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a(0sa<1a=1
a=0 ) BOsP=<1P=1
B=0 ) 0 Gy (o]
0 o > 0) (1)
W = + : 2| p2 2
Y +0¥ :-Iep[Bexp[-—F%] - (1-B) exp[-*%QJ] a<0
ke P Tp R
= B B +Q P
,Q [6]
2.2
8 20 ( 1 ) H: + O

H O H O OH HO: H:0 H20O:

Z V' Xi <—>Z V" Xi (2)
‘ns(ns = 8) k=1, ,n,n(n=20) X VYRV

1 H+0:8 20
Table 1 Detailed chemical reaction model of hydrogen-oxygen mixture ( Unit :mol ,s,cm, K,J)

No. Reaction A n E No. Reaction A n E

1 Hz + 02 =20H 1.70x10® 0.0 200055 | 11 ~ H+H+ Hz=Hz2+ Hz 9.20x10® - 0.6 0

2 OH+Hz2=H20+H 1.17x10° 1.3 15182 12 H+H+H0=H2+H20 6.00x10° - 1.3 0

3 O+0OH=02+H 4.00x10%“ - 0.5 0 13 H+OH+M=H20+M 1.60x10% - 2.0 0

4 O+H2=0OH+H 5.06x10* 2.7 26336 14 H+O+M=OH+M 6.20x10® - 0.6 0

5 H+02+M=HO2+M 3.61x10Y -0.7 0 15 O0+0+M=02+M 1.89x10® 0.0 - 7486
6 OH+HO2=H20+02 7.50x102 0.0 0 16  H+HO2=H2+02 1.25x10® 0.0 0

7 H+ HO2 =20H 1.40x10"* 0.0 4493 17 HO2+ HO2=H202+02 2.00x10%2 0.0 0

8 O+ HO2=02+0H 1.40x10® 0.0 4493 18  H20:+M=20H+M 1.30x107 0.0 190509
9 20H=0+ H20 6.00x10° 1.3 0 19  H202+ H=HO2+H2 1.60x10%2 0.0 15910
10 H+H+M=Hz+M 1.00x10® - 1.0 0 20 H202+OH=H20+HO2 1.00x10® 0.0 7537

Note: The third-body effect coefficient : (5) Ch,0 =18.6,Ch, =2.86;
(10) Cu,0=0,Cn, =0;
(13) Chy0 =5.0;
(14) Cu,0 =5.0;0thers C=1.0.

W = W, kZ(ij" - V') Rex (3)
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"Re k ‘Wi I
2.3 Siche (4
Schel o g
N [ 85306 e p[zuaaﬂ
(O 3R T exp 35 1715 T 7.22 x 107" p" - ex -
. 0 a >0 @
(;q; =
(1-B)-a-exp(- HT)+c a<0
p , 0.1MPa:; T , K:R (R =8.314J3/ (mol - K))
a=1.20x10° ,b=8x10%,c=0
Schel , B
Yi = (Yp,i - YR,i)B + Yr,i , Yr.,i ,Ypi
YR, Ye.i
3
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Euler ,
0Q . OE +_5_E - s (5)

o " ox T oy
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(E+pvpaveByv) ,S=(0,0,0,0,0x ,03) ; :Q=PGC Ppupv,E) ,E=QuC puU + p,

puv,(E+pu,F=EVvCPpuvpv +p,(E+pVv),S=,0,0,0) Puvp X
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E
Q
E
_ 0D 0 (12 + )
E= v -1 + 5 +PBQ (6)
Y Schel , E
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Fig.3 Pressure profiles obtained from the three chemical reaction model s(1000 meshes)



354

22

( 1.000)

Table 2 Properties of detonationsfrom the three chemical reaction model( 1000 meshes)

Method Detonation velocity/ (m/ s) Temperature/ (K) C-J pressure/ (M Pa)
Experiment**] 2825 3583 1.860
CJ theory!™®! 2853 - 1.859
Two-step chemical model 2784 2466 1.255
New two-step chemical model 2908 4037 1.870
Detailed chemical reaction model 2826 3421 1.860
CE SE 3
4 Schel
’ [10]
3 3
, 3 3 , , 3
(@) Two-step chemical model (b) New two-step chemical model (c) Detailed chemical reaction model
4 3 ( 250 x 200)
Fig.4 Cdlular patterns by the three chemica reaction models (250 x 200 meshes)
3 3
Table 3 Cell parametersfrom the three chemical reaction modds
Method Cell width/ Cell Exit angle Entrance angle Angle of transverse
length (d/ 1) a/ (°) wave tracew/ (°)
Experiment 0.5 0.6 5 10 = 30
Two-step chemica model 0.59 9.2 30.5
New two-step chemical model 0.60 11.2 29.0
Detailed chemical reaction model 0.51 9.5 28.5

Sichel

Sichel

24 © 1994-2009 China Academic Journal Electr
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(a) Contoursof the molarity of H2 (b) Contoursof the molarity of H

H2 H HZO ’ !

[11]

[12]

Molarity(mol/m’)

Molarity(mol/m®) W:’f R

b

3.9 38
1.8 == 8.50
9.7 7.65
7.6 6.80
5.5 5.95
3.4 5.10
1.3 1.25

SN O h1D
RO

£ £%
ntours of the molarity of H.O

A
¥

.(cj Co

6 ( 120 x 120)
Fig.6 Contoursof molarities (120 x 120 meshes)
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Sudy on Chemical Reaction Models
in Gaseous Detonation Numerical Simulation

WANG Gang' ,ZHAN G DeLiang’ L IU Kai-Xin*

(1.L TCS and Department of Mechanics & Aerospace Engineering,
College of Engineering, Peking University ,Beijing 100871, China,;
2. Institute of Mechanics, Chinese Academy of Sciences,Beijing 100080, China)

Abgtract : Three common chemical reaction models in gaseous detonation numerical smulation have
been studied in this work based on an improved space-time conservation element and solution element
method. Planar and cellular detonations have been smulated and the numerical results have been conm-
pared and discussed. We found that all the cellular patterns smulated by the three chemical reaction
model s could agree well with the experimental results,though the accuracies of detonation parameters
calculated by the three chemical reaction models were rather different. The three chemical reaction
model s have respective advantage and disadvantage. A dopting which chemical reaction model should
consder the specified problems.

Key words:CE/ SE method;detonation wave;cellular pattern;numerical smulation



