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Fig.1 Calculation flow chart of genetic algorithm
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Table 1 The range of input variables

variables variation range variables variation range
”cmlim (0, 0.4a) Nco, (0, 0.2a)
o (0, 0.1b) ny (0, 0.1b)
New, (0, 0.05a) no (0, 0.05¢)
N (0, 0.1b) ny (0, 0.05d)
Mo, (0, 0.05d) Nvo (0, 0.05d)
2.2.2 BENERHHE

W RS B KA (KR AmEE G) L’
JE ARG R ) PE A A AR 45 19 2 80, B2 I T A ek AR
L, S0 A A X6F 17 ) 35 7 R A, AR AR 25 ) kR . A
Matlab 3 1% 55 1k T H 46 & 3 i Ranking (ObjV) pRi
BORAT S A PR IE R AR (1, HR 81— A~ 8 % R A 1
T R Y FitnV g ) 2o 3k A oR AR DA SR /N Ak ) ke
AN IE I JEE TR AT HE B, BRI BR RO N AN AE 1
K, 3% T 4 55 AR5 A 1) LA W A, PR IE AT 300K A
PR (1)) 18 UM A A 45 10 35 0 eR B, 4R
1M, Ranking bR %502 X6 1 1B 5050 08 47 2R i (4, 107 1 P B
A, R, 75 B B/ [ AR (E AT B — ANk
IEFE AT /N A B RE N IEAE, %5 R SEBR T 54 B, A
FEHE N IR0k 2000, 5340, BT 4548 B AR AR R
Fl P B AL RS , DR L AR A AT RE Hh B2 4 7 o R
(BTN TG AL 20 (4) |, kil HL A kAR 2o A v g v IR, T 22
B2 — AN K B ol HLE B R AR /N AR BIF 9% 8 s H R
10000, 3 5 B s A =X (6) fros , Horp, “ Hg 7 &4
BRBE = W) AL 43 B R FUE S O
{GS=2OOO+G

Ney Neo,s =y Niy,o=0

(6)
G.=10000  JL
2.2.3 BMEFMFEAEIITETE
BRBE T W) Y- 20 43 158 O s MR T S HE L dn 18] 2
B, Horb A HY R N AR k) - mol ™ 5 AH SR
Ber=wkiAs k) - mol ™ TR Wi ta B IR E K H Ry
BRPE P WU AE S — IR TS RS, HY N R 58 7 W 7 o 1R
BT, k- mol™
AR EAR LT BRI T (D) MAV IR S8, A
AR 2 foos, Horb W0 06 IR B T, 152 S 3000 K RPA]
Tt F2 JCER 43 JCHE 245 BA B2 T B I H 585 R K/ NIND
RP ¥ 1 AT 18 S 200 A2 Ay, Lh oAb 1 B8 B ) O ORI
TFRORS 5 B R ARCE MAXGEN 8y 3000 747
RIAT LR AIE T+ 53005 5 78 B 5719 48 PRECI & 2 20 HP

Chinese Journal of Energetic Materials, Vol.23, No.4, 2015 (340-345)

AT R R SR ft Y GGAP W E B b
0.7; ARG ne,_, Al neo, % B AR
W o Bt A T S R A 5 B B A L 3 e
VHEL (2) FURIRBE A AHDY SR A
Ko A, HO B EL A Sl 4087 26 o O
A EFRIT,, T (3)F T,5 T, 2 2 1E K
I 28 1F , R0 5 s 1 R W IR T
LK MR P 45 LAY B IR B B 1,5 (4) B R
IR TR AR R, BRI 3 B

[ CHQNgand AHg input |

p,To, NIND, MAXGEN, NVAR,
PRECI and GGAP input

{

| variation range input |

genetic algorithm

n

AH=;(H,-»H,-°)

Ti=To
Ti= To+1500 AcHn> AH
T=0.5(Ty + To)

AcHr > AH

To=T =T

T=05T+T) N

Ti-To<1

end

B2 HRFITEER

Fig.2 Block diagram of the total calculation program
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Table 2 Input variables
variable name symbol
compound formula C,H,O.N,
enthalpy of formation A H®
combustion pressure p
initial temperature Ty
byte count of Variable PRECI
population size NIND
maximum iteration MAXGEN
variable number NVAR
Generation gap GGAP

variation range of n¢
(solid)

variation range of nc,
2

[0, X*xa] (0<X<1)
[0, Yxa] (0<Y<1)
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Table 3 Output parameters
parameters symbol
isobaric combustion T,
temperature
combustion heat Q,
mole number of total combus- n,
tion products
mole number of combustion n n n n
Clsolidy > €Oy €O TCH,

products

n n n n n n
H2()7 HZ) H» ""HO » NH39 N29

N5 Mo s o, 5 o

3 XBIHESSHR
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Nitromethane) R A L TR 45 R 5 3Ck (11 ]
FAL L A BOE T B AR AT X b, A5 SR Ak
4.3 5, Hod RE W IR J1 8 05 30 MPa, AR R

NVAR J7 10, ff B/ NIND Yy 200, 45 4 5 47 %1
PRECI 2 20, 5 K 2% 18 % 5t MAXGEN % 3000 % 74
GGAP %7 0.7 T, # H 3000 K n. AL H &
H10, 0.4a] .n., ATEREIBCE N0, 0.4a],
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OF Neo Z AR 22 B id R 20% il R 22 0 12% ; -1
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Table 4 Combustion products of negative-oxygen compounds obtained by caculation
molecular formula (1 kg) AHn _, calculation method Mo ™, Mo M, Nco flco, oy Moy T
/k) - kg /mol  /mol  /mol /mol /mol  /mol /mol /mol /K
zero approximation!''’ 44.03  11.01 0 6.60 26.42 0 0 4.40 2034
TNT(Csg.54H2.03O36.43N13.22) 262" equilibrium constant'''? 44,92 10.36  0.18  6.61  26.55 0.09 0.25 4.15 2042
genetic algorithm 43.49 10.26 0.18 6.60 26.06 0.10 0.28 4.40 2068
zero approximation!''’ 41.79  6.41 230  8.71 23.19 1.18 0 0 2793
Tetryl(Cyy 59H17.42007.04 N1y 4) 11107 equilibrium constant''? 41.83  6.36° 2.29  8.71  23.13 1.19 0 0 2784
genetic algorithm 41.84 6.40 2.26 8.71 23.17  1.22 0.0002 0O 2791
zero approximation!''’ 38.89 4.08 1.75 5.83  25.09 2.14 0 0 2137
TNBA(Cy; 34H11 67051 13Ny 6,) 15481 equilibrium constant!'')38.94  4.07 1.76  5.84 25.12 2.14 0 0 2131
genetic algorithm 38.91 4.10 1.73  5.84 25.07 2.16  0.0015 0O 2134
R5 HAMMSWIIHY
Table 5 Combustion products of oxygen-enriched compounds obtained by caculation
molecular formula (1 kg) Ak _, calculation method Mo M, Mo iy Nco flco, Mo o Ty
/K - kg /mol  /mol  /mol  /mol /mol  /mol /mol  /mol /K
RDX(Cy3.51Hy7.03007.0No703) - 32201 zero approximationt'! 40.52  3.51  9.99 13.51  9.99  3.51 0 0 3511
equilibrium constant!™’  40.91  3.54  9.62 13.46 10.12  3.37 0.36 0.1 3375
genetic algorithm 40.80 3.51 9.83 13.45 9.97 3.54 0 0.18 3439
PETN(Cys5.50H25.3:057.9:N12s ) =16811"")  zero approximation!'!  34.79  0.73 11.93  6.33 5.60 10.22 0 0 3897
equilibrium constant'"!  36.06  1.04 11.04 6.17 6.95 8.87 0.96 0.32 3473
genetic algorithm 35.54 0.92 11.61 6.00 6.21 9.61 0 0.65 3646
Nitromethane -15020"7 zero approximation!''?  49.15 10.81 13.76  8.19 13.76  2.62 0 0 2628
(Ci6.39H49.15032. 70 N30 ) equilibrium constant!"!  49.21  10.80 13.91  8.19 13.73  2.65 0 0 2615
genetic algorithm 49.20 10.87 13.68 8.19 13.68 2.71 0 0.001 2634
CHINESE JOURNAL OF ENERGETIC MATERIALS bge A 20154 %23 % %48 (340-345)



344

Whot, R, E¥, BB

— MR T RS R R O I A SRR s
FEAE—E WA & BEPE AT 3 B0 58 45 R 22 K5 T
S ROk AR Bk e R T A S sl A T A B AR
() 1B 2T Bt B0 3153 07 92, 000 0 2 B 4 2R R 25 A
XA 5380, T AT ik R R B9 IR S 5 e 20k
A A A NS R LR SRR e D
SRR ATE
3.2 CHONAICICs X#EHF AR N FESHITH

A A AL A HE ST B0 ) A PR RE R SR, K
(EL /N5 4 R 590 A RS R 8 7 W AL o S S O
PIAOC, FET U, B x5 T & CsNO, 585 8 i1 1 It 1 &

R 6 Ak RIB O I ERE

WML RS I O AR ST S SR P 4R IR A
ML T AR CsNO, 2 4fi 2 77 A J SR AEL, SR 5 B AR
TR T BN R T i R A HEAT IR SR Ik 6
FeoR o T A BE 7 69 AR UK ol 2 o AR SO
AR, IR A RES 2.1 WA,

6 MTLUA W, A AR 5505 45 R 5 B [ Y
ARfe s B2 CsNO, & I (438 i, e 2F 77 4 5
Bl THRAT R S m A R 225, 2 CNO, & &
N A%, B R Z R KA 4. 27% , R AR T5 kT
T & ZRITR 2 Fh 5 259 5 #2850 ) 4 S 5
LA B KR BE = 20 4 & i 5

Table 6 Performance of propellants contained different CsNO, content

hydroxyl-terminated  Di-n-octyl toluene content/% density heat/kj - kg™ error
polybutadiene/% sebacate/% diisocyanate /% Al AP CsNO, /g - cm™ test calculation /%
13.8 1 0.6 18 64.6 2 1.781 6207 6004.7 3.26
13.8 1 0.6 18 62.6 4 1.802 6167 5903.4 4.27
13.3 1 0.6 18 61.1 6 1.814 6080 5831.2 4.09
13.8 1 0.6 18 58.6 8 1.830 5830 5769.5 1.03
13.8 1 0.6 18 56.6 10 1.851 5818 5658.6 2.74
214-217.
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Application of Genetic Algorithm in Calculation of Combustion Equilibrium Composition

XIE Zhong-yuan' , ZHOU Lin’, WANG Hao', LI Shou-dian®
(1. Xi'an Modern Chemisiry Research Institute, Xi'an 710065, China; 2. State Key Laboratory of Explosion Science and Echnology, Beijing Institute of Technol-
ogy, Beijing 100081, China; 3. Norincogroup Planning and Research Institute, Beijing 100053, China)

Abstract: Genetic algorithm for the calculation of combustion equilibrium composition was proposed based on the principles of
chemical equilibrium and the method of minimum free energy. By determining the independent variables and its range, the fitness
function was confirmed. To validate the accuracy of the genetic algorithm, the calculation results were compared with the data
from references experiment. Results show that the calculation values agree well with the reference data with error less than 1% and
1.5% for combustion equilibrium composition and combustion temperature of negative-oxygen compounds, and less than 7.7 %
and 5% for that of oxygen-enriched compounds. And the theoretic calculations are well coincident with those obtained by tests of
hydroxyl-terminated polybutadiene solid Propellants. The maximum error between them is 4.27% , which demonstrates that the
genetic algorithm can be used in compound design,performance prediction and combustion products confirming.

Key words: combustion; equilibrium composition; minimum free energy; genetic algorithm
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