%185 4 1 B OE 5 M i Vol 18 No 1
1998F 17 EXPLOSION AND SHOCK W AVES Jan . 1998

SRR EWgR EiE T RV E

FK% AR TEHE
(FEREE AR S 230026)

]
M

HE FHNE TR Z BRI GE E E AR R M ach R R WA & E P %
TR, R T 2 MM H 75 3% A F ) 7 H AT S50, e Bl 3T
PRI UE M ach ST =38 i 78 £, 7 00 A R~ R B T AR AT AT T DL HEB TR R B M ach
SR ) K00 S5 S B A )N . TR AR AR T M ach RSB BRI bR AR B AR, ik
5B M ach REME T AL Fifl] BRI M ach I THEEF, fI T cew BIg Xt T4
WAL BT AR, B A SO0 (B AE ML A A KT 30 HE 24 W) 4.

X SAHBEER KRS M ach RET  cow iR

FEESES 0381

1 51

SAHBBR R AL 2 L 2 6] (W8 ) AR 3B IR, 121 5T R B A8 A 0 13 22 B IR AR 36 7= AR AR K
SR, AU SL I R AN = ARANE, e B IR A T AR SR R A, T B2 Tl B3 B9
B KE RS 2 A RUORIARYE, S— B S AT, SR H T A @ ) B s, 245 R BI—K&
FR R 10 R A FR X — 2 ) R RIS 250 P T v v i, A 78 AN R BRAE X BN P i M) ) S i L

H T2 2 HAR T L, B N IR R R AEY 7K A R R g g w gt ' L 5
WARAE — Ml S EAR, B VAT 5 B 98 I AL % 21 Jo B /N2 (8] T AN K I B NE AR, 19 2]
TIa A BN ESHI R R WUWAREE, —BOA G R I I 2 H BRI 5 S
M ach KEFBL R, (B IR G AT 70 S2OGUE SR, SCERAN L 25 (AR Y O BECHIR e
TR IE s Ik, B bR Bl SCEA R 1F 3 MU PR, HY R IR B 7 V210 55 B P 5% e
M ach B9 =9 mdb 2k, HRENE] T M ach 75 77 BB &3 & 71, H¥ CCW (Chester-Chis—
nellW hitham )" "BRAE G H BB R, W56 1B HE 2RI N IE AR

2 LIGRE

21 HEE

B BRI E PR SIS RAE 40nmX 40mm (177 BYAR TH B h kAT 1L %
NVYEL T NiEgE, I IR, Mo RR e R B, IV NI By Hoh B 2K Q 63m, H W
SN2 N E G E Frox, 1 2N E R, R NES A 3 AN e AR, B A
G, REHE AR L E e S = R anm AT R EVH A 3G B0 A Bt 2 2 AR M TH 95 30 A

« [E K BB S JEAES 19372058)F15% [F SO AL 2R 2 1 B B,
KL 5, 1943FE 4, B #%
19960918/ 3| J5 5, 1996-12-10 21 24 Fa.



22 w5 o iE % 18%

T A% K A 2 A A TV, A B I Fos Horp Tl g & W 5 )T SRR E L
i 125 L 2R IR TR TsR] DU BEELALE, ARSI T A0 B In IS 7.

Transient waveform storage | 1
ol \% ///////////4
- Sm4 2.5m 1 2.0m 1T2T3T4 '\\\\\\\\\\\\\
! i j! N
1 I 1 N | = I
w j 37| R - ! 14
L 0. 63m ! A I :
2 D \ 3
Y . U Y
E N/
ol T
L0 =]
H, ()'_AFL'Hl
A. Electric charge am plifiex D. G as distributos 1 2 Channel section fixed plate
E. AC Powes T. T ransduces P. G as prem ix ing tank 3 4 Fixed plate
U. Vacuum gauge V. Vacuum pump W. H eating w ire 3 6 7 8 Free section
K1 seiede s B2 K B = & ) T
Fig 1 Experm ental facilities Fig 2 Inner structure section of test zone
Side wall
| | ]
50mm 242mm
125mm Tzé Tab $
T, Upstream Downstream T4
Wedge
19. 3°
Side wall

K3 BRI R
Fig 3 Schene of w edgemounting

22 BESES

SETURGE B IR ISR B R/ AL RS, B B SR A T
Mo Oz Ha Ox A Hx Ox 3A vfl CHa+ 20VUF S AR S
23 BEAR

KA R InEGE 25 15kP a LA R W) e 5 22 i), SR i B A % 07 =
2 4 WERERAEIE

JHEEBEFS N Smm JEPARBE B, #4177 mmX 40mm 2R 32 00 A 2000 B 385 1 e v
R, ol 2 P RS Bl Y S IR 38 L 22 B vl
2 5 WIEAVREMICRE

B E R DU AN He F A s 7 7 28 SR B I8 5 U8 Ik 010 1B T 1) 000 R A 5 U 1)k ) sf
(], 28 FLART TR 28 o a0 N B 25 I T A A an U, 52 80N R A

3 SKREEF

VAT BN B EAL B, 1% KA T EBLERAT M T TER EJ7, M HAE TR



£1H WREE . SRR BN SE B TR 23

REREHEE MES , FATRMOTHRSE. REFUSHETISELTEFBERS . 8
MEK, MEHEERSERABCROEDBE . B3 A WL B RS S5 I 15 58—
BREGFEE, BHEBAR EWRESHHERBF, HAEBEBMENE., X8 —-FKE4s,
VIEMNEB B 9 Atfr, B 16.0,17. 3,20.0,26. 7,33. 3,40. 0,46. 7,53. 3 1 60. 0kPa, &4
3SEMFEHMEGREENT 5%) . B A# A, B 10°,15°,19. 3°,26. 6°,30°,35°,40°F1 45°, ER A
N,

4 XRER

1. B AME LB T —AB R Mach RFHEEEHWR A, A 4 ME 5 iR, @
T B Y R 7 ML T A B0 TR AR — T 0 5 1 T S R L T AR A T Y e A, R T ) A
ZiHg B BAR ., LU P ALY ER T 26. 7kPa B A REAR B S M A KEAE 454 . M ER &, B R
AN BB R B ERLEW . RAEWERE 16. 0kPa £ 4,

2. i85 T % I Mach 4% B & % 8% 00 JE D B8 , W 18 82 T b K ) 7 4% 48 & BE K9 281k
3. F A8 TR R BOE N PSR, AR S R MIKE SRR A (B 6).

B4 BEBBLS 19. 3°&ﬁ§ﬂﬂ'5ﬂ$§?§$@m§ﬁﬁaiﬂﬂﬁ‘(2H3+02+Ar,
Y=1.447, p=16kPa, M, =5. 12,5} J L 76 B4 T 5 £ W FF 44 7% )
Fig.4 Cellular structure produced by 2H,+O0,+Ar(¥=1. 447, p,=16kPa,M,=5. 12) detonation diffracting

on a wedge 6,=19. 3°. The trajectory of the triple point formed in front of the apex of the wedge

Bl 5 MBEBELES 19. 3o it AR 45 H R 0 % B (R R 4,4 R RERTE P D
Fig.5 Cellular structure produced by 2H,+O,+Ar(Y=1. 447, po=16kPa, M;=5. 12) detonation

diffracting on a wedge 6, =19. 3°. The trajectory of the triple point formed above the wedge slope




AR e e EeRaTR NS

(08 .2= M 59470 .08 =04 . SO0 .I =X O+ HOHFH RN BE R KM IARBEEEETR o B
gaitostiib noitsnoisbe (28 .2 =M. 892170 .08 =040} .I =X) O+ HS vd bssubo1q s1uioutte 1slullsDd 9 .gid

bstnsze1q 2i s1wtoutte 1slullss sdt Yo gaideildsszssr bas gaitseqgseib to 229901q odT .°0 .01 =18 agbsw s 10
JTHEMR 2

HUEHNFERBRBRARERTX 1.2
HUBARAHENAREFARERTIRAGAHRRBRAPFHTT ~E C BHR
PRAMTFFMAREIUR asdD A DB L DRMTRBH AL ATREIRRARA LA
A P REHFERLN RRRAT A TH NS ¢ B O AR R JE o 1830 Rk B i 3
CAHMHRNEFEAS SR SRR ERTRNE V.80 RL.60 KRR «~ RAEMEHE /R
HAESHERAMBNHRRA dsM HEHFRREIFFRERFTFE RE—LEHARL
R RMHM TSR AR TRR B PRI A W LT RRARET ARE
BMTE B — X . 200 08 R S0 S e 2 1R 32 3 B 36 09 R R 08 B R R dosM & 3 —
BOAREE — T B RRE RENRAA TR T L RRRETT N EDR ERL
FHR A dosM HHERDT SEH JIRIARA dosM A EWE T P ERG FMAXK BH
£)°0¢ BHARY ABREHER ARMRER ANFHAIERIASTHHARRR

SRS A TR — R R 08

EXNABABINAGE REAPH » RENABERBAK=E <2

R 1888 =0T O+ HS M 7RTA T B M H Ao« RK oo 2 o B SR B TH QIR & R
FONEHR = BHAE WO 000 .S RN ABEHFR. 18 9400 FAX sTAL A
~AMC.0

RENAEEHRANENR X RERAPH ) TRESH BRRBRRBAPIKR =
1A, BMOPEE TN — BN EE T  1R°0E T oA BUE A TN 68 e © B O HE  FR°0€ TN L JhAen
g ARBAPHAITHMAERSNNEANGHEE A LM O+, HO HEMRHR » T
AWRTRGRMTEREE > MHFR FHARR dosM Fbd EF+ 7
ESERRANTHRRA dsM ARIAMBEARBRIAKER €2

PR Ao (R O MRS R AR T R R MR AR 8 BH
NPAHELAE BAHKRRANTRRAMBE R dosM HRBERRGFRBAERT . (0=x
KW ETFRERE , W EH°00—°20 3. (AR AN STHE WOO H W W H H°cc—°8) Fox AR EE
FLEPNAFTEALEHEHHDZRDITHIEL RARAAGERNTARRAD AN RR HE



5 1Y FOREASE: AR SR AR e I T R AR R 25

FORE TR AR A e I Bh AR D9 T 3 3, 3 Bl 5 A K

— ZH;+ 0,4 3Ar(7Y=1.50)

L °_°_¢_°_._._._. & a == 2H2+OZ+AT()’:1. 45)
14k 18k == ZH:+0Ox(7=1.40)
I [ -~-=- CH(+20,tr=1. 35)
- L 4 e 4  2H:;+0;+ 3Ar(Exp. )
° 4 2F ]
L | 12 2H;+ O+ Ar(Exp. )
¥ 12t L 2H:+0;(Exp.)
L -0— Theo. o g CH,+20:(Exp. )
4 Exp -
10 1 1 2 1 L 1 L 1 L L O- 2 ) i r L '
10 20 30 10 50 60 16 20 30 40 56 60 70
pu/kPa '
K7 #IE poXt « A IR K8 ARA MBS 0% « f1 IR
Fig 7 The nfluence of initial pressure po Fig 8 The influence of com position and w egde
on the angle x angle0 on the angle x
(W ith 2H> O To= 288K, Vi= 1 400= 19 30) (W ith different com positon po= 16kPa)

SKIGAN BB HR I, M ach REFHY « M ZEARI T 0, SR BRI LA EE VIREHE
ANTE], VIEASRD R BE M o, T 57 A1 O JU AR T MRS IR B M ofTLE AV B Y
5 4 XTHE LEEIRIBEER

M ach #TJa 77 HIE 7T pu fp ofIZEALINE] 97, i 77O B ER 5 B2 M A0 <A 4 73 1 5 & 40 1
1097 2B UM, b po fp B A UG K B2, 0 ELEE S EE VIR, ISR R 5250
PR M ach SOFAHEL, BRI M ach S B s 77 OBk R I I (I T o . X452 | A
S IXRE TR B A AR AR, T JT AR T R I P AR AR L 70 R, TR EE pu o ofI5E
W AE MRMCT A cow B ME AN T 300, S HIEAH MM, KT 30/, i EF
HFE A, T BV E AR S: BT X W] BE R B SR I8 B K R BRAE AR R SR B RSP AN 1

L ] S r — Shock wave
Ny [ 60 © o © o 0 © 120F  —-= CHy+20:0r=1.36) /
& 20 — pwiTheo ) [ == 2H:+0:(r=1.40) .
m' [ 4 pw(Exp.} H ® ZH:+0:Exp.) -
& 1} —= 2e/PuiTheo) 73 & 8 © CHit20:(Exp. ) 7 o
o H © 2w/po(Exp.) é. of il T
¥ B o © o -
QU 1 40+ e
2 ' " 1 M 1 H i O- I . 1 [l L 1 1 ]
10 20 30 40 50 60 0 20 30 40 50 60
po/kPa a6/
K19 HIH p Xt M ach ¥ Hs 73 Fl % EE ) 52 1 K10 AR 7 FOBE AR O X [ L F) 52 i
Figc 9 The influence of mitial pressurepo on Fig 10 The influence of com position and
the pressure behindM ach stem and the w edge angle0 on the pressure
pressure ratio acrossM ach stem ratio acrossM ach stem

(W ith 2H=+ O To= 288K, Vi= 1 400= 19 30) (W ith different com position, po= 16kPa)



26 B 5 o %185

LT, B OR, BEHREAD BEET M ach FFIEVERAR R 77 K s CL& A% B 1 & 1A% s A B
§5 XTEFEEENTKL

FEIRRES T F0 T 00 3 2 N SR 2 Bk I a], 75T 3] M ach A7 25 1), & 115
N M ach I M ach 2t M« BEVIE p o3& =& &, (H M M BN R X5 » fFIELL
pv o A HIE p o IANBUR R — 2L B 1287 TR SARE D T M M SRR AR R R 5K
AR SRR T ESAE, 1 B FEE A G K, IR ZE AR K IR A7) A2 H S50 15 4 11 JR R o R 1. i
FH VIERITRE, MW M oI/ BERBE M ach SR I 28 6 32 BRI 42 A 0 AbL 4 V

T 1.6 - 2H2+Ug(7:l.40)
_____________ R === CH4+20,(r=1.36)
s | ° o © ©0 o "0 : 2H: +0,4Exp. )
~ CH,+20,(Exp.
ﬁ 5 — Muw/My(Theo.) - 1'4_“ ! 2(Exp. ) :
X 0 M./Mo(Exp.) = g
< —— M« {Theo.) E’
3 A M.(Exp.) 1.2k
L byt ———a——————a |
1 N 1 i . 1 . 1 1 1. 0L N 1 1 L 1 . i
10 20 30 40 50 680 10 20 30 10 50
Po/kRa g/(u)
Bl 11 WK poXf M ach ZEE M M ofF) 520 Bl 12 SARM S FBLAH 0K MW M JIFENR
Fig 11 The influence of initial pressure po Fic 12 The influence of com position and w edge
on theM ach num ber ratioM « M o angle0 on theM ach num ber ratioM v M o
(with Ho+ O2 To= 288K, Vi= 1 400= 19 3) (w ith different com position)

56 XTHEZKNREM
B Qs 1 S A SR I RN BE I T ) 1 DR I, PR 5 440 A3 R AT I R I R 5
P S ) A 5 A AT R e 1

6 & it

1 /A 25 D7 S 5 BRI th 2/ b T T el — B 2 B M ach ST, MRS S5 491
SRS R 70 T I (O B BRE 52 7 3% — 6, 5 W b S ) B R AR08 M ach S B PR 3
P BRI MR S5 RIS, =i A M52 3 T s MBS T S5 TF 4, T J 7 T50 A
TR 1A A, T A R 5 SR ST A LA PR S

2 W p ot = Uk SR R SE AR, M ach FFEQIEBE M SE0AELRL 1K O 3R 5 2 18
M ach FF/E 7 BOTE J7 po 0485, IR L pu fp ol ALIR/AN

AR UL M ach ST & 2807 4 IR IR 2SR 10 B A EE VLR BLSR OB FG O, b
W TR (RS AR ), x SN, 7R 0tk TELE po ol K, SEEEE Mo M o/
T BEZHLAR O, B, x SN, IR po oo, SEFELE M. M ot

4 5T M ach AL G, 76 M oFTRR i (T 30 RIS, —#000 x f 140 B2,
I 4L 2 L 5 T 2 RS I R I — b R BUMRL B COW B i 2
B M ach SGTUBEE HL d, COW BEB7EHIA IR % I IR /13510 b 03 JH R B T4 A
BRI, 0 3 BB LM% BEE, b (R L R R I (2 o+ 00 1 78 2 i TR %



5 1Y FOREASE: AR SR AR e I T R AR R 27

PR TR E TTAFAEAC SR IS IX, FORE TR I B SR IZ IR, s ) A

FOGIR AR AE RIS N 7 AR FE G VR HIE, JF&RH 1 Hoh — 38 7> TTAR. AT 19945 B 2% b 9 [ g R
TR FAHAT A RA R A S VR IT. At i 58 48 5 2 AR SRS 4 i) KR
ZEEIVHIT 2N 1 AR A B > AR, R e B0,

z2 F X #

1 Lee JH, Knystautas R, Lee BH K. Structure of G aseous Detonation in a Convergent-divergent Channel
ATAA J 1956(3): 1786

2 M oen 10, DonatoM, Knystautas R, et al The Influence of Confinem ent on the Propagation of D etonations
near the Detonability Lin its 18th Sym p(Int)Com b Pittsburgh Comb Inst 1981 1615

3 Knystautas R, Lee JH, Guirao C M. The Critical Tube D iam eter for Detonation Failure in Hydrocarbon
A irM ixtutes Comb and Flan ¢ 1982 48 63

4 PREERL, BREOG, 2= Sl IRRIAEY TR Pl S AL 45 PR BT 7C. BRXE S ali, 1995 15(1): 69
Edw ards D H, W alker J R, NettletonM A. On the Propagation of Detonation W aves along W edges A rch
Comb, 1984 (4): 197

6 Nettlet onM A. G aseous Detonation T heir N ature E ffects and Control Published by Chapm an and H all
Ltd 1987 151

7 ChesterW. The Quasi—cylindrical Shock Tube PhilM age 1954 45 1293

Chisnel R F. TheM otion of a Shock W ave in a Channelw ith A pplicatons to Cylindrical and Spherical
Shock W aves JFluidM ech 1957 (2): 286

9 W hitham G B. Linear and N on-linearW aves London W iley Interscience 1974

10 Chan C K. Collision of Shock W avew ith O bstacle n a Com bustibleM xture Comb F lan ¢ 1995 100 341
~ 348

THE INVESTIGATION ON THE GA SEOUS DETONATION
WAVES PROPAGATING ALONG A CONVERGENT CHANNEL

Guo Changm ng Zhou Guangquan, W ang Zhengdao
(D ept of M odern M echanics, Unw. of Science and T echnologe of China, H efei, 230026)

ABSTRACT Systan atic investigation on the gaseous detonation w aves propagating along a
convergent channel w ith different com position and w edge angle and under different mitial
pressure w as carried out W ith specially designed test section of the tube and sm oked foil
record the trajectory of triple point of M ach-reflected detonation w ave w as recorde for the
first tine O n the both sides of the trajectory, the change of cell size and cell density is very
obvious The critical angle atw hich the transition from M ach to regular reflection of detona—
tion w ave is occured can be estm ated T he influence of mitial pressure specific heat ratio of
the medium and w edge angle on the M ach reflection w as studied The com parison of M ach
reflection of the detonation w ith the shock w ave indicates that CCW theory prefom s much
satisfactorily in describing the pressure ratio acrossM ach stem only w ith a tolerable variation
in the angle of the trajectory to thew all

KEY WORDS gaseous detonation cellular structure M ach reflection CCW theory



