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b e a e h ive e d 饰
t h e t ih r d t yP

e o f d e t o n a t io n

b y a e
va i t y r i n g

.

i n e r e as i n g t h e e o

vne
r g e cn

e
汕 g l e o f t h e ifr s t t即

e t o 9 0
0 .

I n

面ve
r ,

as s h o w , i n F i g
.

Ze
,

t h e e o n v e r ig n g s
ec t i o n 15 r e P lac e d

B y s o lvi n g t h e E u l e r e q u a t i o ns fo r a b in al y m iXt u r e o f P e r fe ct g as e s im p l
e m e n t e d w i t h a

p s e u d-o ik n e t i e r e a e t i o n m o d e l l s
,

~
e r i e al s imu lat i o sn o f fo ux e as es 盯 e e

arr
ie d o u t t o i n v e s

-

t i g a t e t h e e
价

e t s o f va r io us e o

吐 g ur at i o璐 o n t h e idr vi n g if ow
u n i fo r m i.yt I t 15 fo u n d t h a t t h e

d e t o n a t i o n d r ive sr iw t h e o n ve r
ig n g s e e t i o朋 d o im P

r

voe
t h e dl ivi

n g 且ow
u n ifo lrn iyt

,

b u t t h e

o n e
iw t h a e

va iyt r i n g sh ow
s
m

o r e P r o面
s i n g hc a r a e t e r s

.

A e e o r d i n g t o t h e n

um
e r i e a l i n ve s t i

-

g at io n
, a d e t o n a t i o n

一

dr ive n s h o ck t u nn
e l w i t il a e a V i t y ir n g 15 m a n uf 狱 t ur e d 皿d ins t a ll e d a t

t he I n s t i t u t e o f M e e h a 习i c s
,

C h in e s e A e ad
e m y o f S e i e n e e s

,

B e ij i n g
.

S o m e ex p e r im e n t s 陇
r e

e o n d u e t e d an d p
r

ess ur
e hi s t o r ie s (p

r e s s ur e

var
iat i

o ns 昭 ia ns .t t im e
) we

r e m e as u r e d a t t h e

e n d w动
o f t h e dr ive n s e e t i o n

.

T h e e x P e r im
e n t a l d at

a e o n if r m t h e D u戊n er i e al i n v e s t i g a t i o n
.

w h i e h s h o w s t h at 刀l ul t iP l e s h o 次 r e fl e e t i o ns r e s ul t i n g fr o m t h e s P e e ia l l-y d e s ign
e d s e e t i o n le ad

t o t h e g e n e r a t i o n o f an
u P s t r e a -m t r

vae 山
n g s h o e k w vae

t h at e a n i
ncr

e努e t h e fl ow P r e s s u r e

b e hi n d t h e d e t o n at ion for nt an d h e 1P t o e r e a t e a u 址 fo r m t e s t g as
s l u g

.

2 G O V e r n l n g
e q u at i o n s an d nu m

e r i e a l m e t h o d s

T h e 且ow P h en o m e n a e Qp c er n e d i n t
his

PaP
e r ar e t h e w a v e d” 田卫 ic P r o e e s s es i n w h i e h

v i s e o s i t y e
旋

e t s ar e
ne g il g i b le

.

T he wt -o d im ens i o n al E u ler e
qu at i

o ns in e o n s e r 、吸 t i o n fo r
m

fo r a b i n ar y m ix t u r e o f t h e p e r fe e t g as e s ar e w r i t t e n in e y ll n dr i e al e o o r d i n a t e s as

(1l
口U 口F a G
甲 , , 一 十 二 , ~ 十 ~ : - .

口 t 口X 口r

1 _ _ _

十 一 5 = 且
.
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艺) ar e t h e e o o r d i n a t e s an d t im e
.
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,

F
,

G
,

5 an d H d e n o t e t h e s t at e

var
i a b le s

fl ux e s a n d s o u r e e s
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ig ve n 妙
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}
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一 P h ( P
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户2
,

P )
0 { (2 )
0nU

w h e r e t h e P ir m i t iv e va
r i a b les in t h e u 刀k n own U ar e d e n s i t y P : t h e r e a e t an t d e sn i t y P i : t h e

P r o d u e t d e n s i t y P Z ; ve l o e i t y e o m P o n e nt s u a n d v in x 一 o r 双
一

d i r e e t i o n
, r e s P e e t i v e ly : t h e

r e ac t i o n r a t e h (p
l , p Z

,

p ) : an d t o t al e n e r gy p e r un i t m as s e , r e lat
e d t o t h e e

妙
a t i o n o f s t at

e

fo r t h e p e r fe e t g as
e o us m沈 ur e b y

e 二二
P

守 一 l

+

告
。 ( U

Z + · 2 ) + , I Q
,

(3 )

w h er e
Q 1

5 t h e e h e m i e a l r e a e t i o n h e at
r e le as e p e r u n i t m as s

.

I t 15 as s u m e d t h at t h e e q u a t io n

o f s t a t e 15 i n d e p e n d e nt o f t h e e o m p o s i t i o n o f g as m沈
u r e s ,

b ut t h e int e r n al s p e e i if e e n e r gy

贻 m o d i if e d t o i n e l u d e t h e l a t e nt h e a t o f e o m bus t i o n
.

T h e d e n s i t y o f t h e g as m汰ur
e 15

e a l e u lat e d b y

P = 户: + P 2
.

(4 )

fI m as
s fr a e t i o ns ar e d e n o t e d 饰 Z : = 户1

/户 an d 几 = 户2 /户
,

t h e e
ffe

e t ive a d i a b a t i e e x P o n e nt

o f t h e g as m 议t u r e
.

,
, e
an b e P u t i n t h e fo r m

Z , 勺 1
,

Z
。 勺 。
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.
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(5 )
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r n i n g e
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,

E单
.
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.
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,

w h e r e t h e r
at i

o o f m e s h s iZ e 么夕/△ x 15 hc
o s e n 5 0 t h a t t he

o b li叩
e

wa l l

e o ul d e o i n e id e 丽 t h t h e e e l l id a g o n al
.

T比
e h o ie e e n a b les a s im p l

e
an d

a e e ur a t e al g o ir t h m t o

b e im p l翅典 e nt ed w i t h o u r s e h eme
,

P r o du
e i n g a ir ig d w all b o u dn

a yr e o n d i t io n o f se e o n d
一 o r d e r

ac e u r a e y tbl
o u gh e o m P u t i n g t h e

“

而
r r o r 一 im

a g了 fl ow
s t a t e s a t vi r t u al igr d p o int

s o ut s id e

t h e w al l
.

A 5 0 0 0 x 3 0 m es h s y s t e m 15 g e n e r at e d t o e
vo

e r t h e d e t o n at i o n d ir ver
o f 5 m i n

l e n gt il an d 6 0 二 7n i n d ia m e t er
.

T he me
s h s i z e 15 1 二二 w id e an d i t

s le n gt h 15
adj us t ab l

e

ac e o r d i n g t o t h e ig ve n e o

ven
r g e cn e

an g le
·
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3 R e a e t io n m o d e l

知 o r d e r t o e x

幽
in e g as d沙am ie c har ac t e r is t ics o f a d e t o n at io n d r ie vr ,

t h e e n t i r e d e t o n a t i o n

t u b e h as t o b e s im ul at
e d

.

T h e m e sh s i z e t h at e o
ul d b

e u s e d
,

朗 m e址i o en d i
n t h e las t s e e t io n

达 s t i ll t o o lar g e t o e
即 t ur e 鱿 e ur a t e ly e i t h e r t h e d et o n at io n s t ur

e t u r e o r t h e t h i ck n 巴 5 o f

d et
o n at i o n fr o 认 b e e aus

e o f t h e lax g e le n gt h
一

t-o id 皿et er r
at i

o
.

T he
r e
for

e
.

t h e s t r at e
gy for

s e le e t i n g a k i n e t ie er 二t i o n r
at

e m o d e l 15 t o o b t ia n
an id e应

z
ed t h e T奶

尸

l o r e x p an
s i o n

vwa
e

h va i n g an i n if n i t e l3
·

t h i n r e ac t i o n z o n e
.

T h e e m p h as i s h e r e 15 t o p r e d i e t t il e g翁 d y n a m ie s i n
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o ll ow 讯9

a d et o n at i
o n fr o nt
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.
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e d t o b e ac e e p t a b l e fo r o u r p u印 o se s :
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1
,

户2
,
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0
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,

口 ar e d im
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e n s i o n a l s加ul at i
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kn
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o n
.

A s e t o f 、吸 lu es fo r t h es
e

e o n s t
献

5 w as d e t e r m i n e d 勿
s u e h a p r o e e d u r e 皿d 15 ig ve n b e low

1 8
.

T h e s e e o sn t a n t s d e p e n d
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an d
v a r y s l i g ht ly 诫 t h n

um
e ir e al s hc e m e s

.

O n e e t u n e d t h e y ke e P

co n s t a n t t h r o u g h o u t co m P u t at i o n
.

0
.
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J

,

( 7 )

1 6

二

:0,
二只。。 `:

二 1

二 0

6口

Ad e才

A ll t h e e o m Pu t at i
o n al r e s u l t s Pr se e n t e d i n t ih s Pap

e r hvae b e en Pr o d u e e d w i t h t h i s s e t o f

“ t u n e d
, , e

on
s t
an

t s o f t h e P s e u d于 ik n e t i e r e朗 t i o n m o d e l
.

丫乞l id st i o n o f e a l e u lat
e d r e s u lt s

协 t h t hi s
m
o d el h as b e e n e ar ir e d o u t by

e o m P a ir n g w i t h e x P e r im e nt al d a t a
,
t h e m a x im u m

d is e r
印 an 即 in t h e -C J ve l

o e i t y
,

p r e ss ur e a n d M a c h n u m b e r 15 les s t h an s % 1 8 ,

w h ich is an

朋 e e P t ab l
e l e ve l fo r o ur P u r P o s e o f an al yz i n g t h e w a v e dyn

a ll 劝e P r o e es s e s
.

H o w e ve r
,

w hi l e

t h i s er ac t i o n m o d e l 15 e
aP ab l

e o f d es
e r ib in g t h e fl ow fe at u r es as P r es

e n t e d 勿 t h e T ay’ 1o r

s im i l a r iyt l凡w
,

t h e v o n N euxn axm
s P阮 (

o r s

ho kC P r es
s ur e

)
e

an
n ot b e e

aP t ur e d ve e n i f

t h e m e sh s i z e we
r e s t ziff e ie nt ly 五n e

.

A m o r e d e t al le d r e a e t i o n m o d e l e o ul d hvae b ee
n us e d

t o s im u lat
e t h e d e t o n at i

o n s t ur e t itr e
an d i t s ass

o e iat e d s h o次 P r e s s ur e ,

bu t i t w o u ld als
o

e o n s

uln
e

mu hc
o f t h e e o m uP t at i o n al r es o ur e e s

.

A n d al t h o u hg t h e e

urr
e nt m o d e l d o e s n o t

i n e l u d e t h e r e
ac t i o n z o n e i n t h e d e t o n at i o n

,

i t n e ve r t h e les s e o nt a isn t h e e s s e nt ial 卿血 t at ive

fe at
u r e s o f t h e p r o p a g at i n g

vwa
e
an d 1

5 s t il l a us e

ful t o o l fo r t h e e

urr
e nt p a r am

e t r i e s t u d y
.

10 0



4 N u m e ri ea l r esu l t sa n d id s eu s si o n

U si n g th eg
ov en ri n g e

明
a ti o n s,

t h e

umn
e ir e滋 m e t h o ds an d t h e e h e而

e al r e ac t i o n m o d e l

int r o d u e e d in t h e P r e v i o u s s e e t io sn
,
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( s e

e F i g
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t h e d e t o n at i o n d r ive
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.

T h e d e ton
a t ive g as us e d i n

un m
e ir e al s im ul at i o sn 15 a m议 t ur e o f 2H 2 + 0 2 at t h e iin t ial

e o n id t i o n o f 只 = 1
.

0 b ar an d

工 = 2 9 8
.

1 5 K
.

T h e ad iab at i
e
ex P o n e nt

s ar e t ak
e n t o b e 1

.
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.

2 19

fo r t h e p r o d u e t s
.

T he
r e ac t io n e n e r盯 i s Q = 8

.

3 9 x 10 6 (刀七g )
.

T he m o le e ul ar we ihg t s ar e

12 fo r t h e r e朗 t叨 t s an d 1 8 fo
r t h e P r o duc t s

.

nI t ha fol low i n g id s e

uss i o n
,

two m aj
o r Ph y s i e al P r o e e ss e s ar e em P h韶连e d

.

T h e if sr t P r -o

e e s s 15 t h e w
vae int

e r ac t i o n aft e r t h e d e t o n a t i o n fr o nt m voe
s int o t h e 印 e e ial l梦 d es i ,

e d

s e e t i o n
.

Se q u e nt i al is ob ar s o f the 助 w m o t io n en ar t he
s P e e i a ll y

.

de
s i , de

s e e t i o n 动 11 b e

P r e s e nt de t o s how
the w a v e P r o p ag at i

o n
, r e且e e t i o n a

dn fo e us i n g
.

T h e o t il e r 15 t he P r e s s llr
e

var
i at i o sn i n d u e e d by the vwa

e int e r朗 t i o n o n t h e dr i vi n g 且ow
.

S e q u e nt i al p r o if l e s o f p r e s su r e

id s t ir b u t i o n s al o n g t h e 盯1
5 o f s丫m m e t yr i n t he d e t o n at i o n dr ive sr ar

e P l o t t e d fo r i n v e s t 卜

g at i o n
.

R o m t h e se
r es ul t s

,
t he

o b s e ver d w vae
P he n o m e n a ar e e x P l ia n e d

,

t he me hc an
is m

b e h i n d t h e P h e n o m
e n a 15 e xP l o r e d

, a n d t h e ir e
玉

e t s o n dr i v i n g 日o w s ar e d is e
us

s e d
.

4
.

1 D e t o n at i o n d r iv e r w i t h a 3 0 0 e o n v e r g e n e e an g le

T h e if r s t e朗 e e ar r i e d o ut 15 t h e e o

汕 g ur
a t i o n o f yt P e A 朋 s h o w n i n F ig

.

Z a b y s e t t i n g a
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0 e o
vn

e r g e n e e an g l
e
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oF
r t ih s e as e ,

t h e lar g e s t r ia g ht t u b e 15 3
.

5 m lo n g an d 9 0 m m i n
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e t e r
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an d t h e s m a ll t u b e 15 1
.

5 爪 lon g an d 6 0 m m i n d iam
e t er

.

B e t we
e n t hese

t w o

t u b e s
, a s e e t i o n 诫 t h a 30
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F igS
.

3 an d 4
.
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o f t h e 且ow m
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r e
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e r

t h e d e t o n at i o n fr o nt m o v e s int o t h e e o

vne
r
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3 e an d 3 d
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e
. ,

t h e fr o nt o f t h e aT y lo r e x p
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vwae
) 韶

o b s e ver d i n F ig
.

3a ar ir ves
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an
e e

o f t h e e o
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