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Self-sustaining mechanism of detonation wave influenced

by lateral expansion
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Abstract: In\order'to study propagating characteristics and self-sustaining mechanism of
detonation wave inf{luenced by lateral expansion, the influences of different equivalent ratios
(0.70—2. 25) and different premixed gas heights (1, 2, 3cm) on the self-sustaining propa-
gation of detonation wave were researched in the test section. It was found that if the
premixed gas height is higher and premixed gas activity is stronger, the ability of detonation
wave resisting the influence of lateral expansion is stronger and velocity deficits is smaller.
Based on Fay’s fluid expansion theory, Dabora and Murray’s velocity deficits theory and Zel-
dovich-von Neamann-Déring (ZND) model, the shock wave angle, interface angle and ve-
locity deficits of detonation wave by lateral expansion can be predicted theoretically, proving
that experiment is in good agreement with theoretical prediction with Dabora’s theory. In
order to keep self-sustaining propagation of detonation wave influenced by lateral expansion,

the velocity deficit limitation of detonation wave is 7. 0% —11. 0%.
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Fig. 1 Flow field structure of detonation wave in

lateral expansion section
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Fig. 2 Schematic diagram of test system



%9l

JE ARG 00 1) 2 2 e g B 4 1 L 1969

11,1 MR

WA WA A ARk R R B (D L U B
D A2 B D F sz 5 Be (V). B EE B2 Wi N
32 mm, KK 3m 1[5 8 4 R AR B2k
A6 ZE FUJGER SR 3o I8 B — I N D R ST 2 40 mm X
40 mm, 5B — 4 N AR 0 R 5F 8 30 mm X 10 mm, K
200 mm., £ 5E B BT R ST 2930 mm X 10 mm, &
FEN 1.5 m. S5 BT AR %% B B, 8 i L F iR
DB M PSR X, an A 3 R

Kl 3 SCEgBr

Fig. 3 Experimental section

1.2 MRS

Dt 32 27 R B 5L 3 B rh R T I A A 4G
P S TR RO LA 52 1. S 99 i 2ok Y national
instruments (N 5 450504 >R 4R 2 G R i T ) 1%
SR (PCB) 2H 18I 1o 43 s ) 2R B 2 0 R A 0% 732 UK
RN SRR R AR R Ol PXTe-6368 , B 1H R
R 2 MHz, 2167 1% ] 20 B4 0L AL PCB I I
MR IR AG BAE a, b, cid F e hb, HiHp L, =505 mm,
L,,=30mm, L., =60 mm F1 L, =30mm, K 2 fir
7. 2% [ Photron Fastcam SA-5. 1 /& 3 % (050 7 15
FEACH R 32 00 1) g ke 5 e ) i 5 00 ) 2 L 4 0
A 50000 M/ s. 8 Ao 7 0] B T o] A0 B, O % 4%
W MR 25 4 14 A2 1k,
1.1.3 FTERATABIRLGE

SEH R He O, N, BE b T IR SOFE B R 4
FHOE B AR R R AR U [R) B 0 AR IR
N, VR AR IR S RS A iR <
IX 358 5% 8 B T T AR W] R 4 BE T SR 4 S
P A (MEC) B L 7018 <R 1 1 A
MFEC £ HiK§ BE R 2 126, Wi B B[R]/ T 0. 8 s. 7E
FE PR AR 20 25 B S0 RGN 0 & Al R
SO S ERRIE IR B 99 %6 . BEUE A A AR UE T TR R
HY T TR

1.2 HERE

AR SR 7 R R 4 Euler B I #2567
T2, Z W FEVEIUVE HT L U 20 Ak 27 SO 8 43 R B
A B 5k R fife e 7 AR Y DO A i) L s ) R
H 5 BB WENO(weighted essentially non-oscil-
latory) #% 20, B (8] 25 % FH EEf5 TVD (total varia-
tion diminishing) f& £ ¥£ i 09 2 B 6 8] A5 B2
Runge-Kutta J5 ¥ 462 [ ¥ & i Jachimowski 8
3 19 SR AL

2 ZXBWRHBEHREERSH

2.1 REEHER

3200 16 2 10 2 ) ) % R A A A R N ] 4 B
L H Q/Qy AR AR TR A IR 25 1 T
WL, ORPRIX QIR FE U O SRR W5
AR 7 0 @ J2 4 TR 5 1 PR O B T B4
5 @ RAB LU ©2 R I D AF 1R
R WA TR 7= 1) 73 B 1 R T M A R Bt
AN SER BT TG [ BE 24 3 L 1 R i B Rk R
FEPPRE e A M K R R A Y R kR T )
R AL P 18] 5 5 39 52 I (] 7 A . DA TG I B0 98 A
LG T A1 32 DT N K 52 W ) £ 2R U A% % B2
T R D (v B 9 O R R Dk B I MR A
AT

| _IRENENEER |
Q/Q, 05 25 45 65

(=1}
=

y/mm

=B
50 100

xfmm
B 4 BRI IRGEE

Fig. 4 Flow field structure of detonation wave
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2.00 2143.6 2031.4 1880.9 1604.3 1886.8 5.2 7.4 21.0 7.1 2.2 32.7
2.25 2166.6 2052.8 1954.4 1772.5 1265.8 5.3 4.8 13.7 38.3 22.3  33.7
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