%25 % AW mOE W O ¥ ) Vol. 25, No. 4
2011 4F 8 A CHINESE JOURNAL OF HIGH PRESSURE PHYSICS Aug. » 2011

XEHS . 1000-5773(2011)04-0365-05

ZR-FREEREEBEREZSUN
EPHESXEHR

T B EFEREXR B4R, XHN,BESZ
CrP T W SO 50 B AR oy BT 5 B, vl B B S5 R S W
[ B AL S SR = L 4B 6219000

BE AN FLFNAMNBREZIR AT TAMBERNER TR, £ 46 C) B
SHARDET R G UCIH-AAREGAKRNBRESHHITTERET FERRE P TR
ThRFHERNOR-AABRGARNBEREZLL, XUAREXA BENELEEES L
BEHFERF ELTRAC]IELFEAHERZSENT AR HERELT TN EF
MAE .

KR BRI AMER; L AR

FESES 0381 X EEERIRAD . A
1 5| &

iR AR S R UK B R S e R — P AR E R AR SOIRAS LR T Ty il A R AT ]
TR . B SRR R DA A R R N SRR R U . SRR SR T LAY WUBIL R < TR U
B JE A b ok 0 M i 00 A T K o A T 58 L S I8 S X AN i) L A2 SN AS
T R 5 224 7 K o g 494 5 B B — i S L 5 X R AR AR AR L s I Al B L B 0 K o
We S Az i ELAG 2 SO AR A PP ZE M R AT L BN XN S AR AR AR 22 R AR A I BT LR TR R A A
Sy O i D JE A 2 RO I8 I T L S EE B K bt B O R L T R S A g A

SLHWEI R W] R SR G A B AR R R R bl R R R SR SRR, H
B HT R SR R A A B ARE U L O BB R 7 A B AR P R IR A R R R R A A Sk N A AR S
5 A B AR O, B G AF 5% A BB T3 32, B4« Clavin 55 AR FH AR 2 M 600 O B kb o 0 5 U0 22
TE AR 2540 0477 A2 R AT T T 5 R SR W T T 3 A T AT 3 A B 2 A2 9% 78 5 Short Al Dold'® | I
ZND BRI FIE AL RES ALt 08 17 S35 M5 22 1y el i 9L A P 72 Ol i S A G R T8 T AR iR AR R
F14 % 7L FF ) AR R G045 EAT T TN 5 2R R AT TR A £ HE ST 9 2 T R i R R 1 e R 2 S R A T
T BRSNS, IR (R T AOURE A5 R R SR A S R L 8 T RV D) A 5 AR AR A A 56 1 sk el B A S
TR R RSP 4 25 07 R SR T 2 R) N At DA O P e (2t A D 28 i D77 R 0 A o R ) S R A
FE AT AT B, 9F ELY IR T 100 GPa I P35 1% 30 DLt JEE 0 5 o) 2 B 45 00 AR A0 BT At o Y i 30 4% 1
FU3T R i ) B AL, B Hugoniot J7 B2 FI Rayleigh J5 #2453 T LR E S84, 44 T RN TE
SRR S 5 LR S R I R X 3 RS LT M AR R S8R, IR T - Wang AN LR T
A EURA USRI R R 5 R ORI C R, RUTE A VR ER RN BB R E T 58X
Ve g B UPIE AR b % 2 ) B T g (L BT 2% R BR ¥k B8 B 3T s Desbordes I Lannoy' ' 52 56 % $i

« UWFSBEHE: 2010-04-18; {EE B HA: 2011-03-17
EHER-A. £ O#AQ981—) B i, By B ST b1, £ 8RR Y 5T, E-mail : wj345jay@sina. com



366 = i Y Bl 2 i 25 &

HB S AR AN [ AT AR SR 22 1) A 78 I o TR A B A D 21 A8 5 Dy ¢ v JEBE 1Y T R =0 ) 50 AR JRRBE 14 T K
ARAL RIS, 2 A0 AR R A IR AR rp ™ AR SRR U5 L A N TR T - S R S A B R B e i S ik
P ARAG T R AR 2R U, L R AT I AE 453 Chapman-Jouguet (C-]) R 45 i 23 5 45 S s 55 3, OF B
PR e 4R, N S5 5 8 S A T - P R I ) A o S i R S

A5 T ST — SRR S B R CJ BB 2 0 R ST B N SRR AR A A
0 55 % S5 S RO AT B AN B TR RO P T A i i T R LSRRI B R R SR S
3 ok T AR AR AR B A A S R A R R S D X E T R A (S SR W 5 R

2 HEgHE

2.1 YIEEHR
HENT A S 0 A R A R 1 ORIk
LM BURE 2 - A SRS SR — 5B &

AR B RE S P L BT A A L A R
95 55 % I THT kg 58 [B) BT AT {:é y Detonation wave

2.2 EARXEK
R 2 il I T TR 0 A JB Y B R Bl R RE K1 — SRS R E R

SPETRE 5 F] C-J BLE B Hugoniot 7 B2 Ml Ray-  Fig.1  Schematic of one dimensional gaseous detonation

leigh J7 %2, J

Ignition Combustion wave

e—eoz%<p+po)<vo—w+c:z 5

_ 2
p*po — <D 2u0> (7}0 77}) (2)

v
2 po oo veo vuo Fl poe w7353 O R S I A AN s AR B9 T 7 (Pa) L FE A (1L/ @) L A RE () 113 3
(m/s).Q ARG TMRMREI D) . D MR B (m/s) o B & -4 R TIUIR M R 1 72 ) AR
HAHZ 07 AR I AR IR R (AR . X T 207 AU

e= pv/(k—1) (D)
e (3O SCA (D X153

pv P :i o
E—1 E—1 2(p+7)<))(vo v) +Q D

ghf ) XA KL 155
vt (k+1)(p— po)? + 20, [k povy — (D —u)* J(p— po) +2Qk — 1) (D — uy)? = 0 5
HE— 25 R TR A SR U B TR A AR w, = 0,4 A=1v2 (k+1),B=2v, (kpov, —D*),C=
2Qk— 1) D* U (5) X AT & £k Ky
Ap—p)'"+B(p—p)+C=0 (6)
K fi (6) X153

. _ =B+ (B —4A0)"
p—bo = oA )

FH B 5 B 0T 07 5 8 55 1 D0 BB 5 B ) 7 S8 R 2 15 D0 B? — 4 AC PR R C-J R AF B . T k-
SR TR AR 1 0 55 T 1 20 R0 36 TR 1 1 40~ 50 £ BRI (7) S AT 2 po o DU A 35 R G 0 A

D L 2QU —1) )
P T Do [1+(1 D ) ] &
HH:p. D, B SRR I AR R AR, FARYE C-) .55 C-J BE D
Dc_] - [ZQ(kz - ])]1"/2 (9)

B (O XAUA (8) A5 3



o5 4 1 T % CHP-RRIRAE R E S B EIS A5 5 5 LR a5 367
b= (/effim [1+[1_ 11))“ )1’2] ‘o
FE X A= (1—D¢ /DY Ferm ok 35 2 C-J MR % 0 R B, D)5l A% 5% i o
P = po/(1—2) (11)
D, = D¢/ (1 —2)"? (12)
uy = uq [ (1 4+ —21) ]2 (13)
v, =v, (b —A)/(k+1) (1)

s o, 23 5 R SR AR R I Y BT B EE RN EL S, poy h C-J MBI

3 ZWHEREKEER

SCCAE WA T AT . B AT AT R AR Y R e A R S R R AR R R S U . B AR M50 mm, K
FER 3.5 m. RAHE KL S K, KRR R 0.8], FIH PCB e &I 45 F1 APX-RS B & 3 £ 5% A1 B
X S AT WL, Horh 6 AN R T A% BRI S K s B R B AR Y 0. 30,0, 65,0, 95,1, 25,1. 55 Al 1. 90 m,
AHALIE AT 5 5 R 52500 s BRIT R 4 ps. SERASAR 2T i O -RARIR A SAE.

po=0.03 MPa, T, =298 K i}, Z He- 5 IR &
S Cneyn, oo, =15 2.5) ISR S50 25 LN A 2
~E 5 i, B2 k6 AN B REES (PL~P6) 1y
FE 3 DS R 45 B A W8 e 1 43 3 R 0. 35,1, 17,
1.33.1.19.1. 18 F1 1. 15 MPa,

Bl 3 M e o5 5 A PL A A5 B 1 & - ROR
B e, # no, =1+ 2.5 WK EIREEA B
By . KL 3 W LU S50 S MG P T 32
) A5 R KR L I 100 5 W) e I T K AR it s B K
X 55 oty FR 46 LE R T 0% 1 S L S 46 D i R TR
= | 3 A U i i A TRy e L Y
Jei o I U T TN, B N R

B4 FnE 5 J& i B 3 45 B S p-SE AR AR
TR e, = mo, =13 2.5) Ik I T % 5 380 32 0 A% 5 6
RIS AT FE . IR 4 W] LAW L B O A R A A%
ERHIE AR A MBS L 7 b F 48 A0 s 9 i 2K (1)
YERR & W40 AR A AR G D7 KA T 8 % K
YAAEAE FURbe e 1 2 A 8 IR AR S5 . S 30 15
B )R R ZE U H (D, ,t=0. 87 ms) H2.781 km/s. &
F CJ B (Do =2.765 km/s) . i TIRASMAEN
OB (D=2. 348 km/s) . M 5 oAl LL3E 15
DI 51 18 25 B 8] Ceone ) A 0. 845 ms, FI 1% 25 H 5
(Lppr) M 391, 4 mm, BEAh. i & 4. 5 58]k
PR X R B B E] A 0. 87 ms. B fx K5 BE B
450. 5 mm, YR KT 2 4 55 F 20 9 B[] AR
W 38 2 43 AT AT LA R < 6 A S5 S5 T SRR 2 1P
B R be I R 2 A 4 D) i A DG B BINR A AR
R Ik R T, I G o D R N B R — I AL(E
Il R R A 22 A JR S AR AR L RS R A S SO R

n 0,

TF N, Mo,=1:25
CoHy - 1oy 2 P6 jL.\A““
HF 7
P5 K4
M
5 4F P4
2 NI /~— Detonation wave
] P3 /
2F /
1 P2
Leading shock wave
P1
0
1 1 1
0 0.05 0.10 0.15 0.20 0.25
t/(ms)
K2 ZH-FARRG TR &
Fig. 2 Detonation pressure curves
for C, H,-O, mixture
0 ms
0.171 ms
0.362 ms =8
0.552 ms [
0.743 ms
0.838 ms
0.857 ms
0.933 ms

B3 - F AR A SR R B
Fig. 3 Formation of detonation wave

in C; H,-O, mixture



= S /|

368

H

i 25 &

L
¥

7 g R L MR RS e 5 v ol S A EL AR T O TR R R S D

3.0
Ny Noy=1:2.5
D=2.781 km/s
D.=2.765 km/s
2.0F
@ D=2.348 km/s
E
=3
S
1.0F
() ol 1 1 1 1
0.2 0.4 0.6 0.8 1.0 1.2
t/(ms)
4 ZHR-EARIR A AU 2 Dl 4R

Fig. 4 Detonation wave velocity history

for C, H,-O, mixture

HHEER

L/(mm)

X T AL TR U £ B4R B UM R RO

Cg Hz + 2. 5()2 —— ZC()Z + Hz() + 1 306 k]/mol

TSR 90 s S5 R dE . M R R py =
0.03 MPa ¥ t&IHE T, =298 K.v,=2.219 L/g. 44
HIEE k=1.15, 158 5] Doy =2.765 km/s,. D, =
2.785 km/s, LI 45 D, =2. 781 km/s fF & &
4. XFRFERIG RS %0 T OHR-ERIRER
& Cne,n, =1:2.5), MR 5 5 5
BAERXT LN 6 frs . of LLE 5 g R 5
WA R A AT AR X R 25/ 5% . M
AU SR C-) IR AG S A SRR SR S HOR AT,
TS5 B ELA B RS B TR b B — Y N
A

5 & i
FIH C-J Be M Z Jr AR Y8 T5 1 X & -5

: 7”1()2

Di(km/s)

1 000
Neypy Mo, =1:2.5
800
600
L=450.5 mm
400
Lpp=391.4 mm
200
0 tppr=0.845 ms t=0.87 ms
02 04 06 08 10 12
t/(ms)
5 CH-ERIR A A R Ik AR Ak
Fig. 5 Shock wave front trajectory
for C, H,-O, mixture
(15)
3.0
= Dy
—e— (alc. result, D,
=s=Exp. data, D,
29+t
2.8F
Ny Moy=1:2.5
2.7 L 1 1 L
0.03 0.04 0.05 0.06
p,/(MPa)
Bl 6 PSR A R R R A
Fig. 6 Overdriven detonation velocity

for C, H,-O, mixture

R G AR R SE S RO T T HNE A 5. 8 O BR-STR G UM B MR B 5% I8 S S I AT T o AR R
e AR B 1 8 S5 U T A 7 T R A v I Xk AT R T B A B A k(S SR (ELAT
AR IESER T C-) BSR4 S UM 5 8 5 2 BUR AT PR B0 5 R B — S B AR L AR

References:
[1] Lee] H S. The Detonation Phenomenon [ M]. New York:Cambridge University Press,2008:250-369.
[2] Sun C W,Wei Y Z,Zhou Z K. Applied Detonation Physics [ M ]. Beijing: National Defence Industry Press,2000:6-
40. (in Chinese)
IhREs TR 8 2 2. Y LM, Je st BB Tolk i it . 2000 6-40.
[3] Zhang B P,Zhang Q M, Huang F L. Detonation Physics [ M]. Beijing: Ordnance Industry Press,2001:51-87. (in



54 TS CH-EAUR A AR B S B IR A S 5 SRR TR 369

(4]

(5]

(6]

[7]

[8]

(9]

[10]

[11]

[12]

Chinese)

HRETELIRRE RV R B (ML J st Se s Dl AL, 2001 :51-87.

Clavin P.Denet B. Diamond Patterns in the Cellular Front of an Overdriven Detonation [ J]. Phys Rev Lett,2002,
28(4):044502.

Clavin P, He L, Williams F A. Multidimensional Stability Analysis of Overdriven Gaseous Detonations [ J]. Phys
Fluids,1997,9(12) :3764-3785.

Short M, Dold ] W. Weak Detonations, Their Paths and Transition to Strong Detonation [J]. Combust Theory
Model.2002,6(2) :279-296.

Li Y C. The Calculation of Strong Detonation Parameters [ J]. Chinese Journal of Chemical Physics,2003,16(1):
25-29. (in Chinese)

L. HARE SR EE AR [T, A WA 4, 2003, 16 (1) : 25-29.

Qu Z M.Zhou X Q.Jia L,et al. The Study on Attenuation Characteristics and Parameter Analysis in Roadway dur-
ing Gas Detonation [J]. Journal of Hunan University of Science & Technology (Natural Science Edition) , 2006,
21(2) :1-4. (in Chinese)

ME T ARG B A A R E TR R R A L S B [T, B R RO R o i CH AR B = MR 5 2006,
21(2):1-4.

Qu Z M, Zhou X Q,Wang Y,et al. Numerical Calculation and Analysis of the Detonation Parameters in Gaseous
Phase during Gas Explosion []]. Journal of Xi'an University of Science and Technology.2006,26(3):321-324. (in
Chinese)

ML ELOAGIE W5 BUTHRE SRR S RO BB 5 00T [T, VLR R 2441, 2006, 26(3) :321-324.
Wang B L, Habermann M, Lenartz M, et al. Detonation Formation in H,-O,/He/Ar Mixtures at Elevated Initial
Pressures [ J]. Shock Waves,2000,10(4) :295-300.

Desbordes D, Lannoy A. Effects of a Negative Step of Fuel Concentration on Critical Diameter of Diffraction of a
Detonation [A]//Kuhl A L,Leyer J C,Borisov A A. Dynamics of Detonations and Explosions: Detonations [ M].
Washington D C: ATAA,1991:170-186.

LiJ.Lai W H,Chung K.,et al. Experimental Study on Transmission of an Overdriven Detonation Wave from Pro-

pane/Oxygen to Propane/Air [ J]. Combust Flame,2008,154(3) :331-345.

Calculation and Experiment of Overdriven Detonation
Parameters of C,H,-O, Mixture

WANG Jian, DUAN Ji-Yuan, HUANG Wen-Bin,
ZHAO Ji-Bo, WEN Shang-Gang, TAN Duo-Wang

(National Key Laboratory of Shock Wave and Detonation Physics .
Institute o f Fluid Physics ,CAEP ,Mianyang 621900,China)

Abstract ;: Based on the C-J theory and polytropic gas equation of state,a simple physical model is devel-

oped to calculate the parameters of overdriven detonation wave for C, H,-O, mixture with a stoichio-

metric ratio. The overdriven detonation experiments are also performed in a shock tube using a high

speed digital camera and six piezoelectric sensors. The calculated overdriven detonation velocity is in

agreement with the experimental value. Therefore, the overdriven detonation parameters obtained by

this method are feasible and effective.

Key words:overdriven detonation;gaseous detonation;C, H, 0O,
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