-
dimensional steady-state models of & hydrazine catelytic reactor. Subroutine
SGRAD, since it i1s the key subroutine in each program is described in detail.
The flow charts for the main programs and major subroutines are included imme-
diately after this list in Figs. I-1 through I-8. The number outside of and
next to any block on the flow charts indicates the approximate statement number
in that routine at which that perticular operation orcurs.

One-Dirensional Modql

MAIN (Fig. I-1)

SI#PE (Fig. I-1)

IQVP (Fig. I-2)

LQv2 (Fig. I-2)

VAPPR (Figs. I-3 & I-4)

PARAM (Fig. I-5)

coNe (Fig. I-5) -

UNBAR

BIACK DATA TABLES

Controls input and calcuiates concentrations and tem-
perstures in the liguid regicn of the reactor.

Calculates concentration ard temperature profiles within
the catalyst particles for the liquid and 1liquid vapor
regions of the reactor. This subroutine is similar to
SGRAD which is described in detail later in this section.

Calculates enthalpy during the liquid vapor region of
the reactor (concentration of NoH), and temperature
remein constant).

Calculates hydrazine concentration, enthalpy and tem-
peratures during the liquid-liquid vapor region of the
reactor (concentration of hydrazine varies).

Calculates concentrations, temperatures and pressures
in the vapor region of the reactor.

Calculates parameters needed for calculations done in
subroutine SIPPE.

Calculates reactant concentrations at the liquid vapor-
vapor interface of the reactor.

Interpolation routine used to obtain values from a
table.
Tables of:

{1) temperature va. viscosity
(2} temperature vs. vapor pressure
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SGRAD (Fig. I-5)

Two-Dimensional Model

MAIN (Fig. 1-6)

SIYPE (Fig. I-6)

LQVP (Fig. I-6)

VAPPR (Fig. I-T)

DELTAZ (Fig. I-8)
PRDER (Fig. I-8)

UNBAR

BIfCK DATA TABLES

SGRAD (Fig. I-8)

(3) temperature vs. heats of reaction

(4) temperature vs. specific heat
(5) vapor pressure vs. temperature
(6) enthalpy vs. temperature

This routine is the same as it is in the two-dimensional
model. For a detailed description, see the section des-
cribing two-dimensional subroutines.

Controls input and calculates concentrations and tem-
peratures in the liquid region of the reactor for all
annular regions.

Calculates concentration and temperature profiles within
the catalyst particles for the liquid and liquid vapor
regions of the reactor for all annular regions. This
subroutine is similar to SGRAD vwhich is described in
detail later in this section.

Calculates enthalpy during the liquid -vapor region of
the reactor for all annular regions (concentration of
NoH), and temperature remain constant).

Calculates concentrations, temperatures and pressures in
the vapor region of the reactor for all annualr regions.

Calculates axial increments for the vapor region.
Arranges an array of numbers in ascending order

Interpolation routine used to cbtain values from a
table. )

Tables of:

(1) temperature vs. viscosity

(2) temperature vs. vapor pressure
(3) temperature vs. heats of reaction
(4) temperature ve. specific heat

(5) vapor pressure vs. temperature
(6) enthalpy vs. temperature

Detailed description follows:
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SGRAD (Fig. I-8)

The purpose of subroutine SGRAD is to solve the implicit integral equations
describing reactant concentration and temperature profiles in the porous cata-
lyst particles and to calculate the slope of the reactant concentration gradient
at the surface of the catalyst particles. This routine is used for calculations
in the vapor region of the reactor only. In the hydrazine catelytic reactor
system, ammonia concentiration profiles are calculated but the subroutine is very
general and can be used for many other reactants. The key equation to be solved
is an implicit integral equation of the form (Refs. 2 and 9):

NH NH x/a NHs[  NH,
3 2 rpet |IC (x/a)
ceMMs(x/a) = ciNMs - a2 [——'—- - Okg 2 Dp ] ¢ het [ P ]
%5 /a

2 ' [ akc - DN L2 rpyNH, [cp“"S(x@]
-a = - | € , at
x/a f ch 3

DPNHs
where cpNH3(x) is the reactant (armonia) concentration as a function of x (the
raedial position within the catalyst particle), cy 3 is the interstitial reac-
tant concentration and a is the radius of the spherical catalyst particle.
To solve this equation, a two-phase iterative scheme is used. First, an ini-
tial estimate for CéNH3(x) is found through an iterative method of calculating
successively better approximations. Second, using the good initial estimate
found in the first phase, a siﬂﬁlar iterative method is used to arrive at con-
verged values of the actual c; 3(x) distribution.

(1-1)

Phase I

It was found through hand calculation that solutions of Eq. (I-1) were
very likely to diverge if the initial estimate wa: not & very good estimate.
Therefore, in the first phase of this subroutine the iterative scheme is used
to find this good first estimate. A linear function of the type shown in
Fig. I-9 was found to be a fairly close approximation to the actual concentra-
tion distribution. The point at which the reactant concentration profile
changes slope 1s referred to as X;. N

i

NH
(cp)s 3p—————————-- -
/

[“’ (cpls

b N

) |
X Fig. (I-9)

The final solution to Phase I is &a distribution of this type.
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Iterative Procedure; Phase I

l.

n>
L]

First a guess is rade at a value for the reactant concentration at the su--
face of the catalyst particle: (cp)sm*B = ciNH3/2.

Using this vilue, & value is found for the slope of the concentration pro-

file at the surface, [dcpNH3/dx] x=a'

NHs NH,

s k
.[dCPNH /dk‘\]x= 0 - —DG;NHs [ci —(cp)s] (1-2)

where chH3 is calculated from an equation given in Ref. 1 and
DPNH3 is calculated from Eq. (I-3).

1823
DM = DONH;{(QEls.> . (..'.“_Z.) . {, _ -0.0672 (P/I4.7)(492/(Tp)s)]}

392 ) (1-3)
The temperature at the particle surface, (‘I'p)s , is calculated from
- A N,H NHg
)y = Tk (ke o™ v (0 [acp sax] "] (1-4)

where T; and ciNam* are input to the subroutine, HNQH[F and HNH3 are taken
from tables in the computer program, end ﬁc and ch2H1+ are calculated
according to the equations in Ref. 1.

Using the point [a, (cp)sm3] and the slope jdcpm{3/dx ] xeq® 2 line is
established and extrapolsated to the cPNH3 = 0 axis line, intersecting the
axis line at X, (as in Fig. I-9).

The value for Xo is calculated from

NH,
Xo = @ - {(Cp)s/[de/dX]xzo} (1-5)

Since the region of pirimery interest is the particle surface, it is at this
point that convergence on a value for cpNH3(x) is tested. To test for con-
vergence, a new (c )S 3 is calculated and compared to the previous (e, )g o.
The new value for ?CP)SNH3 can be calculated from Eq.(I-1) by noting that, at
the catalyst particle surface, where x=@, the second integral term in Eq. (I-1)

drops out leaving

NH a NHy ( )]
NH NH ak.~D0D 3 "het [CP X
el = o7 [ - —gzwm ]]; ¢ o9& (1)
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As can be geen in Fig, (1.9) in distributions of this type all values of
cPNH3(x) between O and X, are zero. Therefore, in evaluating the integrals,
all points between 0 and X, can be ignored. If this is done and if x is
normalized by dividing by &, Eq. (I-6) reduces to

NH NH ! NH
"‘.'H‘ i N NH akc 3 - DP ] 'hef [C 3 (x)]
° P

where all tovuc have been previously determined except ryet which is calcu-
lated from

NHsg

- n
et = ko (g™ T" - [er™i ()] exp {7‘B(|—cp"“s (x)/c;N"s)

(1-8)
/ [|+B(|-c,NNs(x)/ci“”’)]}
vhere n, k,, ¥, and B are defined in the List of Symbols.

A new value for (cp)SNH3 is calculated using Eq. (I-7) where the integral
is evaluated numerically using the trapezoidal method.

A new value for [dc N}I:_E/dx ] x=q 18 calculated from Eq. (I-3) using the
newly calculated (015S 3.

New values are calculated for (Tp)s, DPNH3, ¥y, B, ko

The following convergence tests are made:

[ - e = - 1 . o
[Ti - (TP)S]NEW
end ' L Ny NHy
LS -(CP)S]OLD = o - (c")s]nsw 7
NH, £ 0.05 (1-10)

[ci - (cp)]

If these tests are both satisfied, the value of X, calculated in Eq. (I-5)
is saved and the program moves on to Phase II.

NEW

If both tests are not satisfied, an averaged value of (cp)SNH3 is calculated
using as many as three averaging techniques to insure rapid convergence.
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Using this new value of (cp)sNH3, steps 2 through 9 are repeated up to a
meximum of twenty-five times. If no convergence is reached after twenty-
five iterations, a "weighted" estimate of X, is tried:

X =f3 * (X) previously *+ (1-f5) * (Xo) 1ast (I-11)
calculated calculated

Steps 1 through 9 are raspeated up to twenty-five times. Succeeding values f
0.80, 0.85, 0.90, and 0.95 are tried until convergence is reached. If con-
vergence still is not reached and therefore a satisfactory X, is not found,
a program termination with an appropriate error message follows.

Phase II

Using as an 1nitial approximation the straight line determined by the con-
vergent X, and [dc 3/dx] x=q found in Phase I, an iterative scheme similar
to that in Phase I is now employed to find convergent values for the entire

NH3(x) distribution within the catalyst particle. It was found through hand
calculamions that the convergent values of cy 3(x) pear the surface were not
changed by more than 5 percent when the values of Cp 3(x) between O and X,

were not considered in the iterative procedure. Therefore, the points in this
range are ignored.

Iterative Procedure: Phase II

The values of cPNH3(x), (Tp)es kONH3, BNH3 | NH3  etc, found in the last
iteration in Phase I are the initial input to the following iteration.

1. A new cpNH3(x) profile is calculated from Eq. (1-12).

NH;
ces (x/a) = ¢ - a2 ['i'/'q— - °k‘ - ] fx/c ¢? thet rE - ("/")]
ke o 2 I ,""s [Cp ‘(x/o)] (1-12)
- f/o [ ~NHs ] '3 ¢ Do dé

As before, the limits of the integral have been normalized by dividing by
a. The integrals are evaluated numerically using the finite sum approxi-
mation described below.

To evaluate the integral terms in Eq. (I-12) the following procedure, using
a finite sum approximation, is used:
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(a) the interval Xo/a € x/a < 1 is divided 1pto 2l equally spaced subdivi-
sions, and an average value for Thet |[Cp 3(x/cl) is calculated for
each of these divisions.

(b) treating ryet Icpm3(x/¢)] as constant over each of these subdivisions,
Eq. (I-12) can be approximated by

NH NH,
NH NH a i a s_D | pX,/a+ AX/a
C 3 X /0 = C; 3 - - .._.L p
P ) = o™ - S, (X mz:w:—]{'"e'fxo,o ¢at
%o/ +2Ax/a Xo/a +kAX/a
Xo/Q +AX/a o/0 +(k-DAX/q
- ..‘.0.2._ | Xo/0 *(l;oi)Ax/c
Dp""s {'het f 1 gk DM le2 ot
Xo/a + kA X/a 3 ak NMs
(1-13)
+ 'he' x°/0 "(k"Z)AX/O L _ OKQNH‘_DPNNS ] Ezde R
Xo/0 +(k+NAX/q e Ochh’
X, /0 +24 AX
47 24 O/ A /0 | uk‘:“H' _DPN“! 2
het {" k]ﬂ ] E df
X, /0 + 23 AX/0 ake™

vhere k = 1, 2, . . ¢, 2l

(c) the integrals in Eq. (I-13) can now be evaluated directly

b

a a
° 3 b b
jc: CONSTANT - £%0€ = CONSTANT . | * CoNsTANT (3' T

Q
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(a) rearranging and integrating term by term in Eq. (I-13) yields the finite

sum approximation for cpNH3(x/a) at each subdivision of the interval
from Xo/a to 1:

2
cp™s wa),, = ciMs - Da - {( | _avtl])

vhere V = (aky ~Dp  / ake and K = 1, 2, ..., 24,

(e) the values for ¢ NH3(x/a) ‘x; and cPNH3(xﬁu) |x=a are special cases
where one or the other of the Integral terms in Eq. (I-12) vanishes.
Evaluation follows from a simple reduction of Eq. (I-1k4).

2. A new value for [dcsngg/dx] x=g 18 calculated from Eq. (I-3) using the
3

newly calculated (cp)g™ S.

3. A new value for (Tp)g is calculated from Eg. (I-4).

L. Convergence tests are made (as they were in Phase I) using Egs. (I-9) and
(1-10).

(aj If the convergence tests are both satisfied, the quantities GRAD and
TGRAD are calculated according to Egs. (I-15) and (I-16), and the
program returns to the point from which the subroutine was called.

NHy

KH - D I-1
GRAD = [dCP /dx]‘=o P ( 5)
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TGRAD = 4, [T; - (T,,)s] (1-16)

(b) If the tests are not both satisfied, a new cpNH3(x) distribution is
calculated using one of various averaging techniques. Corresponding
[dcpNH3/dx] x=a> (Tp)ss %o, ¥ B, etc. are also calculated. Then
steps 1 through 4 are repeatsd up to & maximum of 50 times. If con-
vergence criteris are not met after 50 iterations, approximations to
acceptable values of GRAD and TGRAD are made using the results of the
Phase I iterative procedure, an appropriate message is printed, and
the program returns to the point from which the subroutine was called.

Distributions of the type shown in Fig. (I-10) sre typical of those found
in this iterative procedure.

(1) converged linear
approximation from c4
Phage I

PN

(2) curve calculated from

curve (1) using Eq. (I-11) °p %} i (2) i__---—-
(Phase II, step 1) (3) | ”/,'

] ’
(3) averaged curve calculated 0 kb i S
from curves (1) and (2) Xo
(Phase II, step 4b) x

Fig. (I-10)
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ONE-DiMENSIONAL STEADY-STATE COMPUTER PROGRAM

MAIN PROGRAM ond SUBRPUTINE SLOPE: Flow Diagrams

700

READ IN & PRINT

FIG.I-1

601 our INPUT
613 |MITIALIZE  PARAMETERS SUBROUTINE
FOR LIQUIC REGION UNBAR
850 N
INCREMENT AXIALLY
8Y AMOUNT DZ
SUBRPUTINE
! UNBAR
777} CALCULATE TEMPERATURE| [ SUBROUTINE |
ENTHALPY , DHDZ , DZ PARAM
SUBROUTINE
SLEPE
860 PRINT OUT 2 ,TEMP,
- H,DHDE
NO
INTERFACE P
CALL LOVP
CALL LQV2
1
102V Y weremenT axiaLLy |
8Y AMOUNT Di
1021
CALL VAPOR
SUBRBUTINE
SLPPE
CALCULATE CONC. AND
TEMPERATURE PROFILES
IN CATALYST PARTICLES

RETURN
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'ONE-DIMENSIONAL STEADY-STATE COMPUTER PROGRAM

SUERGUTINES LQVP and LQV2 : Flow Diagrams

SUBROUTINE
LOVvP

100

INITALIZE PARAMETERS

FOR LRUID-VAPOR
REGIOV

| 4

INCREMENT AXiALLY
8Y AMOUNT D2

1820

CALCULATE DZ,H,DHDE ,

SUBRPUTINE |
-l UNBAR

FIG.I-2

WEIGHT FRACTION OF VAPOR SUB/MUT/NE
PARAM
8501 penT OUT Z,TEMP, H,
WEIGHT FRACTION OF VAPOR
REACHED LV -V
INTERFACEP,
SUBROUTINE
Lovz
100 INITIALIZE PARAMETER
FOR LIQUID- VAPOR REGION
1820 INCREMENT AXIALLY
, BY AMOUNT D2
SUBRAUTINE
UNBAR
TV cacurare oz ,H,0102, | . [ SUBROUTNE
WEIGHT FRACTION OF VAPOR RIM
SUBROUTINE
SLgPE

3100

PRINT OUT 2,TEMF, H,
WEIGHT FRACTION OF VAFOR

HAVE WE
REACHED LV-V
MTERFACE?,
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FIG.T-3

ONE-DIMENSIONAL STEADY-STATE COMPUTER PROGRAM

SUBRPOUTINE VAPPR : Flow Diagram

SUBRBUTINE
Vapgr

SUBRPUTINE
UNBAR

100} sAy7/4L12F

FOR

PARAMETERS

VAPOR REGION SUBROUTINE
CcoNC

W1 cae Repivo

YES

-

91| PRINT MESSAGE ON
D2 INCREMENT

REOIV/ISION

-l—-—-—-—'—Lu———-——_

CALL UNBAR

13

CALL SGRAD

FIX D& INCREMENTS

FROM PRESENT 2

POSITION TO END OF

BED...I5 INCREMENT S
IN TOTAL

4000

CALCHLATE NEW)
DZ INCREMENT

!

4000 [ 0O PROGRAM CALCULATIONS
... ,DWaDZ, DCIDE SN
.., DC40%  DPDZ , DADAR

FOR owWiDZ

oz
INCREMENT
700 LgﬁUE

INITIAL
F%yk

INITIAL
FEED RATE
#07

______ e

(CONTINUED ON PAGE 82)
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SUBROUTINE VAPHR (cont.)

4051 [ DO PROGRAM CALCULATIONS
FOR TEMP, PRESSURE ,H,C!,
€2,C3,C4 AND MOLE

FRACTIONS FOR c!/,€2,C3,
ce

FRAC3D

18 )
I oz:022 700 LARGE?

T3V :NCREMENT AXIALLY
BY AMOUNT DZ

3| reST 4ND/OR RESET
JELAG,NMNT PARAMETERS

|
4050 L omuvT OUT Z,TEME PRESSURE,

H,C1,62,C3,094 AND MOLE
FRACTIONS OF C1,62,03,C4

_ END
OF REACTOR

NO

INITIAL
FEED RATE
NON ~ZERQ,

ves | INSERT 6 ADDITIONAL
ZVALUES AT ERD
OF REACTOR BED

| o

22{ ppinr cuT ALL AxiaL
STATION Z VALUES
FROM V&POR REGION

RETURN

77
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ONE-DIMENSIONAL STEADY-STATE COMPUTER PROGRAM

SUBROUTINES PARAM, C@NC, and SGRAD: Flow Diagrams

FIG.I-5

SUBRIUTINE
PARAM

43
CURRENT

Z 2 INJECTOR
TP P

G =6Go+F x Z

G = GATZ20

|
1002 | ~parconare k¥ &8 oPa

PARAMETERS FOR REACTANTS

S

SUBRPUTINE
cONC

!

CALCULATE CONCENTRATIONS|
oF ”2”4:””3: ”2 ’ ”2
AT LV-V INTERFACE

$

SUBROUTINE
SGRAD

CALCULATE CONCENTRATION 8
TEMPERATURE PROFILES W

CATALYST PARTICLES

SUBROUTINE
TRAPP
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TWO-DIMEMSIONAL STEADY-STATE COMPUTER PROGRAM
MAIN PROGRAM
FLOW DIAGRAM

&

021 prap ano PINT
PUNCH CARD INPUT

09 :
)
875
INITIALIZE PARAMETERS
FOR RING J
S78 | \NCREMENT AXIALLY ALONG
RING J UNTIL LIQUID- | SUBRBUTINE
LIQUID VAPOR INTERFACE SLOPE
102
CALL LovP
] SUBROUTINE
L) SLOPE
CALCULATE CONC. AND
TEMPERATURE PROFILES|
IN CATALYST PARTICLES
RETURN
PRINT OUT AXIAL POSITION
RADIAL POSITION, TEMPERATURE
FOR EACN ANNULAR REGION
SUBRBUTINE
LovP
89 1
CALL VAPSW I

INCREMENT AXIALLY
ALONG RING J UNTIL
LIQUID -LIQUID VAPOR
INTERFACE IS REACHED

1

RETURN

107

DATA CASES
TO FOLLOW ?

YES
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FIG. I-7
TWO-DIMENSIONAL STEACY-STATE COMPUTER PROGRAM
SUBR@GUTINE VAP@R : Flow

SUBRBUTINE
VAPIR

598 {

INITIALIZE PARAMETERS FOR
TACH RING AT LIQUID VAPOR-
VAPOR INTERFACE

[}

PRINT INTERFACE TEMPERATURES,
CONCENTRATIONS, ond MOLE FRACS]

23 ‘

EXAMINE AXIAL POSITIONS AT LIQ.

VAPOR - VAPOR INTERFACE FOR | _ SUBRIUTINE

EACH RING ....... SET INITIAL PROER
AXIAL INCREMENT (DZ)

Diagram

3

YES

30
OETERMINE RADIAL MIXING
————\———= STATUS OF EACH RING...... SET
MIX" INDICATOR ACCORDINGLY

INCREMENT AXIALLY WITH
OZ FOR RING J

64 ‘

DO PROGRAM CALCULATIONS OF
s TEMPERATURE, CONCENTRATIONS | SUBROUTINE

& MOLE FRACTIONS AT CURRENT SGRAD
AXIAL POSITION FOR RING J

v
w0 LL RINGS

ESSED
THIS AXIAL
S/TION

<

599

PRINT OUT AXIAL POSITION,
TEMPERATURES, CONCENTRATIONS,
& MOLE FRACTIONS FOR EACH RING

RETURN

CALL DELTAZ
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TWO-DIMENSIONAL STEADY-STATE COMPUTER PROGRAM
SUBRAUTINES DELTAZ, SGRAD, ond @RDER

Flow Diagroms

SUBROUTINE DELTAZ

SUBRWUTINE OELTAZ

CALCULATE NEW DELTA 2 SUBRUTINE
(OZ) INCREMENT SGRAD
RETURN

SUBRIUTINE SGRAD

SUBRWUTINE SGRAD

CALCULATE CONCENTRATION &
TEMPERATURE PROFILES IN |ea——o ’”%VH’Z”E
CATALYST MARTICLES

i
RETIAN

- SUBROUTINE @RDER

SUBRBUTINE ORDER

ORDER RINGS ACCORDING TO
AX/IAL LENGTH OF EACH
LIQUID - L1Q. VAPOR REGION

1

RETURN
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ONE-DIMENSIONAL STEADY-STATE MODEL

C kAP AR R RS AR IR KK KR AR R ORI RO AR ROR R 0K OR Kok Kk Ak 40K 40K K4 K kKb kb

C
—C et RO O PO T AT A PONCH CARDS oL OWS
C
C FOREAT
C Canu 1t CuLts  1-3 CONTATLN IWCASE  (ORLY ONE CArp L (13)
C PER RUN)
C
- —tEARDS 2 THIY— 16~~~ -
< SeioULD BE REPEATEL
E FOR EACH DATA CASE)
C Cnriy 2 Cunts 1=o0  TITLE CARD .e.¢ ANY ALPHATUMERIC (1L4Ax)
C INFORMATION DeSIRel:
c - A
v Card 3 CoLvs  1=¢ CONTAII' OPTION (i2)
C CoL's  3=4 CONTALIN PRINT (12)
C Loty 5e=7 ConTAll tOF/ (13)
L
Cc Caruiy 4 Cul's 1=-10 CUNTAIN y4)) O T U NS
2 ORI O s s T s T e T T i e v e s v e e s e e (EL11,5)
C 21=30 CONTAIN FC susvvececscensscnnsacasces (L101,5)
C At=u4n COMTAIR ALPHAJZ esoosvsvsssssnseseeses (10.%)
C 4i1~Ha CONTALI HF cenoessserscessnssccnsses (L1ilgn)
c 51=60  CONTAIN K seseecescesosccnsscseceseee (E10,5H)
C wi=7n CONTAI!! vMU aeessosevnnessnesccsnsses (F1l01,5)
—F"——_ﬁ——%”HWMWTTB—‘ﬁT_o‘BbSQQ;QQQQQ (tl"o.))
¢ wating 5 Loy =t LQNTAIL Vel evcovetectevssnssssncsesee (Cltig))
C L1=2n CONTAIMN WMl cevecesosocssnsesncenses (L1L.YH)
C 21-350 CO“T»‘\I!- ALPIIAL S8 000t 0esnoe st et o oo (10,5}
C 31=-4p CONTAIN ALPHA2 9000t 00000t nsntre (18 4%)
C 1= CONTAIN AGM sseesvesssscsstsnsetscres (LL1U,5)
—, e et A CONTA I HOM s s T i e e s b s b s e i e ee (EYH,H)
C ol=7n CONTATIF KP ceescoocoresccccsncsecnses (L1M.H)
C 7i1=80 CONT‘\IN CoM 9000600000000 0 00000000 R e (Llﬂos)
C \:HKL) 6 CuL's ]‘1“ CONTAIiﬁ TF CRCICC B SRR IO I N S SO B NN B B O] (Ll“oEJ)
C 11=2n CONTAIN CFL 90000000000 000000000000s 0 (ﬁl”ob)
C 21=30  COMTAIL ENMXAL seeevosvcencoasessonee (L10,H)

—G———*—-——ﬁwﬁm—ﬁﬁﬁﬁ(ﬂm....n.“unn'15“’.5)

< H1=Hn CONTAIN ENMX3 ceeevotosseseecssonsen (£10,5)
C Bi=oh CONTAILIN DIF3 eeessesssssnssssssseses (EL10,5)
< G1=70 CONTAIN DIF“ 000000000000 00000800000¢ “:1“.5))
C 71=u0  CONTAIN PRES seesvceovasovsrerncensese (E10,5)
c CARU 7 CoL's ) b CONTAIN ZEND sesossvtesssensssvesasss (E1N,H)
=2 —CONTA B s s e s s e e tEYR 5 ) -
C 81-30 CONTAI[‘I ENZ "GO0 S0 00008 908000 0teEN RN (L:ll'.b)
< S1=n0 CONTAIN EN3 seoesoscooncecoscccssses (ELlU.H)
.
C
C (THE TABLE FUR CATALYST PARTICLE RADIUS VS
Ak A ESTANEEALUNG REACTOR—HED—FOLEOWS ) ———— = -
C
C Caku 8 CoL's 1= CONTAIN THE NUMBER 0.0 (E&.4)
C CuL's 9=1u  CONTAIN THE HUHMBER 1.0 (E8.4)
C Cul.'s 17=24 CONTAIN NOFZ (FLOATING POINT) (E6.4)
< CoL's 26=32 CONTAIN THE NUMBER 0.0 (E8.4)
c S — .
C CavU% Yridirees CONTALIN THE AXIAL STATION 2 VALUES

]2
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C (1) 02(2) 20000 ZINOF2) .
c 10 PER CARD¢ coL's 1-80 secevncroee (10E8.4)
(9
C CAKULS 1NALI0By 4 0s COMTAIN THE CATALYST PARTICLE RADII
€ "f\fli'f\(?i'ooo - -
C 10 PER CARD' COoL'S 1-80 s0ceeesonvee (IOEBo“)
€
C
C (THE TABLE FOR CATALYST PARTICLE SURFACE AREA
C V5 AXIaL DISTANCE ALONG REACTOR BED FOLLOWS)
€ P
C CAnxu 1M TH1S CARD IS IDENTICAL TO CARD A8
c
C CARLYH 12A012By .0 THESL CARDS (OR SINGLE CARND) ARE IVENTICAL
C TO CARDS 9A'9H'00.
C
XK = “SURFACEAREAS
C AP(1) v AP(2) 140 e APINOF2)
€ 10 PER CARDO COL'S 1=-80 Sesoe0eecrsesese (10E8.4)
C
c .
C {THE TABLE FOR INTERPARTICLE V01D FRACTION VS
€ Atk - ‘ sY oo
c .
€ CARv tu THIS CARD IS IDENTICAL TO CARL 8
c
€ CARDS 15A715Brees THESE CARDS (OR SINGLE CARD) ARE LUENT[CAL
C TO CARDS 9A'98'000
C CARDS 1hAleBv.;. COITAIN THE INTERPARTICLE VOID FRACTIONS
c- - - : DELA(L) s DELA(2) r4ee v DELAINOF2Z)
C 10 PER CARDy COL'S 1280 sevcvccessnces (IOEBO“)
-
c
—WWWWWWMW"“
REAL KP»K 0
“e—= - - INTEGER-OPTIUNYPRINT 10
CUMMON /FTZ/TBLVP(T7N) o THLHY (42) ¢y TBLH3(42) o SHTBL1(34) ¢y SHTHL2(34) » 20
== s = - GHTBLICIN 2y SHTBLG (34 » ZTBLUCH6) v 2TBLAP(46) » 2TBLA(U6) 30
COMMON /CO/HLoHV FCo TF2CFLyCGMy ENMX1+AGMeNIF3)DIF4 s KPoPRES GO 40
: 2 —— W WM M2 T WM T AL P HAS Y Ry TV APy ZEND Y BOMY HF D2 v AL PHAL Y ALPHAZ——— 50—
2 ¢ ENMX2 o ENMX 30 Eill yEN2»EN39HoRAT ¢ M] 60
—— - COMMON- ZVARZDEREV( 250) yDHDLZ (250 ) » 2¢250) 70
COMMON /TOLL/ALIMiOPTIONSC1sC2eC3¢CU2CAV Gy TEMPIAPIWMAV 920, 80
= -COMMON AMUVSTAVISYST(30) 90
COMMON /FLAGS/MFLAG)KFLAG!PRINT 100
SATZ6 116
COMMON /LIZTBL/DHVST(18) ¢DHLVST (18) 120
— - - COMMON- 7DAVTBLAVPTBL (44) 130
DIMENSION TITLE(1l4) 140
e~ = -READ--5y 700 - NCASE 150
700 FORMAT (I3) . 160
——————OUNTEY 170
705 READ (59608) TITLE 180
-608 FORMAT (144A6) - ig0
WRITE (6,609) TITLE 2u0
- 609 FORMAT- (1HI »y14AG//) o 210
IFC=} 220
e READ 57809 OPTLONTPRINTTHOFZ 230
809 FORMAT (212,13) 249

A8k
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READ tH+800) Z20:G0»FC oy ALPHAS HF ¢ Ry WMt o WM3» WM2, WML 0 ALPHAL , ALPHAZ,

A AuMr3oMeKP o COMe TF o CFL o ENMX1 s ENMX2  ENMX Sy DIF3 2 DIF G PRES e ZEND

X BN IEN2 NI
800 FUKMAT (¢£10.5)

L e G uras T

GOF S = NOF 244

HOFeS =2 HOFZu+t

CALL JildAR (VPTol (1) v 1ePRESe 0. » TVAPIKK)
CALL UNpAk (DHVST(1) 912 TVARP 20, +DELHVIKK)
Catte Jagnls (DHLVYST(1) 2 1o TVAP D4 ¢ DELHL yKX)
—H 2ttt

HvzHL+OELhv=uELHL

LATENZGUHFC /D

lf‘(f.:',uoS] o”a YL TO 03/

1¥FC=n

637 wITE (uLe600)

— 6o TS 2T et T PO CONS TANTS 7P TO2HHF — 151 I A
" 1¢ Tva:? CFL PREZSSURE Wi’ F
X ul )

WRETE (oe001) HF il eIV TF2 TVAP s CFLePRES KPeFC o GO
601  FORMAT (3X»10EYL,B//)
allTh (0e0N2)
——bﬂ?——fvn|rf—f?*ﬁhfff—f"““‘f‘ﬁtPﬂ#&‘**-*‘*ﬂ?**‘“““‘”ﬁTFd““ DiFy
A wd w93 wM2 wM1 ZEHL )
aRklle (o)1) ReAcP4a39rCOGMeDIFIvDIF 4o WMU ) WM3 s WM2 o Widl o ZEND)
WRITEL (6r003)
6N3  rORMAT (nX 1134 AoMm BGM ALPHA1 ALPHA2 N1
A Ve "3 LinMX1 ENMIX2 ENMX3

et oy 6 8 A OMY B Y REPHA LT AL P HAZ Py EN Y EN2 T ENSTENMXE Y EMIZ2 s M X 3

AalNiTE (ovet,17) 20

0317 rURMATY (/7 SAr'Z0Y / SarELLl.6)
Rind (0e2) (LTubavi)eiz=1ed)

20 FURMBT (4lese)
uLAu (%e21) (Zl)Lﬁ(l)DIZJrNOFZ“)

3 £ i ' VDU |
T Pt rf—+ ‘T'—"K.UWI

Hint) (5921) (1 5LACT) 9 [SIHOF 256 HZTBL)
Rint (e29) (Z1SILAP (L) 1210 l4)

Riad (5921) (ZTBLAPLL) » [=5eHOF¢H)
HZAL (M921) (ZT3LAP (L) » ISNOFZSeN2TSL)
A (he2'h) (ZT'iL-)([)vl:lo‘%)

A
v

Rau (Be2l) (LihLd(I)ol NOFZS vN:TUL)
il (oebOny)

604 Foaan T (//7755%e 138 2 VH A TABLE)
Ak Th (o) (213LA(L) Izt l4)

22 FORMAT (40K04C13,5)
——————r oy A A - E B NOF ) ——-
25 FORMAT (1Xe1UET13.D) -
wKiTE (6 28)
2 Fohwit T 7 )
whiTE (o09p23) (oTBLALL) v ISNOFZS)NZTBL)
WRiTe (oeclth)

& Lodod

)

?q Fi}i\l“l"‘ 'f Ay r7 T
u LT (ve6D6)

6he FormAT (buXetar £ vS5 AP TABLE )
WHLITL (uee?) (TBLAPLI) 2 I=10 1)
wHLITE (beed) (2T3LAPIL) e IZSHeNOFZY)
wETL (oee®)

———— et e—te e A e e s RO N A e — — — — — — — ————————— -

WITE (ell)

85

250
0l
27
260
AR
NS
A1
e
L0

TR
~:'SJ!:
50
YA
ol

390

uyf o

3410
ol
ol
TRIR)
4hi
Y
g
4o,
gt
Huh
510
Uzr
w31
L3S
Yot
LP
90
nul
10
0lh
30
uf;
b.u)-()
ool
670
ot G
0u¢
TU0
710
720
730
745
750
760
770
780
790
800
10
52l
830
640
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virtgit. (Let07) 150
GNT7  FormA b (92X0 1700 2 Vo DeLTA TASBLE ) $60
BR1ITE (oee?) (278LL(I)0lz104) t70
wiith (oped) (LT1BLDCL1Y e Izb03lOFZ24) HAN
Wttt 2 5) ST e s e s £90
PRUIL (09ed) (Tl (1) o IZIUFZSeNZTBL) 940
W11 (tn,0ld) a1
BL3  FueAT (V1 V 1A Vkh 4 kh o Aok Kok A0k kK KOK sk Rk % KKK % ENTERING LICUIL qgon
A eGlug TR RREKTR K KKAOR R KRR KRR kk Kk ) G20
b i =0 Qi)
=t TTTmT e s s o s Q50
41‘.(1)-:00” e, i)
HIiir Y70
1l=2 Y0
oh0 Z{li)=d(li=1)1ue 9a()
Tuwow=Tr+ (1= ) /CFL 10u0
— €At troAr— YR Yy T E M T e R R - 1010
CHugnz (viRr4 welld) /7 (R¥TIP) 10206
Cal Jnbiar (TLLBY (1) 21 o TEM 0o 2 HU 9 KK) 1030
Cacl Jusar (ZTULAP(I) » Lo Z(L1) 2040 AP PKK) 1049
CALL unNiEAk (Z2THLACL) 219 2(11) o040 ArKK) 1056
Cate PalcAM{TUMP o ZCIE) o Lo CR2iU»HU s Do GrGMMA K NRAPBETA) 1060
c : —Civ o 7 F 2 YiRPRTRY U EFFY 1n70
IFG=HL) 7 TeTT000 7 17 16K0
770 JF(ELesT20)0ERIVIII)IZOERIV(II=1) 1190
777 OHUZ (1o)== (14 sUPARAPAULRIV(II)+FC¥ (H=HF ) ) /6 11u0
Déz=mb/ (EPmXY*DHDZL1 L)) 1110
witd T (np520) 1120
2 URMTF IS TP —— - BHUZ ¥ 1130
wika 1E (Ped0) 2CL1) o TEMPoitetlDZ(TT) 1140
86N ForMnT (/30XKr84E15.6) 1150
LF =) aTU s 1020, 374 1160
BT4  pAzA+udAZ (I )Y %2 1170
IV (=ML 875, 1020, 1000 1180
——HFS— =t - - 11960
L TO abo 1200

¢ BACKSTEH TU LeL=V=gOUMNLARY
1000 O2=(HL=H)/uiiZ2(11) )2 1210
- Haril 1220
I{=11+1 1230
Go—t+-o—eiiyh - 1240
1020 IF(UPTIUNEW,2)CALL LAV2(He Z(II) oDERIV(II) o IT9DHDZ(1I1) ¢ TEMP,CN2HY ) 1250
- IF(ORPTIUMN.R.2)60 TO 1021 1260
Cake LaVR G 2T rDLRIVIIT) o 119oDHDZ(IT) » TEMP) 1270

c STarT VAPOR REGIOW

1N2) Uez==rnb/{eluAX3%0DHN2(11)) 1280
AT AP OREFEMP 2 R B BER P Y ———— ———— - 1291
KOUNT=KuUT #1 1300
LF GKOUNT JLE JHCASE ) ) TU TUb 1310
WiaTE (be102) 1320
102 FORMAT (7///741K030H *kkkx OPERATIONS COMPLETE *kkkx ) 1330
Sfoup? 1340
NG --+350
SUUKCUTINE LAVP (e ZLVeQyJdeQle TEMP) 0
ReAt—4P R 9.2
DHELCER PRINT 20

86
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COMMON 7#FTZ/TBLVR TN TBLHEtUZ)I s TRLAHS (42) »SHTBL 1 (34) o SHTBL2(34)
1 SHTS3L3(34) o SHTBLA (34) + ZTBLD(U6) » ZTBLAP(46) ¢+ ZTBLA (Uo)
COMMON /COZHL I HV FCor TRy CFLrCOM ENMX1 ) AGMyDIF3)DIFY 1 KPYPRESGO
1 WM4 » WM3» WM2» WML o ALPHA3 Ry TVAP» ZEND e BGMaHF ¢+ U2 s ALPHA L » ALPHAZ
r- ToNMXE ;
COMMON /VAR/ZVERIV(250)»DHDZ2(250)+2(250)
COMMON /TOLL/ZALIMIOPTION,C14C2¢C301CUICAV G TEMP APy WMAV 120,
CUMMON /MUVST/VISVST(30)
ComMMOr /FLAGS/MFLAGIKFLAGIPRINT
ARKITE(n»100)
A OR M T O i ek R o —— - — SN TER NG L
1IQUID~VAPOK REGION a3 200200 60200 s 2 o 06 o T o ok e ok o K ok RO K K /77)
UERIVIJU)ZA
JHWZ(JJ) =0
ARITE(6¢1750)
1750 FORMAT(//30Xe 3H 2 o 11X,5H TEMP 11Xe 3H H 12X» 3HWFY)
oo redey—
Jd=JJ+t
1800 CONT Thiue
1520 OeRIV{IJJIZDEKIVIJJ=1)
Z{dd)z2tUd=1)+02
T1EmPZTVAP
—— AN ARt e MY BT Rt R ———— ———— ——————
CALL JHBAK (ZTolAP (1) ele20Udd) 104 r AP IKK)
CALL PARAMTEMP e 2(Ud)olr0e000,0000GrGMMAKsDPAPBETA)
UHUZ (JJ) == (s UPARAPRDERIV(JJ) +FCE (H=HF ) ) /G
W2z=hb /{ENMX2#0HDZ(Jd) )
IF(H=11v) 3291650032
—— Rt B DA e
IF(H=V) 1dB0e1050:2000)
1350 wE VI (H=ril ) A (HV=HL)
wWwicd T (e l900) Z(JIJd) e TEMPoHeWFVY
1900 FORMATIZ22X0E 1459140 14,501X0E18.991X¢eE1l D)
IFQ=1iv) 33, 1950,35
2 o= G ii 4
30 TO 1600
2000 LZ22(HV=R)/OHuZ(JJd) +)/
HEHV
JJ=JJ+
o T 1420

TR SU BTN —
s LAY 4ALA B

il

RO NE St AV TSy Sy FEME T M e

INTEGER PRINT ‘

COMMON /FTZ/TBLVRPLTN) » THILHU(42) » TBLHI(42) ¢ SHTBLL1(34) ySHTBL2(34),
1 SHTSL3(34) 2 oHTALL(34) » ZTBLL (48) s 2TBLAP(46) 1 2TBLA(HO)
COmMOri ACOAHL o HV I FCrTF o CFL I COMyENMX Ly AGM e DIF3)DIFU 1 KPIPRES»GO

L WMU » M3 e W29 WML » ALPHA3Z RATYAP» ZEND e BGMoHF v D2 e ALPIHAL » ALPHAZ
2 TENMX2TERMESTENG rENSTEMITHYRA T ME

COMMO /VARZDERIVI250) v DHDZ(250)0,2(250)
COMMON /TOLL/ALIMIUPTION,CLyC20C30CU4»CAVIGe TEMP AP WMAV 20,
LuMMGil /ZMUVST/VISVST(30)
COMMON /FLAGS/MFLAGIKFLAGPRINT
wkiTE(62100)
B0 O RMA TS e A A e A A R S A A AN A e e NN G b

lIuUID-VAPOR REGION A0 0 AR 300 e 0o o o o K K o R K o o K /77)

87

30
40
Ho
i)
70
AL

a6

-

——
oo
-

1 1H
146
1°.0
1.0
170
1an
194,
206
10
el
A0
ot 6
250
shl
ENAY
cH O
290
Juh
14
J2h
330
T I
ah i

Hnh

374
G
3G
0yt
416
420
®30n
L4

10
20
A0
40
50
60 -
76
80
Qg
luo
110
120 -
130
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DERIV(JJY=0 140
PDHad (JJ) =Q1 150
ISy =2y 160
Cnick JAGAN (TBLHRI1) s Lo TEMP 204 s HU 2 KK) 170
—— Cu=CRemt ettt E F LY e =R 180
NI"V ﬂ. 1‘)(\
JdzuJ+i 200
3101 CunlIhiL 210
1820 Ziud)séldu=1)4i2 220
TLaRZTVAR 230
Crct ARt S L T EMP T O Mt KO - : - 240
CALL UnNnAR (STGBLAPCI) v Lo 2(JJd) ¢ Do n AP P KK) 2bhl
CALL UNBAR (ZTSLAGLY ¢102{JJ) sUsrArKK) 260
CALL PARAM{TENPoZ{UJ) 0 b0 04000069 3MMAKsDPAIBETA) 270
IF(MFLAL LWL 1)00 T 7 280
CALL. SLURE (CHrGM A Ko BUTAPENLyDERIVIJY) »DPA, A DIF4) 290
t—Fo—fr - - - 3u0
7 UIFWSDIF 4% ((TEMP/492,) #%1,823) %14, 7/PRES 310
CALL UrbAR (VISVST(1) s 1o TEMP0 . rVISIKK) 220
KHUSPRES*WMU / (RkTCMP) 336
AKL= .61*U/RHU*((VIS/(RHOtDlFN))**-.607)*((GI(AP*VIS))**- 4)) 340
OV (JUISAKCxCL /DA 350
——1r———+ﬂj¢rVfddﬁ8ﬁ*++—-ﬂFV++ﬁﬁﬂTVfdd&*ﬁ$% —-- 360;
DHUZ(JJ) S= (HaxDPARXAPHDERIV(JJ) +FC* (H=HF ) } /6 370
DZz=Hit/ (EHMA2%UHDZ(JJ) ) 380
IF (H=HV) 15, 3050915 390
15 HER+OHDZ (JU Y xDZ 4o
u-(n-HV).SOSO 30‘%0:550n 410
—305 0wyt - 420
ALVE(HF=H) /HY 430
CHZPRES* Wt / (RXTEMP) x ( (L, =XLV)/ (1.4XLV)) 4uo
3160 WRITE (b 3000) 450
~3000 FORMATL/730%» 311 2 » 11Xe5H TEMP 11Xe 3H H 312X .- =V) 460
WRLITE(he3100)2(JJ) » TLMP s HoWFV 470
5 ormA T2 E YT ST T Bt S T E T ST OO E T T 57777 “§80
1IFOi=HV) 16931500 10 490
16 JJzJo+t 500
6L Tu 3io0t 510
- 3800 UZ= (HV=H)/DRUZ(JJ) + 04 520
H=HV 530
—dEchd+t 546
GU 10 1620 550
- 3150 RETURH 560
ENL 570
SUBRUUTLNLE CONC (C19C29C39C40ZCoHIT) ¢

[ THIS ROUTINE CALCULATES INITIAL N2M4sNH3¢N2,H2 CONCENTRATIONS FOR

¢ VAPOR REGIUN OF THE REACTOKR RED

1HTEGER PRINT 10
e E MO AFF A AN P A FHEH 2 FREH 2y SHIBEH S S HF sk 2t Jy——————2¢
1 SHTBIL3\34) » SHTULY (34} 2 ZTBLD(46) » ZTBLAP(486) 9 ZTBLA(40) 3¢
COMMON /CO/HL W HV, FCoTFoCFLrCOMIENMX1 2 AGMyDIF39DIFU kP »PRES GO, 4
1 WMy WMo W29 WML p ALPHA3 )Ry TVAP ¢ ZEND » BGMo HF ¢ DZ ¢ ALPHA L ¢ ALPHAR 5(
2 PENMAZ P ENMX3IERL s EH2pENI s HiRAT $ M) 6l
COMMUN /VAR/ZDERIV(250) :DHDZ(250) 9 2(250) 7¢

G OMMON— O A MY OP FLONT E 1T C 2TE ST CUTEAYTO T TEMPY AP TV T 20— 8t

COMMON /MUVLT/VISVSTI30)

88

9(
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COMMON—Z7FLAGSZMFLAG» KFLAGFPRINT —

CALL UNBAR (THLHU (1) 21eTo0.rHU»XK)

XVz= (HeHF J /7RG

CUS{ (PRES*AMY) / (RXTVAP) )& ((1.=XV)/7{1.+XV))

CATtHPRESYTIM I ARV AP ettty r—m—— ™ ——— -
C2=({PRES*WM2) /(2. 0RxTVAP) ) x(XV/7{1,+XV))

C1o((PRES*HML) A (2 s xRxTVAP) ) % {XV/ L, +XV))

RE FURN

EMD

SUBRIUTINE PARAM (ToZALOP2CCoHRoLLVOP»GoGMMA K+ DPAPBETA)
REAL KPPk
IintEGER PRINT
— e COMMO T2 TREYP O T TR Nt 2 T TRt 2y SHTBL Tt 3w SHTSE2 3% )

1 SHTBLI(34) o SHTSLY (34) v 2TBLO(UG) ¢ ZTBLAP (46 ) # 2TBLA (U 0)
COMHON /CO/HL NV FCo TF o CFLICOMsENMXL1rAGMeDIF39DIF4 1 KP+PRES» GOy

1 UV w3 o Wii2 s WML ALPHAJ s R TVAP ¢ ZEND s BGM o HF o DZ » ALPHAL ¢ ALPHAZ
Z 2 ERMX2 » ENMX3 0 ENL s ENZ22ENSoHoRAT o M]

COMMON /VAR/DERIV(25U) 9»DHDZ (250) v 2(250)
——————— COMMON—TFOLEAAE MY OP T EONT C C 27 C v CHT CAV YT G TEMP T AP T WMAY T 2805 -
COMMON /7MUVST/ZVISVST(30)
CUMMUN /FLAGS/MFLAG KFLAGIPRINT
COMMON 7/ [FCEw/IFC,GATZ0
IF(LA~c0)434480 45
w3 G=GU+FCa2ZA

ra) h W LN o [

A4 A Ard -

C Z HAS ZXCLEDEL HYWAZINE INJECTOR TUBE LENGTH » & COUNSTANT FROM
< HERE T Enbl OF BED
L w=uATZO
rCZO,

he IF(ivOP,ZU.1160 TS 1004
—_—— oM A AT — -
c CALCULATE KeUPA FOR HZHY
KSALPHALxE AF { =uoMMA )
1001 DPL=DIFu(T/7092,) *%1.832 *(14,.7/PRES)* (1, =EXP(=,0672%{PRES4492,.)/(
114,7%T)))
UPASLPL

A L EPHFRBP AP — . -

Gu TO 19003

1004 GMMA=BoM/T

¢ CALCULATE KoUPA FORR 1IH3
KeaLPHA2#E X (=oMMA) /Ci&%x] o
OPVEDIF3%(T/7492, ) %%x1 832 *(14,7/PRES) % ({1 .,~EXP{=.0672%(PRES*U492, )/(

——— )

DPAZDPV
60 T 1062

1003 RETURH
Evg

SUBKOUTINE VAPOKR (TEMPeZVeLL»Q19»0QsH)
REAL KPeK

REAL  MBSS

n |'rtcsn n&:'n‘&I

COMMO“ /ETZ/7TBLVPLITN) » TBLHU (42) ¢ THLH3(42) o SHTBL1(34) »SHTBL2(34)

89

1uf
110
120
130
140
144
1.0
L7
150

ue
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1 SHTBL3I(34} o SHTLLG(34) + ZTBLU(46) » ZTBLAP(46) ¢ 2ZTBLA{UD) 50
COMMUN /CO/ZHL IRV FCyTF+sCFLrCOMeENMX1 s AGMeDIF 3o DIFUsKP ¢ PRES»GO 60
i ANl M) WH2» ML) ALPHAZ Ry TVAP » ZEND o BGMy HF s D2 ¢ ALPHAL s ALPHAZ 70
2 rEvIMA2 s ENMX 30 Civl ¢ ENZ2PEN3 o HoRAT o MI 8t
Con : * Fa T2t2507 90
COMMON ZTOLLZALIMeORPTIUNGCL1eC2¢C3+CUsCAVIGe TEMPoAP» WMAV» 20, 1un
COMAON /MUVST/VISVST(30) 110
COritin ZFLAGS/ZMFLAG o KFLAGs PRINT 126
COMMON ZIFCEGUNZIFC,GATZD 139
COMMON  /BBbL/ZUP3eAehCIrKU» XOA»CPSeCI39»GAMMABETA 140
——— o) I 150
COmMON  /0DL/ZCF T3LG (34) o CFTHL3(34) ¢ CFTBL2(34) o CFTHL L (34) 160
Ji=tib 170
AN 74" 186
TEmP=TvAR 190
PrFwC3D=n, z2u8
———ZhotiDztho S = 210
KFLAG=N 220
JELac=n 239
KOuiiT=n 240
inutCT=0 250
nNz7 . 260
———Frint T - o 270
WRITE(ne100) 280
100 FURMAT(109H1 P2 233 32 32 TL PRI TS LT I 0T ENTE 290
IRING VAPOR REGION xkrdriokkrrk b ook kgkokkkkkkkEkks //) 300
CAct CONC (CYaC20C5,ClHes(LL) oHy TEMP) 3510
SUMSC1/aMl+0 2/ a2 4+C3/ 0. 13+C4 /M0 320
————— Rt A i S UMY - - 336
FRAC2=C2/ GiMzxsUM) 340
FRAC3=ZC3/ (wm3%SuUM) 350
FRACUZCy/ ( aMxSUM) 360
FrACIDI(FRACI/ZFRAC2-1,)/(3.-FRAC1/FRAC2) 370
WRITL (heuNR9) 380
W O TH O S T FEMP Y PRESTHY CHr €27 E 37 CH— - 3st
WHLTE (6,37) 4u0
. WRITE (or38) FRACL,FrACS)FRAC3¢FRACYHFRAC3D 410
3990 CALL UNBAR (SHTBL1(1)elr»TEMPID,2CPYeKK) 420
CAaLL UnNbAR (SHTBL2()L) e 19 TEMPrO,.eCP3eKK) 430
CALL JUNBAR (SHTBL3(1) p Lo TEMPrO, e CH20KK) 440
AU SHI B A Y FEMP T P ————————— — — ——————— - 450
~ CAVE(CUxCPU+C3+CP3+C2xCP24C1*CP1)/(C44C34C24C1) 460
WMAVZE{CL1+4C2+C34+CH)I /7 (CL/iMLI+C2/WM2+CI/WMI+CU /UMY ) 470
CALL UilDAR (TBLHU (1) s+ TEMP 20, o HU o KK) 480
CALL tBAR (Z2TELDUL) s1eZ2(LL)Y 104 +DELAIKK) 490
CALL UNDAK (ZTHLAP (1) pieZ(LL)»UsrAP KK} 5u0
At UnaR—tZ ThEa Ity 2 tEE O AT IO 510
CALL PAKAM(TEMFoZ(LL) ¢ 1oClUoHU»0rGrGMMAKyDPAPBETA) 520
- IF(CU)} 12997 530
7 DIFNEDIFY*( (TEMP/492,) %% .623)x14.7/PRES 540
- CALL URBAR (VISVST(1) 91y TEMP 0. VISIKK) 550
RHU=ZPRES*WMAV/ (R TEMP) 560
4 : 5 Sriekesdty——— - 570
DERIVILL)ZAKC*CL/70PA 580
& Th=nPeDPA%DERIVILL) 590
60 T0O 31 600
- 29 Tu=0, 610
31 CALL UNBAR (TBLH3(1)e1eTEMPrUGaeHIvKK) 620
e AP ARAMA T EME 24 U €3 H v 1y G GMMAY I DPAYRETA ) - &30
IF(C3)13,30013 640

90
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13 CALL Soral (GRAD, TORAD) 6£50
DERIVILL)=GRAC/DPA 660
T3=APxDPAXDERIVILL) 670
6O TO 32 680

S'A' TJ—“Y. f)“(}

52 HHUM = ALPHA3®CY4xEXP (=CGM/TEMP) Tul
T1=PRES*WMAV/ (R¥TEMPG) T10
F2=RHOM*DELA 724G
UHLUZ(LL ) ==rb /6% { T2+ T4 ) =HI/6*TI=FC/G* {H=HF ) 736

< RFLAG 15 Swutk TNJICATOR
C =1 === 5. Glc HAS REACHLD FIRST PEAK
IF(KFLALLEQ, 1)U TO 40u0 746
L1z=lilh/ (EMNMXI%UHDZ (LLY ) 7se
222 N5 (ZENU=Z2(LL)) 760 -
JFUNRZILLY® {1 4=21/722)0406004060015 770G
—35—irdmtt 7.0

unnn uTuo=UNibZ (L) /7CAY 745
WZO /RO sus
wW2:C2/RH0O 010
w3=ZC3/RHO 80
WHZCH /710 a3
St=t=/S M40
SHIFC/Z (GxkHY) n50
UWBDZS9lx (FC=T2=T4 ) =Cy%x55 360
D3U2Zal% (L TO%VdS/00MUu+ T4 AWMI/WMY«T3 ) ~C3%S5 370
Un20Z391% Lo ST2%W az /Mt + S THRWM2/WMU+ , S TIRWMD /WM 3 ) =C 2255 HAG
URIDZ=S1x(S5%T2%N 13 /70MU+ SATURWML /AWMU +]1 ,S5%TIxWML/WM3) =C1455 Hao

———— SUMAMEIW A R AN S S S W A W M - aut)

SUMUNIZZL NI/ Ml 4+0u21 2/ aM24DW3IDZ/AMI+EWUDZ /WML aln

DMz S=AMAV/SUMWMESIM ) Z 926

DPDZ = (DELA=14)/0LlA®x23%(1.754T75,xVISk(1.="DELA)/(A%X0G) ) ¥G%xx2/ &30

X - {648 JURARKHO) 940

JPuZ = JPUZ/144, 4950

————— R OER—S— DD A= D 2 A FEMPH DR ZAPRES e 960

ThoFC/G=DRUZR a0

QCUDESTIn(FC=T2=T4)=C4xTH SR 0

UC3DZSTL4 (T2%R¥M3/Z-: M4+ TUR M3/ WML =T3)~C3xTH ag(

VC2UETLIa (S T25 902/ aitb+ (HRTUARM2/ wMb+ , ST I WM2/WM3 ) =C2% TS 10uN

DUIDAZTLx (JS2T24WNL/ AMU+ SR TUARML /wMA 41 SXTIRkWML /WM ) =C1 4T3 1010

———— AL R et -ov—F0—1 6 . - 14124

o JFLAG IS DZ INDICATOR FOR NON=ZERO FEED RATE CASES

-G =N w== 7 INCREMENHT 0.K,

C =1 === INCREMENT INITIALLY TOO SMALL .
IF(JFLAG,EG41)60 TO 93 1030

an IF(ROUNT eEQ o4 e OR KOUNT e £Qab s ORCKOUNT sEQ o8, OR JKOUNT JEQ 10, OR KOUNT 1040
* Ea 12 v ORI OUNTTEQv T NEN=1 1050
KOUNT=<KOUNT+1 1060
DZZuwELTAZ/{ THREE ®4iy) 1070
IF(FC)9u,93,93 1040

94 IF(IFC.£2.s0)60 TO 1o 1090

C IF FEEJ RATE 15 NON=ZERO WE MUST MAKE ADDITIONAL CHECKS ON STEP

Vol Fodh SIS .Y R | — -

A"d -k el NT [~

93 IFLABS(DTDZ) *¥UZ2.5T+ s014TEMP)GO TO 19 1100

c CHECK IF WE HAVE REACHED THE END OF THE INJECTOR
IF((1,4D2/7(2(LL)=2N)4+,01%20/ABS(Z(LL)=20))¢GT.N,)GO TO 16 1119

19 uZ21=02 11290
CALL REJIVD (DL1yI0TIZeHNINT»JFLAGY I LL) 1139

—— W e S KON N ————— - 1146 -

91 FORMAT (//7H KOUNT=12 »37H =~= THIS INTERVAL HAS BEEil REDIVIDEDIU, 1150

91

¥ Seoulian tel s crkd o
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Aot TIMES) 1160
16 HI4+0HIZ2 (LL) D2 1170
IF (LT HY) GO TO 106 1180
4nH1 TEMPSTEMP+OTLOZ*DL 1190
PRES = PRESYOPOTDE 12u0
Cuzcu+DiyDZx02 12106
CoI=C3+0C3LLHLZ 1220
C2=C240C2LL*J2 1230
CrLz=u+DC02*D2 1246
400 SUM:CI/WM1+C2/WM2+C3IwM3+C4/th 1250
TS =-GHM= 4 T = 1269
1F(L3,. L1, 0 )JUW-SU"‘C3/1M3 1270
FRACI=CL/ (WMl xLuUM) 1240
FRaC22C2/ (aM2&SUn ! 1290
FEACIZCAH/ (aM3%SUM) 1300,
FRALUZCH/ {wMu*SUM) 1316
———FRACIHFRACHFRAC 2= At s =FRACTAFRAC )Y —— - — - — ———— — - 1320
LF(AFLLAG,EW.1)G0 TO oo 1330
€ Ir RELATIVE GIFFERENCE OF SUCCESSIVE FRAC3D'S IS GREATER THAN &
C PERCENT WE RECALCJULATE «ITh SMALLEK 32 INCREMENT
IF ((FRACAD=-PFRC3D) . LT..Ob)GO T0 S00 1340
17 HZH-ULIDZ(LL) %02 1350
—td—FEMPeFEMNR oz Z - 1360
PReS = PRES=1PLZxDZ 1370
ClzCu=)C DExLZ 13488
CI=C3=DC3LZx22 1390
Ca=C2=uC2DEéw102 14u0
Cl=C1=0C1bLZ*,2 1410
o=ty ?s 1420
G0 Tu 1o 1439
500 rFrC30sFRAC3U 1480
IF(CHYTN,73:71 1450
-76 cu=0, 1460
FraCuz=a, 1470
. HE3 2y 7373 - 1480
72 C3=0., 1490
: FRAC3=0, 15u0
73 LL=LL+1 1510
- ZiLL)y=2{tk=1)+b2 1520
IF(JUFLAGEQ L INTHTENINT=1 1530
—————— R EG I EAGER 1548
WHITE (L 4059) 1550
-405% FORMAT 27121H Z PRES 1560
A H (o5} c3 1570
X Cy - ) 1580
WRITE (0o4050) Z(LL) o TEMPIPRES)H2C10C2,C3¢Cl 1590
—HASFORMAT—H Y E L v Do EL S v DO ELSvHv DO ELS 0v DO ELS 8 v DO EY S8yt —— 1600
X19.801X40E1%,3/77) 1610
WRITE (6:37) 1620
37 FORMAT (98H MFRAC2 1630
- 1 MFRACS- MFRACK 1640 -
WRITE (0e38) FIKACLIFRAC2,FRAC3+FRACHsFRAC3D 1650
— 33— FORMAF— 2t S 8 DO EL S DO EL S 0 DO ELS v D EL S /1660
IF(S(LL) 6T ZBUUNDYIGO TO 1 1670
IF{KOUNT 6T, 1D ANDJJFLAG,EW,0)60 TO % 1680
INJECT=N 1690
60 TO 39948 1700
C SLUPE AAS TURNEQ HIEGATIVE === NEXT INCREMENTS ARE (1/3)%%7.»
—— et rero v S et O 2END -2 tEE)

c 15 INCRLMENT IN TOTAL

%
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4N60 DELTAZ=Z2END=2tLL)
ZBUUND=2END+DELTAZ/ 3.
RFLAGSY
KOUNT=KOUNT +1
oU—fo—atnY
1 1F(1IFC.EQe1)60 TO 22
C FOR® ZERO FEED KATE CASES WE ADD IN 6 ADDITIONAL 2'S FOR USE IN
C TRANSIENT MOUEL
LGaP2Z (L )Y=Z{LL=2)
JZ2ELGAP /e,
Jatr=tt-t T
\,U—LL"‘D
DU 27 I=Udlrddb
Z1)=2(1=1)+022
27 CONT Erhuit
LL=LL+A
T PRINTF AU Y APORRESTON 2 VAEHES FOR—USE T TRANS TERT MODEL -
22 ARITE (0962)
(o FORMAT (trileSune22it 2'S FROM VAPOR REGIJN)
WRITE (6,03) (2(L)eI=JdloLLl)
6.3 FOriinT (3A»1D513,7)
HoL = (L1+C2+C3+»“)/(Ll/hml*CZ/*M&&CS/NM3+CM/NM4)
— ittt -5y
8N01 FunaAT (//7742XSTEADY STATE VALUES FOR MBAR AMD G AT EHD OF HEDY/
A UITX'MIAR S'E12.595Xe %G ='E12.5)
w0 TO 999
106 ARITE (2,107)
107 FOrmAl (/7777154 Tide IS A PUDGLE OF COLD HYNRAZINE AT THE LIGUID-
NP ORI RFA ST RS EN A LARSER VALYE- FOR—GO - - -
9993  QWLTuk i
Eiw

SUOROUTINE RECGIVD (UZ23euTDZoNINTI»JFLAGY IsLL)

TH1S ROUFINE Reuiviors 2 INCREMENTS TO COMPENSATE FOR RAJICAL
CHANGES [N TEMP CONCENTRATION,AND OTHER PARAMETERS WHICH OCCUR In
THAT REGIUN OF Tdc REACTOR BED FOLLOAING THE TEMPERATURE PEAK

THl: ROUTINE Io USED OnLY WHEN INITIAL HYDRAZINE FEED RATE lS NON-

DoOoOOO

-‘-VW

LHTERGER PRINT

COMMUN /FTZ/TolVPIT70) s TBLH&4 (42) o TBLH3(U2) » SHTBLL(34) o SHTHL2(34) »
1 SHYSLI(34) o SHTILG(34) » ZTBLO(46) » 2ZTBLAP(46) 2 2TBLA(4b)
COMMON /CO/FILL oMV aFCy T oCFL o COMeENMXL ¢ AGMeDIF3oDIF4 s KPePRESY GOy

1 Wil 0 WMo W20 M1 o ALPHA3I R TVAP» ZEND v BGMo HF » D2 r ALPHA L » ALPHAZ

— TENMARr ENICIrEREYENRYENSYHYRAF M—m——————————

COMMON /vARZUERIVI250) +DHDZ(250)+2(250)

COMMGIY /TOLL/ALIMIUPTIONC19oC29C390C4eCAVGrTEMPe AP WMAV 20,
COMMON /Z/MUVST/ZVISYI T(30}

COMMON /FLAGS/MFLAGIKFLAGYPRINT

COMMON ZIFCLUN/IFCyGATZO

+80-
NESTCT=1
c IF A REDIVISIOi OCCURS NITHIN A PREVIOUS REDIVISION/NESTCT IS USEL
C TO OBTAIN A rbkw INTERVAL COUNT
IF(NINT=1)1r1e2
NLSTCTaNINT
fa-+1— e
ASLZEZ2 o 5% ]

it N

93

1710
1720
1730
1740
1750
1760

177¢C
1780
17¢0
160l
1516
1620
1836 .
1440

1868
1860
1670
Loal
1446
faun
jgrn
ra20
1430
1aun
1950

1960

197¢
paee

U,

10
20
36
4o
5¢
~ 69

80
90
1u0
110

~~120

130

140
150

-~ 168

170
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NINI=X51ZE 180
WFAVFA VS ¢ PN 190
IF(ans(DTEZYI*DL GV JOIXTEMP)IGO TO 1 2ul
LFCLLa v/ CZ(LL)=Z0) +,01%20/A85(2(LL)=Z20) ) 4LTNe)GCO TU 1 210
=i S¥ET - - 220
JFLALZD 230
re tunn 240
o 50
SUBRUUTINE SLOPE (CGrGiMAIKaETAPENL2 e KATE e DPAV AP DLFF) e
REML  KPOK 10
InTroEr PRINT 20
DIt rtSEuM K(1) e OMYMA(L) P BETACL) o DPA(L1) vCGLL) oS (210)9FST(2106) 30 .
- 1 0 8 2 7CPt i TRMI210) o 40
cTESMZ(Z210) »C(2111) o XXX (210) 9 XOA(210) 50
CuMmUre ZFTLZTHLVPIT70) p TulLHG (42) o TBLH3(42) s SHTBLL (34) »SHTIL2(34) 60
1 SHTSLI (o0 ) o ShTULYG (34) v ZTBLU(46) » ZTHBLAP(46) s ZTHLA(U0) ¢
COMMUN ZCO/HL oMV s FCr TFoCFL e COMpENMXL » AGMeDIF3 o DIFL o KP 2 PRES) GO e £0
1 WU e M3 e W29 WML ALPHASIRe TVAP» ZEND»BGM o HF o DZ o ALPHAL » ALPHIAZ a9
2 T T ERNMX ST E N S EN 2 ENS O RAT M~ e s e 100
COM0 ZVARZLDERIV250) v DHDE (250) 2 (250) 110
CurMun ZTOLLZALIMIOPTION,C12C20C30CU2CAViGeTEMP AP WI1AV » 20 120
COMMON ZMUVST/ZVISVST(30) 130
COMMON /FLAGS/MFLAGIKFLAG: PRINT 14C
IFLAG=DN 150
—dF A6 e e 160
FIALZ 99 ’ 179
- 12 Hz0,0 180
702 I=1 198
. NOT=0 2us
Abilv=i1nQ, 210
—— ot VERAS e 220
TJoL=,D} 230
STURE=1,.0 240
KJ=0 250
HULDZO, - 260
NI=0 270
—13—i=6- 280
lL=0 290
Kz 300 -
MMz=0 310
IM=0 320
F=0.5 330
—-—eﬂ_ﬁml"‘m:v? M‘SW ’
PDR=b/ADLY 350
sOrR=(A(X)=B)/BUIV 360
JINTZBOIV . 370
In1TSAURY 380
IF(MM, Q1) GO TO 15 390
to—Fo—to #u0-
15  MMAXZJINTH1 410 .
MAX=MMA X=1 420
MINTZ0 430
60 10 17 440
16 MMAKZINITHJIINT+] 450
—————pr i - ————— —4#60—
MAAZSMAAX=1 470

gl
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1T X=0, 0 - T = - T 480
0O 40 ld=1,MMAX 4ap
IF(IJ, 6T MINT) GO TO 49 Su0
X=FLOAT(IJ=1)*DR 510
GO 1023 Y
49 KMJ=IJ=MINT H30
X=u+FLOAT (KM =BDR R HY0
23 CH-CO(I)*X/(A(I)—B) (B/(A(I)-B))#CG(I) UWh
C THIS 15 THC bLNLRAL LIUATION FOR A LINE WITH NEGATIVE Y=INTERCEPT
— 2Rt tEO T e r t =N 2 Yt OP e EN L2 — : %70
FACT2ZEXP(GHMMA( I )Y *JETA(I)* (1 .=CP/CG(I)) /(1. 4BETA(I}%(1.,~CP/CG(I))) 560
1) Han
IF(X) 3A7,4C037 oLl
37 RCP=FACTInFACT2 it
3h S(IWI=(1,/7X=1,/7A(1))xX.X%xRCP 0eh
—H—C O NG e 630
ol TO 50 Ou0
50 Sum=0,0 ehh
SUMAZ0,.0 . 660
DO A0 1IL=2sMAX 670
IFUIL.OTMINT)Y GO TO ol o
—StmESt-H-SH) e 690
wO TQ AN Tur;
61 SUMAZSUMA+S(IL) 710
60 CONTINUE 720
S5{1) =0, 730
SOMAZ(S(1Y +2.0%5UM) & (DR/ (2. 0%DPA(TI) ) )+ (S(MMAX) +2, O*SUMA)*(HDR/(Z. 740
’ 3 WGT\A;{; ¥ } s T80
J2ZH6AA=FHRACXLOL(T) 760
1oT=D2+TolL.*CG(1) 770
IF{(MM=1) 110,110,112 780
112 IF{Lz)r19192 790
1 1FITOT) 252300230 aun
A——Go—Fo—+io — B10
110 IF(IFLAL.EW.I)O0 TO 115 8320
LF(D2)150e11by 218 830
115 IF(MM=1) 2001200140 840
120 XowLd=g “50
IF (PRINT.EWL1) WRITE(69r125) b6l
—4 258 ——FORMATEHHHE N AL EHOECE—TFHRYU—ORTOEN—TIS—TOO0—LARGE—— - - H70
Jisp2 860
c CrianGE THE LGUATIUON OF THE LINE
0=4999999 xA(]) 690
: 60 TO 20 940
C . USE PREC EulInG RESULTS TO ESTIMATE B FOR NEW LINE
—+-0—F MR- “ 916 -
Ml1=MI+1 920
g=+{D2/(02=71) )« { XOLD=B) 930
1741 XOLD=TuMP 940
D1=02 950
143 IF(M1=70) 1451459347 960
—t45—go—Fo—2h ' : 939
147  IF (JFLAG.Euw.1) GO TO 2390 - 980
B - JYxA(I) . 99Q
JFLAG = § 1000
60 TO 762 1010
C INLTIAL CHOICE THRU GRIGIN IS SATISFACTORY
—150—Hoet 1820

- IFLAG=1 1030

95
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A=, 1049
‘. CALCULATE THL VALUE OF THE TwO INTEGRALS FOR ALL DR (101 POINTS)
VO 170 LI=19MMAX 1050
A-rLOAl(II 1) *6OR 1n60
T e e s e 1070
TtRfl(II) K(I)*(CG(I))**(1.-EN12)*(CP)**EN12 1080
Term2(LL)=EXP(OMMALT ) #BETA(L) % (1.-CP/CG(1)) /(1 +BETA(I)*(1,~CP/CG( 1090
11)1)) 1100
XXX(1t)=X 1110
XOA(LlL)=XX(11)Y/7all) 1120
— &t —=—TErM TRt R 1130
FS1 L) SR Xai<CP 1140
IF(A) 1050 1TU» 165 1150
165 SLUUII)=(le/X=1e/AL1) ) 2xXxX%RCP 1160
170  CORNTimit 1170
Cc Iht. TRAPLZOLIULAL RULE IS USED TO EVALUATE BOTH INTEbRALs
1P —Cti=fs - 1180
173 w0 175 JJ=2siiMAK 1190
IF(JU. 0T JMIKNT) 60 TU 276 1206
Clud)=CLUJ=1 ) H(FSTIUL) HFSTIJU=1) ) % (DR/Z (2. 0%DPA(I))) 1210
_ LV TO 175 1220
170 Cluu)=ClUL=1 )1+ (FSTIUNHFST(UJ=1) ) (BOR/ (2, O*DPA(I))) 1236
-1+ — O iNgE - e 1240
sketl)=n, ' 1250
uel) = 0, 1260
DO 120 KK=2»MMAX 127¢
IF(KR 0T JMINT) G0 TO 179 1240
U(hK)-)(Kk-l)*(SEC(<K-1)0SLC(KK))*(DR/(Z O*DPA(I))) 1294
TO— 150 e rmemsee e 1300
179 DIAR)IZV(KK=1 )+ (SECIKK=1)+SEC(KR) )% (BDR/(2,0%xNDPA(TI))) 13106
180  Cuivi 1HUE 1520
C Tt VALUE OF CHF AT Xz [S CG =D(1vul)
- E(1)zu(MMAX) 1330
180 CPA(L)=D,0 1340
— N E—VAEOES—OFEPA D = EPHH—EANNOTFBEUSED——— ————————— — = - = -
C STURE THE CPA(1) VALUE INH CASE A New F FACTOR MUST BE USED
134 STURE = CPA(1) 1350
IF(KJoEG,,1) GO TO 13b 1360
IF(IM.EG,0) 60 TO 1484 1376
IF(NL.EW,1) O TO 3048 1380
_“1‘8‘5_5*'"5?;33; -—ﬁ% :
DO 190 LL=2+MMAX 14u0
IFCLL 3T MINT) 60 TO 188 1410
ElLL)SE(LL=1) = (SEC(LL)+SEC(LL=1) ) *(DR/(2,%DPALI1))) 1420
SAM = FLOAT(LL=1)*DR 1430
GO 10 189 1440
SHeer=E ‘ : tHrr ~1450 -
SAMZSAA+BOR 4 1460
189 CPA(LLISCOUI)=({1e/SAM)=(1./A(I)) ) xC(LL)=E(LL) 1470
IF(LLLT MINT) CPA(LL)=0,0 1480
IF(CPAtLLYJLT.0,.,0) CPA(LL)=N,0 1490
190 CONTINUE 1500
——H gt 6002836 - —-—45t0-
=0, 1520
IF(IM, Ea.0) bO TO0 25U 1530
Ik=1 1540
- 60 To 280 1550
C THE (EAT ITERATION USES THE VALUES OF CP JUST CALCULATED .
-G POtV 15660 -
IF(LIuT MINT) GO TO 199 1570

96
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! X=FLOAT(LI=D)®R— - ~ - e 1580
" GO T0 199 1590
195 KLr=LI=MIMT : 1600
! ASB+FLOAT(KLK) *BDR lelt
i 4 CONTFENUE - 1620
! TERMI(LI)SK(I)®(CO(L))xn(i.~EN12)*(CPA(LI) }»xEN12 1630
: TERM2tEI )= EXP(OMMA(L ) *BETA(I) {1 =CPA(LY)/CO(I))/(1.+BETA(I)*(1,~ lo40
LCPA(LI)/ZCG(IN))) loub0
AXA(LTY=X 160
; AOA(L D) =XXA(LIY/ZACT) 1670
| T REPSTFERMETtE I FERM2 ) : 16f0
FST(LI)=X*X%RCP 1690
1F(X) 2000200193 1700
193 SEC(LINI=(la/X=1./7A(]1)) & XxX*RCP 1710
200 COnTFiINUE 17290
. G0 TO 172 1730
— IS IS FOR—FHRECASEWHERE—THE NI TN OUESS WAS TOOtARGE — " -
230  1F (PRINT.EQ.1) WRITF(69235)M1sB 1740
230 FURMAT(41H SATISFACTORY STARTING CURVE FOUND AFTER 12+31H TRIALS 1 1750
1HE VALUE OF g (XQ) IS E12.7) 1760
[ IF{De0GT,,99d%A({ 1) JUERIF=2,6%CG(I)/(A(I)=R) 1770
! IF(L0Te990%A(1)) GO TO 322 1786
¢ | O —N—F - RO~ TFO—A—F5—USES o
i 237 Aaczu, 1790
Hl=1 1800
DO 240 NN=1MMAX 1610
IF(HNauT MINT) 60O TO 246 1820
- KEFLCAT {idh=1) %R 1630
— 60T Oo—A5 - Tyt
2406 KUKZNN=MINT 1450
X=pg+FLOAT (KJK ) »BDK 16460
354 IF(IM.GL,1) GO TO 355 1870
238 CPB(iIN) = CeLI)*X/(A(I)=B) = (B/7(A{]1)=B8))%CG(1) 1880
JF(CPI(NY LT 0,0) CPBINN)=0.0 1890
— A5 3——FERM R O et —ENE 2 P L EPB N e BNt e e - 12U
TERM2 (W) LXP(GMMA(T ) +«BETA(I)%(1,=~CPB(NN)/CG(I))/(1.+BETA(I)*(1,~ 1910
1CPB(MA) /C6(L)))) 1920
XXX (HNN) =X 1930
XOA{NN) ZAXXCNNY ZA(L) 1940
RCP = TERMI (INN) *TERM2 (i1iN) 1950
SRR R G IR &° (¢34
IF(X) 24002400247 1970
247 SECUINH) = (1./74A=1/7A(1) ) xX2X2RCP 1980
240 CONTINUE 1990
60 10 72 - - - 2060
368 DO 370 NL=1,MMAX - 2010
} > 2026
370 CONTINUE 2030
60 -F0O 185 2040
250 D0 260 IL=1,MMAX 2050
252 CPA{ILISF*CPACIL)+(1.,=F)xCPB(IL) 20610
260 CONTINUL 2070
Heno- 26860
C THE VALUES OF X AT A AND NEAREST A ARE USED IN FINDING THE DERIVATIVE
280 DERIF={C6tI ) =CPA(MAX))/BDR 2090
IMSIM+] 2100
IF(IM6T,99,ANUIFLAG,EQ,1)60 TO 701 2110
IF(IM.GT,99)160 TO 328 2120
= - 2130
IF{ASBS(UERIF=HOLD)= N,05%«DERIF)3,» 3,322 2140

ar
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3 IF 11K, EG,1) L0 TO 322

321  iIOLUSLCRIF
U‘(D\J.Lﬂ.l) (JO TO 1.")2
IF{LlkeEWel) GO TO 2bu

Aldaid.

oot - T
322 RATLSDERLF

LE(Cu=CG(IN)YT7Tots0 777
4 W h=HL) 777277795
) DIrnizDIrFx ((TENMP/J92 ) xx] ,023) %14, 7/PRES

CAaLL UnisAk (VleST(l)ololEHP 0ot VISIKK)

e RHUSPRESERMAY AR FE) T T
AhL—(.nI*O)/(RHU)*((VI’/(RHO*DIFN))**-a667)*((6/(AP*V15))**'0“1)
RAT=AKC*CO{ i) /7LPAL])

IF(ATE=RAT) 776277600
6 MEFLALEY
RATE=ZRAT

—3=p =y

ot—36 -rrl T T
778 MFLAG=N
T77  1F(B.6T,.998%A(1)) 6D TV 884

IF (PRINTe.cuel) wWRITE(Or182) 1M
132 FORMAT (11t 1TLRATIONZ,13)

IF (FRITeEWe1l) WRITE(0e330) .

) X7h— ~CPAT T
L AZk CPA XA CPA )
IF (PRINT bwel) WRITE(0e183) (XOA(I)sCPA(I) e I=1oyMMAX,H)
183 FORBATIYX L1267 01 X0 12070100 E120 70 AX0EL2, 7o AX0EL2.791X0E12. 701X 0EL
12. 71 %0E12.7)
838 (F (PRINTe.Edel) WRITU(0e325)RATE
——5?3—-Fﬁﬂhﬂ*ff?#ﬂ-*ﬂt-ﬁtﬁPt—eeNVtR6ES“¥6—E127?T~*-—*_“‘“* e e s =
327 wrLlurd
328 PerC= (Aﬁb(utRlF-HOLD)/DERIF)*100.
: Akl = ).
.- 6v TO de2
C SIMPLIFIED vERSIOH DOES MNOT Y'CONVERSE'* IN 99 ITERATIONS

701 gz=.000n031%a{l)

- IF (PRINFeEde1l) WRITE(6270N0)

700 FOiMAT (/7 dubi INITIAL CHOICE THRU ORIGIN SEEMINGLY OKe BUT RESULTS
X RUITEN AFTER 99 ITCRATIONS ,.4748H SET X0=,000001%A AND USE MORE
ARLFIHEO TECHNIGUE /)

UUN-(A(I)-B)/BUIV
MMAXSINI F+JINT+L
MINTZINIT+]
MAASMMAX=1

420

K=t

o0 Tu 237

Enb

SUSBKOUT il SGRAG (GRAD» TGRAD)

REAL  KOpKPoKC3»KCl MU

INTLGER PRINT

COMMON /F?Z/TBLVP(?O)vTBLH“(“Z)9TBLH3(“2)'5HTBL1(34)'SHTULA(SM)O
1 SHTBLI(34) »SHTBLY (34) v ZTBLU(46) »2TBLAP(UG) + 2TBLA(UYG)

1 MU WM3 2 W29 WML o ALPHAS:Re TVAP 9 ZEND ¢ BGMo HF »UZ » ALPHAL » ALPHAZ2

98

2150
2160
2170
180
2190
22t
2210
Y4l
‘_22{\
el
2250
2268
2270
2280
2290
251
2510
2320
2330
234¢C
2350
23560
370
2380
2390
2uul
2410
2420
2430
U440
2u50
2460
2470

2u8as

2490
2500
2510
2520

2538

2540
2550
2560 -
2570
25R0

- 2590

2600
2610 -

0
10
20
30
40

—b0
60



G910461-30

2 T TTENMX2rENMX I ENL yEN2TENSTHIRAT ML - 70
COMMON /VAR/DERIV(250) +DHDZ(250) 0 2(2950) B0
COMMON /TOLL/ZALIMeOPTION,CL1sC29C3sCU2CAVIGr TEMPAP»WMAV» 20, a0
COMMON  /BBBB/DP3»ArKCI+KOr XOAsCPS+CIZ»GAMMAIBETA 1u0
nvj v Y 110
COMMOI  /MUVST/ VISVST(30) 126
COMMON /FLAGS/MFLAG)KFLAGYPRINT — - — - 130
COMMON  /CCC/HLTBL(40) o H3TBL(40) 140
UIMENSION CPOX(1601),PCPOXE10L)vDX(L023+CPX(101),RHET(301) 150
. C ULFINE DP FUNCTION
P I O T ) T T 2 U NI T e B R T t L E AR e D T2 R 2y 92 A 160
: A 14,7%X))) / 170
C ueFINE K€ FUNCTIURN
KCF (A2 oCoD2E) = +01%A/Bx(C/(BAD) )%= ,66T*(A/(EXC) ) k=41 160
C ANALYTIC INTEURATION FUNCTIONS FROM INFEGRAL EQUATION
EVALL1(A»B) = Bxx3/3,-A%+3/3, 190
VA2 AT B 2R = AN 2 AR - 2u0
i WAF)L = .8 210
WAFZ2 = .2 220
1 LTFLG=D 230
P=pPRES - 240
i 1=TEMP 250
| AR R R A R 2nl
‘ clizC1 276
Cla=C2z 280
Ci3=C3 290
Ciu=Ch Ju0
i v03=DIF3 10
—O RO s 320
fe=bliil 334
NPART = L0 340
LKt = 3 350
TPsk = o, 360
RHU = CL1+CI2+CI3+C1y 370
—————— B A B Sy A P O P e - B R S i 386
DI = D0u*x1U,.7/Px(T/7492,)%%x1,823 390
CALL. UNBAR (VISVST»1eTr0, o MUSKK) 400
CALL UnNBAR (CFTBLU»1»Te0,9eCF%eKK) 410°
CALL UNBAR (CFT8L391¢T10,9CF3sKK) 420
CALL UHNBAR (CFTUBL2+19Te0,eCF2ekK) 430
———————CALE-UNEAR—t e Y A P e——————————— ————————————— - - i)
KC3 = KCF(GyRHC MU, DIZyAP) 440
KCé = KCFLOrRHOYMUPDIRAP) 460
CFBAR = (CIisCHFL14CI2xCF2+CI3xCF34ClU*CFL)/RHO 470
MHE = (74%6sCFBARR{(G/ (APAMU) ) k= 41 480
C
——— oA FE— SRR EE—%0— s
c
DRE3 = OPIF(TDOSHP) 490
o CHOOSE STARTING VALUE FOR CPS TO BE = C13/2,
CPS = C13/2, 500
CMCPN = CI3=CPS 510
7 BP I C13-EPS) 520
C H4 CUNSTANYT FOR EACH ENTRY TG THIS ROUTINE
C H3 VARIES WITH TEMP AT EACH ITERATION
CALL UNBAR (HU4TBLe 3 s Te0, o HU»KK) 530
CALL UNBAR (H3TBLe 1o T»0, s H3IKK) 540
IF (LP1.,EG.3) GO TO 6 550
—U40—FPSHPR-a—FRSP 566
TPSP = TPS 570

99
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6 TES = Tw(hyxKCaxClU+HI*xDPIxDCPDX) /HC
IF (IPS.LT0.) TPS=1,
CALL UNBAK (H3TBL2 1o TPS» 04 rHIIKK)
VPSS = UPSF(TPS,DO3,P)

— P =PI
H3Y = H3
_ MfPN 2 T=TPS
61 GAMMA = HEM/ZTPRS
BETA = =CPS*H3I*DP3/ (KPXxTPS)
KO = ALPHZ#UXP{=GAMMA) 4CT1%%xEN3

—E AR EA T RAPOEAHON ISED— 1O BUESS AT X0+ - S

.an' = X0
XN = A=(PS/ZICPOUX
XU = AN/A

i (Rf1) 1182012
12 X0 = 0,
—Xtorn—a—f et T T
Ci’s = CL3/7(DP37 (A¥KCA)+1,.)
JeruX = Cl3/A
TPS = T=(lHusKCUuxC Ly +H3«OPI3xDCPDX) /HC
IF (TPS.T.0.) TPS=t,
WRITE (6,232) LPY1»TPS

SR Ut AT TR M HAVE  CALCUERATED- A NESATIVE X4 DURING T TERATION

C LaTLoRATE FOR CP EQUATION
12 CALL TRAPP (XOA» Lo ridPART)RIESUM)
C CALLULATE nEYW CPS oo
: CPsk = CPS
CHCPO = CMCPII

ATEVY 2y 3 L3 ——————— e e 4 e e e meme s

iF (LTFLG=1) b0s84,30
896 IF (CPS5=(e25%C13)) Bl,51,y130
81 LiFLGEN
- 60 1o 72

130 CMCPN = Cl3=CPS
c CALCULATE NEW TP
13 UCPDX = KC3/7UP3%x (L] 3=-CPS)
——— S E P O MR B

Ha0)
H10
tul
610
620
6L
o4
F15H0
060
070

uRU
90
7ut
710

120

740
740
7650
760
770
740
79U

030

sa0
650
60
570
uHe
$#99g
qut
910

= 920

9350
sS40
950

960

TGRAD = {CE(T=TPS)
- TPSPP = TRSP
PSP = TPS
- IMIPO = TMTPI
51 TPS = T=(HUxKCHAxCI4+HI*OP3»DCPDX) /HC

- 970
980
990

1000

1010
1026 .

—— P RS LS
CALL UNBAR (H3TBLe1oTPSs0erH3KK)
UPA = bPSF(TPSIDOSIP)
TMTRI = T=TPS
GAMMA = BOGM/TPS
BLTA = =CPS¥H3I%DP3/ (KP£TPS)
e H A PHR R E P GAMMA R TR ENS————
C TEST TEMPyCONCENTRATION FOR 9% LIMIT
- © IF (ABS(TMTPO=TMTPN) /TMTPN = 05) 41r41943
41 IF (ABS(CMCPO=CMCPN) ZCHMCPN = 405) 70070043
€  TEST FOR TEMPERATURE LOOP .., COMPARE LAST 3 TEMPS
43 IF (AMLNL(TPS» TPSPy TPSPP) = TPSP) 6Le71460

I8
1040 -
1050
1060
1070
1080

1100
1110

1120

ot tAMAIAT RSV RSPy

SHEy———FPSP I HOT T Y6
c TEMPERATURE HAS FLUCTUATED ..o TAKE AVERAGE AND RECALCULATE CPS

100

& gt



G9L0461-30

T} FSPP-=- TPSP- e 1140
TPSP = TPS 1150
IMTPO = TMTPM 1160
TPS = (TPSP+TPYEPi /2, 1170
€A ONEAR I BEY Y P Oy T 1180
ukP3 = uPbF(TPS'UDBoP) 1190
uP3F = bP3 - 1200
TMTPN = 7=TPS 1216
UCIbX = (HCx{ TTPS) «HExKC4xCI8) /(11380P3) 1220
CPuLP = {PS 1306
e MG P MEN—— - 1240
CPS = CI3~UP3I/KC3+DCPDA 1250
IF (CPS.LT,8.) €PS=N, 1260
CMCPN = CI3=CPS 1270
LPt = LPY+L - 1286 -
IF (LP1=50) ol:61e44 1290
— €O CONVERSENCEYETF 5 AVERRSE THE CPS*S-FORLAST - TWO CALCYS—AND REFEAT
u6h CiP = +2%CPS+,833%CPSP 13uG
o0 TO L3 131¢€
22 X00 = AAFLlaXUP+WAF2xX0 1520
CPS = Cia/(1.4L 3/ (KCAXA=KCI=X00) ) 1330
RS uCrux = KCI/ZLP3Px(C13=CPS) 1540
——— CMEP - €13 ERYy - 13590
H3 = H3P 132686
L2 LP1 = LP1+t 1370
IF (LP1=23) 4040044 138¢C
Ly wAr1 = WAF1+,95 159¢
IF (eAF1.6T.0,95) uvO TD 99 1400
— WA Lymint-i ——-- 1416
C Wiy CORNVERGENCE WITH PRUSL . WEIGHTEDR AVERAGE FACTORS FOR X0
c REPEAT ITERATION PRuCtDUkE WITH NEW FACTORS
6o 10 1 1429
99y WRITE (0998) 143¢C
95 FORMAT ///720X» *UNAOLE TO FIND SUITARLE X0 AFTER FOUR TRIES OF 95 1440
———— A HAF NS~ EACH e PR OGRAM—SF PO WG ————— - —— - -— — - - - 1450
CALL exIT 1400
C SATISFACTURY XU HAS bEEN FOUND
K\ IF (PRIinT.EWel) WRITE(6216)LP1,X0 1470
1A FORMAT (/77 464e2THSATISFACTORY X0 FOUND AFTERsI3e7H TRIES 7/ 1430
. A S7KeS5H X0 =vE12,.5 ) 1490
C CALCULATE GRADIENT
C
is1 LpP2 =1 15460
NX = 24 1510
NXY = A+ 1520
————— NN — 1530 -
91 X0A = XO0/A 1540
ViU = =KC3/0P3 1550
It =1 1560
N =2 1570
RL = 0. 1580
R—=—0r 1596~
Ps1 = n, 1600
PS2 = 0, 1610
DELXOA = (3,=XO0A)/FLOAT{NX) 1620
c CALCULATE PROFILE CURVES FOR ' EGRAND FUNCTIONS
XA = XOA 1630
oI riet———— 1648

¢ LPIX/A) £S5 A LINEAR PROFTLE DUF . FIRST ASPROXIMATION

01
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IF (LP2,6T.1) 60 TO 664 1650
CPX(I) = (XA=XO0A)/(1.=XOA)*CPS 1660
684 RMET(1) = KOxCI3x*(1=N)*CPX(]) xkN*EXP(GAMMAXBETAX(1,.~CPX(1)/C13)/ 1670
X (1.+bETA%(1,=-CPX(1)}/CI3))) 1680
— X tH=xA " 1690
XA = XA+DELXOA 1700
770 CONTIrUE 1710
C TAKE INTERVAL FUNCT'lv MIDPTS AS COMNSTANT VALUE FOR CP{X/A) AND RHET
U0 771 I=1.0iX 1720
CPX(I) = (CPX(L)+CPX(I+1))/72. 1730
- = tEr /e - = - 1740
771 COWTINUE 1750
XA = XOA+DELXGA 1760
CTRM = (A*VNU+1.)/ (AxViiU) 17760
C LNTEORAL EUUATION FOLLOWS
C CPOX(1) 19 SPECIAL CASE ee.e X=X0
———xt = RO - - - 1780
DAY = DXL+DELAVA 1790
KR! = 0, 18u0
v 377 I=1.1X 1610
Kkl = RRI®RHET( 1)« (EVALZ2 (DAL »DXU)=CTRMEVAL1 (DXL DXU)) 1820
DXL = uXxuy 1836
— X=X roEEXuA— - T 1840
377 COLTIHUE 1850
CPUX(Y) = CI3=A%A/DP3*RR1 1860
IF (CPOX({1).LT.U,) CPOX(1)=0. 1870
c S0LVE GEMERAL EQUATION OF TWO INTEGRALS FOR CP(X/A)
769 VO 772 I=1,INT1 1480
— Rt 2 RHRHTH P EVAL X OR Y XA - - -~ 189€
X0A = aAA : 19u0
- XA = XA+DELXVA 1910
772 COWTINUE 1920
- Rl = RI%{1./X0A=CTRM) 1930
XAD = XA 1940
— A2 AA=DELROA —1950
DU 773 I=INT1.0XML 1960
P51 = PSIHRHET(I+1) «EVAL2 (XA» XAD) 1970
Ps2 = PS2+RAET(1I+1) «EVALL (XA»XAD) 1980
AA- S XAD 1990
XAU = XAD+uUELXOA 2000
—FF3 —GONTINUE 2010
R2 = PS1=CTRM*PS2 2020
- - INTL = INTi+) 2030
CPOX(K} = Cl3=£4A/DP3%(R1+R2) 2040 °
IF - (CPOXtK) ,LT.0,) CPOX(K)=0, 2050
AVA = X0O/A 2060
A HORED EL R OR 2070
K = K+1 2080 -
Ry = @, 2090
R2 = 0, 2100
-PSY = 0, 2110
PS2 = 0. 2120
— G EETNO—60—F0—F69 2% ]
C CPOX(NX3) IS SFECIAL CASE ,.. X=A
- - DXL - XOA 2140
OXU = DXL+DELXOA 2159
RR2 = 04 2160
DO 378 I=1.NX 2170
—————RRPERR2HRHEFC)sEvat DD - 2%
OXL = OXUu 2190
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pXU- =-OXUTDELXOR - S e - 2200
378 CONTINJE 2210
CROX({HX1) = CI3Z“AXA/0P3I¥ (i ~CTRMI*RR2 2220
IF (CPOX(NXU LT De) CPOX{INX1)=0, 2230
"'b
OCPLX = KC‘/DPB*(Cls-CPOX(NXI)) 2240
HWP = H3 - - - - 2e%0
vP3P = 0P3 2260
TPS = T=({HYxKCUH*C T4 +HI*DPI«DCPDIIZHC 22170
CALL UNBAR (H3T8Le1+sTPSe0erHIKK) 220
— PO IFFPSYOO YR - 2c90 -
TMTPU = TMTPU 23u0
TMTPN = I=TPS 2310
C TwO PASSES NEEDED BEFOKE CHECK ON TEMPCONC CAN BE MADE
33 1IF (LP2.,EG.,1) 60 TU 27 2320
CMCPO = CMCPN 2330
e MG R N B ROt Y e 2360
IF (ABS(TMTPO=TMTPNI/TMTPN = ,0S) 26026027 2350
C?ﬁ IF (AQS({CMCPO=CMCPN) /CHCPN = ,05) 88¢88:27 2360
C CALCULATE KEw CPX{I) PROFILE FOR NEXT PASS -
c
— PO S vt 25716
IF (MU LP205)) 34957434 2320
£ CALCULATE nEIGHTED AVERAGE OF OLD AVERAGED AND CALCULATED PROFILES
3y CPX(I) = +6*CPX(1)+,2%CPOX(I) 2390
6u TU Sb Z4ul
C  AVERAGL PRESENT AnD PAST CALCULATED PROFILES EVERY STH PASS TO SMOOGTH:
e P O P EP O 2 - oq1n
C  SIURE PRESENT CALCULATEL RROFILE
56  BCRuX(I) = CPOX(I) 2420
85 COnTInNUL 2L 30
CHCPN = CI3=CPR{NKL) 2u40
UCPCX = KC3/7uP3Px({CI3=CPX(NX1)) 2450
L e C S CHHB RS BPIRSDEPE A AHE - 2468
IF (TP3.LT.0.) TPS=1. 2470
CALL UNBAR (H3TBL1sTPSsDe o HIeKK) 2480
DP3 = UP3F(TPS»DO39P) 2499
TMIRO = TMIPH 2500
TMIFIN = T=TPS 2510
‘1;5_]_:‘) i i l)f\.Ll —_— . 252{)
IF (LP?-sn) 29929930 2530
3n WRITE (6y1b) CPOX{NXL) 2540
18 FORMAT (///731X¢52HUNABLE TO CONVERGE ON CPS IN 50 TRIES ... CPIX/ 2550
XA} =9EL2.DH) 2560
WRITE (6,522) GRAD,»TGRAD 2570
WH%WWW —2580-
60 TO ?a 2590 |
29 GAlamA = HEMATPS 2600
BETA = -CPx(NXl)*HS*DPB/(KP*TPS! 2610 °
KD = ALPHZ*EXP(=GAMMA) *CI1%*EN3 2620
GO TO 291 2630
; - 4+ 2640-
19 FORMAT (//7/7351Xe 114HX/A CPIX/A) X/A CP{X/A) 2650 -
X X/A CPIX/A) X/7A CPIX/A) X/A CPIX/A) 2660
X /{5X010E1240)) 2670
IF (PRINT-EG.1) WRITE(6082)LP2,CPOX(HNXL) 2680
82 FORMAT (//7/741Xe 3HHCONCENTRATIIN GRADIENT FOUND AFTER¢ I3v0H TRILS / 2690
———— e e A IR A —ATPARTECLE SURFAC v E4 25— -2140-
uRAv = DCPOX4DP3 2710
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TGRAL = HOCx(T=1PS) 2720
IF (PRINT.EQ.1) WRITE(6+83)GRAD» TGRAD 2730
-8y FURMAT (SIXs*KCIn{CII=CPS) =*H9EL12,5 7 SUX» *HCx(T=-TPS) =%,E12.5) 2740
24 RETUKN 2750
Ny 2760
SUBKOUT INE TRAFP (U»VenNPART ¢ RIESUM) 0
REAL KOeKC3 10
: COMMUN  /BBBB/OP3rAIKCIsKU: XOAICPSyCE3»GAMMA,,BETA 2c
C UEFINE RHET FOR VARIAGLE CP»CPS.TP
RUELTECAIBeCoDrEIN) = ExAx¥(1=N)*BxxN2EXP(CeDe(1.-B/A)/(1,+D%(1.~ 30
X BZA))) 40
c FUNCTFHONS—DEF-ENENG—FNTESRANDS- .
FOXIUL{XsRI=X%24R 50
€ FUNCTION D£F1NIN6-CP(X) FOR RHEY FUNCTION
C CPIX) 1S ASSUMED TO VARY LINEARLY WITH X
CPXF(Xo¥92)2¢X=¥)1 /1)1 e=Y)n2 60
NENPART=1 70
————PARFENPART 80
HS (V=U) /AT 0
UPH = uU+h 100
Sum=v, 110
CPRAL=EPXF (U XOAEPS) 120
CPA2=CPXF (Vs X0AICPS) 130
——RHE T RHETF E v E P OAMMATBEFAT Oy ) b 1 S
RHLT2SRHETF(CI3 o CPX2¢GAMMABETA»KOp 1) 150 °
€ CALCULATE FIKSTILAST TERMS OF RIEMANN SUM FIRST
4 TRMISFOXI1(UsRHEYY) 72, 160
- - - TRM2EFOXTL(VeRKET2) 72, 170
6 D0 8 I=1,N 180
——— PR PRt UPHY XOATYERS ) 190
RHEY = RHETF(CL13,CPX¢sGAMMA,BETAVKO,1) 200
--o = SUMSSUMMFOX FHUPHYRHET) 210
UPH = UPH+H 20
- &--- CONTINUE - 230
9 RILSUMZH#s { TRM1+SUM+TRM2) 2u0
250—
ENU 260
S HBR OG- ENE~UNBAR v E T N N 22 v O — ©
DIMENSION T(1)eX(H)eY(B)A(H) 10
€ MARCH 4» 1961 UNBAROOY
C MODIFIED 7/62 UNBAROOS
€--- TO DU QUADRATIC ANL LINEAR INTERPOLATION ALSO UNBAROO6
C UNBAROO7
34Kt T —26—
N=3 30
~ N2= . . - 40
IF (T{1I)=3,) 700,701,702 50
- Foh IF (T{11)+9,) wOs7DLs704 - 60
704 IF T(I11)}=2,) 705v706+701 70
—P05—N—=—% —80-
GO 10 707 Q0
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GO TO 315 690

1Ar

706 N =2 - T e - 100
707 N2= 1 110
701 11 = flI+2 1206
702 NI = N +1 130
—_—3 05—t i 14¢
IF ( T(L) + 0, ) 60,060,511 150
6f KK = -t S S 100
2 = 0, 170
o) TO 9999 180
3} HX = T(L) 190
H—tHtortr—e—6 1 00v52v 50 - 2ut
5 NY = 0 210
69 TO 53 220
50 NY = T(L+1) 30
83 ConTINUE 240
KK =0 250
"Y—=t e 260
AX = XL 270
YY = YIN 280 7
Ji1 = Ii+2° 290
J2 = nXells+t 3u0
IF(XX=T(J1))301,3N62400 510
— AP tyds e e 220
IF (XX=T(J)) 314,304,302 330
302 CONTInUL 340
309 KK = 2 350 °
KX = T(J2) 360
3N Jxl = J2e=N 379
CIr—FO—FH— - 380
301 KK =1 h 90
XX = [{(yl) 4uyn
306 uri = Ji 419
gg TG 30Y 420
: ANy aF (U=ul=1}) 301:30u.307 430
—3 0 SRS SR B e e e T8134]
AN JKY = U=z ) 450 *
ans  COnTIxut 460
XInt = XX 473
IfF (nY) 1500, 3500; 30490 480
1500 L0 1599 L1, 490
- *—ea—Fh - wut -
LY = uxXt + R’x v10 .
, YIL) = T(iY) 520
1599 JXL = JUX14} " 530 |
1 <1 - 540
C G0 TU 54 , 550 .
38 cH—8 i - - G602
J2 2= Jye+NY - - 570
IF(YY=T(J1))311:316240) 580 .
40t - DU 312 Ju=dipd2 590
IF {¥¥=T4u)} 31#:31“:512 6ud
332 CONTINUL - . 610 .
Bt - - ~ ~686 -
YY = Tty2) 630
318 JY1 = J2~M o40
GO TO 315 650 -
311 KY = 3 660
YY = T{Jd1) 670
—-3 16— ¥t — B0
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314 1F t(d=ut=1) 311,316,317 7u0
317 IF (J=J2) 313,318,319 710
313 UYY = U=N2 720
315 CONTINUE 730
X=Xt “THO
Y ] = JY1 + NYx(JX2=11=-1) 750
LYY = LY o 760
L0 3099 L=1,N 770
X(L) = F(Ix2) 780
YiL) = T(LYY) 790
ErHt—s Lty - - 800
3099 Ux2 = JUxe+i 810
1 =0 820
69 TO S4 830
3095 Y(1) = Z2 840
DO 4400 I=1N 850
t¥—=t¥vl - 860
Y(l+1) = 0, 870
Do 40850 MM=1.N1 880
YOI+41) = Y(I+1) + T(LYL1)xX(14M) 890
4050 Lyl = Lyi+ny : 900
4400 COWTINUE 910
DO #1999 t=t7ivt =920
X{i) = TJdyl) 930
-#199 JY1 = JYleg 940
XINT = YY 950
A £ | : 960
5S4 b =1, 970
— Xt - 980
X(nN+3) = X(2) 990
- 20 5% U=t Nt 1000
Alutl) = X(J+1) = X(J) 1010
- TPALYL = XINT = #&3) - 1020
IF ( TPALY ) 57.58,57 1030
— 58— =¥t 1ouo
X(1) = 0. 1050
— - K2y = 6. - 1060
X(3) = 0. 1070
- X{4) -=-0. 1080
XtJ) = 1.0 1090
O0—Fo0-—b9 1100
ST U =D » TPALL 1110
s - - G0 TO {TL1eT120713) oN 1120
711 X(J) = TPAL1/A(J+1) 1130
S 60 U 55 - 1140
712 X(J) = =TPAL1L 1150
60—F0—55 —1t6t-
T13 X(J) = (x(J+2)=X(J))=TPALL 1170
-85 CONTINUE 1180
All) = A(N+2) 1190
- 22 = 6, - - 1200
U0 56 J=1e¢N1 1720
— e BB A e - 42
2Z = 22 » vilx X(J) 1230
56 N ] 1240
59 M I3 - 0 393,9999 1250
-9999 KiK L owM L . 1260
e 1270
..._n———-_—-f . . . LU PR — 126“)‘
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BLOCK ODATA 0
; 5 YST30) T 10
C BLOUR UDATA FOR VISCOSITY VS TEMPERATURE

VATA (VISVST(IIvIZL30) 7 0.0v2,v23.90.0, 20

A 36054060720 ,0900,01080491260¢¢1440491620,51800,921980.» 36

A 2160,9)234%0,02520.0 40

X eNY8 E=Us 070 Emlys 4093 E~49,117 E=booellt]l E=tyy 164 E~4» 50

- . - el « 0 L4 0 3 66

X « 302 E=U/ 70

Ehb an

BLUCK UATA 0

COMMURL ZFTZ2/TBLVP(TO) ) ToLHU(42) o TBLH3I(42) 2 SHTBLZ (34) »SHTUL2(34)» icC

1 SHTBL3(34) o SHTULY{34) ¢ 2TBLD(40) e 2TBLAP(46) 2 2TBLA(UO) 20

C BLOUCA UATA FOR FUNCTIONS OF TEMPERATURE

DATA (TBLVP(L) v IS1070)/10e00149¢33.000,00892:60519,9528,370529.08,4 306

— 3T St T S I8 TSN T O T Y SR ST T AT SO0 207 5097 98 v BT 267 5 T 480 B9 ue

23U0A1N4139614,069618.0706274F1628,82:645.681850,76+06H:5T+674699 506

36HO6.130692.390n9T7 8T 0Tl ,0T98,5852,0942603032,¢1122,01176619.0520,. 60

41“790 020110 .2"599 025987 '2“36' 02823' 02920' 035390 05“530 073670 097270 ) 70

DOB2I11.510,2,200902. 46292, TH093.80723.56295:28005,971¢8.06509.711,1 ac

01,91013,40034,70933.,80073,4B8218T7,0¢382,59823.001528,.02131./ a0
—— ATttt I P O O s T s O 0 0 0 O T R B IGO0 NGy SS 0y C 1Us

6720609300, 01060003 26N4 9 i%40,01620021800.01980402150602340,025204027 110

G00,0,288093U060¢1=1991.347~195]1 ,029-1619,50+~1896,04¢=1895,70,~188 120

R2e551=1876.129=1879,469~1884:.63+=1892,38,~31901.94,=1912,38,~1924,0 130

ASe=1937,549=1000,749~1964,45+~1978,52¢-~1992,36¢-2006.62/ 140

DATA  (TEBLH3(1)e1=3 42 )/05001.!19 00e6e000u00180,¢360.¢530.42540,1 150

31605 v2340 72520 »27 1e0

X006 02880, 03000, 333 0701Q55 57'1105.97'1159 3501160,4001215.46912) 170

K9.6“91295.00!l329 T1e1355,2891375.5701391.1123402,52+1410.1301414, 180

ASTr1016.37+141A.0501434,15,1410,56/ 190

DATA  {SHTBLILI) s IZ1e38)/0.008,015.000:0¢54040720,+900.03080.01260 2ul

1. 01“400 ’ 16?0.' 160('_0 ’ 1980. '?160'.23“00 ’25200 027000 02880. '30b0. ’ 038“ 210

‘ b = r 1Ot 3vr 1879800 -~ 228

330682260 ,83739.8503/ ’ 230

DATA (SHTHLE(E) »I=1/934)/70:091,915.0+0,0:5490.9720,+,900,01080.01260 240

HS5.01l40, '16z00 ’ 160“- ’ 19800 fdlboﬁ .23‘*00 '2520."27“0. '2830. 03060.¢ 500 250

bbv554?“0.569105634“v0677§to71r6'07553!,79950-8236'.85“10.3823'0907 260

7509308, ,95129,9697/ ) 270
—————— Ao e 4‘*iivﬁ‘*f919Ti77*5107979159677?20‘79QGTTteﬁﬁ—Tieﬁﬁ——“*‘280“

Der1B80,016200ri i o21980, 02160723400 02520602700,92880.930600¢ 248 290

Ab' 02“95' 025?“' 0( )("9! 0252“. 02662' 02738' 0279(,' 02836' .2&?8! 0291“' 029“ 3“0

X609 o297 ,29989 43019/ 310

DATA  (SHTBLM(1))I=1934)/70,051,¢15.000, 09540.0720.9900.01060.r1260 320

Ao 1040, ,1620,01800,01980,¢2160,02340402520592760,02880,¢3060403,41 330
—““**T—*9“737“99ﬁ7%—¥68§7§1#465T3TQ899?5“9t5*75T5Q5Q?37560&7576203T376ﬁ5#T“——““3#0'

K3, 715015, 7690¢ 34 829193:380203 9268/ - ’ 350

ENU 360

BLOCK DATA ) : T 0
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€ - BLOCK DATA FUR SPECIFIC MEAT VS TEMPERATURE

COMIHON /0DU/CFTBLU(34) »CFTBL3(34) +»CFTBL2(34)CFTBLL (34) 10
: DALA (CFTRLEII)FI=1e34) /7 Our 14 1549 Do 20
C TEMPERATURES
. . . . . ¢ 'Ue # ¢ 0 o T 30
A 19b0, o 25160. ¢ 2340, » 2520, » 2700, » 2880, ¢ 3060, 40
€ SPECIFIC HEATS
X 3,41900 3,495960 3,40859 33,4765, 3.4899) 3.5151¢ 3.5454» 3.50060 56
X 3.6208, 3.665%0 3,71500» 3.7696, 3,8251, 3.8802, 3,9288 / 60
“UATA (CFTBL2(I) o I=1034) 7/ Oer 1ev 1541 o0 70
X S0, 720, ¢ 900, » 1080. » 1260, ¢ 1440, 1020, » 1800s ¢ 80
X 1980, » 2’6“. 14 23"0. ¢ 2520, » 2706, » 2880. ’ 3060. ’ 90
C SPECLIFIC HEATS
: X 2085 0 2695 ¢ 2524 ¢ ,2569 ¢ 42624 » 2682 » 2738 v 2790 100
X o2836 » 42878 » 42914 » 2946 ¢ 2974 » ,2998 » L3019 / 110
- t - [ * [ ] * - ’ 120
C TEMPLRATURES
X 540, ¢ 720, » 900, » 1080, ¢ 1260, » 1440, o 1020, ¢ 1800, » 130
X 1960, » 2160, » 2340, » 2520, +» 2700, » 2880, ¢ 3060, i40
c SPECIFIC HEATS
X 5008 » 5424 » 5891 » 0344 9 0773 ¢ 7176 ¢ 7553 » 7905 » 150
[] [ ] y J [] ] L ] L ] N 160
UATA  (CFTBLG(I)sI=1034) /7 Cer leo 15,0 Oar 170
€- TEMPERATURES .
X SUD., » 720, ¢+ 900, + 10800 » 1260, » 1440, » 1020, » 1800, » 180
- X 1960, » 2160, ¢ 2340, . 2520, » 2706, » 2880, » 3060, 190
C SPECIF1C HEATS
— K3 E 526t ST 6212 65T T 6899 LT85 T - 200
A .7““"2 ’ .7673 14 07879 ’ 05063 ’ 08226 ’ .8373 ’ 03503 / 210
LN - 220
BLOCK VATA o
[ $LOCh UATA FOR HEAT OF REACTION VS TEMPERATURE
COMMON /CCC/ZH4TBL(4N) yHITEL (40) 10
--- - DATA —HeTBL(D) v I=1,40) / Oer lor 18,9 04 20
C TLMPERATURES
—————A——4-H 87— I —r— B30 DNG——F RO 90— 80— 30~
X 1260, » JU440. » 1620. o 180C. » 1980, » 2160, » 2340, 40
HRSEEELE 3 252{’6 ‘1'27000 ’ 2880. ’ 3060. ’ 50
C HEATS OF REACTION
- - AK=195% ,A2+=1919,50¢=1896,0Ur=1895,70r~1882.55,=1878,12/=1879,46 60
X=1884,63)=1892,38¢=1901.94+=1912.88¢=1924,85¢«1937,549=1950,T4% 70
27 367-2006562—# 86
DATA  (H3TBL(1)eI=1,40) / Osr 1lor 18,9 00 90 .
G- - TEMPERATURES
X lhno [ 3600 4 53‘.‘)04 4 5“00 ’ 7200 ’ 9000 4 1('800 ’ 100
- A 1260, -+ HH » 1620, ¢ 1800, » 1980, » 2160, ¢ 2340, 110
X 2520, » 2700. » 2880, + 3060, 120
—'G——'H'b*'?a CF ﬁﬁ#c::(}f‘v
X1055.57 +1103,97 v1199.35 »1160,40 ¢1213,46 »1259,64 +1298,00 » 130
~ v KE3295F1 91355,28 11375.57 1139111 21402,52 11810413 2 1414,57 140
X1416,37 »14106, 05 ri414,15 o1410 56 / 150

END - - 160
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BLUCK JATA
COMMO 4 /DAVISL/VPTul (44)

C BLOCK DATA [ABLE OF VAPOR PRESSURE VS TEMP (USED TO FIND TVAP)

—ATFA YRt syt s rgms 4 ) 2057 0 T

X 50, o+ 100s ¢ 190, » 200s » 2506 ¢ 300, » 3506 » 4GO, o

X 450, » 500, ¢ 550, » 600, ¢ 650, » TO0, ¢ 750. ¢+ 800, »

A 350 ¢ 900, » 950, ¢+ 1000,

A 7700 [} 820. ’ be. 1 6800 ’ 905. ’ 9250 [ 9“5. [ 9650 ’

A QbOo [ 2 995. '1010. '1025. '1035. '1050p 01060. '1070( 4
A 9T T T

ENU

Fou Lod .. -
URUCT  WJHT

COMMON ZL1ZTHL/UAVST (10) ,DHLVST(18)

C BLOCK UATA TABLES FOK DELHV AND DELHL vs TEMP  (uSth TO FIND HV)
ula  (UAVSTCIN2I=1918) / Oar Ller Ter» O.¢
A 1o0. » 30, » H34.6 ¢+ 5S40, ¢ 720, ¢ 900, » 10680, o
A 1390,16 » 1332.82 » 126002 » 1279.,12 » 1237.79 » 1208480
-+ +HeS o == -

DATA (UHLVST (L) s4=10133) 7/ Qar 1ar Teer 040

A 1cNe » 360, » H34.6 ¢ 5S40, » 720, » Y900, » 1080,

A Toph2.1U 0 GEH.90 ¢ 679,61 ¢ 679,89 » T00.89 4 733,19 4 777,22
A /

iy
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. 6910461-30
TWO-DIMENSIONAL STEADY-STATE MODEL

MAIN PROGRAM DOES REACTOR CALCULATIONS FOR LIQUID REGIONS
T K XK ERTEATH &

C
C
- €
g- DESCRIPTIUN OF INPUT DATA PUNCH CARDS FOLLOWS ¢oqe
C

FORMAT

C
-C (CARDS 2 THRU 21 SHOULD

g BE REPEATED FOR EACH CASE)

C CARD 2 COL'S 1-80 TITLE CARD ... ANY ALPHANUMERIC (14Ab6)
—&— INFORMATIONDESTIRED T

C
c CAN03 COL‘S 1-3 CONTAIt“ NRINbS GO OSSR VPOES OO0 ODPNDIBROEBIOSENOIEISITS e (Ij)

g coL's 4=6 CONTAIN NOFZ 00 000000800000 00000 000000008000 (I3)

C CA‘(D u COL'S 1-8 CONTAIN F‘l) S0 0 VUOOOINOOLQOEIROINOOSOSTOIEOIOIERSONOESNOETDMY (Es.q)
—€ —9-16 P2y s sssisesessssevississsesesses (ESHY -

C 17=-24 F(3) seassoseoonssscscssncsscscnseee (E3.H4)

- € 25=32 Flg) 00 0 0C0R 00000000000 00000000000 (E3.4)

c 33-40 F‘S) 00 200000000000 000’ 000000000000 (Ea.“)

€ H#1-44 F(6) 000020000000 000000 0020000600000 (E8.4)

c 49-56 F‘7) 0030060000200 00 0000000000000 00 (EB.“’

€ 57-64— FAB S T T s ees e i s e T isessieevees (EBHTTT

c 65=72 FU9) eresvesctscsrsscsssavencosscnse (EB,U)
‘c' 72-30 F‘lo) 2000000000000 0000 0000800000000 (E&.Q)

2 { WHERE THE SUBSCRIPT INDICATES THE RING NUMBER )

E CARD & +.+o CONTAINS GO'S ,,, FORMAT EXACTLY AS IN CARD 4

2 CARD & 440 CONTAINS 20'S ,,. FORMAT EXACTLY AS IN CARD 5

C CARD 7 COL'S 1=10 CONTAIN ALPHA3 ,s0000s000000er0s0000s000es (EL0.5)
- -~ - 11=-20 HF caveeevevsssssscoescsnssosnscse (C10.,5)

C 21=3n R ssevvoosesosnessesesstscossnsccses (E10.5)

< 34=4-H— —MN2Hb sy T e s e e S

c 41-50 MNH3 teooscrosevesensvevcsvncsesse (EL1CH)
—C—-— 51~668 MN2 sesvivsesetecsoscnssccensesssec (EL10,5)

c 61=70 MH2 s0esvcessrsesrtretussrrsaceret (£10,5)
“g“‘ 71'80 LPHAi 006000000000 ivQ0000Y0CCOCRIONDS ‘51005)
——G——e*R9—a——————GOE*S~—1-46“——€6N¥*iﬂ—ﬁhphﬁﬁ-. O O] T eie ey (B S —

c 11=20 AGM sesvprvcsevseosensssscssscosses (E10,5)
-6 - 21=30 BeM 0000CP00090000000 0000000000000 (E10.5)

c 31-40 KP sosevesessoevssesnscovancovesse (E1045)

o 4150 TF sececcssesosvsosssinssesesecoce (E10.,5)

c 51-60 CF eevosesanccsescsrseosscsesssnnse (E10.5)

G ot =76 NMAX s sssasvasvsesrsivisseesers e tEXORS—

Ag 71=-80 NMAX2 soosovcvsenvcovecsscscrssces (E10,5)

c : '
-G CARD 9 -CHOL'S- t~10 CONTAIN P 9003000000000 0sr0000Pesoveneoy {€£10.5)

c 11'20 ZENU oovevoveconensnsasscsscecsccns: {(E10s5) P

& 24 =I———————BINRH T T e T et BT

c 33'4" DONHS sose0veeccsvesncresescaecsas (E10,5) é
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- G910461-30 )
- Hg=s0 - - - COM cicecsenvsnesesssssessusssesses (E10.5)
51‘6" R‘DIUS 0.............".'...0...5' (Eloob)

(THE TABLE FOR CALALYST PARTICLE RADIUS

VAL POSTFTONAND—RADIAL POSTTION POLLOWS)—
v

CArD 10~ ——--COL*S -1I~-8& ‘CONYA!N' "M'NWEER Do 6eeco0enngttestae (E8.4)
9~16 CONTAIN THE NUMBER 1. sees0000cs0tete (E8.4)
19=24 CONTAIN NOFZ {FLOATING PT,) ,escccecesecss (EB.U)
25-32 CONTAIN NRINGS (FLOATING PTe) sesescocense (EB.4)
+THPSE '"W’W

t :

FOR THE INTERPOLATION TABLE USED To OBTAIN
THE CAT. PARTZCLE RADIUS AS A FUNCTION OF
AXIAL DISTANCE AND RADIAL DISTANCE #xxx

CARDS 11A»11Brves CONTAIN THE AXIAL STATION 2 VALUES
1o PER CARDy COLYS 180D seesoceccccescsee {(1DES.4)

CARDS 12A112Br 40 CONTAIN THE RADIAL STATION RAD VALUES
RAD (1) o RAD{2) 044 ¢« e RADINRINGS)
10 PER CARD» CcoL®S ;-80 S0000000assnts Ol (1NEB.4)

CARDS 13A213Brees CONTAIN THE CATALYST PARTICLE RADII AS FUNCTIO.S
OF AXIAL AND RADIAL POLITION WITHIN THE REACTOR
AlL1ed) rA(102)0eserAlL2NRINGS)
A(201) rAC202) 0000 A(25sNRINGS)
[] L] ® [ ]
(] [] ] )

. » e .
A(NOFZrL) s AINOFZr2) ¢ c o 0 AINOF Ze NRINGS)
10 PER CARD» COL'S 1=8) esess0v0cvrreseene (1NEd,4)

(THE TABLE FOR CATALYST PARTICLE SURFACE ARE#

Vor—AXEAE—B IS FANCE—AND—RAD AL D IS TANCE—FOLLOWS i
TABLE 1S IDENTICAL TO THAT FOR PARTICLE RADIUS V
AXIAL AND RADIAL POSIYION EXCEPT THAT THE RADII
ARE REPLACED 8Y PARTICLE SURFACE AREAS

nnnﬁnhownnohonnonLnnnnn$nnnnn$nnonnﬁonnn

CARD 14 THIS CARD IS IDENTICAL TO CARD 10
&— - [
g CARDS 15A915Br 0 THESE CAKDS ARE IDENTICAL TO CARDS 11As11Breoe
g CAKDS 168016Brees THESE CARDS ARE IDENTICAL TO CARDS 12A,i2Bree.
C CARUS 17 17Brees CONFAIN THE CATALYST PARTICLE SURFACE AREAS (AP) AS A
¢ - EUNEFHON—OF XA~ ND—RAB AP OSHTEONWETHINTHE— - -
c REACTOR o+ SAME FORMAT AS CARDS 23Ar13Be.40
¢
C g .
¢ {THE TABLE FOR INTERPARTICLE VOID FRACTION OF CATALYST
c PARTICLES VS AXIAL AND RADIAL POSITION FOLLOWS)
& FABLE—$5—EDENTFEAL—TO—FHINT—FOR-PARFICLERIBTIUS VS— ~
C AXIAL- AND RADIAL POSITION EXCEPT THAT THE RADII
< ARE REPLACED Y INTERPARTICLE VOID FHACTIOM:
c {
€ Cha " THIS CARD IS IDENTICAL TO CARD 19
¢ ﬁ

o

G ANGE 1Ay EObyrr——FHEGE—EARDS—ARE—FBENTICAFO—CARDS AT Bys s -



© Q910k61-30 :

'“g """ CARDS -20Av20Bv i v~ ~THESE CARDS-ARE-IDENTICAL -TO CARDS 12A,12Brass

—€~ CARDS 214+ 21Bv5v5 ~ CONTAIN THE -INTERPARTICLE VOID FRACTION (DELTA) AS A

c FUNCTION OF AXIAL AND RADIAL POSITION WITHIN THE
—e ~REACTFOR i SAME-—FORMATAS—CARDSIATLSS 750
c
_e I e
C Mk oo R A KK S 0 A A K o K K R K 3K SR o A kK
- - “REAL  MH2rMN2TMNHI MN2HG ) NMAX T s NMAX2 5K o KP C
COMML i /BLOKJ/F(ZS)oH(25)oRAD(Z‘)oGATZO(ZS)oGO(ZS):?O(ZS) 1¢
KEg—— - = ot
X NMAXZ-ALPHAIoALPHAZrBETAoAGMoBGMoPoZENDoMHZ'MNaoMNH3oMN£Hu 3C
COMMON /BLOK3/K KOs KPsKC3 s KCU o HF o HL » WVs TF s CF » CFBAR » GAMMA , C44 » NRINGS 4
COMMON /BVTBLS/AVSZ(234),APVS2(234) BELVSZ(234) 5C
COMMUN- ZAAAZVISYST( 38) 9 TBLVP(68) 6C
COMMON /CCC/HUTBL(4N) pHITBL(40) 7¢
————— COMMON— LI 2 FBL BSOS T 89— --  --8C
COMMON /DAVTEL/VPTBL (44) 9¢
- COMMON 7#MMM/MI - 100
DIMENSION 2L(2%))TL(25) ¢ 2LV(25) 9 TLV(25) ¢ JZ(25)+2Z(25+75) ¢ TT(25:75) 110
DIMENSION TITLE t14) 120
READ (5¢702) NCASE 130
—F00—FORMAT—13} . e 46
KOUNT = 1 150
- 705 READ (S5+606)- TITLE - 160
608 FORMAT (1446) 170
e - WRITE 4696099 TITLE 180
609 FORMAT (*11,28Xs14A0//) 190
REAU (5+810) NRINGS NOFZ 20¢
— e - READ A Sv 8 -(FH1 1 [=1 1 NRINGS) 21¢
READ (5¢813) (GU(I),I=1rNRINGS) 220
- - REAL B e83 ) (£0¢4 ) » IZXoNRINGS) 23¢C
310 FORMAT (213) 240
B3t FORMATF —+£ S 6B 256

c THE SURSCRIPT *1' REFERS TO THE ANNULAR REGZONS
—& - REGTONS -ARE—NUMBERED 1+2r...'NRINGS FROM THE CENTER OUTWARD

I=0 260

= -READ- 4598007 -ALPHAS  HF v Ry MN2HG y MNH3 ¢ MN2 1 MH2 9 ALPHAL » ALPHA2» AGM 2 BGM, 270
X KP o TFoCF o NMAXE s NMAX29 P9 ZEND » DON2HG  DONH3 » CGMy RADSUS 28C

} 29¢

WRITE (6¢36) (JrF(J)»GC{J)020(U) 0 J=1sNRINGS) 30C

36~ — -FORMAT-AAA//6 11X+ HRROGRAM INPUTY /46X *RING» JIXs *F o 12Xp GO 9 E0Xs? 310
XZO' /(4T7X012¢5X03E12,5)) 320

e - WRETFE (6937 -ALPHAS P HF ¢ Ry MNZHG ¢ MNH3» MN2 o+ MHR ¢ ALPHA L ¢ ALPHA 2+ AGM 2 BGM» 33¢C
X KPy» TFoCFoNMAX1 o NMAX2 ¢ P9 ZEND» DON2HE s DONH3 » CGMo RADIUS 34€
BEELOTHT IO M HF L0 ST RS I Oy N IMNZH—— —35¢

X —'ElO Go3Xo "MNHI =YEI0,493Xe*MN2 STELO. %0 5); 'MK2 =EL10,4 // 36
R = BKr P AERHAL L SE LB o 4y Xy S ALPHAR S4EL04 093Xy YAGM ”Elﬁ 493X 27¢C
X 'BGM. STELUL 493Xy 'KF SEL10,003Xe'TF S'EL0.4:3Xe'CF ='EL10.4 // 38C

s e By INMART H1ELOL 8y BN INMAX2 S1ELRO M 3X0 P =CELO 43Xy 350
X YZEND ='E104403X0 'DO4 ='El°.“v3X0'003 S'EL10, 493X 'CGM S'ELRO. 4oL

e el p DU A HIG RS L Bl L chin
NZTBL = NOFZ+NRING¢#NOFZ¢NPINGS+“ 426

— e -NOFZY-E-NOFZ¥H - - . 43¢
NOFZ5 = NOFZu4+1 »”, L 4ot
s (HOF 26 B NOFZAENRIMGS. — ~— — @s(: .

C READ IN AAP)DELTA .5 2 'MBLE.‘- ADEVARIATE)

e READ—Bv B A VS E Er F T , -—&&@
40 FORMAT (4EB,#) L 47¢
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READ tS5¢4l) (AVSZLI): IS5, NOF2G; - 480
41 FORMAT (1DEB,u) 490
READ (Sr4l) (AVSZ(1) s ISNOFZ5:NOF26) su0
I1 = NOF26+} 510
————1 9= NOF 2 NRENGS 520
DO 42 J=1,NOFZ H30
READ (5s41) (AVSZ(I}oI=1I2+12) 540
11 = 24} H56
I2 = IteNKINGS~1 Hao
42 CORTINUE 570
————READ 5 CAPYSE T ISt ) 580
READ (5.41) (APVSZ(I)eI=5:,NOF24) Lag
REAL (S5541) (APYSZ(1)+I=NOFZ5,NOF26) 6u
11 = NOFZo+} 610 -
12 = NUFZO6+NRINGS 620
LO 83 JUz1eNOFZ 030
————————RER DS O APYSE ) I R - 64
I1 = I2+) 650
I2 = It+rRINGS=-1 660
43 CONTIiUE : 670
READ (HotU) (DELVSZ(I)eiz1ry) 680
REAL (Soeul) (DELVSZ(I) 2 I=SeNOFZ24) 690
x 5 = - 267 7u0
I1 = NUFZ6+1 716
12 = RUFZH+RRINGS 720
DO 4y Jz=1eMOF2 730
READ (Sr81) (DELVSZ2(1)vI=I1,12) 749
11 = [2+1 750
————— 2= NRENGS—L T60 -
4y CONTIWUE 779
wtliTE (ovb0&) 780
604 FORMAT (//7/59X»31311 A VS 2 TABLE) 790
WRITE tor45)- tAVSZ(1)ri=104) 8ul
WRITE (6+50) 10
50 FORMAT—t—FA—) “20
WRITE (6o846) (AVSZII)o1=5:NOF24) 830
WKITE (6950) 640
WRITE (6s46) (AVSZ(I)»I=NOFZ52NOFZ6) 850
WRITE (00+50} 860
45 FORMAT (39X,4E13.5) 870
er———FOrMA T~ B35 - 680
I1 = HOF26+1 890
I2 = HOFZ6enNRINGS 910
JO L7 JUS1lIOF2 910
WR1TE (bs%6) (AVSZ(I)oI=11,12) 920
11 = 12+1 , 930
— 2 RS-t 40 -
vy CONTINUE g50
WRITE (b,606) 960
606 FORMAT (///759Xs134AP VS 2 TABLE) c706
WRITE (H:45) (APVYSZII)rIz=1r4) 940
wRITE (6,50) 990
W TE T APYSEHE I = ST NOF 2N 106t
WwR1ITE (9050) 1010
wRITE (os46) (APYSZ{I)eIZNUFZS+NOFZ6) 1020
WRITE (0¢50) . 1030
i1 = NUOFZ26+1 1040
12 = NOFZ6+NRINGS 1050
HHO-—ltd—SE F-r- O£ 1960 -
WRITE (6,46) (APVSZ{1):Iz11,12) 1070



It = 12+ ’ 1080
2 = Il*NRINbS-i 199¢
48 CONTINUE -~ - 1100
WRITE (0,607) 1110
— 60T FORMAT 7775 TXTETHDECTA VS 2 TABLEY 1120
WRITE (6o45) (DELVSZ(I)eI=1e4) 1130
*RITE (6550) 1140
WRITE (6o46) (DELVSZ(1):I1=5,NOF24) 1150
WRITE (6550) 1160
WRITE (6046) (DELVSZ(I)»I=SNOFZ5¢NOFZ26) 1170
witt-FE—torSH0) - 1180
Il = NOF26+1 1190
12 = NUFZ6HNRINGS 1200
DO 49 J=31/)NOF2 1210
WRITE (6246) (DELVSZA(I)rI=11.12) 1220
I1 S 124} 1230
22— HHNRINGS-t 1240
49  CUNTINUE 1250
: WRITE (6,27) 1260
27 FORMAT (*17,22x, *POSITIONS AND TEMPERATURES AT EACH AXIAL STATION 1270
X === LIQUIU AND LIQUID=VAPOR REGIONS®) 12480
DR = RADIUS/FLOAT(NRINGS) 1290
G———GBTAEN—H PO ENTS—OF—ANNUEAR—RENSS
RAL(1) = DR/2, 1300
DO 10t J=2/NRINGS - 1310
RAU(J) = RAD(J=1)+DR 1320
- 101 CONTINUE - 1330
CALL UNBAR (VPTBL:1+Pe0, s TVAPIKK) 1340
0 LY 1350
CALL UWBAR (DHLVST»1eTVAP¢G, v DELHL ¢ KK) 1360
- oot = (TVAP=TFI#CF 1370
HV = HL+DELHV=DELHL 1380
~ 875 1 =-f+} - 1390
Li1avP = ¢ 1400
——=—9 1410
Z =0, 1420
—— P2-EBe - 1430
DERIV = 0. 1440
=== HE - B HF - 1450
GATZO(1) = GU(I)+F(I)*20(1) 1460
—SF—Z—B- D r 3
J = J+l 1480
-—-G—~ STORE-CURRENT -2 IN OUTPUT BLOCK
Z2Z2(1:J) = 2 1490
—~C. .- CHEGK - 1F -WE HAVE REACHED THE END OF THE INJECTOR FOR THIS RING
IF (2-20(1)) 34+34,35 1500
—Bp— o0 1510
60 70 78 1520
35 6 =-6ATZOI)- - 1530
F(I) = 0, 1540
~-38 - T = TFHHEE) =HFHACF : 1550
c STORE CURRENT TEMP IN OUTPUT BLOCK
——n ¥ 1560
c CHECK IF WE HAVE REACHED LIQUID-LIQUID VAPOR !NTERFACE
- IF (LI9VPEG.1) 60 TO 102 1570
CALL UNBAR (TBLVPe19#T90.»VPRIKK) 1580
CALL UNBAR (H4TBL» 19T )0, sHUEKK) , 1590
CALL UNWNBAR (AVSZ/s1¢Z/RAD(I)rArKK) 1600
1620

Ch = VPR&MN2iIL/ (R*T)

114



6910461-30

OAMMA = AGM/T oo T 1630

K = ALPHA1xEXP (=GAMMA) 1640

DPA = DON2HUx(T/892, ) ¥%1,832%14, T7/P%(],2EXP(=,067*P*492,/ 1650

X (14.,7%T}))) 1660
—BETA Tt O PA P ) - 1670
DERIVO = DERIV 1680

CALL -SLUPE (DERIV) 1690

IF (M1,6T.20) DERIV=DERIVO 17u0

UHOZ = = (HUxDPASAPRDERIVHF (T Y *(H(I)=HF) ) /6 1710

ud = =~H4/ (WMAX1%DHDZ) 1720

— =t reRbZeDZ- ©T 1730
IF (H(I)=HL) 879,877.878 1740

c we HAVE EXCEEDED LIQUIU=LIQUID VAPOR INTERFACE FOR THIS RING ===
C SBACKSTEP 70 L=LV BOUNLARY

878 DZ = tHt=H{1))7DHDZ 1750
H(1l) = HL 1760
— S5 FHAG T IRDTEATE INTERFACE HAS REENREACHED— - st
877 LIwvPkP = 1 1770
: 6O YO 879 1780
C Wt HAVE KEACHED THE LIQUID=-LIQUID VAPOR INTERFACE FOR THIS RING
102 TLtE) =T 1790
u(l) = 2 18u0
— €At RVe—t o DERIV TS 22y T YO - 1810
TLVv(I) = 7 1820
2LV{IY = 2 1630
JZ(1) = v 1840
< CHECK IF ALL RIMGS HAVE BEEN PROCESSED
IF (I-NKINGS) 675,670,870 1850
—— 67— 0025 =ty NRINOS 1860
Jiv = J2(I1) 1870
WRITE (6.28) 1 1880
ARITE (ve2b) (LZ(Led) o TT(10d) e d=10uN) 1890
25 CONTINULE 1940
26 FORMAT (ORo "2 0 12Ke " T0o4(12X0"Z%912Xe'T*) / {1X010L13.5) ) 1910
— P ——FORMAT— AT R —/———————————— - - 1920
WRITE (6¢613) 1930
-H13  FORMAT (1H1027h s TOH® R s xkakk kiR kR gk o} LIGUID REGION 1940
X ok RO K 0 B Bk Kk kR kR ) 1950
LAST = MRIMGS-1 1960

C  IF THERE 1S LESS THAN A ONE PERCENT DIFFERENCE IN INTERFACE 2 wu.ues
o ——FOR—ANY—FHO—-RENES——THEN-SET—FHESE—INTERFACE VALUES EQUAE—— ———— - —- - -

UG 700 Lzil,LAST 1970
IF {ABS(Z2L(E)=ZL(1+1))sLTee01%ZLCT)) 2L(TI+1)22L(Y) 1980
IF (ABS(ZLV(1)=ZLV{I+1)) LT,.01%Z2LV(I)) ZL¥iI41)=ZLV(I) 1990
- 700 CONTINUE 2000
WRITE (6988) (I ZL(I) RAD(I) »TLUTI) o I=1 9 MRINGS) 2010
3 - ATt IO ~——+tTMHOVAPOR—T— 2020
XNTERFACE FOR EACH ANNULAR REGION® / 2030
X JoXrATH RINS AXIAL POSITION RADYAL POSITION TEMPERA 2040
XTurt 7/ 2050
A (38R e 129AX)EI2.506X0EL124504X9EL2.5) ) 2060
WRITE (©+90) 2070
e G O O RMA T A A A DTV r-T D e et ot s g i i g ——— A D= VAPOR—REGFON—2686—
X I IA I IR TEIY S 3T 3T 01 ) 2090
WRITE (089 (1,2LV{I)sRADLI)FTLV(]) o 121 ,NRINGS) 2100
89 FOKMAT (/724X 'POSITION AND TEMPERATURE AT LIQUID VAPOR - VAPOR IN 2110
KYERFACE FOR EACH ANWNULAR REGION' / 2120
X doXeS5T7H RING AXIAL POSITION RADTAI. POSIYiION TEMPERA 2130
)R 2140
X (DE8XeI206X0E12.506XrEL2.5/8X0EL2,5) ) 2150
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- € PROCEED ON TO VAPOR REGION

CALL VAPOR (ALPHA3»2LV,TLV) 216(
KOUNT = KOUNT+#1t 217¢C

IF (KOUNMT.LEJ.NCASE) GO TO 705 218¢

— R TE TS A 219¢
107 FORMAT (//77748Xe35H%%%kxkx OPERATIONS COMPLETE  skkkk*x ) 22u(
SToP 221

ENv 222t
SUBROUTINE LGVP (1sJeDERIVITeGeZ2022TT2D2) (

o THIS KROUTINE HANDLES REACTOR CALCULATIONS FOR LIQUID VAPOR REGIONS
C UF £ACH ANNULAR RING

REAL WNMAX2 1€

; A o£3 3 . 02y — ?.C

COMMON /uLOK2/As APy DELTA)DReDPA+sDON2HY s DONH3 2R CGMy RADIUS » NMAX1 ¢ 3G

X NMAX2 9 ALPHAL ) ALPHAZ s BETA» AGMyBGM o P o ZEND o MH2 9 14N2 » MNH3 » MN2IHG 4c

COMMON /BLOK3/XoKN e KPoKC39oKCUoHF sHL o HV e TF o CF o CFBAR » GAMMA , Cl4 s NRINGS S0

COMMON /8VTHLS/AVSZ(234) ,APVSZ(234) »DELVSZ(234) 6C

COMMON /CCC/HuTALIUN) yHITBL (40) 7C

————— O IMENSTONZ22C25v Ty FF 2575 —= - 8¢

C ASSUME TEMPERATURE CONSTANT IN LIQUID VAPOR REGION

- CALL UNBAR (H4TBLe1vrTr0,.sHUKK) 9C

182 CaALL UNBAR (APVSZ2e1+Z2eRAD(I) P APIKK) 1l

DPA = OON2H4»(T/492, ) kk]l 832414 ,7/P8 {1 ,~EXP (=, 067*P*492,/ 110

X (14.7%T))) 12¢

B R D P AR AR D ER PV HH =N 6 136

DZ = =H4/7(NMAX2xDHDZ . 14¢C

-2 = Z+DZ2 - 15¢C

J = J+l 16C

-G - - STORE CURRENT Z IN OUTPUT BLOCK
28(10J) = £ 17¢C
HrH—aF —48¢
C CHECK IF WE HAVE REACHED THE INJECTOR TIP FOR THIS RING

: IF (2=~20¢1)) 34,34,35 19¢€

3y G = GOUI)+F(I)xZ 20¢C

- - 60 TO-FB- - - 21C
35 G = GAT20(I) 226 -

—_—— 0 23€

78 H(I) = H(1)+DHDZ%DZ 24C

- IF (R =HV) - 1829 1959 184 25¢€

C WwE HAVE EXCEEDED LIQUID VAPOR=VAPOR INTERFACE FOR THIS RING ===
=& - BACKSTER TO kV=V BOUNDARY

184 0z = (HV=H(I))/DHLZ 26(
-2—a—p D7 o7¢
22(1sJ) = 2 28(

- - HEE)Y &MY 29¢(

195 RETURN A 30¢C

- . END - 31(C
SUBROUTINE VAPOR (ALPHA3,ZLV.TLV) ¢

-C THIS ROUTINE HANBDLES REACTOR CALCULATIONS FOR VAPOR REGION OF EACH
C ANNULAR RING
e RE AL AMB A N NR R NR2 7 NHR2Z - NR I NRR 3w NRG - NRR U K E 4 MH 2y MN2 y MNH 3 ————— 1€
X MN2FU » MBAR 2(
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INTEGER ~VAPOK) VP - - 30
COMMON /ULOKI/F(ZS)'H(ZS)oRAD(ZS)'GAVZO(ZS)060(25)o20(25) 40
COMHON /7BLOK2/7A2 AP DELTA DR/ DPADON2NE ,DONMI Ry CGM) RADIUS ¢ NMAX 1 » 50
X NMAX29ALPHAL + ALPHA2 1 BETA s AGM o B@M o P o ZEND » MN2 » MN2 » MNHS s MN2H4 60
’ S 70
COMMON /8VTBLS/AVSZ(23~).APVSZ(:SA).DELVSZ(asu) 80
COMMON - ZAAAZVISVST(30) » TBLVP(68Y) - - - 90
COMMCHN /CCC/ZHUTBL (4N) yH3ITBL (40) 160
COmMMON /DDD/CFTBLH(34) 1 CETBLICIN ) rCPPBL2(3%) CFTBLL(34) 110
DIMENSIUN HH4(25) o XV(25) o TLVI25)0CI3125)9CI2(25) ¢ CI3(25)sCIH(25) 120
A RHOE2S T TRHOM 25 v T 2S5 vZEV 2SI VOt 2SI T EPNL 25y MEXtE0 Y~ 130
A G(25)02Z(25)eF1(25)eF2(25)+F3(25) oFu{25)¢F3D(25) 140
DIMENSION TT(25)rC1(25),02(25)9C3t25)9C5(25)sGR(25) 1 TGR(25) 150
X CKU(25) »DPLZ2(25) »200(25) s N20 (25) 160
VAFUR = 0 : - : 170
IFFLG = 0 180
~VP—=—VAPOR+4 SRR £ 14
‘ Mz 2 240
3 N =1 210
; NM1 = NRINGS=1 220
. YRITE (be598) 230
. S98  FORMAT (717 )20Xs txksskbgahh i daskenEass ks VAPOR REGJION *¥ 2un
R R IR ) s ot 280
- € CALCULATE CONCENTRATIONS AT INTERFACES FOR EACH RING
; DO 37 I=1/NRINGS 260
CALL UNBAR (HUTBL» Lo TLV(I)s0.rHHU(I) #KK) 270
! XV(I) = (HF=R(I))/7HH4 (1) 280
’ XK1 = (14=XV{I))/Z(1.,4XV(1)) 290
NP - - 3U0
PRT = P/ (RxTLVII)) 310
= CHILIY = .S*PRTsMHZ#X2 320
' Cl2(I) = 5«PRT*MN2%X2 330
; CIZ(I) = PRT*MNHI*K2 340
. Clual(I) = PRT*MN2H4=X1 350
e T S S S N R R AR IAR RAATE T AR LA LAK 23 — 368"
J RHOM(I) = ALPHA3Z#CI4(])*EXP(=CGM/TLV(I}) 370
g : TCE) & WD) 380
i €  SET INITIAL VAPOR REGION VALUES FOR 6
(R IF 2LV} =20(1)) 590,590+591 390
1 590 6(1) = GO(I)+F(I1)%xZLV(]) uuo
| Go—F0-—37— —-detfr -
;591 G(l) = GATZO(I) 420
Lo - Ftiy = 8, 430
g 37  CONTINUE 4y0
: WRITE (6:38) CI4¢1),CI3(1)9CI2(1)rCIL(L) 450
: 38  FORMAT (/743X *CONCENTRATIONS AT LIQUID VAPOR = VAPOR INTERFACE'7 460
H —t —r TRy NP 0\ Lar NS A AU EL 2 470
& SUM = CI1(1)/MH24CI2(1)/MN2+CIZ(1)/MNH3I+CIH (1) /MN2HL 480
b FRACY = CI1(1)/(MH2%SUM) 490
! FRAC2 = CI2(1)/(MN2%SUM) 5u0
: FRAC3 = CI3€1)/(MNH3I*SUM) 510
: FRACH = CI4(1)/ (MN2HU*SUM) 520
e RAC 32— FRACHAPRAC R~ 1/ 3 F RACLAPRAC S} 536
; WRLTE (09y39) FRACL,FRAC2,FRAC3+FRACUIFRACID 540
-39 FORMAT (///740X%s SMFRACL*r 6X» *MFRAC2? 6X) *MFRAC3® 6X/¢ *MFRACH® 6X» 550
A "FRAC3DY 7/ 35Xe5E1245 ) 560
OPRDZ = 0. 570
. € SUBROUTINE ORDER STORES INTERFACE AXIAL srn710~s IN ASCENDING ORDER
————————45&#r4a«ﬂaa—+aevvzve: 580 --
= 2v0o(1) 590
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C  6ET 20*S STORED IN ASCENDING ORDER

CALL ORDER (£20,200) 600
€ SeT N (20 INDICATOR) TO IGNORE INJECTOR TIPS IF LESS THAN SMALLEST ZVAP
IF (LHO(NRINGS).LT.ZVO(l)) N=NRINGS+1 010
J =1 620
IFACE = 1 630
IFN(l) = 1 6n0
DO 74 I=2/NRINGS 650
IF (ZVO(J)=2VO(I)) 72475072 660
T5 =1 - e 670
6L T 74 Oa0
72 J =1 600
C LFACL = TOTAL HUMBER OF OISTINCT INTERFACES
fFaCt = IFACE+1 700
IFNUIFACE) = U 716
T €Ot NYE e 720
c FInp AND LAbEL ALL OISTINCT 20°'S
vy =1 730
NGen =1 740
NZO(1) = 1 750
DO 227 IzZ2¢NRINGS 760
——— 200290 228722022 — —————————— - R & 2
229 J = | 780
60 YO 227 790
e28 J = I KsU0
c NOZ0O = TOTAL NUMBER OF DISTINCT ZO'S
NOcO = NUZD+1 410
———— MO A= et - 820
227 Cuwl INUE ' a30

€ 1F InNTerFACE AXIAL POSITIONS FOR ALL RINGS ARE IDENTICAL (IFACE=1),
c THEi SET VAPOR=1 TO 1HWDICATE ENTRANCE INTO ALL=-VAPOR REGION

-8 IF (IFARCE=1) 23+22.23 E40

22 VAPUR = 1 850

WP —=—VR— - 869

CALL JELTAZ (CL1+CI2+CI39CI4sTeGrRHOPRHOMICKY9+GRyTGRe2+D2) 470

. L0 Tu 8 880
c USE CONSTANT DZ VALUE FOR INITIAL PORTIONS OF VAPOR REGION

23 D44 = (LVOUNRINGS)=2VO(l)) /25, 890

Uz = D2ZZ auo

gt - St0-

IF (VAPOR.EWQ.1) GO TO 15 920

-- - 1F (1IFFLG~1) 40442040 930

40 IF (L2.LT.D22Z) DZ=D2Z 940

- 60 10 15 950

42 D4 = DELZ 960

—t—a—— 970

15 Z = Z+0d 980

- € TEST IF wE HAVE REACHED THE END OF THE REACTOR ’

IF (Z=ZENU) 43+43+44 990

44 2 = ZEND 1000

UL = ZEND=ZP 1010

———HESTH—ALL—INTERFACES HAVE BEENENCOUNFERE———m—m — oo

43 IF (VAPOR=~1) 28+,33,28 1020

€ STILL wITHIN REGION OF VARIOUS ANNULAR INTERFACES === NOW MUST TEST
c FOR CURRENT 2 LXCEEDING NEXT INTERFACE POSITION
- 28 MM = IFN(M) 1030
IF (Z-ZVO(MM)) 50!30051 1040
ACEZVALUE—=—tAEKSTEPFO— - ————
C INTERFACE AND ADJUST uZ FOR NEXT PASS
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31 LVELZ = ZwZVO (MM 1050
D2 = ZVO(MM)=2P 1060
Z = ZVOo(MMy - 1070
IFFLG = 1 1080
MMt R R 1) ))
¢ WwAS ZVO(MM) THE LAST INTERFACE
c * YES === att RINGS ARE VAPOR FROM NOW ON SO SET VAPOR=}
(o NQ === PROCEED
IF (M=IFACE) 30:30,32 1100
32 VAPUR = 1 1110
T SETFUP MR N FERMINOICATOR - FOR-EACH-RING AT THIS AXTALSTATION— - - - :
30 DO 10 J=1 NRINGS 1120
c MIX 15 STATUS INDICATOR FOR RING J
C MIX = 1 <os NO RADIAL MIXING
C MIX = 2 ..¢ INNER AUJACENT RADIAL MIXEING
c MIX = 3 ... OQOUTER ADJACENT RADIAL MIXING
— M= B OTHENNER—I— OUTER—ABTUACENTRAD AL MEXENG——————— = -
MIx(J) =1 1130
c TeST IF vt ARE Ik FIRST OR LAST RING
IF (J=1) 1.31.1 1140
1 IF (JU=NRINGS) 2912,2 1180
C ¥ Z\LVAP FUK THIS RING THEN WE ARE STILL IN LIQUID AREA
2 22t —tortArte - 11860
16 IF (Z2=2Lv{J=1)) 3+3:4 1170
4 MIXtJ) = 2 1180
3 IF (Z2=-2LVv(J+1)) 10,10,5 1190
-5 IF (MIX(J1=2) e 716 12u0
6 MIX(J) = 3 1210
Jv‘t’L T U l 'l - I??n- :
7 MIA(J) = 4 1230
GO YO 10 1240
C FIRST AV LAST RINGS ARE SPECIAL CASES
-1} IF (Z=ZLv(2)}) 10slNn,13 125¢
13 MIA(J) = 3 1260
Go—T0—t+4- N ‘1279
12 IF (Z2=Z2LVINRINGS=1)) 10,10,14 1280
14 MIA(J) = 2 1290
10 CONTINUL 1300
A3 IF (N,GTNOZY) 6O Tu 225 1310
N = NZO(N} 1320
S MALA A ST CURRENF—2A—F 5 Z2ERO—MOVE—ON-—TO—PROGRAM—ECALE IS ———m o i s oee
IF (Z00(nN)) 225,225¢230 1330

c TEST 1IF CURRENT Z EXCEEDS SMALLEST REMAINING 20
c YES === UYACKSTEP TO INJECTOR TIP :
230 IF (Z=200(NM)) 22592259226 1340

226 DZ = Z=z00(NN) . 1350
e 8 A O O-- NN 1360
N = N+l 1370
c SLT UF CALCULATIONS FOR TEMP AMD CONCENTRATION
225 DO 20 Jz=31 e NRINGS 1380
€ TEST JF wt ARE PRECISELY AT LAST INTERPACE
IF (Z2=4VO(NRINGS)) 41,41,77 1390
—— e Y —mmee— NOFH EF—EN— AL = VAPOR—REGION-
c NO === VP INDICATOR HANDLES CASES WHERE 2 1S GREATER
77 G0 TO (27029:27)r VP 1400

C vt ARE IN THE ALL=VAPOR REGION OF THE REACTOR === MIX PARAMETER NOW
€ FIXEu FOR ALL RINGS

29 MIA(1) = 3 1410
e ERANR ENG S 2 1426

LO 9 1=2,NM1 1430
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MIXx(l) = 4 1440
9 Cunl InUE 1450
C INChemEnT VP TO AVOID REDUNDANT SETTINGS OF *MIX¢
Vi = VP41 1460
GO—T+O—2F- — - 1470
C COMPARL CURRENT £ WITit INTERFACE Z FOR THIS RING
C L<LVAP === MOVE ON TO NEXT RING
o COLVAP === CONYTINUL ON WITH CALCULATIONS
41 IF (Z2=Z2Lv(J)) 96,9627 ueg
o o1 uUr PRELIMITIARY CALCULATIONS FOR DWDZ TERMS
— 2T CALEUNEAR AV S I AP T RAD A TO - - - - 1490
CALL UNDAKR (APVSZr 190 ZPoRAD(J) 1 APIKK) 1»uf
CALL UnBAR (DELVSZe192ZPyRAD(J) ¢DELTAPKK) 1510
CALL UBAR (HATBL»1»T(J) sUe s HY » KK) 1520
CALL UNDAR (CFTBLUAr Ly T(U)» D1 CFUIKK) 1530
CALL UnbAR (CFTBL3»1eT{U) v 0. eCF3WKK) 1540
; : . r-41.3.9] o 1550
CALL UNBAR (CFTBLYI»1eT(J)»0,9CFL1eKK) 1560.
c TEST IF 2 HAS EXCEEDED INJECTOR TIP FOR THIS RING
IF (Z2=20(J)) 3h4e34,35 1570
34 Glu) = GOUI+F(J)*x2P 1580
GU TO 3 1590
—35— ot H—E= A H— — - R §-3713]
F(u) = n, 1610
63 Croar = (CRIxCIL(JI+CFR24CI2(J)+CF3*CIZ(UN)+CFuxCIQ(J))/Z(CII(U)+ 1620
X Cla(N+CI3(U)+CI4 (L)) 1630
RHOM{J) = ALPHA3*CI4(JU)*EXP(=CEGM/T(J)) lo4©
EPLLN = ~A%6(J) 7 (5.%RHO (J) *DELTA) 1650
L AMBA—S AR BAR KO A A ——————————— L6660
MX = MIX(J) 1670
GO TO (H695T7¢58959), MX 1680
C OSTATEMENT 56 === NO MIXING TERMS USEU -
56 - N1 = n, 1690
N2 = 0, 1700
———— APy - =17 10
NR4 = n, 1720
oK1 = 0, 1730
QRN = N, 1740
NRiRL = 0, 1750
NRR2 = n, 1760.
—NRRF—=—O —1770
) NRR4 = 0, 1780
- SRRl = 0, 1790
GO TO 60 1800
- € STATeMENT $7 === INWARD MIXING ONLY ‘
57 NK1 = EPSLN«(CI1(J)=CI1P)/UR 1810
g . = —_——— e 4§26
NR3 = EPSLN*(CI3(J)~=C13P)/DR 1630
NRY = EPSEN*(CLI4(J)=-CI4P) /DR 1840
OR1 = LAMDAX(T(J)=TP)/DR 185C
QRN = (HRISCFIHNRZ2XCF2+NRI%CFI+NRUxCF4) % (T(J)=TP) /DR 1860
NRR1 = 0, 1870
— a0 188t
NRR3 = 0, 189¢C
NRR4 = 0, 190C
QRR1 = N, 191(¢
. 60 TO &0 192(
c STATEMENT S8 === OUTWARD MIXING ONLY
—B R0 —193¢€
NKR2 = 0, 194¢(
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. NR3 = 0, 1950
g NG =0, 1960
; UKy = N, 1970
: Gk = 0, 1980
2R RR T EP Sttt O F I~ C U 7DR - e " 1990
g NRR2 = ePOLUx(CI2(U+1)=CI2(J))/DR 2000
3 NRRY = EPSLN®(CI3(U+1)=CI3(J))/DR 2N10
i Ml = EPSLN(CIQ(U+1)=CI4(J) ) /DR znen
a WKL = LAMDAX(T(J+1)=T(J)) /DR 2030
! GO TU w0 20410
J—G——b-iﬁtnrm—*s"—--—be-f-ﬁ ST e e s e
! RG NR1 T EPSLIK(CIL(J)=CILP)/DR 2050
. HK2 = ePSLN®(Cl2(J)=CI2P) /R 260
: MR3 = LPSLIvA(CIS3(J)=CI13P) /LR 2070
] ARGz BEPSLER (CLU(J)=CTUP) /DR 2000
; WY = LAMDAR (T (J)=T) /UR 2090
R St G MR ER CR 2R I CF SO MRURCF Ut T =TPY70R - - - 21un
3 223 WKKY = LPSLMx(CII(J+3)=CI1(J))/DR 2110
0 WRr2 = tPSLN*(CLZ(0+1)=CI2(J)) /DR 2129
WRKD = EPSLN*(CE3(U+1)=CI3(J))/DR 2130
kil X epPSLlex (CIu(J+1)-CIdtd) ) /DR 2140
GHRY = LAMwax (T (J+L) =T (J) }/70R 2156
—E—CHEEr—HF—wE ARt ATV ARPOR—REGTON T
60 b (Z7=ZVU(HRINGS)) olebl,b62 21680
C Yo S === SKIP CALL TO SUBROUTINE SGRAD (THIS WAS OONE I.v DELTAZ)
C NO === CULTINUE A% BLFORE )
61 Cack SoRAD (CI1 (D v CI2(0) e CIIUI 2 CI4(U) 2B LU) e TUU) 2 GRAD  THRAD W V) 2176
ou Tu b4 2180
=ttt R AT 2190
TohAau = TGRJ) 22ul
KCU = Chy(d) e
64 w1l = CIL{W) /ZkHO() 2226
w2 = CLetd) /rRHu(Y) e23n
WS = CL3(J) ZKHuG{Y) 2240
——————pr— 2GRt —————— e - 2280
bwll? = (. ﬁtmn?/wJanu*(RHOM(J)*UELTA+AP*KC4*CIM(J))+1.»*AP*GRAD* 2260
A MH2 /=NH3+ LKL =nRR 1) ¥*DEL TAZDR=NRRYI*0DELTA/RAD(J)Y =F (J) %W1)/ 2210
A 6td) 2280
DWPLL S (oB*RMN2/MIZ2HE & (KHOM(J) DELTA+APSKCLRCIG (J) ) + « HS4APRGERADX 2290
X M2 /ZiNH3+ (NRZ=1WRR2 ) *DEL TA/DR=NRR2*DELTA/RAD (J) =F (J) *W2) / 2300
* ) — e —e - 2310
DadlZ = (MNN3/Mii2ei % (RHOMOJ) *DELTA+APRKCU*CIHN (J) ) =AP*GRAD+ (NR3= 2320
A NRR3) *DELTA/DR=NRR3I*DELTA/RAD(J)=F (J)%W3) /G (J) 2330
Uwttéd = (FOJ)=ROM{J) *¥DELTA=AP*KCUCI4 (J) + (NRU=NRRY4 ) *DELTA/DR~- 2340
A MRR4®DELTA/RAVD(J) =F (J) %Wl ) /G (J) 2350
C KLADY FROORAM FOR TEMP»COMNCENTRATION CALCULATIONS i
=) } —— -2 F60
X CI3(JI/MNH3I+CI4(J)/MN2HY ) 2370
WMSM T Wl /MH24W S /MN2+H0 3/MNH3+ W4 /MMN2HG 2380
DMUZ = =MIPAR/WMSMX (1DWIUZ/MH24DW2D2/MN24DW3ID2 /MNH3+DWHDZ/MN2HY ) 2390
DHUZ = =~ (F{J)k(H(J)=HF ) +AP*TGRAD+DELTAX (HU4*RHOM{J) =(QUR1=QRR1) /DR + 2400
b WRKI*DELTAZRAD(J) +QRN*DELTA) /G (J) 2410
DY od—S—orHbEACHBAR -2429 -
DrODZ = RHOCJ) % (DMUZ/MBAR=DTLZ/T(J)+IPBDZ/ (144 ,%P)) 2430
OClLZ = RHO(J)Y2xDWIVZ+W1RDRODZ 2440
LCALE 2 RRO(J)RIN2UZ+W2*DROD2 2u50
LCSe = RHO(J) *UWSL2+WIxDRODZ 2460
LCUDZ = RHO(J) *UW4DZ+WY*DRODZ 2470
—— SR —FE& e 3 M- CALCS N NEXTRING— - ~
CIIP = CI1(u) 2u80
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Clap = Cr12(J) 2490

Clap = CI3(J) 25U

Clup = CI4¢J) 2b1o0

1P = T(J) 2520

Gttt Et DD - 2530

Ci2(u) = CI2(»)+DC2DL%DZ 2h40

C13(ur = CL3(UI+DECIDEFIZ 25450

Clu(d) = Clu(J)+DCyDZ#LZ 2560

IF (C11() LT.0,) CIriu)=Us 2570

iF (CIZ2(J)4LT,0,) Cl2(ui=U, 2580

H 1+ttt €3 tH=t~ — Co 2990

IF (CIa(U)eT,04) Cla(J)z=U, 2640

TGu) = T(J)+DTUZxDZ 2010

IF (T(JU),LT.0.) GO TO 98 2620

) H(J) = H(J)+DOHLZ%UZ 2630

c STORE 29 TEMPyAND COMCENTRATIONS IN OUTPUT BLOCK

2Ar=—2 - — 2640

TTH{J) = T(Y) : 2650

Ci(J) = €Ittty 2060

C2{J) = Cl2¢h) 2670

C3(J) = CIdtY 2680

Ch{y) = Clu(d) 2690

3 = 24ET - PTue

IF (CIu(U) LT,0.) SUMZ=SUM=CIY4 (J)/MN2HY 2710

IF (CI3(U).LT.0.) SUMSUM=CI3(J)/MNH3 2720

FRACL = CI1(J)/ (MH2%SUM) 2730

FRAC2 = CI2(J)/{MN2XSUM) 2740

FRAC3 = CI3(J)/ (MHH3%SUM) 2750

= Uit 2760

FRAC30 = (FRAC1/FRAC2=1,)/(3.=-FRAC1/FRAC2) 2779

Fil(Jd) = FRaC1 2780

F2(J) = FRACZ2 2790

-—--- F34J) = FRAC3 2800
Fi(J) = FRACY 2810
—— AP RAC3D— 2820 -

GO Tu 20 2830

~ G- NO FUKTHER CALCULATIONS FOLLOW FOR THIS RING === ZERO QUY OUTPUT BLOCK
C AND MOVE ON TO NEXT RING

~- 86 ZZ4Jd) =086 - 2840

TT(J) = 0. 2857
—_— 0 - B
C2(J) = 0. -
e -2 £ I3 ) 28 .0 °

C5(J) = 0. 28y

- = —FHd)r = 0 2900

F2(Jd) = 0. 2910
—_—fH—s—0 2920~
Futd) = 0. 2930 ;

R o 52 £¥§ IEE—l | IS 2940

20 CORNTINUE 2950
e - - Pez PEOPBDZ*DZ/ 144, 2960
IF (P.LT.0,) GO TO 94 2970

SuUMP = 0, 2980

PO 5 JSLrNRINGS . 2990

CALL UNBAR (VISVSTe1eT(U)e0,eVISeKK) 3000
CALL UNBAR AAVSZy1+2+RAD{J) v AP KK} - 3010

CALL UNBAR (DELVSZ/s192/RAD(J) +DELTAKK) 3020

ae LY 2020

¥ UV

RHUM{J) = ALPHA3%CI4(J)*EXP{~CGM/T(J)) 3040

122




DPDZtY) = = (1 ,=DELTA) 7DELTAXKIN(L . 75475 xVISR (1. ~DELTA) / (A%G(J) ) ) % 3050
X ot.J)uZ/(bu.hA*RHO(J)) 3060
SUMP = SUMP+OPLZ (J) xRAD(Y) - 3070
75 CONTINUE 3080
S UPROZ =2 DR SUMP/RAD TSR X 2 3000
WRITE (65599) 3100
S99 FORMAT (/77 28Xs*RINGY 11X *2¢5 20X 2 *TEMP® »8X» "N2HY* 19Xy *HhHI 'y 3110
A SXe"N2'y10Xs *H2? ) 3120
WRITE (64600) (JpZ2(D)»TT(U)CHEI)»CI(S) »C2(UYsCL1(U) 2 U= o NRINGS) 3130
600 FORMAT (29X01245X06E1245) 3140
| R LTI P 3140
97 FORMAT (/754X 'PRESSURE ='9E12,5) 3160
WRITE (6,360) (FL(J)2F2(U)oF3CJIIoFUCI) oFIDCJ) 0 J=1 ¢ NRINGS) 3170
36 FORMAT (/786X "EQUIVALENTY / 40Xs"MFRACLY 26Xy *MFRAC2' y6X ¢ 'MFRAC3! 31806
X 6Xr *MFRACU* yo X9 *FRACID? / ¢35Xy5E12.5)) 3190
WRITE (6s600) 3200
— O ORMA Tt 7 2 T R RO R AR R R R 3210
Ko ok o K oK AR R AR ROK NOK ok ok kR Y ) 3220
Ul 108 J=1/NRINGS 3230
IF (TTid)LToTLV(L)) 60 TO 106 3eui
108 CONTINUE Jebe
C CHECK IF wk HAVE REALHED THE END OF THE REACTOR
——— A2 MO T 99y 99 - 3260
C CHECK IF WE HAVE REACHED ALL-VAPOR REGION
17 IF (l-iVO(NRINGS)) 802021 3270
c YES === CALL DELTAZ TO CALCULATE A NEW DZ
21 CALL DELTAZ (CI1,C12/CI3,CI40TrGrRHOIYRHOMICKY»GR,TGReZ2D2) 32u0
VAPOR = ) 3290
P-4 35Ut
IF (VP.G6T.3) VP=3 2310
60 TO & 3520
9y WRITE (6495) 3530
95 FORMAT (7/38Xy*THE PkOGRAM HAS CALCULATED A NEGATIVE PRESSURE === 3340
KKETURN AND TERMINWNATE® ) 3350
— G099 3360
98 WRITE (0,103) J 3374
103 FORMAT (//723X»'THE PROGRAM HAS CALCULATED A NEGATIVE TEMPERATURE I 3380
X RITIGY 913, === RETURI! AND TERMINATE®* ) 3390
60 T0 8 340
1Né6  urlTE (6,107) U 3410
O —F-ORMAT— TN - FHERETS—A—PUBDLE— ~342¢
XAPOR/VAPCR 1HTER®ACE IN RING'pI3¢' =~= TRY USING A LARGER VALUE FO 3430
AR 60') 3440
99 RE. TURN 3450
(X5 3460
SUBROUTINE ORDER (Z2vy2V0) 0
¢ THIS ROUTINE PLACES THE NUMBERS OF THE FIRST ARGUMENT ARRAY IN
c ASCENDING ORDER AND STORES THEM IN THE SECOND ARGUMENT ARRAY
——ee COMMON— B ORI A K P KPP Y K E T K E U P HET o FRy CR v EFBARY GAMMAT CH T NR ENGS ——— 10 -
GIMENSION 2ZV(100)+,2V0(100) 20
LAST = NRINGS~1 30
DO 10 1=1¢NRINGCS 40
ZVO(I) = EV(1) 50
10 CONTINUL 60
—————t0—20—u=trtAST 76
DO 15 I=1+LASY 80

G910461-30 '
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1F (£VOt1I)=2vOtI+1)) 15,154
4 1EmE = Zv0(])

Zvu(l) = Zvotl+l)

EVOL1+1) = TEMP

—t5——ConRTiNGE -
2n CONTINULE
RE T Uit
thu

SUBROUTIANE OELTAZ (CI1eCI2»CI30CIusTeGyRHOIRHOMCKY»GReTGRIZ2D2)
C InlS ROJUTINE CALCULATES A SUITABLE DZ INCREMENT FOR THE ALL-VAPOR
C PORTLIUN OF ThHe REACTOR
ReAL  LAMOA#1IRY1 o NRK1 o NR2 o Niv 3 o NK U o KCU ¢ MH2 ¢ MN2 ¢ MNH3 » NZHY
t ’ v
COMivN /Z7BLOK2/Mne AP o DELTA»Di e DPA ¢ DON2HE s DONHI » R e CGM» RAL TUS » NMAX1 »

K NMAXZ29 ALPHA L » ALPHAZ ¢ BETAIAGMe BGM Py ZEND o MH2 ¢ MN2 p MNH 3 » MN2HY
COmMidUN /BLOK3/KoKOpKP o KC3oKCUoHF v HL oMV TFoCF o CFBAR» GAMMA o C4 ¢ NRINGS
COMMON /7BVIBLSZAVSZ{234) o APVSZ{234)DELVSZ2(234)

COMMON /7CCC/7HATBL (40) » H3TBL (40)

~ >
DIMENSION  T(25),CI1(25),CI2(25)9CI3(25),CI4(25):G(25) RHO(25)

A PHOM{25) ,DWDZ(25) 1 DWDZO(25) ¢ DTDZ(25) »DTDZ20(25) 1GR(25)
A 1GR{25) v CKL4(25)

V0 20 J=1eNRINGS

CALL UNBAR (AVSZs19Z2¢RAD(J) sA9PKK)

90
1u0
110
120

130

140
150
160

10
20
30
40
50
66
70

T 88

90
1uC
116
120
139

————EAELUBAR—ARVSZr Ly 2 RAB AP TR —— 148

210 - .

CALL UNSAR (DELVSZe1+ZoRAD(J) 2LELTAPKK) 150
CALL UNBAR (HUTBL21»T(J) s rHEpKK) 160
CALL UNDAK (CFT8L8¢19T(J)sU.eCFUIKK) 17¢
CALL UinpAR (CFTBL391sT(J) 20 CF3,KK) 180
CALL UNBAR (CFTBL2#1¢T(J)90erCF2oKK) 190
———— LA UBAR - GFIE -1 L B CF O 206
C CAECA CURRENT Z WITH INJECTOR TIP FOR EACH RING
IF (2=204J)) 11+12+12
11 vlJd) = 60(JV+F(J)*Z 220
— 60 T¢ 13 230
12 6(J) = GATZ0(J) 240
—_— =05 2564
13 CFUAR = (CFI1xCI1(J)+CF2%CI2(J)+CF3xCII(U)+CFuxCI4(U))I/Z(CII(J)+ 260
- * CI2¢ N +CIZ(JI+CIL(N)) 270
EPSLIN = «A%G(J)/(5.xKHO(J)*DELTA) 280 -
- LAMDA = =AxCFBAR#G(J)}/(5,%DELTA) 290
C FIRST Ailv LAST RINGS ARE SPECIAL CASES
;F le‘-“l: }7271 _"'3”6"'
1 IF {U=NRINGS) 3043 310
G- STANUARD -MODE === BOTH INWARD AND OUTWARD MIXING
3 WK1 = EPSLN*(CI1(J)=CI1{y=-1))/DR 320
WR2 = EPSEN®{(CI2{J)=CI2(J=1))}/DR 330
NR3 = cPSLN#(CI3(J)=C13(J=-1})/DR 40
—=—f =1 H-/BR 3560
URY! = LAMDAX(T(J}=T(Ju=1))/UR ' 360
QRN = (MRIRCF14+NR2XCF2+NRICFI+NR4xCF4) % (T(J)=T(J=1)) /DR 370
NkR1 = EPSLNx(CI3{JU+1)=CI1(J))/DR 380
GRHI = LAMDAR{T(U+1)=T(J) )} /0 390
60 Tu 10 440
—C—FIRST—HIHo e QUTWARD—MEXING—ONEY—- - . -
bd WKl = 0,

an

410
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Nk2 = 8, 420
NR3 = 0, 430
R4 = 0, 440
aRrR1 = 0, 450
a0 . 480
. NRKY = EPSLN*(CI1¢J+1)=CI1(J))/DR 470
: GRRY = LAMDAXRCT(U+1)=T(J))/DR yeaq
. 6L TO 10 yag
-C LAST RING === INWARD MIXING ONLY
4 NR1 = EPSLN*(CI1(J)-CIl(J=1))/DR qut
—=—PS I 510
N3 = EPSLN*(C13(J)=CI3(J=1))/DR %20
Nkt = EPSLHx(CI8€(J)=CIa{y=1)) /DR 530
i Ukl = LAMDAR(T (L) =T(4y~1))/LR 549
Uiy = (NRIxCFI+NR2xCF2+NRI«CFI+NR4xCFY) x(T(J)=T(J=1) )} /DR 550
! Nkl = 0, 560
; SRcH—=—# e 579
10 CALL SORAD (C'l(d):tl°(d)vuIS(J)vCIQ(J)vG(J)'T(d)obR(J)oTGH(J)od) 5H0
6Ral = BR{J) 590
; TOGKAD = TGR(J) 6u0
é Cki{Jd) = KCu 610
Wl = Cl1(J)/RHO(J) .20
——————ﬂﬂnnH1H—‘~+75*MH?fMN2ﬂ#*1RH6Nfd+*BEt**ka*Ke#teiwdeT*t—5*kP*GRﬁO*‘ ©30
MH2/MNH34 (NR1=NRR1) *DELTA/DR=NRR1*DELTA/RAD(J)=F (J) *n1) oyl
x r6tdy o580
UHUZ = =(F(J)*(H(J)=HF ) +AP*xTGRAD+DELTAx (H4*RHOM(J)~(GR1~-QRR1)/DR)+ 660
A GREIADELTAZRAD (J) +QRNXDELTA) /G (J) 670
DTus(d) = ABS(LHDZ) /7CFBAR bén
22— COMTFHN - 690
C Fiidy LARGEST OF DWDZ'S
CALL ORDER (DwbZ,OWDZ0) 7ul
C Falld LARGEST OF DTDZ's
- CALL. ORUER (OTGZ»UuTDZ0) 710
. C CALCULATE NEw U2
b= AN 20t oS )— R ¢4 |
L2 = 30,/7DTUZO(NRIIGS) 730
' c Takt. DELTAZ AS THE SMALLER OF DZ1 AMND D22
: UZ = AMINLI(DZ1.D22) 740
t RE TURN 750
; £l 760
i
3 SUBROUT IRE SLOPE (NATE) 0
‘ REaL K 10
e EUMMON—ABEONREAATAPTDEL TATERYDPATDONZHUTDONHIYRYEOMIRABTUS TNMAX——— — 26 -
§ X NMAX2 9 ALPHAL » ALPHAZ yBETA»AGM»BGMo Py ZEND ¢ MH2 » MN2 » MNH3 » MN2H4 30
i COMMOrt ZBLOK3/Z1 KD aKP yKC 32 KCUoHF o HL v HVy TF o CF o CFBAR » GAMMA , C4 »NRINGS 40
: CUMMON /MMM/MI 50
: DIMENSION K(t)e GMMA (1) oBETA(1) ¢BPA(1)¢CG(1),5(210)»FST(210), 60
) ISLC(210) ,D(210) o CPA(210),CPB(210)9E(210)0A(1) s TERMLI(210), 70
e FERMEHR LR Y 02 e o et ——— ———— ————— . —— —af-
: Col1)=Cy 90
GMMA (1) =6GAMMA 100
PRES=P 110
t112=1 120
. LIFF=0D0n2HY 130
—— AR — +4-0-—
JFLAG = 0 150

125
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ALLUw = N8 160
FiRALZ 499 170
12 B=0.n 180
702 I=1 190
NOT=TY - 2uU0
ADLV=IND, 210
guiv=too, 220
TuLz,01 230
STuitk=1,0 240
KJz=0 250
Hoto=f - 260
N1=0 270
13 Mi=0 280 .
IL=n 290
[K=0 3u0
MMZ0 310
=6 - 320
Fag,.5 330
20 MM=MM+ 1 3uo
AURSUB/AULV 350
gir=(A{1 )=} /BLIV 360
JIN1Zgolv 370
—— A0y — 380
IF(mM,EW1) 60 TO 15 390
6L 10 16 4uc
15 MMAA=JILinT+] 410
MAXRZMMAX=1 420
MINT=0 430
Go—Fo—1-+ g}
16 MMAASINITHJINTHL 450
MINTSINITHY 460
MAX=MplAX=-1 470
17 X=0.9 480
DO 40 Iu=1l.MHMAX 490
————— oM N0 0—-FO-4D -5t
XZFLOAT(IJ=1)%ADR ’ 510
- 60 Tu 23 520
49 KMJZIJ=MIinT 530
ASp+FLOAT (KMJ) BDR 540
21 CP-LG(I)*X/(A(I)-?) {BZ(A(1)=B))*CC(]) 550
———— e Ry T e GRS 566
(o THIS 1S THE GENERAL EQUATICGN FOR A LINE WITH NEGATIVE Y=INTERCEPT :
<o -2 FACTIZKAI)#(CG4 1) bk (1L ~EN12) % (P )« xENL2 570
EFACT=GMMA (1) *BETA(I)*(1,=CP/CG(Y))/(1.+BETA(I)*(1.-CP/CG(I))) 580
—_ IFAEFACT.CT.88.)EFACTI=848, 590
FACT2=EXP(EFACT) 600
403 616
37 RCP=FACTI¥FACT2 620 _
35 SIS L1,/7X=1.7A(1) ) %X krxRCP - 030
40 CONTINUE 640
50 SuMmz=n,.0 650
SUMA=C.0 660
—— 08—t 2Ry MAN- 670
IF(IL,GT (MINT) GO TO 61 ~80:
SUM=SUM+-S(IL) 690
60 TU 60O 700
61 SUMAZSUMA+S(1L) 710
60 CONTINUE 720
—_— = 736
SGMAZ(5(1) 42, %SUM) % (ADR/ (2. %DPA(1)) ) +(S(MMAX) +2.%SUMA) *x(BDR/ (2, 740 -
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5 10xUPALE) Y)Y - = 750
3 U2=SLMA=FRAC*CG(T) 760
A TOTzL2+TobwCo (L) 770
: IF{MM=1) 110,110,112 780
e —HtES v e 790
t 1 IF(TOT)2+230+230 sun
s 2 G0 10 115 610
- 110 IF(IFLAGL.EW,1)60 TO 11% Hou
IF(DU2) 15001159115 L3I0
<115 JF(MM=1: 200120e240 ey
—26—xoch=8— — e 450
ulz=u?2 860
i€ CHAMGE THE EWUATION OF T £ LINE
: B=.999949 *A(1) B70
! b0 TO 20 BAG
:C USE PRECEDING RESULTS TO FSTIMATE B FOR NEW LINE
— A — i “on
Mizml+t ayn
pIo+(D2/(0D2=01) ) x(XOLD-H) Q)10
{| 1701 X0 D=Tunp 420
: Uizu2 a3
143 IF(I=20) 1u5,145,147 Ty
— S — o 0—Fu—28 —e- 950
i 147 IF (JFLAG.EG.1) GO TO 230 960
B = 9%A(l) ' 976
JFLAG = 2 9a0
w0 TO 702 990
c 1611 TiAL ChOICE THRU ORIGIN IS SATISFACTORY
—350—iost 10u
IFLav=1 101¢C
AZO, 1020
C CALCULATE TilL VALUE OF THE TWO INTEGRALS FOR ALL DR (101 POINTS)
DO 170 11=1s/MMAX 1030
X=rLUAT (I1=1)*B0DR 104C
—————Pr e O At A A e e e r— ™ —— —— ————————————— =~ -1 (058
FEril(II)SKUI)*(CG(I) ) *k(1.,~EN12) % (CP)%x%xENL2 1060
TERM2(II)SEXP(OMMA(T) *BETA(I) *x(1.=CP/CG6(1)) /(1. +BETA(I)¥(1.=CP/CG( 1070
11)))) 1080
KRACIE)=X 1096
XOA(II)SXXX(II)/ZA(E) 1100
HEH—s—FeRM- e FERM2 LY - 1118
FST(II)SX*X*RCP 1120
IF(X) 1650170,165 1130
165 SEC(ITIZ(1a/X=14/A(1) ) xXxX%RCP 1140
©170  COnTINUL ) 11580
C The TRAPEZOIDAL RULE IS USLD TO EVALUATE BOTH INTEGRALS
— P )ha 160
173 DO 175 JJ=2,MMAX 1170
IF(JJ. ST MINT) 60 TO 176 1180
ClUJISC U= +(FSTHJJ) +FST(JJ=1) )% (ADR/ (2, *DPA (1)) 1190
60 10 175 1200
176 CluI=ClUJ=1) 4+ (FST(JJI+FST(JJ=1) )% (BDR/(2,0%DPA(]1))) 1210
$ 75— COreT-HNGE 1000 -
SEC (1) =0, 1230
0(1) = n, 1240
DO 130 KK=2 ¢ MMAX 1250
IF (KKJ 0T MINT) 60 TO 179 1260
VIKKR)IZD(KK=3) 4+ (SEC(KK=1) +SEC(KK) )% (ADR/(2,*DPALI))) 1270
Co—Fo0—Hoh 1286
179 D(KK)SD(KK=1)+(SEC(KK=1)+SEC(KK) )*(BDR/(2,0%DPA(]1))) 1290

197
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180 CONTINUE 13u¢
c THL VALUE OF CP AT X=n Is CG -01101)
t(1)=D(MMAX) 131¢
180 CPA(1)=0,0 132f¢
C Sturt THE CPA(1) VALUE IN CASE A NEW F FACTOR MUST Bt USED
164 STORt = CPA{1l) 1531
IF{KJ.EW,1) GO TO 185 1oyr
IF(IM.EGQ,0) GO TO 185 135¢
IF(inlokdel) GO TO 308 156°¢
—H+-SaMet A —- 137¢
DO 190 LL=2 s MMAX 13560
IF L JOY JMINT) 0O TO 148 1359¢(
E(LL)ZE(LL=1) = (SECILL)+SEC(LL=1))*(DR/(2.%DPA(I))) 140¢
SAMSFLOAT(LL=1)»AUR 141¢
G0 TU 149 142¢
— 13-t e e SEC I SEC =) T HBOR/A 25 PPt ) ) — - 143¢C
SAM=SAMEBDK 1440
189 CPA(LLISCE(I)={(1./5AM)=(1.ZA(1)) ) xC{LL)=E(LL) 145C
IF(LL LT MINT) CPA(LL)=0,0 1460
IF(CPA{LL) .LT,0.,0) CPA(LL)=0,0 1470
190 CONTINUE 1480
———Hth 600 2p———————————— . 149¢€
x=0, 15u0
IF{im,EQ,8) 60 TO 250 151G
Iz 1520
6L Tu 280 - 1530
Cc THe HEXT ITERATION USES Tt VALUES OF CP JUST CALCULATED
——3192-BO0—2R ALy MMAX — = x54¢€
IF(L1 0T MINT) GO TO 19 15L5¢C
XSFLOAT(LI-1)*ADLR 156€C
o0 T 199 157C
195 Kbn=LI=mINT 1580
X=p+FLOAT (KLK) *HDR 159C
——31 99 GCORNEINGE- —t6u€
TERMI(LIISK(I)*(CO(T) ) *x(1,-EN12)*(CPA(LI))*%EN12 161C
TErM2(LII= EXPLOMMA(I ) *BETA(I)»(1,=CPA(LI)/CG(I))/(1++3ETA(I)*(1.~ 162C
1CPA(LIN/ZCG(I)))) 163C
XXXALT =X 164C
) XOA(LI)=XXX(LI)/A(I) 165C- .
————RERSHERM S FERM2- H— 166¢€
FOTILT)=X®X*RCP 167C
- - JFEX) 200020800193 - 168C
193 SECHILIN=(1e/X=1./A(1))%X%kX*RCP 169C
- 200 CONTINJE 170¢C
60 TO 172 171¢
———HH SIS FOR—THE—CASE—WHERE—THEINTTFIAL—GUESS WAS—TO0—LARGE-
230 IF(LeGTee995%A(1)IDERIF=2.0*CG(I)/(A(LI)=B) 172¢
SR IF(B.6T..998*A(1)) GU TO 322 173¢C
C TH RANGE OF X FROM ZERO TO A IS USED
- 237 X=0. 174¢
N[{=1 175¢
—— D24 NNE T MMAK - —176f
IF(NN,GTMINT) GO TO 246 177¢
X=FLOAT (NN=1)%ADR- 178(
GO TO 354 179¢(
240 KJIK=NN=MINT 180¢(
X=U+FLOAT (KJUK) *BDR 181¢(
—354—H M5k 1—60—F0—353 —182¢

238 CPub(NN) = Co(I)*X/(A(1)=B) = (B/(A(I)=B))*CG(I) 183¢
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353 TERML(NN)SK(I)&(CG(I))xx(1.~EN12)%(CPB(NN))*xEN12 1450
: TERM2tHNIS EXP(OMMA{ DY *BETAtI It =CPBINN)/CB(I)) /(1. 4BETA(T) (1, ~ 1860
LCPB(NN) /Z/CG(I)))) 1¢7¢6
— T T3 4 = 1880
: XOA (NN) SXXX(NN) ZALT) 189¢
: RCP = FERME (MN) *TERMZ (NN 1900
H FST(NN)=X*X*RCP 1910
; IF(X) 2400280247 1oz
247 SEC(HNN) = (1e/X=14/A(1))xXxX%RCP 1930
P P —CONTFINGE - - 1940
; 60 Tu 172 1946
; 368 DU 370 NLTZ1,MMAX 1960
: CPB (ML) =CPA(NL) 1970
370 CORTINUE 1930
| w0 TO 185 14730
} —— P56 bU—2HH— Ry MM - - 2010
i 252 CPA(IL)I=S5#CPACIL)Y+.,5%CPB(IL) 2010
260 CORTINUE 2n20
1K=0 2030
c THE VALUES OF X AT A AND NEAREST A ARE USED IN FINDING THE DERIVATIVE
280 VERIF=(CG(I)=CPA(MAX))/BDOR 2N4G
=it 2056
| IF(IM.GT.99,AND.IFLAG,EQ,1)G0 TO 701 2008
310 IF(KJ.EQ.1) IK=1 2080
IF(ABS(OERIF=-HOLD)=ALLOWDERIF ) 3+ 3,321 2090
3 IF(IK,EQ,1)50 TO 322 21un
—3p+—HOLUEPERH - 2110
1F (KJo.EWa1) 60 TO 192 2126
IF{ik<EG. 1) 60 TO 250 2130
G0 TO 192 2140
322 RATESDERIF 2150
777 IF (Be6T.«998%xA(I)) 6O TO 327 2160
327—RETURN 2170
328 PERCZ(ABS(DERIF=HOLD)/DERIF) %100, 218¢C
- ALL=1008 ;xALLOW 2190
60 TO 322 : 22u0
c SIMPLIFIED VERSION UOES NOT *'CONVERGE*' IN 99 ITERATIONS
C SET B=,000001%A ’ AND START OVER
—FH— a0 0 0 A — 22190
WRITE (6, 700) 2220
-700  FORMAT (7 8uht INITIAL CHOICE THRU ORIGIN SEEMINGLY OK, B8UT RESULTS 2230
A RUOTTEN AFTER 99 ITERATIONS ,e¢748h SET X0=,000001%A AND USE MORE 2240 -
XREFINED TECHHIQUE /) 2250
ADR=B/ADIV 2260
BERetA P~ Abiv— 2270 -
MMAXZINITHJINT4] 2280
MINTZINETHY 2290
MAASMMAX=1 2300
IM=0 2310
KJz0 2320
—50-FO—P3F R BI -~
ENU = 2340

; ¢ Frrorv FvoRADVFORAD T IRING o
C TH1S KOUTIME CALCULATES THE CONCENTRATION GRADIENT AT THE SURFACE
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C  UF THt LOCAL CATALYST PARTICLES

TMTPN = T=TPS

130

REAL  KO)KPoKC30KCl oMU 1€
COMMON /KAAA/ZDP3, X0y XOA»CPS 2t
COMMUN /BLOKL/F (25) 9y H(25) s RAD(25) 1GATZD(25) »60(25) »20(25) 3(
; O ¥ v iR? v ' ' 4g
A NMAX29» ALPHAL s ALPHA2 1 BETA» AGMeBGMy P9 ZEND e MH2 # IN2 » MNIH3 » MN2IH4 H(
COMMUN 7BLOK3/K oKD e KP o KC3okCloHF e HL ¢ MV ¢ TF ¢ CF ¢ CFBAR ¢ GAMMA , Cl4 ¢ NRINGS 6
COMMUN /AAA/ZVISVST(30) e TRLVP(6E) ¢
COMMON /CCC/HETBL(40) y 1H3TBL (40) Bl
LIMLNQION CPOX(lﬂl)oPCPOX(lOl)oDX(lOl)pCPX(lOl)oRHET(lOl) 9t
trimtMSHFoN—x O8Ot T 1ut
C  UEFlue DP FUNCTION
DPAF(XaYoZ) = 14, 7%¥/2%(X/492,)%%1 ,823% (1, =EXP (~,0072+%2%192,/ 11
X 14,7%X))) 12t
C  UEFInt KC FUNCTICN
KCF (ArtdoCoruek) = .bl*A/U*(C/(B*D))**-.667*(A/(E*C))**-.“1 13¢
SHRAT INFEGRAL EQUATION =
EVALL(AIB) = Ba%S5/35,=A%%3/3, 1al
EVAL2(ArB) = B*%2/2,=A%%2/2, 15
L =1 16!
X0 = 0, 171
WAFL = .8 18!
———whFr = - . ~ 19!
1 LTFLG = 0 2ut
ALPH2 = ALPHA2 21!
DO = DONHI 22!
DO = ONN2HY 23
TPSE = n, 24
—=—t S
MRPART = %0 26
LP1 = 1 27
RAU = CI1+CI24CI3+C1ly 28
DI3 = 003%I4,7/Pe(TA492, ) %%1.823 29
DI = D04%14,7/P%(T/492,)%x1.823 30
o Ay ' = e b §
KC3 = KCF(GsRHOsMUID13sAP) 32
KCu = KCF(GrRHOYMU$D 14 AP) 33,
c HC = . 74%G*CFBAR%®(G/ (APXMU) ) %km 41 34
C  LOCATL SUITABLE Xu
DP3 = DP3F(Ty»D03,P) 35
€  CHOOSE STARTING VALUE FOR CPS To BE = CI3/2.
CPs = Cl3/2. 36
- CMUPN- = CI13=CPS 37
OCPOX = KC3/DP3%(CI3-CPS) 38
5 : ' ) 35 —ROYTENE-
C  H3 VARIES WITH TEMP AT EACH ITERATION
a CALL UNBAR (HUTBLrLeTr0.yHY o KK) 3¢
CALL UNBAR, (H3V8Le1sTe0,yH3vKK) 4c
. -IF (LP1,EG.1) 60-TO 6 43
40  TPSPP = TPSP z
FRGP—-FPE- : — -2
6 Tps = T-(HM*KLM*CIu+H3*DP3*DCPDX)/HC 4t
H (TPS.LT.0.) TPSZ1. 4
8 CALL UNBAR (H3TBLe 10 TPSs0erH3eKK) ue
: bP3 = DP3F(TRS+DO3P) 4
DP3P = LP3 4t
—_——— N3P "
51
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IF (ABS(TMTPO=TMTPN) /TMTPN = .05) 41041043

131

2 61 GAMMA = BGM/TPS - 510
5 HL[A = =CPS#H3%DP3/ (RP*TPS) 520
o KO = ALPHR&EXP{=GAMMA)/CIt**t6———  — 530
L LINEAR EXTRAPOLATION USED TO GUESS AT X0
: XOP—=—XA 40
B X0 = A=CPS/0CPDX 550
¢ XOBLOK{L) = X8 - 560
! XOA = K0O/A 570
¢ IF (x0) 11,12,t2 580
112 «n = o0, 560
——XOA—= IR
'5 CHS = CL3/(UP3/(A%KC3)I+1,) ©10
DCPUX = CI3a/A - 620
! TP = Te(HU#KCUCI4 HHI*DP3XDCPDX) FHC 630
! IF (TPS+tTe0e) TPS=1. 640
CALL UNBAR (H3TBL 1+ TPSe04rH3rKK) 650
At OPIF TS YD 03 Y b6
DP3P = up3 ' 670
H3P = H3 680
THMIPN = T-TPS 699
GAMMA = BOM/TPS 760
BETH = =CPS¥H3*DP3/ (KPXTPS) 710
= . e e 720
WRITE (6,132) LP1sTPS 730
132 FORMAT (///37X1*WE HAVE CALCULATED A NEGATIVE X0 DURING ITERATION 740
X10'9T30/39Ky 'SET X0 = 04+ CALCULATE TPS ='»E11.6+' » AND CONTINUL 750
X ') 760
] GO TU 131 770
Fe—am¥torare—ron—er—auation :
12 CALL TRAPP (XOAr1,sNPART,RIESUM,CI3) 750
€ CALCULATE HEW CPS e
CPSP = CPS 790
CHCPU = CMCPH BUO
CPS = Cl3=AxkIESUM/KC3 610
I (L FFEG=—HOT A8 C- - 820
80 IF (CPS=(.25%C13)) 81,01,87 630
-8t  LTFLG = 3 840
G0 TO 22 #50
-84  LTIFLG-= © 360
IF (CPS) B89,47+87 870
| B0
60 TO U6 890
.87  CMULPN = CI3=CPS auo
C  CALCULATE HEw TP
13 DCPLX = KCB/BP3#(C13=CPS) 910
GRAU = DCPDX*DP3 920
- FERAD—=—HEN T PG — 936 -
TPSPP = TPSP 940
TPSH = 1PS 950
! TMIPO = TMTPN 960
“81 TIPS = Te(HeAKCH*C I4+H3+DPIXDCPDX) ZHC 970
IF (TPS.LT.0.) TPS=1, 980
i g R 3 T B gty FRGr e rHBv I ——_3ap
: UP3 = DP3IF(TPSIDO3sP) 1000
| TMTPN = T=TPS 1010
! GAMMA = BOGM/TPS 1020
L BETA = =CPS#H3ADP3/ (KP*TPS) 1030
: A = ALPH2*EXP (=GAMMA) /CI1%%1,6 1040
:' il lul,
O FESTTEM CONCENTRATION FOR-bi—L] 1050
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L3 1 IF (ABS(CMCPO=CMCPN) /CMCPN = ,05) 131,131,43 106
C TEST FOR TEMPERATURF LOOP ,.. COMPARE LAST 3 TEMPS
643 IF (AMINIA{TRS, TPSP) TPSPP) = TPSP) 60071¢60 107
60 IF (AMAXI(TPS»TPSPyTPSPP) = TPSP) 460+71046 108
¢ FH— —PS—
71 TPSPP = TPSP 109
TRSKF = TIPS 11lu
IMTPO = TMTPM 111
TPS = (TPSP+TPSPP) /2. 112
CALL UNBAR (H3TBLe 12 TPSe 0t HI1KK) 113
P A= I RSy B SRy 114
ursP = DPJ 11+
THIFPN = T=fPS 11¢
DCPLUX = (HCx(T=TPS)=HY*xKCUH*CI4)/ (HI*TP3) 117
CPSH = €PS 118
CMLPG = CMCPN 119
€PS—=—CII-DPIAEIHICPEX o 120
IF (CPS.LT.0.) CPS=0, 121
CMCPH = Cl13=CPS 122
LP1 = LP1+1 123
L = L+t 124
IF (LP1=25) 61,6144 125
¥ CPY = L24CPS+,8%CPSP 126
. 60 YO 5% 127
C CALCULATE WEIGHTEU AVERAGE OF PRESENT AND PREVIOUS X0
22 | X000 = WAF1=A0P+wAF2xXD 128
CPS = CI3/(1,.4DP3/ (KC3%A=KC3%X00)) 129
5 . = 340 o ——— e 130
CMCPN = Cl13=CPS 131
- e H3 = HAP 132
42 LP1 = LP141} 133
- - -k T L+t 134
IF (LP1=25) 40,4044 135
——pl—— A AR 05 136
IF (WAF1.CT.,.95) GO TO 99 137
- WAF2 = 1=WAFL - 138
c NO CUNVERGENCE WITH PRESENT wEIGHTED ﬁVFQAGE FACTORS FOR X(} =w=
- € - REPEAT -ITERATION PROCEDURE WITH NEW
GO0 TO 1 139
—99-—tMt—E—+t—+ 16
WRITE (6,98) 141
-8 - - FORMAT (//7/20X+*UNABLE TO FIND SUITAL "ER FOUR TRIES OF 25 142
XITERATIONS EACH === PROGRAM STOP FOLLu 143
- WRITE (0r96) (XUBLOK(I),I=1,LMi) 14y
96 FORMAT (/752X 'X0 VALUES CALCULATED IN SGRAD' / (10E13.5)) 14%
—_— AL —BYMP- ——44€
C
—€ SATISFACTORY X1} HAS BEEN FOUND
C CALCULATE GRADIENT
- -
1383 LP2 =1 147
NH—E—Pi- 1+ E
NX1 = NX+1 14¢
-NXME-= NX-t 150
291 XO0A = X0O/A 151
VHY = =KC3/bP3 15%
INTE = 1 152
g —45%
R1 = 0. 15¢

132
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DLLXOA = (31.,-X0A)/FLOAT (NX)

s . sl soar bl AN

XA = XOA
DO 770 1=1)nNX1

1F (LP2,6T.1) 60 TO 664
CPX(1) = (XA=XOA)/(1+=X0A)*CPS

S P WEDNPOPRRL N W TS

Re = A, -
P51 = 0,
Ps2 =0, : S

15560
1570
1580
1590

CP(X/A) IS A LINEAR PROFILE DURING FIRST APPROXIMATION

t
t
;
a
- 3
[}

16u0
1610

1620
1630

133

A (1,+BETA®(1,=-CPX(1)/CI3))) 1650
UX(1) = XA - - 1660
Ah = XA+DELXOA 1670
170 CONTIHNUE ‘ 1680
TAKE INTERVAL FUNCT'N MIDPTS AS CONSTANT VALUE FOR CP(X/A) AND RHET
PPt 1690
E CPX(I) = (CPX(I)+CPX(I+1))/2, 1700
. RAET(I) = (RHET(I)+RHET(]141))/2, 170
71 CONTINUE 1720
. XA = XOA+DELXOA 1730
< CTrii = (A*¥VINU+1,)/ (A%VINU) 174¢C
I ESRAE—EOUATLON—POLLONS -
CPOA(L) IS JPtCIAL CASE ese X=XO0
DXL = XOA 1750
DXU = OXL+DELXGA 1760
RK1 = 0, 1770
: DO 377 I=1.nNX 1780
AR R RAETF - EV AL 2D X E T D~ CFRMEEVA L H P X DX )— —————— - =1 790
DXL = XU 1800
-8 DAU = UXUTDELXOA 1810
SBT7T ConTliue 1620
. CPOX(1) = CI3=~A*A/DP3%RR} 1830
IF (CPUX(1).LTeU,) CPOX(1)=0, 1840
SOV E—GENERAE—E AT ON—OF—TWO—INTFEGRALSFOR—CPOAY e
P69 U 77? I=1,INTH 1550
'} R1 = RI+RHET(I)*EVAL1 (XOAsXA) 1660
XOA = XA 1870
_ XA = XA+DELXOA 1880
772 CONTINUE 1890
R A O R—EFR MY -840
XAD = XA 1910
AA = XA=-DELXOA 1920
PO 773 1=INTL1oNXM1 1930
PS1 = PSI+RHET(I+1)%EVAL2( XA XAD) 1940
: PS2 = PS2HRHET(141)%EVAL1{XA s XAD) 1950
U p—— Al 1960 -
. XAL = XADHUELXOA 1970
73 CUnlINUE 1980
R2 = PS1=CTRM*PS? 1990
4 INVY = INTI+) 2000
’ CPUX(L) = CI3=-A%A/ZUP3%(R1+R2) 2010
RO Fr S RO S0 - —5020
; X0A = X0/A 2030
! XA = XOA+DELXOA 2040
: L o= L+t 2050
; K1 = 0, 2060
i R2 = 0. 2070
—S 2680
PS2 = 0, 2090
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IF (L,Lt,NX) 60 TO 769 21uC

C  CPOXGiIXY) IS SPECIAL CASE ,.. X=A
DXL = XA - 211¢
AU = DXL+DELXCA 212¢
RIP—=—frs 213t
DO 378 1=1,NX 214¢
KR? = RR2Z+RHET(1)*EVALL (DXL, DXY) 2150
DAL = DXU 216C
DXU = OXU+DELXVA 217¢C
376 CONTIWNUE 2ian
= ‘ : 2 - 2190
LF (CPOX(NX1),LT,0,) CPOX(NX1)=0, 22ut

C  CALCULATE A NEw TPS

UCPUX = KC3/UP3%(CI3=CPOX(NX1)) 221¢
M3k = H3 222¢
DR3P = DP3 223¢C
PSR C T R DR D EPEII /A HE - 2240
IF (TPS.LT.0.) TPS=1, 2250
CALL UNBAR (H3TBLr1sTPSs0e rH31KK) 2260
DP3 = UP3F(TIS1DO3P) 2270
TMIPO = TMTPh 2280,
THTPN = T=TPS 2290
——— I PASSES—NEEDE D~ REFORE—CHECK—ON—FEMPTEONE—CAN-BE-MAPE—————— - e - o
33  IF {LP2,EW.1) 6O TO 27 2300
CMCPO = CMCPH 2310
CMCPL = CI!—CPOX(NX1) 2320
IF (ABS(TMTPO=TMTPN)/TMTPN - ,05) 26926127 2330
26 IF (ABS(CMCPO=CMCPN)/CMCPN = 4G3) u9'u9.27 2340
T MNJud N
27 DO 55 I=1elX1’ 2350,
IF (MOUCLPP2Y5)) 34957934 2360
L CALCULATE WEIGHTED AVERAGE OF OLD AVERAGED AND CALZ'JLATED PROFILES :
34 CPA(I) = +8*CPXLIV+,2%CPOX(T) 2370
GU TO 5o 2380
——AVERAGE—PREGENT—AND—PAST—EAL COLATED--PROFHESEVERY—STHPASS—TFO—SMOOTH— — = °
57  CPX{1) = (CPOX(I)+PCPOX(I))/2, 2390
C  STUKE PRESENT CALCULATED PROFILE ¢
56  PCPOX(I) = CPOX(1) 2400
55  CONTINUE-  —- 2410
CMCPN = CI3~CPX(NX1) 2420,
B RIH—E—HEIA PP BRAAC T I~ E P 2431
TPS = T-(Hu*KCu*CIQ+H3P*DP3P*DCPDX)/HC 26440
IF (TPS+LT 403 TPS=L, - 2450
CALL UNBAR (HaTBLvlyTPSvO.'HBrKh) 2460,
bP3 = VPIF(TPS,BG3,P) 2470,
THMTPO = TMTPN 2480,
——— MRS =R 2496
LPZ = LP2+1 2500
IF (LP2=50) 29,29+30 2510,
30 WRITE (by18) CPOX(NX1) 2520!
16 FORMAT- 4/£//31X152HUNABLE TO CONVERGE ON CPS IN 50 TRIES sse CP(%/ 2530
XA) =9E12,5) 2540
————WRIFE— 6522 CRADYFERAD 2559,
522 FOKMAT (51Xs 'KC3&(CI3=CPS) ='9EL12.5 / 54Xs 'HC* (T=TPS) -'.512.5) 2560,
60 TO 28 . 2570
29  GAMMA = BGM/TPS 2580
BETA = «=CPX{NX1)%H3*%DP3/ (KP*TPS) 2590
KO = ALPH2%EXP(=GAMMA) /CI1%%1,6 2600
——60-FO-—204¢ 2616
43  GRAU = DCPDX*DP3 2620!
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TORAD = Hix{T=TPS)
28 RETIRN
ENU oo i

T Tk RS I

o tolhUr A

SUBROUTINE TRAPP (U)»WeNPART)RIESUM,CI3)
WUMERICAL INTEGRATION USING TRAPEZOIDAL METHOD
REAL KO+KC3

R, h ok RIS AE

2630
2640
2650

10

e COMMON—AA AR A BP IO HOATOPS- - 20
3 COMMON /BLOKZ/Z7ArAP»DELTA,DRyDPA,DON2W%»DANHI»Re COMyRADIUS o NMAXL » 30
; X NMAXZ 1+ ALPHAL + ALPHA2 s BETA» AGMy BGM o P # ZEND » MH2 » MN2 » MNH3 » MN2HY 40
¢ COMMOMN /oL OK3/KeKOosKP e KC3oKCUIHF o HL oMV ¢ TE»CF o CFBAR ¢ GAMMA » C4 9 NRINGS 50
gC LDEFINE RHET FOR VAR!ABLE CPICPSYTP - -
§ RHLTF(A.BOC'f>E0N) E#A**(I'N)*B**N*EXP(C*D#(lo-B/A)/(L.*D*(l.- 60
: BARYH 70
C FUNCTION: UEF INING INTEGRANDS
FOXIL{AYR) ZXxw2%R a0
C FULICTION UEFINING CP(X) FOR RHET FUNCTION
C CP(X) IS ASSuMED 7O VARY LINEARLY wITH X
CPAF{XoYe2Z)=(X=Y)/(La=Y)%Z a()
AR -t - 1u0
PARTINPART 110
3 D= (w=~U) 7PARY 120
. UPrzU4+D 130
g sumMz=n, 1490
o CPALZCPXF (Ue XOAICPS) 150
a2 = CPNE U T X OA Y O S 160
RULTIZSRHETF (CI3eCPX1 o GAMMAPBETAY KOs 1) 170
RHET2=2)RMETF (CTI 32 CPX2» GAMMABETA KO 1) 180
C CALCULATe FIRSToLAST TERMS OF RIEMANN SUM FIRST
4 TRMISFOXEL (U RHETL) 72, 190
TRM2ZFOR11 (W e RHET2) /2, 2u0
oIty — a1
CHEA=CPAF (UPH» XOA 2 CPS) 220
4 RHET = RHETF(CI3)CPX¢GAMMAIBETAsKO0»1) 230
'3 SUAZSUMHFOATL(UPH RHET) 240
5 UPHIUPH+D 250
18 CONTINUE 260
RGOS M ST MR S BT
99 RETUKHN 280
b 290
SUBROUTIME  UNBAR(TeIKeXINeYINIZZ0KK) 0
: WIMENSION TLL) 22 (B)2Y(6)sA(D) 10
¢ UNBAROU3
i € MARCH 4» 196% ad UNBAROU#H
{ € wmmmeeemeemecoeeee= MODIFIED 7/62 UNBAROUS5
; < FOOO0—GUABRATIC—AND— L INEAR INTERPOLATIONALSO UNBAROUG -
i C UNBAROU?
: Il = IK+1) 20
. N =3 30
; 2= 2 40
! IF (T(I1)=3,) 7007010702 50
70— ———HF—tFtHE Oy TRy 0% 50
; 704 IF (T(II)=2.,) 708706701 70
?

135
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T05 N =1 80
G0 TO 707 90
M6 N = 2 1u0
707 w2z 1 110
—ot— =ty o128
702 W1 = H 41 130
Do S8 L = 111 146
IF { T(L) + 0, ) 00,60¢51 150
60 KK = =1 160
e = 0, 179
o F0—9999 - 180
51 NX = T(L) 190
IF (T(L+1) + 0, ) 60:52+50 2un
52 Ny = 0 210
30 10 53 220
S0 NY = T(lL+l) 230
— & CONTINUE - 240~
KK =0 250
KY =@ 260
XX = X1v 270
YY = ¥YiN 280
J1 = II+2 290
g2 —=—rH————— ——== -3y
IF(XX=T(J1))301,306s40C) 310
480 PO 302 JdzdirJ2 320
IF (XX=T{Jd)) 304,304,302 330
302 CORTINUE 340
309 Kk =2 35€C -
*h—a—Fo2) 366
308 Ux1 = J2-N . 370
60 TO 305 360
301 Kk =1 390
- Xa = Ttuld 440
306 JX1 = U1 410
0—F6—385 —428-
304 IF (J=J1-1) 301,306,307 430
307 IF (J=d2) 303+306,309 440
303 Jx1 = J-Ne 450
- -305 CONYINUE 460
XINY = XX 470
1500 D0 1599 L=1,h1 490
-~ -X4AL) = -THIXD) 500
LY = JX1 + NX 510
: ¥iL) = Tiky) 520
1599 JX1 = JX1+1 530 .
=1 546--
GO TO 5S4 550 ¢
- 3000 Ul = Ji+Nk- 560
J2 = J2+NY 570
- - IFEYY=T4d1}) 311,316,401 580
401 DO 312 J=J1,J2 590
—— Y=t 3 3312 b0,
312 CONTINUE 610
-~ 319 KY =6 - 620
Yy = T(J2 630
318 JY1 = J2=N 640
GV 70 315 650 .
—3IH—K——3— 666
Yy = T(Jh) 670
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i 316 Jvi = Jt —r 680
t 60 TO 315 690
5 314 IF tJodi=11r311+316,317 - 7u0
& 317 IF (J=J2) 313,318,319 710
— = - 720
1 315  CONTINUE 730
JX2 = uxt - 740
LY = JY1 + NYS(JUX2=IV=)) 750
: LYY = LY 760
: 00 3099 L=1,N1 770
i = r e == 780
i Y{L) = T(Ly1) 790
. LY1 = LYieny sug
©O309Y JUX2 = JXA2+1 810
. I =0 820
: 30 TO 54 a30
39—t —=—3%2 T B840
UV 4400 I=1,n 850
i LYl = LY+! 860
; Y{i+1l) = 0O, L70
DO 4050 MM=1sN1 B8R0
: YOL+1) = YCOI+1) + TILYL)AX(MM) san
— 450Ny Sl 940
4400 CunTINUE 910
D0 4199 LZ1.nL 920
L) = TWIYD Y30
4169 UYl = uYlset 940
= XInwl = YY 950
=1 -—t - 969
4 S U = 1. 978
i X{N+2) = X(1) 980
¥ A(N+3) = X(2) 99(
i 0O 55 u=t.Ng 1000
E Alutl) = X(U+1l)} = X(J) 1019
RN = 1020
: Ir ( TPAL1 ) 57,58+57 1030
58 22 = ¥ (P 1040
. X(1) = 0. 1050
E A2} = 0. 1060
A{3) = 0. 1070
Xy 41680
X(u) = 1.0 1090
! U TO bHu 1100
: 57 U = u » TPALL 1110
; 60 TO {711»712,713) oN 1120
g 711 Alud = TPALL/ZA(J+1) 1130
: GO—TO—55 10 -
PT712 x(4) = =TPALY 1150
: 6V TO 55 1160
COTI3 0 X(u) = (X(ur2)=Y(J))RTPALL 1176
©O8Y CORNTINUE 1180
A1) = A(N+2) 1190
2= 1266
DO 56 J=1,N1 1210
A(J) = DZ(AGUIRACIHLI®  X(J)) 1220
22 = 22 + Y(J)*  X(J) 1230
56 CONTIRUE 1240
4 59 IF (1) 3098,3098,9999 1250
999N —1268
: RETURN 1270
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ENU 1280
BLUCK OATA 0
€ BLoCk UATA FOR VISCOSITY VS TEMPERATURE
CUMMON ZAAA/ZVISVST(30)»TBLVP(68) 10
DATA (VEISVSTLIII=1030) /7 Gar Lor 1340 04 20
C TEMPLRATURES
K—H St — 20— — 96010080 260ty - 30
X 1le20, o 1800, 1 1980, ¢ 2160 » 2340. ¢ 2520. 40
(% VISCUSITIES
XoOUll E=lhy 070 E~80r 093 E=l9» 4117 E=4r.141 E~4+,164 E~=4r,180 E~ks 50
- Xe207 E=the 228 E=~4r 247 E=41,2066 E-%9.285 E~l4y,302 E~4 / 60
C BLOCK DATA FOR VAPOR PRESSURE AS FUNCTION OF TEMPERATURE
- 0 . 0 . T T 70
C TEMPERATURES
RO492, v 519, r 528.,4r H2%.,1r 534,060 S534,7r H38.8r HU#3,9, 80
X SUh, 7y 560,20 570,00 579,3¢r 579,50 595,3¢ 610.1r 614,11, 90
K Bib,lr 627.57 628.,8r o045,7r 650,80 665,67 0T5.0¢ 692,4, 1u0
X 697,50 744,00 798,00 852,0r 942,00 1032,0y 1122,00 1176.,0» 110
—E—VAPOR—FRESSHRES : N
X o052 o o183 ¢ o201 ¢ 207 0 240 ¢ 4282 9 292 » W354 120
K o585 3 (73T 1 4973 » 982 v 1.51 ¢ 2.20 ¢ 2,46 ¢ 2,74 130
X 3&“1 14 3.56 ’ 502“‘ ’ 5.97 ’ 8007 ’ 9071 ’ 11.91 ’ 13.46 ’ 1“0
) 1“070 1 4 53.6') ’ 73.“8 v 147, v 382, » 823. v 1528, ¢ 2131, / i50
END 160
- - -BLOCK DATA - - 0
c bLOCK DATA FOR SPECIFIC HEAT VS TEMPERATURE
——————— COMMON—ADDDACF BB+ EFTBLE 3B CFFB L2 3y EF B3 ——— —1 0~
DATA (LFTBLI(I) I=1¢34) / Our 149 15,0 Ouo 20
G- - TEMPERATURES :
X 5“". ’ 720. ’ 900. ’ 10800 [ 4 1260. ’ 1““0. ’ 16200 ’ 1800. ] 30
- - X-1980, » 2160, » 23406, +» 2520, ¢ 2706, ¢ 28680, » 3060, » 40

C SPECIFIC HEATS
X3 B U6 DT HEBE U FE D374 899I+ 5151 s 545U 35500656~

X 3.6208y 3.6054) 3.7150» 3.7696¢ 3.8291, 3.8802+ 33,9288 / 60
e AT CCFTBL24II 2 IS1934) / Oer a2 1540 O 70
C TEMPERATURES
e o K--5UDg -9 T20, » 980, » 1080, o 1260, ¢ 1440, » 1620, » 1800, » 80
X 1980, + 216U, v 2340, » 2520, » 2700, » 2880, ¢ 3060, » 90
~——SRECHIC—HEATS
K «2UBS ¢ J2U9H ¢ 2524 2 42569 » L2624 ¢ L2682 » 2738 » 2790 » 100
- -+ 2836 ¢ 2878 » 42914 « 2946 1 2974 ¢ ,2998 » L,3019 / 110
DATA (CFTBL3(I) I=1, 3“) 7/ Ger lor 15¢r 000 120
-G~ TEMPERATURES -
X Su0, » 720, ¢ 900, + 1080, » 1260, » 1440, » 1620, » 1800, o 130
— 18—t 2IN 2520527602880 3060 0
C SPECIFIC HEATS
e K 45085 0 JSH2U ¢ L5891 0 L634H 0 JOTTI 7 JTLT6 0 7553 ¢+ 47905 150
X oB236 1 <8541 ¢» +8823 » +9075 ¢ 9304 » ,9512 » 9697 / 160
- -DATR  (CFTBLALI)»IZ1e34) /7 Our 1er 15.v O 170

o TEMPERATURES .
———— YU G—r—F D —r— OG0 8 O 1 2 68— 16RO 1808160
A 19800 ’ 21600 ’ 2340. ’ 25200 ’ 2700. ’ 2880. ’ 30600 [4 190
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_% SPECIFIC REATS -
i K 438008 ¢ JUpDL » 45261 » 5784 » 6212 ¢ 6577 ¢ 0899 » 7185 2ul
g X JTHHD 9 JTETS 7 «T879 ¢ £063 7 B8226 3 (8373 » 5503 7/ 210
§ tilu 220
i
i
H
BLULK DATA C
T uLUCK LATA FOrR HEAT OF REACTION VS TEMPERATURE
T COMMON- 7 CECZHE TRE tat T HI TRt 0) 10
LAl a (HUTElL (1) e I=1e4) / Oer 1er 18,0 0o 219
TEMPEKATURES
, A 160, » 360, ¢ 5364 ¢+ 5S40. ¢ 720, ¢ 900, » 1080, 30
. X 12680, » t4u40, o+ 1620, o 1800, o 1980, » 2160, » 2340, 0o
R 2520, o 2T00. o 2880, » 3060, 50
L—"-f'.tnla e —REACTF Hoiv - Tt T
T A=1951,029=1919,50¢=1896,04¢=1895.70+,~1882. 5;9-1878.12r-1879 46+ 60
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