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Table 1 Parameters of one-step reaction model
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Fig. 5 Instantaneous contours of pressure for a two-dimensional detonation propagation simulated by model-1
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Fig. 7 Instantaneous contours of pressure for a two-dimensional detonation propagation simulated by model-2

Pl 8 SR model-2 BB ALY — XoF =3 542 3l 019 B A% 4544
Fig. 8 Movement of triple-wave points shown with the cellular structure simulated by model-2
2.3 MatREE

Xof TR A 48 1 R S 1B ) LR 5 A PR LS 4 T A AR T X SR . B9 R model-1 £
SR ERE IR A . M w=4 mm I, 3 B TGP RE T 10 IR R T 2B A% s 2 w=8 mm
I BB 1 A AR s 24 w=16 mm B 2K 2 D HEME . BT 3 Rt AT P S A% Ry 8 mm, B
TR ZE R A MR TGO . SEG IS A B A% RO AE 8~ 15 mm Z 0], A L F F model-1 #5480 15 5] () f 4%
RS 582 —3., B 10 451 7 A model-2 BEUIA5 2] A F2E IS 454 . ALIEL 10 tha] LLE .
E w=2 mm BIHHE B, 3H TSR AL mAE 2 A2 2 w=3 mm i, 153 3 1
M52 w=4 mm I, JEAEEEE ] 4 A, B 98 R [RARE 5 ROA% JCOC R model-2 BUE R4S 3 1) ~F- 1
A% FE A 1 mm . & model-1 FISZ 5 A7 75 M % 56 Y 1/8.

i LA A AT AR S X B 1300~1500 K JE AR 1. 5~3. 0 MPa #I3EH 4 . model-1 245
Y SUKCIE IR B JB] L model-2 M5 R ZEA I BRI model-1 3H575 2 49 MK L model-2 Y L 4% 55 58,
Ut B A5 K SE 3R B ] AR AR 58 BE BCOE B . 53 A, B model-1 Jir 45 mi Ak ZE 3R B ] ) #4281 model-2 K
CULTEL 2) , HORF LAY Kt o ) it 28 Al 3t B Ay 50U 5 7 AH ) A il J32 /0 TR 3 28 AT S RE R R i K IE
IR I 8] 28 A 0 BB R, 8 T % A5 118 A5 KA R[] AH 22 0 P 8K AR G AR AR SN RS E A B
ANHE



280 S < 5 o i EARVE

(a) Av=Ay=10 um, w=4.00 mm

m

(b) Av=Ay=20 um, w=8.00 mm

<

B 9 %M model-1 F{E AL — 4k H,-air B35 U 10 JAE 4514

Fig. 9 Cellular structures for a two-dimensional H,-air detonation simulated by model-1

Fig. 10 Cellular structures for a two-dimensional H;-air detonation simulated by model-2
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Auto-ignition effect in gaseous detonation propagation

Zhang Wei, Liu Yunfeng . Teng Honghui, Jiang Zonglin
(State Key Laboratory of High Tem perature Gas Dynamics, Institute of Mechanics ,
Chinese Academy of Sciences, Beijing 100190, China)

Abstract ; In this paper, the auto-ignition mechanism in the gaseous detonation propagation of the stoi-
chiometric H;-air detonable mixture in a straight tube was numerically studied using an overall one-
step chemical reaction model and a detailed chemical reaction model based on the two-dimensional Eul-
er equations. Meanwhile, the ignition delay times predicted by different models under different pres-
sures and at different temperatures were compared and the propagation process of triple-shock points
and the cell sizes were investigated. The results demonstrated that the cell sizes are proportional to
the ignition delay times, and the ignition delay time in the induction zone is consistent with the aver-
age movement period of the triple-shock points. The leading shock compresses the detonable gas and
then both the temperature and the pressure of the gas rise. The gas with high temperature and pres-
sure soon finishes the process of auto-ignition, and a lot of heat is released during the ignition to main-
tain the detonation propagation, which means the auto-ignition mechanism ensures the self-sustained
detonation propagation. The ignition delay time is considered as a chemical time scale characterizing
the chemical reaction. The period of the movement of the triple-shock points is a characteristic time
scale of shock dynamics. The coupling of these two time scales is a principal mechanism in gaseous
detonation propagation.
Keywords: cellular detonation; auto-ignition; ignition delay time; triple-shock points
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