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DISCLAIMER 

Although each program has been tested by its contributor, 
no warranty, express or implied, is made by the contributor 
or any User's Group, as to the accuracy and functioning of 
the program and related program material, nor shall the fact 
of distribution constitute any such warranty, and no responsibility 
is assumed by the contributor or any User's Group, in connection 
therewith. 
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COMMON USERS GROUP 'PROGRAM REVIEW AND EVALUATION 
(fill out in typewriter, ink or pencil) 

~rogramNo._________________ Date ______________ _ 

ProgrrunName: ________________________________________________________ __ 

1. Does the abstract adequately describe what the program is and what 
it does? 
Comment~ ____________________________________________ __ 

2. Does the program do what the abstract says? 
Comment "------------------------------------------------

3. Is the description clear, understandable, and adequate? 
Comment~ ____________________________________________ __ 

Yes_ No_ 

Yes_ No __ 

4. Are the Operating Instructions understandable and in sufficient detail? Yes __ No __ 
Comment 

~------------------------------~----~--~~--Are the Sense Switch options adequately described (jf applicable)? 
Are the mnemonic labels identified or sufficiently understandable? 
Comment ------------------------------------------------

5. Does the source program compile satisfactorily (if applicable)? 
Comment ------------------------------------------------

Q. Does the object program run satisfactorily? 
Comment ------------------------------------------------

7. Number of test cases run • Are any restrictions as to data, 
size, range, etc. covered adequately in description? 
Comment ------------------------------------------------

8. Does the Program meet the minimal standards of COMMON? 
Comment ------------------------------------------------

9. Were all necessary parts of the program received? 
Comment ------------------------------------------------

Yes No __ 
Yes No 

Yes_ No 

Yes_ No 

Yes No 

10. Please list on the back any suggestions to improve the usefulness of the program. 
These will be passed onto the author for his consideration. 

Please return to: 

o 

Mr. Richard L. Pratt 
Data Corporation 
7500 Old Xenia Pike 
Dayton, Ohio 45432 

Your Name 
Company 

Address 

Users Group Code _______ _ 

THIS REVIEW FORM IS PART OF THE COMMON ORGANIZATION'S PROGRAM REVIEW ANI) 
EVALUATION PROCEDURE. NONMEMBERS ARE CORDIALLY INVITED TO PAR;I'ICIPATE 
IN THIS EVALUATION. 
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Computation of Equilibrium Composition 

and Temperature of Chemical Reactions 

By 

Mae E. Meads 

and 

George E. McGowan 

Direct Inquiries to: 

Mae E, Meads 
Engineering Computer Applications Group 
The Baltimore Gas and Electric Company 

Baltimore J Maryland 2120.3 
1620 Users Group No. 12.35 

March 9 J. 1966 

Modifications or revisions to this program, as they occur, 
will be announced in the appropriate Catalog of Programs 
for IBM Data Processing Systems. When such an announce
ment occurs, users should order a complete new program 
from the Program Information Department. 

o 
~ 

l6Z0 USERS CROUP LIBRAll Y 
PROGRAM ABSTRACT 

o 

1. TITLE (If subroutine. state in Title): Computation of Eguil1briUJll Composition and 
TemPerature of Chemical Reactions 

Z. Author; Organization: Mae E. Meads, George E. McGowan - Baltimore Gas and Electric 
Company, Subject Classification: . 

3. Gas and 

~ 

involving solution of equations simultaneously by successive iterations. Restricted to 
adiabatic combustion processes in which the total number of e1ements'and compounds does 
not exceed 7 and 13 __ resnecUYelY. Themodvnamic FUnctions Prouam isrestrickUo 
use with the Table of Coefficients include~ with th1U(loj.teun. 

7. Specifications (Check or fill in appropriate spaces): 
a. Storage used byprogram: __ 

k
2

w
OK

M 
______________________________________________________ ___ 

b. Equipment required by program: 
Card System_x __ ; Magnetic Tape System ___ ; No. of Tapes ___ ; 

Paper Tape System ___ .: Disk File System ____ ; No. of Packs ____ ; 

TNS. TNF. MF __ ; Auto divide __ ; Indirect addressing __ ;Floating point hardware ____ ; 

Other (specify) ___________________________________ __ 

Can program be used on lesser Machine?------1Ut Specify which requirements can be 
easily removed None 

c. Programming t-yp~e~(C~h-e-c7k--ap-p--r-o-p-r~i-a7te--s-p-a--ce--s·):-------------------------------------

Fortran without Format ; Fortran with Format 
PDQ FORl'RAN with Fomat X ; 

Fortran II __ ;/Mainline, Complete.:!..; Subroutine or function subprogram(S or F) ___ ; 

Is the program a library (ie, SPS) function to the Fortran system checked? ____ ~N:::o:-___ ~ 

SPS ___ ; SPS - l6Z0/l710 __ ; 

Mainline, Complete ___ ; Macro ____ ; Subroutine ____ ; 

Other programming language: Give details _____________________ __ 

d. Language used in the writeup: ___ En~ .. gl*'i..,s.uh.£___ ______________________ _ 

8. Additional Remarks: The program consists of three parts referred to in the writeuP as 
Them.ociynamic Functions ProJO"am. COllwstion Process I and Comwstion Process II. 

6-63 18 
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Deck 1 

Deck 2 

Deck :3 

Deck 4 

DeckS 

Deck 6 

Deck 7 

Deck 8 

Deck 9 

Deck 10 

Deck Key 

FORI'RAN Source Deck of Thel'JlOdynamic 
FUnctions Program 

R>RTRAN Source Deck of CoJlbustion 
Process I Program 

FORl'RAN Source Deck of Coabustion 
Process II Prograa 

eo.pressed Object Deck of Theraod;Jnmdc 
Functiou Prograa COilpUed b.f PDQ 
I'ORl'BAB Procuaor C2 with Fixed FOrEt 
Subroutine 

Coapressed Object Deck of C~bustion 
Processor I Prograa Ca.pUed b7 PDQ 
FOR't1Wt Processor C2 with Fixed Fomat 
Subrout:iDe 

Coapressed Object Deck of CaBbRstion 
Processor II Prograa CoIIpUed b.f PDQ 
JORTIWl Processor ~ with Fixed Forut 
SubroutiM* 

Supl.e ProblAa Ho. 1 (IlIplt) 

Control Card for Sqple Prob1_ h'. 1 
(Oae-Card-lDpot Data for ec.bUtioa 
Process II) 

Thel1llOdynaJdc Coefficients for Teaperature 
Range of lSOOO-25000 . for the Following 
Species, H2, H2'>, OB, CO2, CO, il2, BO, 
02, H, C,lt, AR, 0 Used for Sa.p1e Prob1ea 
Bo.1 

'l'hemodynaaic Coefficients for Temperature 
Range of 2SOOO-:3S000 for the Folloving 
Species: ~,H20, OB, ~, CO, lt2; NO, 
02, H, C, B, AR, ° Used for Saaple Prob1_ 
Bo. 2 

* - First. two { 2) carda which seroes core haTe been l'8J1OVed. 
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Deck 11 

Deck 12 

Deck 13 

Sample Problem Bo. 2 (Input) 

Control Card for SUiple Problem No. 2 
(One-Card-Input Data for Combustion 
Process II) 

Thermodynamic Coefficients for Temperature 
Range of 15000 -2,000 for the Following 
Species: H2, H20, CH, CO2, CO, H2, HO, 
~, H25, 52' 502' 503' H, C, H, AR, 0, S 
Used for Sample Problem Ho. 2 

1.0.1 

o o 

PROGRAM DESCRIPTIONS 
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COMPUTATION OF EQUILIBRIUM C<MPOSITIOIi AND TPl4PERATURE 
OF CHEMICAL REACTIOR) 

GENERAL DESCRIPTION 

The 1620 Pro~ computes the equilibriua conditions tor the 
collbllstion ot arq h7droearbon in air or in ~ OX1'gen-Ditrogen aixture 
ot a giyen ratio. The tinal solution is expressed in teras ot the 
partial pressures of each ot the reaction products I Itp i lt I the equi
libriUll teaperature "Til, aDd the llUllber ot tOlWila weights ot the 
reactants I It,l"» wtdch are imrolved in the che.1.cal reaction. 

A . rapi~ convergent approxiJlation process that s~t8D8-
oualy detel'llines both cc.posi tion and teaperature resulting troa a 
ehelllical reaction is the aethod used in the prograa. This _thod vas 
developed bT the HACA Lewis Laboratory during 1948 and is applicable to 
a wide Yariety ot pl'ObleJls. 

The Prograa, written tor the 1620 co.puter in M>R'f1Wf language, 
consists of three puses: (1) Coalnstion Process I, (2) COJIbution 
Process n and (3) Thel'llOdpatd.c FunctiOlUl. IDpv.t aDd OIltpu.t data are 
on cards. HoweYer I the ftDal solution to a problea will be t1J)8d GIlt 
on the 1620 console tJP8Writer. 

2.1.1 
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THERMODYNAMIC FUNCT IONS 

PROGRAM DESCRIPTION 

The program calculates thermodynamic data at any temperature 
T (ranging from 3000 -35000 K) for use in the Combustion Process I 
Program. 

Thermodynamic data obtained from the program will be the 
following: 

(1) C~ - specific heat at constant pressure and standard 
conditions. cal./(mele, OI) 

(2) ~ - sum of sensible enthalpy and chemical energ at 
temperature T and standard conditions. (Ical/mole) 

(3) ~ - enthalpy change divided by gas constants times 
RT temperature DIIlltiplied by -1. 

(4) Log K - logarithm of equilibrium constant. 

(S) SO * - molar entroPY' at standard conditions. cal./(mle,~) 
T 

o' * ST is included in the output but is not used in the Combustion Program. 

Input data to the progr8lll are the Coefficients of Thermo
dynaaic Tables II, III, and IV. Further discussion of the tables will 
be given under the sections entitled "Mathematics· and llRestrictionsll • 

All input and output data in the program will be on cards. 

2.2.1 

o 

--~-.:-

- f 



\' #¥"f'ijtf KiM. t" l±#"t:l!t HijltH W" d:JNi*Wij' MiM* 'W'"!!,!" ., 

0 ,·,,' 
, ' 

I 

10 
I 

I ' 

o 

_ un;; M=::4 Uj, ' a OflWM44.44M\4Mi#&4¥4 » $ 4 .... ~-. 



MATHEMATICS AND/OR TICHNIQUES 

3.0.0 
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MATHEMATICS AND/OR TECHNIQUE 

The method used in the program for the computation of equi
librium temperatures and compositions of adiabatic combustion reactions 
was devised by Huff, Gordon and Morrell.(l) A set of equations, repre
senting dissociative equilibria, pressure balance, I118SS balance and 
energy balance is solved simultaneously by successiTe iterations of a 
series of correction equation. Each of these correction equatiOns con
tains a correction Tariable which takes the tora: 

&x • Ax loe Ie (1) 
r 

Due to the limited storage capacity ot the 1620 cOJlpUter and 
the necessity to calculate thel'Jlo~c data tor each iteration, the 
program is written in three parts. The .tI1nction of each part is as 
follows: 

(1) Using the estillates of the partial pressures ot 
the reactants involved in the jXlabIlstion process, 
thenaocVnud.c properties dete1W1Ded by the Thel'llO
d;Jnaa1c Functions Proeraa, an est_ted taperature, 
the general tol'llllla and total euthal.p;y a8 bade 
data, CoJIbustion Proces8 1 (Deck 1) constructs 
two _trices in the MDner de8cribed by Butt, 
Gordon aDd Morrell,(l) and tests tor convergence 
using .0015 88 the tolerance leTel. 

(2) Ccabustion Process 11 (Deck 2) IIDltipUes the two 
_trices that were cOllStructed 1D Ca.blstion 
Process 1 aDd cc.pu.tes nar estiJlates tro. the 
utr1x obtained 88 a result 9f)the _trix .u.ti
pUcation by uaingthe C1"OIlt~2 _thod tor 
solnng a _trix, 88 nggeeted by Bun, Gordoll 
aDd IIorrell.(l) 

(3) The Tbe~ Fanctions Prograa (Deck 3) 
coapntes the thel'lllOd7nudc properties giTen in 
equatloDB (2) - (6) . tor use ~ the. CoJlbuation 
Process 1 Progr_{Deck 1). The coetfi,cients 
aDd consimts in Tables n, III 8IId IV used in 
cOIIpUting the tbel'llOdJD8ld.c properties Deces8ar,r' 
tor Coabllstlon Process I were cc.puted sp8cifi
call;r tor the purpose or beingueedw1ththe 
Tbe~c ftmctions Prograa. The tollowing 
equations representing the .olar specific heat, 
the JIOlar enthal.pies, the ao1ar entropies, the 
enthalpy change and the equilibriua constant 
are used 1D the prograa: 

3.1.1 
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• 
CO • 0( + £IT +,T2 + ~T3 p . p 

(2) 

H~ • (0( T + 1/~T2 + 1/31f' T3 + 1146T4 ) 10-3 + C (3) 

S~ .. 0( lrtl' + ~T + 1/24T2 + 1/38T3 + K (4) 

AH • a + bT + cT2 + err 3 + m ( 5) 
mr 1fXJ:'B'=3 

LogK-AlogT+BT+r'T2+D.T3+L+ M (6) 
T X 10-3 

Data 90~tained in the National Aeronautics and Space Adminis
tration Report \ 3) were used to determine the coefficients in equations 
(2) - (6). However, applying equation (1) to the conservation of energy: 

~ - Ah log ho 

h 

(7) 

where "ho" is the enthalpy of the reactants and "hit. is the sum of the 
enthalpies of the product weighted by their respective mole fraction of 
the combustion products. If for any reason, the values of "holt and "hit 
would be opposite in sign, the expression containing the log (ho/h) would 
create an error response in the computer. Therefore, to evaluate "C" of 
equation (3), assigned entha1pies, as shown in Table I, were used. 

3.1.2 
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ENTHALPY ASSIGNED TO SEVERAL SUBSTANCES 

~ Phase H298 

Ar Gas 1.4812 

Br2 Liquid 2.6600 

C Graphite 92.1790 

H2 Gas 69.4407 

N2 Gas 3.7715 

O2 
Gas 4.1109 

S RhoJllbic 100.0000 

3.1.3 
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INPUT /OUTPUT FURMAT 
THERMODYNAMIC FUNCTIONS 

o 

4.1.0 
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INPtIT /OtITPUT FORMATS 

THERMODYNAMIC FUNCTIONS 

Input 

A set of input data for a compound or element being processed 
through the Thennodynamic Functions Program consists of three cards 
(one from each of the Coefficients of Thermodynamic Functions Tables). 
A 2, 3 or 4 will be punched in Column 80 for Tables II, III or IV, 
respectively. A set of data being processed .nst be in numeric order 
by table code. --

All data being processed are preceded by a temperature card. 
The temperature card will be the first card read into the program and 
will have the following format: 

Description Columns FORTRAN Symbol Format 

T (OJ{) 1-8 T F8.2 

-50:3059 069916 -006240 000319 385222 4775775 
503059 -1 E.0988 028738 -002206 10996629 

H2O 
H2O 

4 
3 

- -\ 

\ I 
III 

\ \ 

495233 638E.82 -172814 018124 1230309 1580923 
-2078E.9 016067 -000377 -000032 090789 224E.215 
207869 -036996 001736 000218 5172101 
580531 147043 -010349 -001733 6768494 -180405 

2200.00 TE"PERATURE CARD 

n n " 

H2O 
H2 
H2 
H2 

2 
4 
:3 
2 

OJ D i ; 0; - ij [u 0 0 0 0 Q GOO 0 0 000000---; 000000000000000000000000000000008000000000000000 D J 
I } .: .\ J 0 7 ~ :3 ;0 :\ 12 :) !4 '516 ': :;; '2 ~c:- ::; 241·, ~- 1; 22293: J:"l~ ~~;, ::6~: 383940 4142 4344 4546 41484950 51525354 5556 5158 5960 6162 636465666168 6910 7112 n 74 75 76 n 7879 ao 

l1111111illl115 ~1 '-:1:M';i 'P1El111El111111111111111111111111111 

21222222222222 22 ,22 2 2 22222 222222222222222222222222222222 

33333,33333333 3, 333 ,333, 33333 3 3333333333333333333333333333 

4444444444444 4 4 4 4 44 4 4 4 4s; 8" 4 4 4~!4 44 4 4 4 44 4 4 ~ 4 4 4 44 4 4 44 4 44444444444444444 

555555555~555555555555d d5 ~ l: 5551555 0555555555555555555555555555555555555 

666666666666666666666666 6 666 66 66 666 656666566666666666666666666666666666 

77777777 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 I 7 77 7 77 7 77 77 77 7 7 7 7 77 7 7 77 7 77 7 77 77 7 77 7 7 77 77 77 711 77 7 77 7 77 7 7 

88818 0 888888888888888888888 a 8118 888888881888888888888888888888 a 818 a 8 888888888888 

99999999999999999999999999_!9!_!99!_99999999999999999999999999999999999999999999 
12345'119W"UOU~~n~~wnnn~~~naH~~~~~~~nxn~~~~~~~~~u~~~~~~~~~".~~aMe"~""ronnnN~~nn~~ 
~ 

4.1.1 
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Input data frOJll all three tables are on cards and will be in 
the following formats: 

Output 

Table II All output data are on cards. There will be one card punched 
for each set of data read. The order of the elements and colllpOU1'lds in DescriE!:ion ~ FORrRAN S;l!bol !2!:!!! the output is the same as their original order in the input. 

0( 1-8 A F8.5 The output format will be as follows: J x 103 9-16 B F8.5 
IX 106 17-24 cc F8.5 Description ~ FORrRAN Symbol ~ x 109 25-32 D F8.5 

C 33-41 E 19.5 CO 1-9 C 19.4 It 42-49 F F8.5 P 
Identification 55-51 ID 12 eal./(mole, otc) Table Code a> 

Table III S; 10-18 H 19.4 

Description ~ FORl'RAI SJIIbol ~ 
(Ical/.>le) 

M 1.9-21 HH 19.4 a 1-8 Ai 1'8.5 If 
b XlO~ 9-16 BE F8.5 
c X 1.0 1.1-24 cce 1'6.5 loglC 26-)6 CEOF 19.4 d x 109 25-32 DD 1'6.5 

• 33-h1. g P9.5 SO 
Table Code a> cal./fmole, OK} 31-45 S 19.4 

Table IV Identification 16-aJ ID 15 
DeecriE!::ion ~ POllTRO SylllJo1 !!!!!!! 

1. 1-8 J..U F8.5 ) Bx~ 9-16 DBB F8.5 
cx~ 1.7-24 CI FBe5 
AX 25-32 JI)J) 1'8.5 

L 33-41. DE P9.5 
H 42-49 F '8.5 

Table Code a> 

4.1.2 
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SAMPLE.:INPUT DATA 

liOR 

THERMODYNAMIC FUHCTIONS PROGRAM 

2200.00 TEMP. 2200 K 

580531 147043 -010349 -001733 6768494 -180405 

207869 -036996 001736 000218 5172101 

-207869 016067 -000377 -000032 090789 2246215 

495233 638682 -172814 018124 1230309 1580923 

503059 -160988 028738 002206 10996629 

-503059 069916 -006240 000319 385222 4775775 

538982 243528 -061041 005829 4467687 1312034 

231047 -061566 009990 -000659 5073363 

-231047 026738 -002169 000095 188357 2203334 

963218 502247 -176740 022673 141059 -643266 

279290 -134150 031209 -002810 19305350 

-279290 058261 -006777 000407 -639973 8384207 

620126 255577 -088801 011249 6578319 1103990 

199668 -071794 016708 -001447 12896790 

-199668 031180 -003628 000210 -074022 5601005 

595705 271090 -092791 011599 186228 1106826 

192766 -061552 012924 -001065 11325067 

-192766 026732 -002806 000154 -055680 4918414 

664779 221014 -077591 009955 2332637 1159108 

164012 -052574 011446 -000981 7562922 

-164012 022832 -002485 000142 -084787 3284535 

761206 094407 -016012 002108 148991 472934 

121493 -024340 002188 ~000117 5979684 

-121493 010571 -000475 000017 -281254 2596944 

u06270 702346 -230861 028578 16243440 1252268 

482659 -200597 045752 -004241 8708322 

-482659 087118 -009935 000614 351185 3781976 

848089 053176 -017635 002345 22811776 564902 

H2 

H2 

H2 

H20 

H20 

H20 

OH 

OH 

OH 

C02 

C02 

C02 

CO 

co 

CO 

N2 

N2 

N2 

NO 

NO 

NO 

02 

02 

02 

H25 

H25 

H25 

4.1.5 52 

2 

3 

4 

2 

3 

4 

2 

3 

4 

2 

3 

4 

2 

3 

4 

2 

3 

4 

2 

'3 

4 

2 

3 

4 

2 

3 

4 

2 

~ 

148721 -061149 017015 -001596 5108413 

-148721 026557 -003695 000230 -156036 2218556 

1110546 292319 -103367 013607 2911630 -613302 

33444 -098020 023869 -002209 12883220 

-233444 042570 -005183 000320 -642058 5595112 

1523516 460266 -171284 022566 '>894'>4-2908528 

o 
52 

52 

502 

502 

502 

503 

3 

4 

2 

3 

4 

2 
---------------------------------------------------------

277904 -140570 035012 -003261 17079080 -503 3 

-277904 061049 -007603 000472 -1343033 7417350 503 4 

496810 000000 000000 000000 8533690 -091377 H 2 

H 3 

H 4 

515597 -028602 012290 -000845 26191504 838824 C 2 

C 3 

C 4 

489391 013226 -007869 001568 11346040 872343 N 2 

N 3 

N 4 

496810 000000 000000 000000 000000 867698 AR 2 

AR 3 

AR 4 

501322 -001167 -001484 000591 6016089 1000671 o 2 

o 3 

o 4 

571818 -094930 041903 -005130 16481760 787223 5 2 

5 3 

5 4 

J 
4.1.6 



, . 

o 

DfP1J'l' /0U'l'PU'l' P'CIIMl'r 
COMBOS'lIOR PROCESS I 

4.2.0 ..... --
. ,: 

u 

IMPUT /ompUl' FORMATS 

COMBUSTION PROC!SS I 

Input 

A set of input data into Combustion Process I will be in the 
following fonaat and order: 

1. Control Data Card. (One Card) 

Card Colum ~ 

1-3 
4-5 

78-8> 

Huaber of ec.po.md8 13 
lIuber of El.-ents 12 
101 (Identification Ro.) 

2. A, P, 'I Data Card (One Card) 

1-14 1Iuaber of Fonmla Weights El4. 7 
of Reactaate 

15-28 Initial J:st1Jlate of'rotal 114.7 
Pr_8Ure 

29-42 'r..perature m.7 
78-110 201 (IcIoIlUficaLol 

3. ~ P(i) Data Carda (1'0. ot Cards ~d 
JOe of BeiCGJiG) 

1-14 Log P(i} El4.6 
78-fb 301, )02, Etc. 

(Identification Mo.) 

4. '1'he~ Data Cards (110. of Carda Detel"llined 
bi • 0. cGiiG j 

0 
1-9 C '9.h 

p 

lo-lf BO 

'I 
19.4 

19-27 'BIRr '9.4 
28-)6 Log'i 19.4 
37-45 SO 19.4 

'1' 
78-fb 401, 402, Etc. 

JORl'RAH Spbol 

If 
M 

B(l) 

pel) 

'fell 

~e,i) 

X(l,I) 

X{9,I) 

Y(9,I) 
Y(lO,I) 

4.2.1 

o 



o o o 

6. ai' bi' ••• , gi Data Card (Ho. of Cards Determined 

5. ao ' bo ' ••••• , ho Data Card (One Card) by Ho. of Reactants) (Cont.) 

Card Colurm ~ FOIaRAH Symbol Card Colurm ~ FORl'RAH Seol 

1-9 ao - No. of Atoms ot 19.4 0(1) 19-27 ci - No. ot Atoas per 19.4 Y(3,i) 
Respective Element in 
Eleaent in Reactant Product 
Formula 28-)6 ~ - No. of AtollS per F9.4 Y(4,i) 

10-18 bo - No. of Atoms of 19.4 0(2) Element in 
Respective Reactant Product 
Element in 37-45 e1 - No. of Atoms per F9.4 Y(5,1) 
Fornrula Element in 

19-27 Co - No. of Atoms ot F9.4 0(3) Reactant Product 
Respectin 

46-54 fi - No. ot AtollS per F9.4 Y(6,1) 
Element in 
Fol'llllla 

Elelllent in 
Reactant Product 

28-)6 do - No. of Atoms ot F9.4 0(4) 
F9.4 Y(7,1) RespectiTe 55-63 ~ - No. ot Atoms per 

Element in Element in 

Fonmla Reactant Product 

37-45 eo - No. of AtoJlS ot 19.4 0(5) 78-fb 601, 602,· Etc. (Identi- Q(l) 
Respectin ficatlon Be.) 
El.eaent in 
Fonmla 

46-54 fo - No. of AtollS of 19.4 0(6) 
Respective 
Element in 

/ Fonmla 

55-63 Eo - No.. of AtollS of 19.4 0(7) 
Respectlve 
Element in 
Fomula 

64 .. 72 ho - Initial Enthalpy F9.4 0( 8) 
per Mole of 
Reactants 

78-fb 501 (Identification No.) 

6. al' b11 ••• , gl Data Card (Ho. of Cards Determined 

by Ho. of Reactants) 

1-9 a1 - No. of A toras per 19.4 Y(l,l) 
Klement in 
Reactant Product 

10-18 bi - No. of Atoas per F9.4 Y(2,i) 
Ele.ent in 
Reactant Product 

4.2.3 
4.2.2 



Output 

Olltput data tor CoJibustion Process I will be troa the 
t1P8writer Uthe error paraaeter "E" is less than or equal to .0015. 
It E is greater than .0015. the data in core store are lett in the 
aachiDe and are used as data tor COlIIbustion Process II. The typewriter 
will t1P8 out the tollowing _ssage: 

·Push reset. Load Collbust. Prog. 2." 

A ,s8l1lple output listing ot CoJiblstion Process I is shcnm. on 
the next page. 

4.2.4 

o 
-; '--1 

_-""-, i 

c 

--------_ ... _---_._--------_. __ ._----- SAMPLE OUTPQT _________ , _______ _ 

---------, --- -,----- ___ COMBUSTION PROC~S--=I::..-__________ _ 

-------.. _-
H2 .11437648E-02 
----- -.. --~-------------

H2O • 7309686l~E-01 
--_._._-----_ .. _----_._-----._ .. ---_._-- _._---- -----

OH .23769886E-02 

CO2 • 15 1 66840 E •• 
---.. -.--------

CO • 12786094E-01 
_._---------- .. ----.---
N2 .73562902E 00 

NO .29623556E-.2 
- _ .. _-----

02 .92114445E-e2 
-----

H2S • 176413.3E-f8 
--------

S2 .20187753E-10 
--_._------------

S02 .17414738E-'2 

503 .50231170E .... 6 
-----

H • 24336940E-'3 / 
C .32717617E-16 

N .17737053E-t7 

AR .88019261E-'2 

0 .34069531E-03 
20 5 • 5825.858E-fJ7 
~:------------------------------------------------------------
17 
16 - --------------------

15 A= .30561900E 00 
14 
13 T= .22448700 E 04 
12 

11 STOP 0000 
10 --------,---------------

9 

8 

7 

6 

I 

" 8 

____ 0 __ •• __ -- _________ _ 

------... -•.•.. ----.-

o 
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IlIPUT/OUTPUT FURMAT 
COMBUSTION PROCESS II 

~ 

4.3.0 

o 

INPUT /OUTPUT FURMAT 

COMBUSTION PROCESS II 

~ 
Combustion Process II requires only one data card. The data 

card is a control card and has the following format: 

Card Coluu 

Output 

1-3 
4-5 

No. of COIIpOUDds 
110. of Eleaents 

~ 

13 
12 

Output data will be on cards and will haTe the following 
format: 

Card Colulln ~ 

1. Temperature Card 

1-8 F8.2 

2 • Control Data Card 

1-3 
4-5 

78-8:1 

No. of Compoonds 
No. of naents / 
101 (IdentiN.cati0j 

No.) 

13 
12 

3. A, P, T Data Card (One Card) 

1-14 

15-28 

29-42 
78-8:1 

No. of Formula Weights El4. 7 
of Reactants 

Initial Eettaate of E14.7 
Total Pressure 

Temperature El4.7 
201 (Identification 

10.) 

4. Log P(i) Data Cards (No. of Cards Detel'lllined 
hi WOe of ReactantS) 

1-14 
78-lb 

Log p( i) El4.6 
301, )02, Etc. (Identi

fication No.) 

FORrRAN S)'JIlbol 

T(l) 

II 
11 

B(l) 

pel) 

T(l) 

X{8,i) 

4.3.1 ,;,.,; 



BPSTRIC'l'IONS 

5.0.0 

" 

o c 

RESTRICTIONS 

The program is restricted to computation for adiabatic chemical 
reactions in which the total number of compounds and elements does not 
exceed 13 and 7, respective17. A code card will allow any variable 
number of compounds and elements to be processed. (For example, 5 
cOlllpOUllds and 2 elements, 11 colllpOWlds and 5 eleJllents, 12 COJllpounds and 
7 elements, etc.) The code card is also used to avoid division by zero 
and to avoid the possibility of taking the log of a zero quantity. 

In the test for convergence, the progrBll requires that e * ::. 
.0015. However, the SlIIaller the value of t, the aore accurate the tinal 
results will be. Thus, for a greater degree ot accuracy the user of the 
progr8l!l JlBy want to require e to be SMaller than .0015. 

The coetficients and constants in Tables II, III and IV used 
to determine thel"llOdynamic properties are llmited to a total DWlber ot 
seven eleaents and seventeen aolecular or radical species. It thel"llO
dynamic data tor other species are required, the coetticients and 
constanta in equations (1) - (5) -7 be deteraiDed by reterrin& to 
reference (3). HoweYer, to dete1WiDe .C" ill equation (2), reterence 
Iboald always be ude to the assigned enthalpi.s in Table I. It an 
eleaent DOt listed in Table I sbORld. be iDYolTed, a valae 'M7 be as
signed to represent its alar enthalpy ill its staDdard state. Tbe 
assigned value should be selected so as to result onlT in positive 
T~ ot enthalpy tor all other species contailling this particular 
e1_ent. 

The constanta and coefficients~ Tables II, III and IV are 
tor use onl7 with the ThelWO~c J\mc ODS Program su'-1tted with 
this writeup. The the1'llOdJnaaic values obtained fro. the program by 
the use of these equations are not inte1"!llll.l.7 consistent wi til valnes 
obtained traa other sources. 

It the original est:l-. tes are too unreasonable, the results 
obtained in any given iteration IUl7 exceed, in temperature, the thermo
dynamic equations furnished with this program. In such cases, it is 
suggested the program be reconsidered with JIlore reasonable· estillates. 

* - The FOR'l'RAlf 8Jllbol tor ~ is E. 

5.1.1 

o 
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OPERATIIG 1I5TRUCTI0lf3 

o o 
OPERATING INSTRUCTIONS 

THEml)DYNA...:IC FUNCTIOlf3 

Sorting Inpu,t 

Input data are in the order as indicated in the Input/Output 
Fo:naats for Thermodynamic Functions Prograa. No tnr1:Jler sorting is 
required. 

Clearing Core 

The Object neck, wich vas colIIPiled by PDQ FORrRAN, auto
matically clears core when it is loaded in the machine. 

Switch Settings 

All program switches are set to "ofr. 

Loading Object Deck and nata 

Place Object Deck in 1.622 read hopper, followed by tempera
ture card and data punched from The~cs Coefficients Table.* 
Push "loadlt button. 

Program Stops 

There are no "halts" in the ,'gram. 
Output nata 

All out.put data are on cards and require no sorting. After 
all input data have been processed.. the _chine's "reader no feed" 
light will be on. Retain output data for input into COJllwstion Process 
I Program. 

-llNote: The set of data used depends on the temperature. Each tiNe a 
new temperature is used, the program lIII1st be reloaded, followed 
by the temperature card and data from the tables for that 
particular 'teJIIPerature range. 

6.0.0 6.1.1 



OPERATING INSTRUCTIONS 

COMBUSTION PROCESS I 

Sorting Input 

Input data are in the order as indicated in the Input/Output 
ForMats for Combustion Process Program I. No turther sorting is re
quired. 

Clearing Core 

The Object Deck, which was compiled b7 PDQ FORl'RAN, auto-
1I8tically clears core when it is loaded in the machine. 

Switch Settings 

All progr8Jll switches are set to "off". 

Operation (1st Iteration) 

1. All data for the first run should be caretully 
edited. 

2. Load Object Deck. 

3. Load data. 

4. If the following J1lessage is typed out on the 
typewr1 ter: 

"Push reset, Load Coabnat.· Prog. 2." 

Do not clear the Jlachine. Push reset and load 
~OlISiitIOii1frOces8 fIe If the de.ired answers 
to the problaa have been obtained, the tinal 
answers will be typed out on the t7P8vr1 ter in 
the format indicated in the writeup under IDpIlt/ 
Output Foraats tor Co.bustion Process I. 
Processing will then be complete. 

Operation (2nd Iteration) 

1. Relllove first tour sets of original input data. 

2. Replace original data with new data obtained 
trom Combustion Process II, followed by new 
data obtained trom Therao~c Functions 
Progra. 

3. Repeat Steps 2 - 4 of first iteration. 

Operation (3rd, 4th, 5th, Etc. Iterations) 

1. "Saae as second iteration". 

o 
6.2.1 

() 

PrOgram Stops 

The program will come to a halt only when processing i8 
complete. 

) 

o 
6.2.2 



o 
OPERATING INSTRUCTIONS 

COMBUSTION·· PROCESS II 

Input Data 

Input data are left in machine from Combustion Process I. 
One data card (control data card) is also read in as input to· the 
program. 

tt~ ~ ~ ~ ~ loading Program". 

Loading Program 

When message is typed out from Combustion Process I, the 
program will come to a halt. Push reset and load program with data 
control input card on back. 

<>utput 

All output data are on cards. Retain temperature card (1st 
output data card) tor processing through Thennodynamic JUnctions Prograa. 
The remaining data will be processed· through Combustion Process I. 

Program Stops 

The program COIIeS to a halt only when processing is complete. 

6.3.1 

~ o 

SUPPORTING DOCUMENTATION AND MATERIALS 
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SAMPLE PROBLEMS 

7.1.0 

~ 
-~ I 

SAMPLE PROBLFM NO. 

INPUT DATA 

8 5 

0.0000001E+07 0.0000001E+07 0.0002200E+07 

-3.000000E+00 

-2.732828E+00 

-2. 698970E-I 00 

-2.031517E+00 

-2.698970E+00 

-2.148742E+00 

",:" __ 3.000000E+00 

. __ --=:}_.!:Q Q9.QQ.9 E j- 00 

-4.000000E+00 

-.15 __ .000000E+00 

-6 _ •. OOOOOOE+OO 

-2 .• 09~91_0~j-00 

- 4. OOOOOOE+ 00 

____ ? ~_3S.48 83.5462 -24.8815 

12.5689 33.5819 -53.0993 

8.4137 60.6026 -24.4301 

14~5416 __ 29.8104 -88.8044 

8.723!_ 83.1178 -59.6935 

8! 6~50 18.9139 -52.5632 

8.8147 41.1290 -35.3099 

9.1384 20.0762 -27.9532 

4.9681 '36 .. 2667 -.0000 

_5_._y_~_!~~!? 9527 -.0000 

____ ~"--~!09 1?_~~}?96 -.0000 

___ ~9~§ ~ __ ~_~-!.?298 -.0000 

4.9786 71.1436 -.0000 

IJ.--~ 
1;.' ~ ___ J 

4.5019 45.7977 

10.0160 64.4355 

4.6695 58.6888 

23.3723 75.2756 

18.5778 62.6390 

15.8252 61.0450 

8.9970 66 0 0917 

5.142-3 65 0 0775 

.0000 37.3217 

.0000 41.7078 

.0000 46.5441 

.0000 46.9124 

.0000 48 .. 5488 

H2 

H20 

OH 

C02 

CO 

N2 

NO 

02 

H 

c 

N 

AR 

o 

7.1.3 
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I 
'j 

I 

I 
l 

I 
I 
f 
i 
i 
~ 
t 
l 
i 
;} 

-Ii 
~~ 
1: 

,~! 
~-~ 
jl 

~ 

J 



o 

_____ -'4%...-JO..uO..uO..uO.L---.~·-----llr9-09-8--__D_._.0a9'O--__4__..D.O.5-1---------------- ?~ 

-____ ---L'OilllO...-_______ . 

__ ~_~ ___ ~.....QO.Q'~O ___ . 

___ ~l~·~OQQQ ______ _ 

___ . ____ .. __________ ._---=--01 ..QQQJL __ 

_ ___ _ ,, _____________ L QQQQ. 

------_ .. ------ L..QQOP __ -

________ ....l..-J).Qo.O 

___ ~1~0000 

1_0000 

l-..QQ.QQ--

1.0000 . 

1 •. ill2O.o __ 

2.QO.oo. __ _ 

1.0000 

______ J. ~QQ.QQ ___ _ 

2..0000 __ _ 

____________________ 1.0000 ___________ . ___ _ 

- ------l.JlOD-O---

..-H2LL.:.. 

_OH __ . _ 

C02 __ 

___ co ___ _ 

__ ... ____________ ---.lIIO. ... __ 

_-D2 __ _ 

___ H ____ . 

N 

------.---Aa..--

---0--

------------------

~ 

v 
---------------------______________ 19 

_._' __ A __________________ • _____ • ___________ _ 

7.1.2 

18 

17 

16 

~ 

14 

13 

12 

11 

H2 

H20 

OH 

, .33758818E-02 

• 183 i ,3331 E 00 

.26;125090£-02 

S~LEPROBLEM NO. 1 

ANSWERS 

C02 __ ~60.821..6..L~~ L __________________ . __ 

CO 

N2 

N9 __ 

02 

H 

.8351176}E-~2 

.70106:;,H)E 00 

• 18175521fE-02 ___ _ 

_~~?6'J.79§.?:E-~ ____ _ 

,.l4?fJ23_6}J::flL __________________________________ _ 

C ____ -.!...12~ 10(!1}~J::-_~ ___________________________ _ 

N. Ul?~2..6L~7 ________________________ ... _____________ . __ 

AR 

o 

_ .. !. 83 8~_6?@~~=.0_~ 

!1~5Jll_~~?£:_..0} __ _ 

A= • 94163(il~~E_:0J _ 

o 

_ _ T= __ • ?_~yl_~5~i!WUL _____________ . _________ . ___ .. ___ . ____ -----

STO p¥lJ,1~t0 __ _ 

-~--.---- --- ---

- / . 

7.1.2 



SAMPLE PROBLEM NO. 2 

INPU'l'DATA 

12 6 

.0000031E+05 0.0000001[+07 0.OO02200E+07 

-2.52288E+00 

-L? 2185 E+OO 

-2.69897E+00 

~U.a.4.~I.6.2.__=2L9532 

__ 1.2......~§.?9 . .JJH?...2.Ml.7 _~~;I..J595 

.~ .• 2469'.21:J,?7?9_ -24.0155 

___ J._3 •. 9~~_?..?!.1? 0Lt._~59. 6581 

______ _ .!~_'_~??~ __ ~._7_92lf.- 78.6660 

. __ ~.·_268_~._.2~_'!.?.667 -.0000 

_____ .~Q?_~_272,._9_521. -.0000 

_____ 4. ~199 }2.4:.3596 -.0000 

_ .' 4: .!:.';l~§.L .. 10.9298 -.0000 

__ . ___ ._4: ... 97~.6_?1.!.1.~~6. ~.OOOO 

_. _______ .?~J!~..1.7_6..L2.§.!L_ - .0000 

.. 5.1423 65.0775 

6.0712 .10~0615 

3.9830 71.7460 

IJ._~ 9288 83.7493 

12.0215 94.9493 

.0000 37.3217 

.0000 47.7078 

• 0000 . 46,5-441 __ 

.0000 46.9124 

.qOOQ __ 4~o248.~. 

.00000. !?:Q. 62~Q. 

______ ._ ._ .. _._-.Q.1??391J::tg..Q.. __ .. __ . 0.4944 

2.0000 

0.5381 4.8231, _2-".Q?~8. ..1,.?6~!L .0 .. 0057 ______ . __ .._ 7 5~llqQ.9 . __ 

_ .. __ . ____ ~ 1 • .§.."!.8_~ E:t..Q.Q __ _ 

_________ ~Q.,.,!.5.~~.~±_QQ... ___ ._ ______ ~~2~.LO~0~OO~ ______ __ ._ ... .1.-*-9_9.00 

-2.69897E+OO 1.0000 ._ .-.l ... OOOQ .. __ . 

._~? .... 2.Ql 03E+00 ~.QQ .. ____ 2.J)Q9Q .. _ 

- 6. OOOOOE+O-"O_-,--_ __.! ...... Q.QQO :t.. 0000-

- 6. OOOOOE+OO ._-_ .. _ .... _---------- ._. __ . __ ._--'---

... ____ -2. 6~~_?:I~_<?_~ ____ . __ _ 
-6.00000E+OO 

.. -- - -- ---- ------.-----------------

___ .~_~O()() __ . 

_. _. __ .L Q.QOO .. __ . __ 1.00()O 

-3.39794E+OO 

-17. 009.~~i_~ .. _____ ._ 
-5.30103E+00 ._-_ .. _---- -" 

. __ -~ ~5 0~1 E+.OO 

-3.69897E+OO --_._._---------------

-8.00000E+00 
-----------_. __ .. ---- -----------

.. ?_~~5~~. __ ~~!.54~~:_2~!~~!~. __ .!+...!?~!9 __ .~~": ?9?7 

_____ . ___ .. !.2 •. ~.~89 33.5819 -.?2~g_~_~_;E.OI6() .. _~~~~3~5 

8.4137 ~.60~~~?~.!.~~0.~ 4 •. ?6:9~ .. _ ?8.6888 

.. __ . __ . __ ._~_~:.~4_~_~29 .81 04 -8~_!~~.~._!.~ ~_~.?~~.~~??~ 

.... _-_ .. _ .. - -- .. _._--'--------

8.7237 83.1178 -59.6935 18.5778 
----------- .~~~39? __ 

8.6650 18.9139 -52.5632 15.8252 61.0450 -_ .. _------- .-.-.--.-----------~---.---- .. -

8.8147 41.1290 -35.3099 8.9970 66.0917 7.2.1 

C) ~ 

~. 0000 

2.0000 _. __ ._: _______ ... _.________ _ ____ . ..-!§()Q.9.L. __ 

2.000() 

2. 0000 ~. oooe 

3.0000 1~OOOO 

. ____ ...!. OO~ __ _ 

~.OOOO 

1.0000 

1.00(}O_ 

1.0000 

1 ~OO()O 

o 

.. tI? 

H20 

.OM 

__ .CQ2 

CO 

N2 

I\KJ 

02 

. __ tl2S 

S2 

502: 

S03 

H 

c 

N 

AR 

o 

S 

7.2.2 



o 

HZ • 11<.3 76:.8E,...02 

H20 • 73096864E-01 

OH .23763386E-02 

CO2 • 151668.':·0 E 00 

CO .12786094E-01 

N2 .73562~02E 00 

NO • 29623556E-02 

02 .92 i 14445 E-02 

H2$ • 176413~3£-08 
.--_._-_... ---

S2 .20187753E-10 

• 17414138E-02 _ ....•. -- .... --.-.. ---.... 

.50231170 E-06 

SAJiIPLE. ~B.J..DI_ ~~.~ 

. ANSWERS 

-.-.-------~-

---.. ------.-----.. ----- ----_.-
S02 

S03 

H 

.. .. - .----.-------.. ---... -.------ -------.- .. _--------_._ . 

.2L.336940E.,..13 

o 

--_._-_ ...... -.-------_ .. ,.- --_. ,,-' 

C .32117.617£-16 
.~---.------.--.-.--.--.. -.. -- ----.. --

N .17737053E-07 

AR 

o 

• 88019261 E-02 

.34069531E,...03 
•.... __ ._----

S .58250858£-07 

A= .30561900E 00 

T=, .22448700E 0 L; 

---- - ------ -------------

-- - - .. -- "-- -_."",._---'._---_._ .. __ .. 

STOP 0000 ----------------_._---_.-. 

.. ~.-.----.--------- .--- .•.. _. - -._-_. ----", .. 

'" 
7.2.) 

o 

SOURCE PBOGlWI LISTIlfGS 
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_P~GRA!!_!-):S:T~~ _ .. __ 

.. ~~~l!!iQ.DYNAMIC FUNCTIONS .------------------------

2601iJ00~9R£ -
PDQ FORTRAN C2 
START 

-6600 READ 30, T 

-6624 5 READ 10. A,B.CC,O,_~ .. F!._~D 

-6720 .. __ B=B'-1~0.'. **~~. __ .. _______ .. _________________ . _____ _ 

-6768 ce=ccl 10'. **6. 

-6816 D=DI 10'. **9 • 

-6864 . ~~_~~~~~9~~_~~~5_!_) __________ . ___ . _____ . __________ . ______ _ 
-6900 C=A+B*T+CC*T**2~+D*T**~. 

--- - ---- ... "- .. -_ ... _---- - ----"---" 

-7068 H= ( (A *T +;. 5*B*T**2,.+cc*r**3./3. +'. 25*O*T**4. ) 110'. **3. )+ E 
. - .... - --- - ---- ._ ...•..• ---.-------.-----. -.----

-7428 S=2.302585*A*X+B*T+.5*CC*T**2-.+0*T**3./3.+F 
," .• --------.-.---.--.-----.~--

- -
-7704 . RE~~ __ 10 L'!:_~'-~8~~~C ~~D, EE 

-7776 .BB=B6/10'. **3~ 

-7824 . C~~~~C9 ~!'~_~~~~ 
-7872 DO=00/10,. **9'. 

-7920 HH=A~:~~!+.~~~*T**_2.+DO*T**3.+(EE/(T*10.**-3.» 

.,~81~_. _____ ~~~J~~)*~ _________ _ --------
-8208 

-8292 

-834fIJ 

-8388 

-8436 

-8724 

-8760 

-8844 

-8852 

READ .10~ AAA,B~~,~.!<~O_~,EEE,FF 

BBB=BBB/10.**3. 

~K~~KI T~~ **~~~ _______ . _____ . _______ . __________ . __________ _ 

DOD=00D/10-. **9. 

CEe F=AAA*X+BBB*T+CK*T**2 .+DDD*T**3.+EEE+( FF / (T* 10. **-3.» 

ID=[O+400 

PUNCH 20, C,H,HH,CECF,S~ID 

GO TO 5 

10 FORMAT (4F8.5, F9. 5 p F8. 5, 5X, f2) 7.3.1 

~-

o c 

-8912 

-8966 

20 FORMAT (5F9.4,30X,15) 

30 FORMAT (F8.i)-

-8988 

19999 SIN 

19989 SINF 

19979 COS 

19969 COSF 

19959 EXP 

19949 EXPF 

19939 LOG 

19929 LOGF 

19919 SQRT 

19909 SQRTF 

19899 ASS-

19889 ABSF 

19879 DRH 

19869 DRHF 

19859 ATAN 

19849 ATANF _ .. -._----_._-

19839 lfiJ30 

19829 T 

END 

-_ .... _--_._--
19819 1005 

19809 0010 

19799 A 

19789 B 

19779 CC 

19769 D 

19759 E 

19749 F 

19739 10 

19729 5210000000 

19719 5130000001 

T9.7.09. ~~.0 __ . _ ... _. 

---.--.----.~-•.. -. -- - - --_ .. _---_. ~.-.-- ----- .. -- ---

--- _ .. -- -~-- -.. _. __ .. _--------_._-- --------

--- --... -----'--- ----" '-'-'-- ---_ .. _----

-_._-_._- - .. _- - -- ~----.-.-----.-.. --

------~-------------. 

-------- .. - -.~.-----.. -----------------------

.. - ._---------,--_._--------------

7.3.2 

o 



) ,~ 

o 
19699 5160000000 . 

19689 5190000000 

1~_~7~ __ X ______ .. _____ . 

19669 5043429400 

19659 c 
19649 5120000000 

19639 001 

19629 002 

1'9619 H 

19609 5050000000 

19599 003 

19589 004 

19579 005 

__ .}9569~~~5~~~000 

1~~~._!0~ __ 
J 954~ ~_!. ~~~000 __ . ____ _ 

1953~. ~~7 _ 

J 9 5.?9_~~!!. ______ . __ .. ________ ._ 

19519 S - .-- .--_ •... _---

.19?09 ~ '.230258?~ _____ .. 

___ ~J.~99. ~ __ ... ____ . 

_. J..9~~9_ BB 

}~4!~~_~_C._ 

~ 

-----------

... ," .- ....• -- .~ ... _.'._-----_. ------------------

-----"--------_.-._--_ ..... _-----

--- -----------------.-----

20 
__ . ____ .J94~. _______________________________________ 19 

J~~?9 EE 
18 

... ______ . _____ ._. __ . _________ 17 
_ 16 

19449 _H_f:l .. __________ . _____ .. ____ ._ .. _._ .... ____________________ ._. ___ . ______ ._._.15 

194395110000000 13 

o 
1'9369 ClCF 

1'9359 0400 

19349 0020 
. . ' - --- ._- ._. -.--- .. -- ._-_ .... -._---_._-------------

LOAD SUBROUT1NES 

260000800009115 

_._- ,"--_._-- ---_.... --_._--------_ ... _--_ ... _-----_.--

-.----.--.---~- - •. __ .. _--_._-_. -----

----------_. ------------------

----- ._---------

- -_._--- ---_.-,"-- ._----

------------_._--_ .. _---------'----

--- -- .. _- - -' - --------------

. ---------------------

--~-----~-'--'-'----'--'--"- -- ---.. ----.----~----.-.-----.---.. --- 12 --_ ...• ", -_.- ---- . 

19429 AAA 

19419 BBB 

19409 CK 

19399.000 

19389 EEE - - ----------- ---------------------------

19379 FF 

. -- ._"----_._----_ •. __ ._-

7.3.3 

Ie 

, 
.. _____ . _____ ... 0"_- _._0 ... _____________ ._._ 

7.3.1, 



PROGRAM USTING 

COMBUSTION PROCESS I 
... ' - - .. -.----

PDQ FORTRAN C2 

START 

-6600 c 
-6600 C 

-660.0 C 

-6600 

-6600. 

-6636 _._._ .... - ... _ .. 

-6672 

-6684 

COMBUSTION PROCESS 

PROGRAMMED FOR RESEARCH DEPARTMENT 

_O~To.~BE~~ __ 1.9.61~ __ ._. __ . __ ._ . _________ _ 

D H1EN:S JON X (~,23), Y(10, 23), B( 1), P{ 1). T(1) .?(8) .~(~t._Q (20) 

~EAD 60,N,M 

M=M+13 

Df} 99 1=1,9 

Z(l )=0. 

-6720 ___ .. ___ ..E.(}_~ __ J=!~_2~ ______ .. 

-6732 99. _~ i f_.!_~ t=~ ._ 
-6876 DO 30 !_:.~! !~ ______ . 
_~_~?_~? __________ ~_~~=..!_~!3 ___________ ~ ____ ... 

___ ~~~(3~ _____ ._.~0_.!(!.,_~!X~~ • _________ .. __ . __ ._ .... ______ ._. __ . _______ _ 
____ ~1~~~ . ____ ~~ 402!_~tU!lJ I}, Tf 11 __________ _ 

_____ -}0~'!:. DO 4f/J~_J_~..!~_~ ________ .... ______ --

_______ ._-= U~~ ___ ~00 ~EAD ~?.L~ (8, __ 1 L ____________________ . ____________ _ 
_ ~1.~.12 . ~~I~~~ ._I __ =-]~f_~~ ______ . ____ . __ .. __ _ 

-786Lf 

-7876 

-8056 

·-8068 

-82It8 

-8260 

-8404 

-3584 

-8668 

-8704 

-8752 

-8800 

-8812 

-8824 

-8836 

-9340 

-9408 

DO 4g1} J=l,N 

404 X{8,f)=EXP«X(8,1)/.434294» 

DO h05 f=14,H -- ... ---. -"-" --.-.- .. __ .. _-.. ----_._--_._---•. -
405 X(8,J)=EXP«X(8,1)/.434294» 

00 131=1,20 

X(9,22}=X(9,22)+X(8,t)*X(1,1) 
- .-.... -----.. -. - .--------_ .. _----, "--.. " ------ •... -.-.. _ .. _ •.. _----- .. _-------

X(9,t)=X(8,J)*X(9,1) 

X(9,21)=X(9,21}+X(9,1) 

13 CONTfNUE 

X(9,22)=T(1}*X{9,22)/1000. 
- -

X(9,21)=(-1.}*X(9,21} 

K=l 

l=N 

20' DO 14 I=K,L 

14 READ· 600 , Y ( 1 , I ) , V (2,1 ) , Y (3 , t) .. y (4, I ) , V ( 5 ,I ) , Y (6, I ) , V (7 , I ) .. Q ( 1 ) 
".-. - ... __ .. _--_.-:------:------:-_ .. _.-:--" .. _-----------

IF (L-N) l5,17,15 -_._ ... _---_. __ .. _--

17 K=}Lf 

c-9420 l=M - .. -.--------... --------~------. 

-94~2 GO TO 20 
... " ------- --- -

-9440 15 00 16 l=t,7 

-9452 DO l6 J=1,20 
.. _. - - .-. _. __ ._ .. _--_._-_._-_._--_._._._------------

-9464 X{r,J}=X{8,J)*V(I,J) 
.. --.... ------------ ----.--- -.------.. -~--. 

-9668 16 X ~ .. ,_~l}:.~( 1,~l}!..~il_,.~ _____ ._ .. ________________ . ________ _ 

:~ _____ . ___ -722~ ___ ~~?_ READ 402,X(8, t) . __________ ~~ ______ -9884 _____ D~_~_ f=l,7 .. __ . __________ . ___ .. ______ _ 

.,' -:?3.}2 __ ~=-_! ___ . __ ._ __ . ___ :~ -9896 18 X(I,21)=X(I_~2_1_~~~~~1. ____________ . ____ . ______ .. ___ _ 

Hi _=1~~!J: 

-:-P?6 
-7368 

-7656 

-772lf 

-7736 

-7748 

-7756 

c 

L=N 
H

I' -------_._-. --_._._---- .-.--... 

8_.~~_~._L =:..K, L_ _ __ . ____ . ____________ . ____ . _. ____ . ____ . ___ . ______ .. _~ 1, 

9 READ 100,)(1,J},X(9,1~,Y(9,1}._'_~(~!'~J) 

IF (L-N) 10,11,10 

11 K=14 

L=M 

GO TO 8 

10 READ 100,O(1),0(2),0{3),O(4),0(5J,O(6},O(7),0(B) 7~3.S 
" .. -._ .... _- --- ._-_ ... _._ ... _---_ .. _---_._._--

n 
10 

9 

----.- .. -.- 4 

c 

J0028 

J0040 

J0148 

J0184 

DO 19 (=1,10 
. -- ---_._-- --_ .... -

_~9._!l~.!.!_~_=~~ ____________________ . __ ._ 
M=M-13 

DO 41 J=l,n 

J0l96 Y(10,J)=-Y(10,J)+(LOG(X{8,J»*.434294) 
-- .. . -------.- .-------. - ._----- ~ -_._ .. _-_ .. -----:----_._--.. _._-_._----------

J0388 DO 41 1=I,M 
---- --" - .. --.... -.---- . ----_._------. 

J0400 41 Y( 10 ,J)=Y( 10 ,J)-V( I ,J)*{LOG(X(8 ,1+ 13})* .434294) ----_ .. __ .. - ... _- - --_ ..• _----
~~Z4~ ___ C ___ SUM .~'(D ________ _ ~--

c 



o o 
J0748 SUMP=0. 

J0760 V=0. 

J0772 _____ . ____ .~~._5_1 I.=_~ ,~~ 

J0784 V=V+ABS(Y(10,1» 
- ..... . 

J0868 51 SUMP=SUMP+X (8, I) 

J0988 DO 74 I=L!.t.:1_._. ___ _ 

J1000 74 Z{I)=LOG(B(1)*0(1)/«-1.)*X(1,21»)*.434294 

J1228 Z(8)=LOG{B( 1 )*O(~UJ (~~.~ )*X(9, 2 ~ ~H~~~?_4294 

Z(9)=LOG(P(1)/SUMP)*.434294 J1348 

J1408 

J1420 

J1588 

J1624 

J1684 

J1696 

J1732 

J1744 

JH56 

J1852 

J1920 

"".- -_. __ ._-- ._-- ... _ .•. _- - ---------- --..... --.. ----_. ---.----
DO S0 l=l,M 

50_ Xi~ !_~?1= (-1. )*X (1,21 )*Z( I) 

. __ ~~_!_~3 )_=.~U~!*Z(:..-.9~) __ _ 

X ( 9 , 23) = (- 1 • ):~_~~!3 _11_*_Z{~)_ . 

L=M 

M=M+13 

E=V 

--- •. --- ... _-_. ---.-.... _-------- .---"-----------~--

~9_ 831.=!!_9 

83 E=E+ABS{Z(I» . __ ._-----_ ... _--_ ... _-_. 
_~. U~_:_~_~~l_~J ._3~~~200 ,_~_! ___ . _____ . 

_200 D~_ ~~_I =:.1_~_~ ____ ... ______ . __ . __ . __ ._ 

~ 1 ~3.2. _____ ~1_0_.!Yp~~.2,Qe I) ,Xe8, I) ---- ._ .. __ .. _-----
J2076 . DO }~01=1~~ ________________ _ 

- -------.--- -----~---.. ----

J?0B~ . __ 310 .. T'(~~ __ ?~_2.,_ Q Jll..~~J~_J.J_. _______ . __ _ 

o 
J2630 205 FORMAT (//2HA=,E14.8/ ,2HT=,E1 L}.3) 

J2694 

19999 SIN 

19989 SINF 

19979 COS 

19969 COSF 

19959 EXP 

19949 EXPF 

19939 LOG 

19929 lOGF 

19919 SQRT 

19909 SQRTF 

19899 ABS 

19889 ABSF 

19879 ORH 

19869 ORHF 

19859 ATAN 

19849 ATANF 

19839 X 

17769 y 

END 

17779 

15479 

15469 B 15469 
---_ .. "._-". . ... -.... -- ._-----

15459 P 15459 
-- -.".-." - - - -----._--_._-

15449 T 15449 
__._.'.M _____ " __ 

... ------. --- _.- ..• _--

-- -------_." --- -

_ ~~232___ _ __ !,!!,~_~05 ,.~-.l1_~J:~ __ ... __ . _____ .. ____ _ : 15439 0 15369 
•• ---- JI> ---------- .-._-----.--.--------------.-----------

.. __ . ____ .. _. _ _ ______ 17 J2268 STOP -- --- .. -~-.--. --... 
16 

J2280 2.91 TYPE 212 . __ . .. _.--_. __ . _ .... ___ ... ____ . _______ . _ .. _._____ 1~ 

~ J2292 212 FO~~! 1L~~~PUS~ESE~~A~_ COM~U.~T~_P~OE. 2.) 17 

III c-) J2390 

() 0 J2402 60 FORMAT (l3~ I~) 

:; ~ ~:::: - ~--~:: :~~~~' ~~;;:~:;X,A4)------·~---·------~·---· 
.P~'" .. . . -~ -....... - ... - .'.-._-- .. -'.-. .- ------.. -.. - - .. ----.. -. 
~ -0 J2526 100 FORMAT (8F9.4j -o C---~~~~----'20;·;;RMAT ClA~3H ,E14.8) 
i~ --i .. -- .. --.-.--------.------ .. -
Om 
G);tJ 

STOP 

7.).7 

I" 
8 

-< 

15359 Z 

15269 Q 

15069 0060 

15059 N 

15049 M 

15039 0013 -_ .. _-_._ .. _-
15029 000 

15019 0099 

15009 

15279 

15079 .------- ... ------- ----.---

--- ... --- -_._--------------------------

7.3.8 ----------------------_ .. _-_._--



1 L~993 0000000000 

1LI929 J 

1 L:·979 0030 

14969 0402 

1L:959 0J~00 

1'-f9i{·9 01:03 

1Lr939 K 

14929 0001 

14919 L 

14909 0008 

14399 0009 

14889 0100 

14879 '0010 

14869 0011 

14859 001ij 

._________ ----_ .• _-------_. ___ ._0 _____ .. _--_ .• _--

- --.'---- .. -. - ---_. -- ... - - •.. __ .. _--_. 

-_. __ ._-_ .. _-.- --- - -.-------

1h669 0051 

1 i l·659 007!:· 

1 '-:.61:.9 '003 

lh639 0050 

11;629 E 

1'-r619 008' 

14609 4815000000 

1L:·599 0200 

1458S 0201 

14579 0210 

14569 6202 

14559 B310 

lh549 0205 

14539 0212 

14849 0404 LOAD SUBROUTINES 
- •.. -._--_ .. _-_._-_._----- ---- .. _-------_ .. - .. _--------------

___ • __ • ___ 0 __ •• __ ••• ____ ~._._. ___ •••• __ • __ • __________ •• _________ _ 

148 9 50431,.29400 PDQ FIXED FMT SUBROUTNS 11/63 

14829 001 PROCESSING COMPLETE 

14819 0405 

14809 0013 
--_ .. - .. -----_._- -_ ... -----------

14799 5Lf 10000000 . - - - ---_._- .. _,--_._.".".- --.... _ ... ----". __ . __ .• _-".- .. ------.- ---_._ ... _---_ .. -_ .•.. _-
14789 5110000000 

1Lf779 0020 
.---- --'-" ---. --.-. - _ .... __ . _ .. ---"----_ .... _-1L,

'
769 0014 - .------.-- ----- 2(' 

..•..• ___ .. _ ..... _. __ • ____ • ____________________ .___ IV 

14759 ~600 w . __ .•... ___ . ___ ....•. __ •. _.. _ .... __ ...•... __ ._ . _. __ .. _ .. _ 17 

jL!.7 Lf90015 I! 

J!~]}9 ~~]1_. __ 

14729 0016 

147'9 0018 

14709 0019 

14699 ~041 

14689 SUMP 

14679 V 

o 

7.3.9 

II 

10 

{J 

-. --- -" --.-- '-' -.~-.. -- .. -""'- ._----- -.-.....•. --.--- ....•. _._.- _.-. --

. ____________ ... ________ . __ .__ ___________ _ __ . __ } .3o!O __ _ 

o 



,; 

I, 

15 

J0 

o 

260000800009R5 

PDQ FORTRAN C2 

START 

PROG~ .LJ:~T:[:N(} 

CO~~~TION. PllocES!, :r! ... 

-6600 C SECOND PART OF COMBUSTION PROGRAM 
--" ... _ •... - ---.-- .. ". _. --'--'._-' ----

-6600 C NOVEMBER 6, 1964 
...•.... -----_ .. - - .•. _--------_._-------

o 

-6600 DIMENSION X(9,23),Y(10,23),A(1),C{1),T(1),R{9,10),P(20),V(9) 
." - - _" ____ • ___ • ___ • ___ • ___ -0 _____ --------...... - .............. - ....... 

-6600 READ 200,N,M 

-6636 C MULTIPLY X MATRIX BY Y MATRIX 
." .. _- --_ ..•. --_._--- ._--_ .• ------_._---

-6636 DO 22 1=1,9 
- ----- - .•.. -- .. ' 

-6648 _._D~,~~_~:~_~_'! _________ . 
-6660 R{ I ,K)=0'. ---_ .. ----_ .. _--_. __ .• 
-6732 DO 22 J=1,23 

•. _- - -- .. >- ---_._-_._---_ ...• 

-6744 22 R(I,K)-R{I,K)+X(I,J)*Y{K,J) 
-_.---_._ ... ::---------_.- ------------'----

-7140 DO 23 1=1,20 
- -_ ... "--"---_._---._-

-7152 23 P(J)=X(8,1) 

-7284 ______ . __ ._.~~~~~~~_ .. _______ . __ 
-7296 DO 99 J=1,23 

.. _--------_ .. ------

-73f/J8 99 X(I,J)=0~ 
..... - - ... - .. - .. ----:-.--.-:-. 20 

-7452 C GENERATE N MATRIX 19 
--.--.-.-----.-.... -.-.--.------... 18 

-7452 DO 3 1=1,9 17 
. - .. -. .----" .. - Ie 

-7464 3 XCI, l)=R(I, 1) 1, 
_ ---- .. -------;;:'.-------- lA 

-7572 DO 4 J=2, ff/J 1: 
••.•. - ...... -.------ _ J~ 

-7584 4 X(l,J)=R(l,J)/X(l,l) 
- .. - .... -. _ .. - .... :;:---.- -.-- . .::: .... - ... - .. ---..... Ie 

-7752 DO 5 1=2,9 

-7764 .? .~5~!1~~_t~!_~_t~~2!~~~L __ . __ .. __ 
- - - -

-7932 DO 55J=3, 10 
.. - - "." --"'---' 

-7944 55 X(2,J)~(R(2,J)-X(1,J)*X(2,1»/X(2,2) 

-8196 - . __ ._-------"-- DO 44. 1=2,9 .. -'l. .. 3.11 

o 

-8208 IK=I-1 

-8244 DO 33 J=!~~. 

-8256 X(J,~J=~.(~!_~} ___ .. _. ______________ ._. __ ._ .. _______ . ___ _ 
- -

-8400 DO 33 K=l, IK 

-8412 33 X(J,I)=X{J,I)-X(K,I)*X{J,K) 

-8784 . _! F (X{ I, I) 5. ~4,5~;~.~_ .. _._. ___ ._ .. _ 

-8900 56 XCI,I)=l·. 
. -- -- --

-8972 34 1M=1+1 

-9f/J08 _~~?~~J!!~~ ___ . ____ .. __ _ 
-9f/J20 X{I,J)=R{I,J)/X(I,I) 

- -
-9236 DO 35 K=l, IK 

-9248 -- - - _ .• ~~ __ X( 1 .... ~l~~J.. .. ~! __ ~J_~!~~~~~~}tX{~. 
-9692 44 CONTINUE - - - -

"- - •.... _-_._-------_.-

-9728 C COMPUTE DELTA LOG T AND DELTA LOG Pl4-P20 
----

-9728 V(1)=X(9~1.) • 
.. -.. - .... ·_-----.. --·-··--------·-~-7 .,.. .. --------~-'------'""---

-974f/J DO 6 J=2~_~ _________ _ 

-9752 K=10-J 

-9788 L=J-1 

-9824 V(J~~~(K~l.~l ____ . __ .. _ ... _____ .. 
-9896 DO 6 l=l,L 

-9908 IM=10-1 
--~-.---.... -.----.--------.--

__ ._ -:2~~_~_ .. __ ~_ V{ Jt=:~~~-=~J.K, IM)*_V_(_I) __ _ 
J0208 C COMPUTE DELTA LOG P(I) AND STORE IN ROW 9 OF X-MATRIX 

-- .. ---------------_ ... _-_ .. _----------------------_._--- .. _-----

J0208 DO __ '_0_J_=_1~,2_0 ____________________________________ __ 

______ ~_~~!' ____ . __ X~2.~~)=:'YJ.2~J.>.~_~(~!:_~{!!,~ __ ._. ___ . __________ . ____ . __ . __ . 
- -

______ ~_~.~~_ DO 10 1=1,7 

J0424 K=10-1 
. -----------_.---- _._._ .. _--_ .. _----------. 

J046f/J 10 X(9 ,J)=X (9, J)"!"y(!!.~)*v<.~t. 
- - -

J0760 C COMPUTE DELTA LOG P(N+1) STORE IN ROW 9 OF Y-MATRIX 
-----_ .. _-----

J.760 L=M .-------- ...... _--- ... -... ---- ~.- .. - ----~ -------------
J0772 M=M+13 

_____ ~~!J08 __ .. ___ ~()_l_'_I_~~.N 

J0820 11 Y(9,1)=LOG(P{I»*.434294+X(9,1) 7 .3.12 



- --- '---'--- ----. --.---------- -------.. -

J1024 DO 12 1=14,M 

J1036 12 Y{9,1)=LOG{P(I»*.434294+X(9,1) 
- -

COMPUTE DELTA LOG A(N+l),T(N+l) J1240 C 

J1240 
-- -- ------------------- ----------------- -------- --------

A{I)=LOG{A(I»*.434294+V(2) 

J1288 T{I)=LOG(T(I»*:434294+V(I) 

J1336 T( 1)=EXP(T( 1)/.434294) 

J1384 A{I)=EXP{A(I)/~434294) 

J1432 

J1456 

J1468 

J1516 

J1528 

J1588 

PU NCH 102, T ( 1 ) 

Ll=101 

PUNCH 200,N,L,LL 

LL=201 

PUNCH 100,A(I),C{I),T{I),LL 

DO 7 1=1, N 

J1600 LL=300+1 

J1636 7 PUNCH 101,Y(9,I),LL 
. -_.' - - .. --- ._. - .. - -

DO 8 1=14,M 

LL=300+1 

8 PUNCH 101,Y{9,I),LL 

.- -_._----,--- -----

... - -------------~---.-

J1756 

J1768 

J1804 

J1924 

J1936 

J1976 

J2020 

J2054 

J2076 

19999 SIN 

------------- ---------------------
STOP 

200 FORMAT (13,12,71X,14) 

100 FORMAT (3E14.6,34X,14) 
,-------

101 FORMAT (EI4,.6,62X, '4) -

102 FORMAT (F8.i) 

END 

19989 SINF 

-----------_. --.-- ---

19979 COS 

19969 COSF 

19959 EXP 

-- - ----- ----------------------------------------------

19949 EXPF 

19939 LOG 
---_. - ... ---- --- - '----_._--

19929 LOGF 

1991_9_~Q~!-------- ____________________ _ _ 7.~.3~13 

o ~ 

19909 SQRTF 

19899 ABS 

19889 ABSF 

19879 DRH 

19869 DRHF 

19859ATAN 

19849 ATANF 

19839 X 

17769 Y 

15469 A 

15459 C 

15449 T 

15439 R 

14539 P 

14339 V 

14249 0200 

14239 N 

14229 M 

14219 0022 

14209 I 

14199 K 

17779 

15479 

15469 

15459 

15449 
- -

14549 

14349 

14259 

14189 0000000000 

14179 J 

14169 000 -_._--_._--_._---_ .. _- .--

14159 0023 

14149_0099 

14 ~39~~03 

14129 0004 

14119 0005 

14109 0055 

14099 001 

____ lLt'l~~ _0.~~4 
14079 IK 

~-~--

,'_._---------_ ..• __ .. _ .. - --_.- -

---- ----------

---------_._.- --,- ._- -.- ... _ .. _ .... _-- --.-----

- -.---~ ... -.. ---~--~- .. --" .. - ... ----- "'--'--". -. ---... --

____________________________ -______________ --.hhlM. ____ _ 

o 



o 
'!4069~~0j___ _____ _ _~ __ 

1!f059 003.3 

__ c __ J:~49_ 0034 

14039 1856 
- --_.'- .... -

o 
, ... ;. .. 

.... .;~ . 

14029 5110000000 

14019 1M 
- ------ ---- --------------------------------

._.' ... -.-.- .-. -, 

14009 0035 

13999 0006 

13989 0010 
.-._ .. _-_._ .. ,.- ~-.---'''-
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TABLE II 

Coefficients and Constants tor Cp' Rr, and Sf Equations 

Te!p.O( 0<. f1x ]03 "¥ x ]06 ~ x ]09 c . k 

.lrgon 
4.968lD 8.67690 300-900 0.00000 0.00000 0.00000 0.00000 

9OO-lSOO k.96810 0.00000 0.00000 0.00000 0.00000 8.67698 
l.5OO-2Soo 4.968]0 0.00000 0.00000 0.00000 0.00000 8.67698 
2!OO-3Soo 4.968]0 0.00000 0.00000 0.00000 0.00000 8.67701 

:/ Br .(g8S) 
4.97787 - 0.16179 26.55610 13.L.5lD2 300-900 - O.OlllO 0.31111 

9OO-J!OO 5.06468 - o.6758S 1.02643 -0.;0833 26.,6008 l.3.128n 
l5oo-2500 3.94566 1.6b~7 - 0.58561 0.06731 26.96793 19. 22b29 
2500-3500 No data presently available 

0\ . • 
,Br2 (gas) 

300-900 7.562.38 5.23254 - 6.79762 3.05556 7.56818 14.27127 
9OO-l5OO 8.32286 1.46984 - 1.05952 0.27778 7.46947 lD.83361 

l5oo-25oo 8.08510 1 • .38077 - 0.63636 0.10490 7.66888 l2.43490 
2S00-3SOo No data_ presently available 

C (graphite) 
-1.37805 14.37016 -10.56905 5.38493 nl-9CO 2.72222 92.03903 

9OO-ISoo 1.78343 5.76758 - 3.01310 0.61111 91.lB77S -JD.92577 
1500-2Soo .3.69097 2.()()oo2 - 0.55082 0.05206 90.4.3503 -21.45576 
2500-3Soo 5.26020 0.4566S - 0.01772 -0.00505 89.30364 -31.09357 

C (gas) 
5.o1h46 - 0.1726) 300-900 0.22869 -0.10278 261.99066 9.23312 

900-1500 4. 94Lol 0.08499 - 0.09298 0.03333 262.00556 9.57770 
l5OO-2Soo 5.15597 - 0.28602 0.l2290 -0.00845 261.91504 8.38824 

·2SOO-3SOO 5.24324 - 0.43913 0.20430 -0.02211 261.88475 7.90497 
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'tABLE n (continued) 

Temp.% •. <X 1:5 x 103 :f' x 106 b x 109 c k 

N02 (gas) 
6.07017 10.18474 - 2.27786 -1.h3611 11.76362 19.83972 

300-900 
9OO-J500 6.43739 11.25150 - 6.39881 1.33056 11.5480, 17.37746 

l5OO.2500 10.10326 3.64331 - 1.35869 0.17694 10.17349 - 2.69188 

2:500-3500 12.06415 - 1.35745 • 0.30247 0.02667 9.006lD .14-.33726 

o (gas) 
300-900 5.821&47 - Z.93332 3.68702 _ -1.60000 S9.976.30 6.00725 

900-1500 5.18254 - 0.35423 0.21798 -0.04722 ,60.09763 9.08008 

1500-2500 5.01322 - 0.01167 - 0.01484 0.00591 60.16089 10.00671 

2!OO-3500 5.15709 - 0.17073 0.04354 -0.00120 60.06363 9.13323 

02 (gas) 
6.66954 - 0.97686 6.00619 -3.63056 2.0S967 9.92168 

'0 

300-900 
• 

900-1500 5.64527 4.87180 - 2.79198 0.61667 2.23511 15.S1879 

l5oO-2500 7.61206 0.9hL07 - 0.16012 0.02108 1.48991 4.72934 

2SOO-3500 7.82021 0.S8387 0.03146 -0.01127 1.41325 3.57lO6 

(II (gas) 
300-900- 1.S8972, - 2.19358 2.50464 -o.5fb67 h3.90119 1.19689 

900-3500 7.20029 - 1~33427 2.02286 -0.558.33 1&4.01996 3. 26S69 

lSOO-2500 5.38982 -, 2.43528 - 0.6ro41 0.05829 44.67687 13.12034 

2500-3500 5.89037 1.68039 - 0.40655 0.03351 h4.33976 10.08323 

8 (gas) 
- i.11469 300-900 6.0]259 - 0.39298 0.65833 164.700ho 6.17447 

-900-J500 S.~721 • 1.3992.3 0.77048 -0.14167 164.75922 6.87100 

J500-2500 5.71.818 - 0.94930 0.41903 ..().0'l3J 164.81700 7.8722) 

2500-3500 S.20717 - 0.37068 0.20042 -0.02314 165. 1563S 10.96340 

82 (gas) 
XlO-900 5.70207 . 9.8,685 .1l.24S9' 4.$69~ 228. 792h8 19.54349 
9QO .. l!)oo 7.77137 2.00324 - 1.20259 0.26389 228.37663 9.,1470 

1500-2500 8.48089 0.53176 - 0.176)5 0.02345 228.11776 S.64902 

2~-3500 6.72567 0.21443 - 0.03888 0.00355 227.97571 4.20115 

.---~ .... 7.6.4 
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50'2 (gas) 
5.95304 300-900 

900-l5Oo 7.92009 
l5oo-25oo 1l.lO546 
2500-3500 12.59610 

S03 (ga.s) 
4.53177 300-900 

900-1500 9.87962 
1500 .. 2500 15.23516 
2500-3500 17.71931 

c ..... 

TABLE II (continued) 

.;.8 :xlP.~_ 
I 

14.68612 
9.42242 
2.92319 
1.01911 

33.15342 
15.56309 
4.60266 
1.43245 

);' 6 , x 10 

- 9.71143 
- 5.So3S7 
- 1.03367 
- 0.21895 

-28 0 72571 -
- 9.25952 
- 1.71284 
- O.35P{21 

~ 
\./ 

S x ]fJ9 c 

2.04722 30.81721 
1.16944 .30.29440 
0.13607 29.U6.30 
0.01941 28.23600 

9.21944 9.10707 
1.97222 7.87669 
0.22566 5.89454 

0.0)160 4.h2565 

k 

21.41043 
1l.23559 

- 6.13302 
-14.97.395 

26.83475 
0.16531 

-29.08528 
-43.82149 

b 
• 
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!ABLE UI 

Coefficients and Constanta tor - /.) B/R'l Equa.tioDS 

temp.OK • b x]03 ox ]06 d x 109 • 
Br2 (,aa) 

1.20!a3S - 1.32211 ~·1.08S93 -o.~612 22.9lBOO .' 3Xl-900 ... ~'-'-' 

900-~ O.9090S - 0.70996 o.S2206 ..o.U2S2 22.91167' 
1500-2500 -o.097S1 0.~79J,o -0.08971 0.00374 23.28180 

2500-3Soo • data presentl.T availab:t. 

GO (~) 
~900 1.7298&. O.0lI861 -o.S44S8 0.20821 . 128.9S38k 
900-~ 2.39396 - 1.09122 0.32347 -0.03914 128.80884 

l5OO-2Soo 1.99668 - 0.n194 0.16708 ..o.OlJ&41 128.96790 
2Soo-3SOO 1.49090 - o.h06lJ 0.08099 -o.ooSSO 129.27807 F 

CO2 (au) 
6.0S61O - 6.09715 3.73496 -1.02138 ~-~ 

192.11031 
f00-1SCO 4.39692 - 2.94914 1.0JJa9 -0.15061 192."760 

1SCO-2SOO 2.79290 - 1.3k15O 0.31209 -0.02810 . 193.0S3So 
2S00-3SOO 1.73191 - o.611D2 0.12157 -0.00790 193.687$2 

CQ9 <pal 
'~900 S.91U68 -·6.6S1a01 •• 30416 -1.2ll89 ~.82172 

9OO-l5OO 3. 8720S - 2.7SlaSo 0.99026 -o.l4607 l.6S.24372 

l5OO-2Soo 2.la1861 - 1.26948 O.~,88 ..0.02823 l.6S.7822S 
2Soo-3500 1.33834 - 0.60733 0.12817 -o.OO9laO .' 166.44810 

cst (,.a) 
S.38U7 - S.79611 3.3S11S -0.81596 131.81513 300-900 

9OO-lSoO 3.49011 - 2.6SS28 1.00703· -0.15236 138.24684 
lSOO-2SOO 2.09342 - 1.18320 0.31284 -0.02893 138.74761 
2SOO-3Soo 0.9732, - 0.,1515 o.l34SS -0.01096 139.4S676 

7.6.6 
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rABU: III <continued) 

t!!p.~ • b x]03 ox ]0' cl x lD' • 
:~ <pa) ))0-900 1.807Jao - 0.77231 0.82»> -o."'73S S1.9~ 

900-1SoO 1.l.6Ji5S o.S66SS -o.1a1223 0.01653 S2.oS838 
l5Oo-2Soo 2.07869 - 0.36996 0.01736 0.00218 S1.12101 
2Soo-lSoo 2.olU6o - 0.112760 O.OS39S -0.00361. S1.821aSS 

:1IBr <_>. 
JU.S8918 ))0-900 1.2D11O o.~36 -0.87118 0.28166 

900-1SoO . 2.62092 - 1.3S6S1 o.S5007 -o.o9ltOO 1eJ.2Si&93 
l5Oo-2Soo 1.6b2li.9 ... 0.32578 0.06189 -o.OO6Ia9 1U.60677 
2Soo-JSoo • data pre_ntlT aftilab18 

.. , 

.llto <_> 
3.91280 - O.Wi081 -o.26S32 0.07825 llD.36133 

t: 
~ • 
fOO-lSOO k.OOO8O - O.S2733 -0.22087 0.06779 1lO.33S72 

l!iOO-25OO S.O~' -1.~ 0.28738 -o.02al6 lD9.96629 
2500-lSOO 1&..26326 -1.15897 0.l6912 -0.01037 llD.laS."a.. 

',,--

:¥(-> 
keU» - 0.27850 -1.W29 OJa829~ 87._1 .~ 

900-1500 S.3S91a8 - 2.1aII.7S3 o.6l5U -o.062SS 86.8k728 
l!iOO-2SOO Ja.826S' - 2.,., o.IISTS2 -o.oJalal 87.08322 
.2Soo-3S00 3.033J.k - 0.903l1. o.lSIao -0.01092 aa.l8JU7 

.. 
Jilt (-> . . .300-900 1.28", O.7!i087 -1.00915 0.328Jt8 llJ.32JIDk 

S1OO-1SoO 2.2It043 - 0.81lO9 0.21.8S8 -0.02167 113.llO86 
1500-2500 1.92766 - 0.61SS2 0.12924 -o.olD6S lU.2S067 

. 2500-3SOO 1.31563 - 0.21378 0.01196 0.002l9 . 113.60060 

]10 <pa> 
l.h86la.9 O.S2891 -1.]J667 0.16393 7S.S1lO6 ))0-900 

9OO-1SoO 2.JS86S - l.22m 0.U6~ .-o.oS9hl 7S.3h8la8 
1SoO-2Soo 1.61&012 - O.S2S7h 0.1.lJa46 -0.00981 7S.62922 
2500-3$00 1.1.6897 - 0.213S8 O.022S3 0.00033 7S.89S91 

I 
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TABLE III (continued) 

Temp. OX • b x]03 c x 106 d x 109 • 
B02 (gas) 

S.03724 - 4.0)857 1.61896 -0.221.90 1ll.S1946 300-900 
9OO-l5oo 4.4781&4 - 3.0ll93 1.l4807 -0.17962 Ul.74950 

1500-2500 2.42399 - 1.67920 0.62917 -0.07520 112.52110 
2500-3Soo 1.59110 - 0.7809.$ 0.14004 -0.00434 ll2.99561 

02 (gas) 
2.kOSo2 0.22944 0.05416 S9.32436 »>-900 - 1.23028 

9OO-lSoo 2.37>03 - 1.J.aolt>1 0 • .54244 -0.08946 S9.3S819 
1SOo-25oo 1.21493 - 0.243Qo 0.02188 -0.00117 S9.79684 
2SOO-3SOO 1.2.$498 - 0.23281 0.00933 O.OOlll S9.73753 

(II (pa) ~ • 
~-900 1.61169 - 0.18612 0.19833 -o.l.X)OO Sl.0))79 
~1SOo 1.ba464 ' 0.246S8 -0.))274 0.064)) 51.03237 

1SOo-2Soo 2.31047 - 0.61566 0.09990 -0.006.$9 50.73363 
2Soo-3Soo 2.U>98 - 0.5l.607 O.07SSO -0.00437 50.85433 

~ (pa) 
300-900 3.181.82 - 3.01.093 1.7ShS1 -o.ho920 50.6266$ 
9OO-lSoo 2.03449 - 1.208l2 0.46019 -0.06884 SO.89S01 

1SOo-2500 1.48721 - 0.61149 0.17015 -0.01596 Sl.084l3 
2SOO-3SOO 0.84975 - 0.24048 0.07376 -0.00642 51.496.$3 

8~ (gas) 
"': . 300-900 S.89177 - S.45159 2>..19992 -0.57729 127.73154 

900-1SOO 4.19986 - 2.90101 1.12550 -0.17682 128.14633 
lSoo-2500 2.33444 - 0.98020 0.2)869 -0.02209 128.83220 
2SOO-3500 1.47201 - 0.43.558 0.08495 -0.00;73 129.3477; 

S03 (gas) 
m-900 9.$3787 -10.83005 6.W773 -1.68085 168.836iO 
9OO-l5oO S.62471 - 4.53514 1.79207 ..0.28375 169.66850 

l5oo-2500 2.7790i - 1.hoS70 O • .3So12 -0.03261 170.7SQ80 
2SOO-3500 1.h890 - 0.$8201 0.11545 -0.00742 171.,,359 

7.6.8 



TABLE IV 

Coefficients and Constants tor Log K Equations 

Temp. ex A B x 103; r x]D6 i\ x 109 L M 

Br2 (gas) 
))0-900 -1.20436 0.57418 -0.23581 0.04431 - 2.23727 9.95316 
9OO-l5oo -0.90905 0 .• 30833 -0.11336 0.01629 - 2.97500 '.97647 

l5oo-2SOO 0.09751 -0.20820 0.01948 -0.00054 - 5.72736 lD.1ll16 
2500-3Soo .0 data present~ av~lable 

00 (gas) 
-1.72984 XKl-900 -o.02111 0.11825 -0.0»15 - 1.32418 S6.00394 

900-lSOO -2.39396 0.47391 -0.07024 0.00,67 0.38885 SS.9Lo97 
1500-2500 -1.99666 '0.31180 -0.0)628 0.00210 - 0.71&022 56.01005 ~ 2Soo-3500 -1.49090 0.17638 -o.017S9 0.00080 - 2.27070 S6.11sh7S • 

CO2 (ga8) 
300-900 -6.05670 2.64796 -0.81104 0.lL873 2.33406 83.hJ2hS 
900-lSoO -4.39692 1.28079 -0.22459 0.02180 - 1.88410 83.S7893 

l5oo-25oo -2.79290 0.S8261 -0.06777 0.ooL,07 - 6.39973 8.3.84207 
25oo-3Soo -1.73197 0.29l42 -o.026Lo o.oollh - 9.59841 84.11742 

cos (gae) 
300-900 -5.94368 2.88983 -0.93464 O.175lJh 2.46722 7I.sall7 
9OO-l5oo -3.8120, 1.19627 -o.2l503 0.0211S - 2.80267 71.76h44 

l5oo-25oo -2.41861' 0.5,133 -0.06729 0.00409 - 6.882l) 71.99832 
2500-.3500 -1 • .3363h 0.26.376 -0.02783 0.00136 -10.15361 72.28749 

CS2 (gas) 
-5.38117 2.51722 -0.72782 0.11812 59.85235 m-900 0.979.30 

9OO-l!OO -3.49011 1.15317 -0.21867 0.02206 - 3.93043 60.03984 
l!OO-2Soo .2.09342 0.51386 -0.06793 0.00419 - 7.6.3135 60.2,735 
2500-.3500 -0.9732> 0.22373 -0.02922 0.00159 -1l.2.3680 6o.56S'x) 

1.6.9 
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