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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 
COMMON, 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 COMMON, in connection therewith. 
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Adiabatic Flame Temperature. No Dissociation 

By: 
H.B.Kerr 
Box 21 

o 

Tennessee Polytechni.c Institute 
Cookeville 1 Tennessee 

ModlflcaUons or revisions to this program, as they occur, 
wID be announced in the appropriate Catalog of Programs 
for the IBM Data Processing Systems. If such annOlUlce­
ment indicates a change to the program decks or tapes, a 
complete new program, if needed, should be requested 
from the Program_Distribution Center. 
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DECK KEY 

Source 

Adiabatic Flame 
Temperature - No 
Dissociation with 
S-R 

1620 - 9.3.011 



ABSTRACT 

ADIABATIC FUME TEMPERATURE, NO DISSOCIATION (Card.) 

Direct Inquiries to: H. B. KeIT 
Box 21· 

H. B. KeIT 

Tennessee Polytechnic Institute 
Cookeville, Tennessee 

meSe/Description: This program was designed to compute the adiabatic 
arne temperature for the combustion process using a large amoQ~t of 

excess air (such as in the combustion turbine) where the flame tcmpcraturos 
are low enough (below 3000 'F) so as to have a negligible arnow~t of 
dissociation in the products of combustione. The progr~~ is designed so 
that any hydroca.rbon having aknovm enthaply of forrr.z.t{h Tr:E.y be run, i-:ith 
any amount of excess air. The flame temperature is assuned ino.opendent of 
pressure. 

~ N/A 

RestrlctionsjRange: Program is good for ~y hydrocarbon whose enthaplyof 
1'ormati'tl is knoim. Sufficient excess airnmst be supplied so that cheDi.cal 
dissoci~tion is negligible. 

Storage Reouirements: 20K 

EQuirment Specifications: 
rcqu~reo.. 

MemoIy 2<riC (carel 1620), no special features 

Add; tional Remarks: Progra.'!l written in Fortran 'with format for IB1.l 1620. 
m;~IJl1:'11 mput, i'o~t described in 'Write up. 

, :,_5-'. ;._( .,. 
), .) 

o 

., 
/ 

OJ. 

o 

IB:IT 16 20 PROG?.Al,l FOR 

JI..DHBATIC FLA1lE TZ.1PERATURZ 

NO DISSOCIATION 

Purposo 

This program was designed to compute the adiabatic fl,:-..~e t~mper<J:l:;t~::-e 
for the combustion process us:l.ng a L.".rgc amount of excess air (sceh 
as in the combustion turbine) ':;:;,~re the fl<rr;'B terirpcr2:~.'l!'eS arc 107; 
cnour;h (belo~'r 30eO F) ::;0 ::3 to howe a r:.czlig-lble e.;::.:n.:;:~ of dissociation 
in tho proclv.ct::: of cout)'us·cion.. The progro..':l is desigr:·:::cl so thn.t C::J.y 

hydrocarbon havi~z a kn07il1 cnojhn.ply of fon"Ja-ti9J. r:::.y be run, i'rith o... ...... y 
a1.1ount of excess air!) The fl~.r.10 temperature i's a8s'tl."T.sd independ~:,:(j of 
pre:.JSurc. 

DeSCription 

This progrrun computes an energy balance 1."1 the cOI:ibustion c21~ber ass~l1:; 
heat losses to be negligible. Equations for the specific hs·::.-l:. of th,:'! 
various products of corn1·ustion are assumed functions of tCr::?or::i:.'l:t'J, 
Ll1dcpcndcl1t of pressure.. Tho tcmperatuce of the co~bustion p~ocucts arc 
asswncd. The algebraic SUo'Jl of the enth~lpy5 of the r8act.?.r.3js CL71Q t::c 
products of con;)usJ.;,ion are calculated and cO:m:?arcd ,;i:~h t::3 requ:'rcd 
accur2.cy (~'1pu.t data).. If the alg~b~~ic sum ~s not -"~ thin t~:,? ~'~:quired 
accur~cy, tnc a~su_'7.3d tor:.pcrature :L[l l.ncrcmem:.ed (or c'3c~"nc:::jec:., and 
tl'!o c~,lcul.J.tions perforn:.'Jd rcpeakdly uu'':,il the algeb:;,~cic sr.:-:. f':,~.ls ~'.i. th1.'1 
the pro13Z'':''''2!led accuracy.. The adiabatic flarr.c te!il?cra-::;tlre, 2":.1.:'-,-:':')8:' of 
necessary tri.als, and tae calculated error is then pr-':':Tced Ol::0 2210. th9 
progrwJ. bra..l1ches back to the start for ncr data" 

~ata: (All on one card and in the omer and forn ... :J,t sho-.:-:::) 

(a.) For card input (sense Siutch #1 "Offll ) 

1. A tons of Hydrogen per 1nole of hydrocarbon 
2. A tomG of cc.rbon per Ir.Dle of hydrogen 
3. Air fraction used., iee .. , 

~rcction o! th80rctical ~ir (must be greater than 100) 
h. Errt.hn.lpy of forr::.~tion of hydrocarbon (3'1; per mlc) 
;). Ini ti~"l assU1:!;,)tion of. tcrn:per2.ture (degrees of Ran::ine) 
6. Ir~tial incre~ent in temperature (in order of 5C8-1000) 

Degrees R 
7. ncquircd acctll'acy of calculations (~TJ) 

(b) For t;ypc~ ... ritcr inp1.?-t (sense sratch fil ::on!!) 
Fon:1.'1t sa:::.c as in card inpu'G 

~ Datn 

1. Adi:J.oatic fl::-;;:o te~~~raturo (Dcgrcco Rankine) 
2. Nt:j:i88r of trIals l'3Gd 

F 9 .. 2 
F ge2 

IV:; / _ 
F 9024- )/l . 

F 9 .. 0 
F 9c2 

F ge2 
F 9 .. 2 

3.. Actu;],l error in first 1m'; e:-::.:rsy bal':-,::lce (BTU per r::010 of £'1.:.'31 firecl) 
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Machine Requirements: 

Basic 2a{ IBM 1620, no special features. 

Operating Instructions: 

1. 
2. 
). 
4. ,. 
6. 
7. 
8. 

9. 
10. 
11. 
12. 

1.3. 

14. 

--I 
rn()-
00 
:J:~ 
Z-a 
OC: 
r----I orn 
,~;O 
y~ 
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Reset 
Insert 
Type 160001000000 
Release 
start 
Allow to ran for 2 or .3 seconds and push "instant stop" 
Reset 
set switches as follows: 
a. MAR check - "stop" 
b. I/o check - "stop" 
c. ItO" - "Program" 
d. Sense switch {f1 

,1. For data input from cards - "otf" 
2. For data input from typewriter - "on" 

e. Sense switch #2 - not consulted 
f~ Sense switch #.3 

1. For trial answer printout - "on" , 
2. For only final answer printout - "off" 

g. Sense switch #4 - Not consulted. 
Stack deck (with data cards, if a:n:y, behind) in Read Hopper. 
Push "Load" (1622) 
When program is loaded, machine will type out "load data" 
Push "start" (1.620). Machine operation will no" depend upon setting 
of sense switch #1. 
(a) Sensa switch #1 "off" - Computer will read data card and execute 

program. 
(b) Sense switch #llton" - Computer will type out program heading and 

stop in automatic'mode to allow data to be entered from typm7I'iter" 
T;ype in data and hit the R - S key on the typewriter. 

Machine will type out data and then type out "For Trial Printout!' 
Sw • .3 on, Push start". Set switch accordingly and push start. 
lachine will execute program, type out anS\,ier and branch back to t~,~ 
start for more data.. 
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Comments 

~ 
~ 

Sense switch 113 consuJ.tation is Il"..ade in the program (instructions 
printed out du-~ng execution) so that ~h~ progr-~er may call for the 
results of the intermediate trials to be printed out if he so desires. 
If p~Ulched outputs are desired, all that is necessary is that the I~rintn 
stittemcnts in the Fortran program be ch~"lged to "Punch" and the progrrun 
ro-compiled. The instructio~s should, of course, be left as is. A 
li~ti..."lg of tho Fortran progru"!1 is give:1 in the appendix along 'with sa....~le 
SOll1';:,io:13. Tile program has bo::n 1"U ... "1 a:r:::?roximately 40 times. Arrangement 
has been ~d:3 so that input r::.y be ;:;!'C0 from either card or type"r1:wr 
by propr sa"lse S\'litch setting. It is :9ossible that, on early trials 
or for some specific combustion conditions, the output Fo~~t r~ybe 
exceeded (sho~'Il1 in sample problem 1;4, F::"rst "Zit OU1j:;Jut). In t~lls case, 
nn error typeout is made, a."ld the ~~::;";:::l:::' given in liE:! Formato Input 
,-:as !::?de 0:1 the typeoll"i ter on sanple pr~blems 1, 2 Gl..'t1.d 3 vii th ca.""I'iage 
T(';tt:.:-::l3 m3.de ll'..:'.Ilually by the operator" (Sense switch #1 ffonll)e On 
example problem f.~4, input was Dl3de 07 c~.rd (sense s ... :itch #1 fIOf£H) 

1"". 
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CAI.C~LATE 

C,O, FA, 
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C TYPE ADIABATIC FLAME TEMPERATURE - NO DISSOCIATION 
C BY H. B. KERR, ENGINEERING SCIENCE DEPARTMENT 
C TENNESSEE POLYTECHNIC INSTITUTE 

PRINT 30 
IF(SENSE SWITCH 1)998,999 

993 ACCEPT 2,B,ALPHA,A,HO,T,DELT,DELE 
GO TO 1000 

30 FORMAT (20X,36HADIABATIC FLAME TEMP-NO DISSOCIATION//) 
999 READ 2,B,ALPHA,A,HO,TiDELT,DELE 

1000 PRINT 3,B,ALPHA . 
2 FORMAT(F9.2,F9.2,F9~2,F9.0,F9.2,F9.2,F9.2) 
3 FORMAT (7HCARBON=F8.2,14H HYDROGEN=F8.21) 

PRINT 191,A . 
191 FORMAT (13HAIR FRACTlON=F7.2/) 

o 

PRINT 4,HO,DELE . 
4 FORt"lAT (22HENTHALPY OF FORMATION=F11.0,16H MAX. ERROR=F7.0/) 

prt I NT 997 . 
997 FORHAT(39HFOR TRIAL PRINTOUT, SW.3 ON, PUSH START//) 

PAUSE . 
Z=-l. 
C=ALPHA/2. 
D=(B+ALPHA/4.)*(A-l.) 
F A=( B+ALPHA/4.) ~"3 • 7 6~'~A 
G=6.214*B+7.256*C+6.148*D+6.524*FA 
P=5.776*B+l.277*C+l.722*D+.694*FA 
Q=.087*C-l.094*B-.285*D-.001*FA 
1=0 

101 1=1+1 
ZPREV=Z 
Zl=-HO+B*{-1.6929E+5)-(ALPHA*1.0L}07E+5)/2.+G~·~(T-537 .) 
Z2=(P*«T**2.)-2.8835E+5»/2.E+3 
Z3=(Q*«T**3.)-1.318E+8»)/3.E+~ 
Z=Zl+Z2+Z3 . 
ZX=SQRT( V:Z) 
IF(ZX-DELE)22,22,15 

15 IF(Z*ZPREV)16,22,17 
16 DEL T= .5 i :DEL T 
17IF(Z)20,22,18 
18 T=T-DELT 

IF(SENSE SWITCH 3)104,19 
104 PRINT 105,T,Z 
105 FORMAT (2HT=Fl0.2,10X,2HZ=Fl0.2) 

19 cmlT I NUE 
GO TO 101 

20 T=T+DELT 
IF(SENSE SWITCH 3)104,19 

22 PRINT 55 
55 FORMAT (18HSOLUTION •••••• ~ ••• //) 

PI11 NT 56, T , I , Z 
56 FORi'iAT(7HTEHP = F9.2,5X,9HTRIALS 13,5X,2HERROR = Fl0 e 2//) 

G, 

GO TO 1 
END 

RELOCATABLE SUBROUTINES CALLED 
SQRT 

OBJECT PROGRAM DATA TABLE 
IT0790 STORAGE POSITIONS 

PROCESSING COMPLETE 

...., 
I 

o 



LOAD DATA 

2.0000000 
4.0000000 
3.0000000 
221.(-93.000 
1000.0000 
1000.0000 
i 00 • OOOOOr.~ 
CJ.'IRBON= +2.00 

AIR FRACTION= +3.00 

(Sample problem No.1) 

ADIABATIC FLAHE TEHP-NO DISSOCIAT!ON 

C2 -.:... 

HYDROGEN= +4.00 

ENTHALPY OF FORMAT/ON= +22493. HAX. ERROR= +100. 

FOR TRIAL PRINTOUT, SW.3 ON, PUSH START 

T= +2000.00 
T= +3000~OO 
T= +2500.00 
T= +2000.00 
T= +2250.00 
T= +2125.00 
T= +2187 -.50 
T= +2250.00 
T= +2218 • .75 
T= +2187.50 
T= +2203.12 
T= +2195.31 
T= +2199.21 
T= +2203.12 
T= +2201.17 
T= +2199.21 
T= +2200.19 . 
SOLUTION ••••• ~ •••• 

TEI''!P:: +2200.19 

o 

Z=-421 L:-78 .l}7 
z= -73762.1 L} 
Z=+3068L:·5.72 
Z=+1129CO.08 
Z= -73762.14 
Z= +18599.82 
Z= -27830.80 
Z= -4677.01 
Z= +18599.82 
z= +69L~6 .09 
z= -4677.01 
L= +1130.74 
z= -1774.10 
z= -321.39 
z= +1130.71 
z= +L~04 • .32 
z= -321.09 

TRIALS = +18 

2' 

ERROR +L~1.21 

() 

3.0000000 
8.0000000 
1.5000000 
.4L}676.00 

'1000.0000 
1000.0000 
100 • 00000~5 
C!IRGOil= +3.00 

A I R Fi1ACTI OH= -1-1.50 

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

(Sample problem No.2) 

ADIAGATIC FLAME TEMP-NO DISSOCIATION 

HYDROGEN= +8.00 

ENTHALPY OF FORMATION= -4L:-676. MAX. ERROR= +100. 

FOR TRIAL PRINTOUT, SW.3 ON, PUSH START 

SOLUT I ON ••••• ~ •• ~ • 

TENP = +3287.10 TRI/l.lS = + H3 ERROR = -:-18.[:7 

(Sample problem No.3) 
I'D I /l.BAT I C FUII'IE TEHP-t·:O D I SSOC I p.T (m: 

1.0000000 
4.0000000 
2.0000000 

-, -32200 .00 
1000.0000 
1000.0000 
100.00ooons 
CAR-SOi'l= + 1 .00 

AIR FRACTION= +2.00 

HYDROGEN= +4.00 

ENTHALPY OF FORtvtAT I ON= -32200. MAX. ERROR= +100. 

FOR TR I Al PR I HTOUT, SV!.3 ON, PUSH ST !-IlU 

SOLUT I or~ •••••••••• 

TEd? = +2664.06 TRIALS = +10 ERROR = -31.50 

1 

() 
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(Sample problem 110.4) 

ADIABATIC FLAME TEMP-NO DISSOCIATION 

CARBON= +8.00 HYDROGEN= +18.00 

AIR·FRACTION= +2.00 

ENTHALPY OF FORMATION= -107530. MAX. ERROR= +100. 

FOR TRIAL PRINTOUT,SV1.3 ON, PUSH START 

T= +2000.00 Z= 
ERROR FG -.17626099E+07 
T= +3000.00 Z=-767920.87 
T= +2500.00 Z=+324727.82 
T= +2750.00 Z=-232388.30 
T= +2625.00 z= +43653.34 
T= +2687.50 z= -95019.36 
T= +2750.00 z= -25843.08 
T= +2718.75 Z= +43653.34 
T= +2687.50 Z= +8865.60 
T= +2703.12 Z= -25343.08 
T= +2718.75 Z= -8498.U8 
T= +2710.93 Z= +8365.60 

'T= +2703.12 Z= +180.70 . 
T= +2707.03 Z= -849B.8U 
T= +2710.93 Z= -4159.22 
T= +2703.98 Z= +180.60 
T= +2709.96 Z= -1989.55 
T= +2710.93 Z= -904.32 
T= +2710.44 Z= +180.50 
T= +2710.69 Z= -361.86' 
SOLUTION •••••••••• 

TEMP = +2710.69 TRIALS = +21 ERROR -90.69 

JO 
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