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Table 1 Velocity of gas behind incident shock and

detonation before and after collision

Ms uy/ D;/ D¢/ D; — Dt/ D¢/
(ms™1) (ms™Y) (msh) (msTl)  (msT)
1.2 162.5 2836.4 2676.7 159.7 2839.2
1.5 369.2 2836.4 2467.8 368.6 2837.0
2.0 663.6 2836.4 2178.3 658.1 28429
3.0 1181.6 2836.4 1669.5 1166.9 2851.1

E: Ms REAFBREREBRRE, uwo AFHEEEEIREE, D
Dy pHIRAERFRIRR FAHEGBREREE, Dr(m/s)
T iB TR T A T U B

Notes: M s denotes the strength of incident shock, us denotes
the flow speed after the incident shock, D; and D; stand for the
velocity of incident and transmitted detonation, and Dy means
the velocity of transmitted detonation relative to the flow after

incident shock.

3.2 RMERITEXIBEH

R 2 AT LX) R O ) X (transi-
tion zone) Xf TARRMHFHARRMERE, AT %
HE R ELFIRER, KA 0.02mm % [H #H,
BRI EESRINE 3 . B 3 FiniikR
SRR 2 EA-B, BEEMKE. BHEERN
Ak dT. TP 3(a)~ P 3(c) 9% RATIL, BH
FAGTBR AR S, SRR TS R
AL RN XA AR R B ORI B R, HR
ERERNEE 3(a) MK 3(d) EFBERFETEX
5, BARDHEARERLEREA—-, R
T RABU R R AR R AR L



£ 2 M

FHEERE ¢ MR SRR BOHE R BE IR R 157

18 35 i B ph e P TR AT T I AL A RO X Y
B|E, RILTEREBF RGNS, Bitb®R
T X FTHT G 8 L B R R AT AR R AR Bt
HBRFEAEEIETET K EMRBE, BRENHEERE
1B A4 R THREIKR ERNXESAES
BERTIEI AR B R R, 5H 3 RNFERAREA
—B. F Ms=12Ff1 Ms =305, HHEREEN
BRI RETHARMER, HEXWEZ
EIERILE R A AR Ms =12 BEAS

6.0
5.5
5.0
450
4.0F
3.5
3.0t
25 -
2.0f
L5p"

1.0 raifz}_ction 4
0.5 g

transmitted
detonation

t/us

incident detonation
incident shock

136 138 140 142 144 146 148 150 152 154 156
r/mm

(a) Ms=1.2

6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.5 * shock -/
2.0
1.51 -~ .
1.0 rﬂe’:‘f_zictionf
0.5f -

// ///’/,“l ' \ ,

contact surface /.
new rarefacnon
g

/

t/us

detonation

incident detonation
incident shock

134 136 138 140 142 144 146 148 150 152 154
r/mm

(b) Ms =15

6.0 N AR
5.5 ’ '\ \\
5.0 n

451 .
4.0 p ,'
© 3.5 |transmittedy
3.0
2.5
2.0
1.5 ,
1.0} rarefaction
o5

transmitted
detonation

/s
wm
&
5
[«]
&

incident detonation
1nc1dent shm.k

132 13»1 136 138 140 142 144 146 148 150 152
z/mm

(c) Ms=2.0

6.0
5.5 X
50/ N/ 4 /%
45 contz}ct su’rface,‘ !
4.0 '
3.5

transmitted
detonation

t/us
o

. 5
g

=3

&

Lor rﬁe@:.non o incident detonation

mc1dent ShOuk

. P
130 132 134 136 138 140 142 144 146 148 150
r/mm

(d) Ms=3.0

B3 BERS 4 HARBERBEXEE -t FEER
FHEM (BOWE)

Fig.3 Density distributions on the z-¢ plane of
detonation/shock collisions with four different shock strength

(high resolution)

BB R BB, RHES SRR T 3% 9148
BB R, SRR B Rt X
1%, Wi 4(a) FiR. Ms = 3.0 IFHOASTER 058,
BRSMBEREEXR, HERBBRESGTTRES
SEHRIERE, B TERNEMRN, #F
SRR B FEREER DN, W 4(d) Fos. HA
SHA IR SHEON Ms = 1.5 71 2.0 &, 40 4(b) An
B 4(c) Frm BB SRR B A R R R T B AR AR AR
BA, WHEGEXBBE N EE, FHEWE 4(c)
PR SRk Ms = 2.0 M5B, BEE I A ) HE
2, BHHRR A FEPUE hBRLBETIAE, HRL
NS R RS A MRS ER CT % —

4.0 ; : /
3.5

transmitted

3.0 reaction zone end detonation
w 2.5
i .
= 9.0} point of maximum coupling

heat releasing

1.5| reactionrate ~— leading front

1.0 colln\snon

0.5 _~+ incident detonation .
138 140 142 144 146 148 150
r/mm
(a) Ms=1.2

B 4 AE NGR4T A% RN X AT S i S
Fig.4 Locus of the chemical reaction zone and the leading

shock wave for different incident shock strengths



158 i

1

e " 2008 4 B 40 ¥

4.0 7

a5 /‘tr/ansmined

3.5 detonation
reaction zone end

coupling

2.5} point of maximum
heat releasing
2.0F reaction rate

VA
/

Vs
' S
// collision
0-> £ incident detonation,

138 140 142 144 146 143 150

leading front

t/us

decoupling

r/mm
(b) Ms =15

4.0 T /z___,(

) transmitted

3.5 / detonation

3.0 reaction zone end -
@ 2.5 \coupling
>, point of maximum leading front w

290 heat releasing
15 reaclion rate “
%
1.0
incident /

detonation

decoupling

collision

136 138 140 142 144 146 118

r/mm
(c) Ms =20
4.0 —
3.5
3.0 transniitted

reaction zone end detonation

2.5f

t/us

) .
pomt of maximuny
1.5} heat releasing

reaction rate ;
#__leading front

1.0
0.5| ,incident colliston
detonation,
-~
137 138 139 140 141 [42 143 114 145 146
r/mm
(d) Ms =3.0

Bl 4 IR AR R A A T AL R I AT SR T (48)
Fig.4 Locus of the chemical reaction zone and the leading

shock wave for different incident shock strengths (continued)

B, BAWME R TXHESEERIS, A 5 fr
7N,

P 5 7 AT IR I B AR AL B H R ST [3)
TR IR —E, HEYS Ms=12 15120 HHlH
t, Ms = 3.0 HEF AT BB RS Y
BARTHEM=F. ZHEEAT R8s S Bk CJ
RERRRSERLE, MHE 3 MEEINEH—

MESE g, FH TREHEENELZENY
BREFAE. —fOkiE, BFBEENETEEZIHE
MHEREQHZ: —EXEZ BRI
Bk, BB RNHE H— P ESEEE
AT RERSERENRS, ORISR
B RN, MBAER DR W TRDHEA
BT, Ol B T A R VR U X R T AR

YN B SR, SAEREREREH
M AR

CJ solution based on
J Slals, belnnd mudent shod\

140y

120}

100

1/ po

10}

0 1.0 2.0 3.0 430 5.0 6.0
t/us
K5 4 R NGHBOHR IS TE T 8T SR E R btk
Fig.5 Histories of the lealing shock pressure in four different

cases with various incident shock strengths

3.3 BEHNSRH/BHHEHXE

BRI SBREHHEENEES, RREkKE
EWMESBRERRENEERE. WE 5 fimBA
SHBORERRK 3 MEEIF, BEIHBERRKET
BEHEAME, LI Ms = 2.0 b5 58 3R I 0 2
Ehkm MBEZERER/NFSERMRE, &
BHEER R BRI 2 AREE WX, BEXEX
TR EREIX 3 MU B, AR E 4 R
P 6 Fd 7 Frow.

120
100} collision
g 80 detonation effec
T 60 zone steady detonation
40 ‘detonation growth zone] development zone
20— L. ‘ .
U 1.0 2.0 3.0 1.0 5.0 6.0
t/us

(a) HIREEEN
(a) The pressure of leading shock

B 6 AMs=2.0 i R-Ed # XAl 80 1 RME 2 BN X R RE AL
Fig.6 Histories of leading shock pressure and chemical
reaction zone width during the detonation transition with

Ms=2.0



PR ¢ SR SRR B T ) B AR R 159

100 y
90 detonation effect ]
30+ zone steady detonation -
&
q 70 development zone
> 60 i
T 507 detonation
38 growth zone
0 1.0 2.0 3.0 4.0 5.0 6.0
t/us

(b) LR X FEE
(b) The width of chemical reaction zone
A6 Ms=20 R EXHSBEENMLERNE
RERL (8)
Fig.6 ‘Histories of leading shock pressure and chemical
reaction zone width during the detonation transition with

M s = 2.0 (continued)

11 T — T - T
10 ]
< 9 1
~ 8
S |
6 4
5 4
4 " 1 1 1 1
0 1.0 2.0 3.0 4.0 5.0 6.0
t/us
(a) #T WA
(a) The temperature of leading shock
x108
3.0
2.5
n 2.0
L1o1s
1.0
0.5 : : ‘ ‘ -
0 1.0 2.0 3.0 4.0 5.0 6.0
f/ys

(b) A2 R B S5 R

(b) Total heat releasing rate in the reaction zone

B7 Ms=20HEESERKEENRNEREL
Fig.7 Temperature and reaction rate changes in the

detonation transition with Ms = 2.0

TEXT R WA X, I R AT SR U T3 BB AR LA
SRR MREEREK, A 6(a) F1E 7(a)
FT ;. P2 S HBCH E  R Ab 7 SN [X 4],
i 7(b) FE 6(b) Fran. B MBS HFERMIX
R B B AR 2 3l th T BUZ Y BUAL <2 RN IX B8 B g8
AN, MBSO BA A RN DRSS, UM X B R
RARZEBAME, Wi 6(b) Fivn, EMTER WX 4
L3

EREWREX, BT RS B0 T #
FERAERES BN ER WX, WE 6(a)

FIP 7(a) Bron B E AR, SRR R
hREEEAK, WE 7(b) frn, HHFERNERSE
DACHRRT S B, BRPRAERR EREMEKX
BT, #ESHBRRENERAESERUMN FL,
b2 SN X B8 B AR S B8, (B R AL 2 B A R
KRG, EREREEH, b N RIZ AT
FEEROFRERERR, WE 7(0) Frr. e
%R SRR I AR R R, WA 6(a) 1A 7(a)
I E ST FNR BT R, (R B TR a5 &
Hsh, MEERA U EAERNK, EHRNKX
REEABHRMSEI B A, WA 6(b) Frm.

ERERCARER, HTRERARGLHER,
B CJ R, AT MU E S A0iR B R R
TAE, A 6(a) FIK 7(a) Pras. b ROLE B
AR B, LE RN K AR R R AT, RAX
REDRIEAD, I BASRRAREE, WE 7(0)
& 6(b) i TRENR CTBERAEM, SHBH
EaTiaE, B 6(a) Bmmibst R X 3R T
X2 BRGSO B AT R4
RNFSHERER.

3.4 BEKSBRMKAIIHE

BE W S BORBBOM R Ms = 3.0 BHIH, A
SRS B RS RS RE T & SRR PR
MERLRE, RAHSEFHMBTEE L O
it B SBREENEFERRSERE, AR THE
R SRR LR, SREN T SRR RIPEA,
R T EXERE (B 4(d)), TEESLTAFE
BAURRHAE AT IR, WA 5 A 8(b) iR, XY
L 8(a) FNIE 8(c), B 8(b) KKy AL,
B 8(d) B RN X SRR ARAIE R /ME B AR
URORAE 4 FIh 1.2, 1.5 1 2.0 B, A BIBIR ML
¥R FEEERN AT, MRARRESH
SR AR, 2 Ms =3.0 0, £k 3 1BH
AL ERY BARRKME. IR ERE KRR
R, BT SBUE AR IR AR T E CI %
WETHTNE, WE 5, & 8(a) F1lE 8(b) fras, X
Il Hugoniot £k b MBIFREEM/YIE. HILEHE
SR BT AT, B SHR R IR B R SRR AR E
ClBEMHERR. BRESERBBNT N 5 —
MRASE R RN X FRAHA RN, WA
8(d) FizR, B M TR TS A A B B
BAEAXBHBERBER BT ERKKEW, IRFS
SRR rh AL 2E UK 5 R U2 X 49 B PSR A



160 h ¥ =t R 2008 F F 40 #H
" FHTHEEREAH, LESHMEE CIRER
9 . RRASSERBENE, RRTEREER
= ¢ WL R, RS S S A&
6 B, IR BT TR
i
_1 a—

0 1.0 2.0 3.0 40 50 6.0
f/y.s

(a) AT FBER
(a) The temperature of leading shock

11
10

T/ T,
-1 00

TN B e}

40 6.0 8.0 100
t/us

(b) Hi S EMIKERE
(b) The temperature of leading shock

0 20

90 /-\"‘
80 / .
, 70 \
q 60
B Ms=20
= 50 k.,/”‘”"'“
40
30 )
0 1.0 20 3.0 40 5.0 6.0
t/us
(c) fb% RR X B BE
(c) The width of reaction zone
90
20
. 70
6o 7
40 V
30
0 20 40 6.0 80 100

t/us
(d) L% R IX 8 R
(d) The width of reaction zone
B8 Ms=20M Ms=3.0 WEELEXBHEAMRMNEK EREFL
Fig.8 Temperature and reaction zone width of detonation

transitions with Ms = 2.0 and Ms = 3.0

4 2

(1) BER G BB E, EHBRETEX
HKER T BRZ MW ®, "TRKR A
MERWX, BEKEXREREREX 3 1B
Bl fEX 3R, 1T SEBE AR ER G — 4
iR, R T RRIUER AR Y E R

(2) BRI S BRI, NS PR & RIA
SAEBNFESHOFET T ERR K TR S EL
R, SR T SRR RO e, B R R AR
R FRERN CJ BEE LR ERTE.

(3) HIASCHYTHE 45 T I, R SR A iRk o ot
18 BRI S L SOV RS, B 8] ()
XEHB AR ERER. TILNF BB
A, BA TR SR KA.

5 % X ®

—

Lee JHS. Detonation waves in gaseous explosives. In:
Handbook of Shock Waves Vol.III, Ben-Dor G, Igra O,
Elperin T eds. Academic Press, 2001: 309~415

2 Terao K, Yoshida T. Kishi K, et al. Interaction between
shock and detonation waves. CD-Rom Proceeding of 18th
International Colloquium on the Dynamics of Explosions
and Reactive Systems, Seattle, USA, 2001

3 Ng HD, Botros BB. Chao J, et al. Head-on collision of a
detonation with a planar shock wave. Shock Waves, 2006,
15: 341~352

4 Sichel M, Tonello NA, Oran ES, et al. A two-step kinetics
model for numerical simulation of explosions and detona-
tions in Hp—O3 mixtures. Proc R Soc Lond A, 2002, 458:
49~82

5 Mcbride BJ, Zehe MJ, Gordon S. NASA Glenn coeffi-
cients for calculating thermodynamic properties of individ-
ual species. NASA TP-2002-211556

6 Zhang Hanxin. Non-oscillatory and non-free-parameter
dissipation difference scheme. Acta Aerodynamica Sinica,

1988, 6: 143~165



® 2 M FREERAE « WS R R BN B BB AR LB T 161

NUMERICAL INVESTIGATION ON THE COLLISION BETWEEN
DETONATIONS AND SHOCKSV

Han Guilai®) Jiang Zonglin Zhang Deliang
(Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, CAS, Beiying 100080, China)

Abstract Collisions between detonations and shock waves of different strength have been numerically sim-
ulated by using NND scheme implemented with the improved two-step chemical reaction model. The collision
effects on the detonation transition zone were investigated. In the case of detonation interacting with weaker
shock waves, the detonation transition is dominated by flow expansion which lowers the post-shock thermo-states
and reduces the chemical reaction rate. The detonation transition can be divided into three stages, named as
the collision effect zone, the detonation growth zone and the steady detonation development zone respectively,
which indicates some characteristics of detonation-decoupling and reigniting. When detonation interacts with
a stronger shock waves, the thermal properties of the explosive mixture are so high that the induced chemical
reactions become more active and the flow expansion is compensated. The transition appears to be a direct

transformation from a weak detonation to a quasi-steady CJ detonation.

Key words shock wave collision, transition zone, detonation waves, shock waves, numerical simulation
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