] (1981-) ,

2 Vol.25 No. 1
2008 1 CHINESE JOURNAL OF COMPUTATIONAL PHYSICS Jan. . 2008
] 1001-246X (2008) 01-0058-07
( 100080)
[ ]
[ ] ;
[ ] 0357 [ ] A
0
( )
.He Led"
, . Shape  Fallé?
C] H 1
, .Daimon  Matswo™®
L 4 1
. Sort Quirkm
.Sort ¥
.Ng Lee” a
1 1 3 1
[ ] 2006- 10- 31; [ ] 2007- 03- 26



59
[7]
1
oU  OF _
at  Ix S,
P, (piu ] [ 6]
U = pn , F = an y S = W, y
pu pu’ + p 0
L e -(e+ pu -0-
pi(i=1, ,n) i : P= SPiju x ;e
e=ph- p+ipu2 h = np»h-/p i hy
1 2 i iz I { y [l
P , P = _ZpiRT,R
i T ‘W, i
(Do) ' :
TVD , . Runge- Kutta ,
. y 9 (Fbaoz ,O,H,OH,FDZ,HZOZ,HZO,AI’) 119
, Chemkin o .
, (021 (101 325 Pa, 298 K)
H, O, Ar=217 , 3MPa,3000 K,1500m- s * ,
2H,0 + 7Ar. , ,
, : . , 2000
/ . 1 , ) 1MPa,Um,MUs
2
3MPa 3000 K , 1500m-s* 1
, 3.4 MPa ,
, 298 K 2400K 3100K( 1(a)). a
, ( 1(b)). ,

( 19, (). 1 a



60 25
@ 1% b 1%
135 435
125 & 125 &
b E = 3 E =
15 415 15F 415
05F 15 05F 15
0 400 600 800 1000 0 200 400 600 800 1000
X X
© 1% 45¢ T @ 1%
E — P E
435 435
YRS i ol I PO
25 S 2 25 _ _25 <
15F 115 15F di5
0.5F B 0.5 E l 5
) T [ PR B
0 400 600 800 1000 0 200 400 670 300 1000
X X
1 3Mfa 300K, 1500m- s *
\niligtion ¢ a overdriven detonation & 3MPa, 3000 K and 1500 m- s™*
, , ; Neumann
, , , Taylor
2 2(a) ,
3 1
3. 4 MPa. , Neumann
Neumann

,Neumann )



61

_ _ 4.6r
33 @ (b)
L i 42b
S 34t L = 3sf
i [ 3.4f
33 L ) . 1 L L 1 1 3.0
0 50 100 150 200 0 50 100 150 _ 200
X X
2 3

FHg. 2 Pressure of an overdriven detonation near critica ingability

Fg. 3 Maximum pressure as a function of time

during initiation of an overdriven detonation

! 5
3.1
4 , 248 K 498 K
(a) 248 K 7 45 A5F }g‘ (b) 498 K 145
135 435
{25 S 125
E ] & E
1.5F 115 1.5F 415
0.5F 15 0.5k 5
0100 200 300 400 500 0 100 200 300 400 500
P X
4
Hg. 4 Irfluence o premixed gas tenperature on initiation of overdriven detonation
; , 5 Ar
. JAr
2H, O, 7Ar , 40. ,
, Ar , Ar

3.2

710?



62

25

A9 T @200, 1% e T (b) 2H,:0,17Ar %
35E 135 135
S i ]
:25 g 25 _ -25
N 15 1.5F 15
05F 15 05F 35
0100 200 300 400 500 0 100 200 300 400 500
X X
5
Fg. 5 Irfluence of premixed gas cormponert on intiation of overdriven detonation
, 6 7 . 6 ,
, 2MPa 4MPa
2700 K. ,
, , 2MPa AMPe
45 45F e g (b)4 MPa] 45
35 3.5F 135
25 2 Q 2.5F 125
& 3 E
1.5 F 15 15F 115
05 F s 0.5F 3s
0100 200 300 400 500 0100 200 300 400 500
X X
6
Hg. 6 Irfluence of ignition pressure on initigtion of overdriven detonetion
450 . T (8)2000K 1% 45F T (by4000 143
E—p 3 E P E
3.5 N 135 3.5 m 135
] 15 © i ! ]

A 25 o _ 2 2 25 _ _ 25
15F {15 1.5 115
0.5F is 0.5F 1s

0 100 200 300 400 500 0 100 200 300 400 500
P X
7
FHg. 7 Irfluence of ignition temperature on initiation of overdriven detonation

710?

710?



1 : 63

9-
33 / 1= 3000 m-s-
8_
L 1 1) 7-
L] Q, 6_
: - 8 5t F’/W
: 3000m-s ' 2000ms’ 4%
) ) 0 o 02 03
. T
1500m-s* 3 , e
8
' Hg. 8 Maximum pressure as afunction o time
' ' during initiation of overdriven
' ! detonations & dfferzi vaodities
1 8
: : 3000m-s™* : 0.01;
2000m-s* : 0.04; 1500m-s* ,
0.12. ,
8 3 , 3000ms "
: , ; 1500m-s '
4
1) y L]
2) L 1
3) 1 L
, Ar
[ ]
[1] HelL,LeeJ HS The dynaricd limit of one-dmensond detonations[J]. Phys Auids, 1995, 7(5) : 1151 - 1158.
[2] Shape GJ, Fdle SA E G One-dmendgond numericd smulations of idedized detonations[J]. Poc R Sc Lond A, 1999, 455
(1983) : 1203 - 1214.
[ 3] Danon Y, Maso A. Detaled features of one-dimensond detonaions[J]. Phys Auids, 2003, 15(1) : 112 - 122.

[4]

[5]

[6]
[7]

Sort M, Quirk J J. On the ronlinear gability and detonability limit of a detonation wave for a nodd three-gep chain-branching
reaction[J]. J Auid Mech, 1997, 339(1) : 89 - 119.

Sort M, Kgpila A, Quirk J. The chemica-gas dynamic mechaniams of pusating detonation wave ingability[J]. Phil Trans R Sc
Lond A , 1999, 357(1764) : 3621 - 3637.

Ng HD,LeeJ H S. Direct initiation of detonation with a muiti-gep reaction scheme[J]. J Huid Mech, 2003, 476(1) : 179 - 211.
Sharpe GJ, Fdle SA E G. One-dmendond ronlinear gakility of pathologica detonations[J]. J Auid Mech, 2000, 414(1) : 339 -

366.



64

25

[8]

[9]

[10]

[11]

[12]

Jiang Z. On digperson-controlled principlesfor non-oscillatory shock-capturing schemes[J]. Acta Mechanica Snica, 2004, 20(1) : 1

- 15.
Kee RJ, Rwpley FM, & d. Chemkin- : afortran chemica kinetics package for the andyss of gasphase chemicd and plasma

kingtics[ R]. UC405, SAND96-8216 , Unlimited Release, Printed May , 1996.
Teng H, Jiang Z. Gasdynamic characterigics of toroidd shock and detonation wave convergng[J]. Science in China Series G:

Physcs, Mechanics & Agtroromy , 2005, 48(6) : 739 - 749.

HuZM,MuQH, ZhangD L, & d. Numgrcd dmulaion of gassous detonation wave propagation through bend with a detailed
chemicd reaction node[J]. ChineseJ Conput Phys, 21(5) : 408 - 414.

MuQH, HuZM, Zhao W, e d. Numericd andysesd direct detonation initiation in FDEswith a pre-combusgtion jet[J]. Chinese

J Gonput Phys, 23(3) : 266 - 272.

Numerical Invegtigation o One-dimensional Overdriven Detonation Initiation

TENG Honghui ,  JIANG Zongin
(LHD , Ingtitute & Mechanics, Chinese Academy o Sdences, Bejing 100080, China)

Abgract: One-dmendond overdriven detonation initiation is invedigated numerically within afinite rate detailed chemicd reaction modd .

Numerica results exhibit that due to updream irflow a high tenperature, pressure and velocity , a leading shock followved by induction and
heat-release zones gppears. Because of irflow didurbances, the interface between induction and heat-release zones becomes undable and
overdriven detonation waves are generated. With smulation of ungable interfaceswith different gas pecies, temperatures, irflow pressures and
velocities, overdriven detongtion initiation process is andyzed and illudrated.
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