LHD 2011 4% & &2 R0 2 31

PDE R &2 B HRIEM R

#HER ', B.C.Khoo', ZFEMK'

(1 PERREBE RO Sl ARSI )2 B R RS CF) , JLatifiEX 100190)

(2 Department of Mechanical Engineering, National University of Singapore, Singapore 119260)

FE TRk R BN R A e G A R % (DDT) I 0k . A SO s
K WENO #a0AH 0 2208 sk % 22 414> Navier-Stokes Ffl 7 fidl, SRR N E) 1%t
9 215 19 [RMNIIFETC RV AARAER . WP RS R, 7R AT I 6 U DRI S R
PR IR T G AR AL, b E RSB S R ML RIS R RS

KB ASRRE, RECRBIIE , BUAER, BUER

5l

o}

fik bR K SHL PDE S M LW 51 i A
RNFARZ —, M TG RSP, ©RA
DUF A8 SRCE m g R s L3 Bl
). PDE 1t BRI B T8 AN T ARSI,
X B g, RIS R R L 5 25 (DDT)
SRR SE L. ANSER) 2, DDT bfEus
BRI % REEM LRI = R, AT & A
PR IS AN RN 56 35 [1] o I K ) S 5
TR V5, AR IRAE R 2278 A In ke b
AR ATLLUnGE DDT b, bt 3= 2 # gL
I B T A5 3 JOATAZ . s A T
G Wemee, MK G2, 3], A
I, I AT U AR W A L A 5s S skt g o
[4], 040, Fef 44 5 i A 5 A< 41 (unburned
pockets) il EZAEH, HALIRBAKE ] LATE I BN
A2 Co X 3= A BRI KA 4

BERAU AR~ DDT i R (57 vt 3
TEEEM, enr D B IS AT IR
N4 10T PR TR o A DG IR BT 9 — M Y B
Ak 2 S R AL [3-6], 3K b i Ak B Y B - sk
R VA S R e Ui rS S N AT 55 M S =B/
R YNNI DI 28 e | S N [ TR e K i
K THER AR E R R 22 . X AT )
PDE, HMBREEMKENISER, EIRIUFEE
W] DA RO LI TR MR AR . fEIX
FRIEOLT, I« I8 IR ORI SE I
DDT WA AT, 4k, FEIHANE 51 A

BRI OUT I A e 1 B i 44
ARERZ, T3 NKE 5 R KT ) F 1 KAk
A TE]

BT 2 AT A S BUE M S TAE[7, 8], A
SO HT LB WENO 4% 3C[9T AT U i 0 22 73 4
X, K2 H o2 [ . Navier-Stokes J5 1%
Y, TEYNAT BRI P I - SO AR TR A
P KIGINIE . DDT s bl FE B

1 HETES R R

WmE 1R, BERA IR PDE &8 1
EEEN, ENARETEREENGEDN.
T 00T E RS N 78 D i (HAS Bk A3 1) m A
A BIITEREACERE IPT S5 TR N I
IR, BIINE S A SOV SSRGS A
fEWE 2 Frox, i e R,
B A LA SIS EC hxw —nxd HE X
I 2. ASCTA VR, BRI 200 mm,
g H=15mm, hxw=5mmx2mm,
IXXF Y. 33% 1) BH %€ % (blockage ratio), My A~ [ 1)
B i A4 A B 7 O A AN RN BE n < d .
VIR A48 p,=20kpa, T,=295K,
B RUTRTA) — A28 R AR, LR A
JE UL U & H AR (direct initiation) .

AT A2 S AT R 9 AN oA dE
H,, Oy, H, O, OH, HO,, H,0,, H,O Fl#iiFE =X
Ar, 19 NETT RN IEAAES IR . BN A
D)5 REVE S B0 WL SCHR[10] . 2 4170 4551 75 1%
AR 23 i F B WENO B i, ik i



32 LHD 2011 FJE - Z R4

THOJU)FH DU s 22 23 i SRR, I TS ) 1A

i =K Runge-Kutta 513%. WENO Ht 04 MO oo g i @
P P M R B R, 11-14]. i
AT B AR 27 e Y SR AN [R) R R4y 25 Kok :00;_
AR IS 3 SR (P I [ \;05—
Q.SO:_ Detonation
% &# % #\H) 40;_ nset failure
e Xt s 4B & A 20 A
2RAE Mﬁ‘*"r‘“}.iwu 0 \| L
00 50 < (11(]]1?]1) 150 200
g |
RAE 1of ____. Symcay plan (b)
Pl 1 BB A A A prpetin
100f
5:80; \
"“Eeof— 1
; - g Ll
E TN
! — R 200 S N
_lé Mixmre (pg.Tg ) K OH"‘T’(}“TJ}‘?Jl T P R
: tguitenzone Gy ' 0 0 o T
et (8:4k) @ (a)Case Il;  (b)Case NI

P 2 TR T S R 0 A T X
nxd=0x0 (Casel); 6x20 (Case Il); 7x20
(Case I11); 11x10 (Case 1V); 12 x10 (Case V);

2 PRI IRHLF

BRI, TEOGH R E A (Case 1), 45 5E
(IS PR 45 R TE v s S 25 0%, Case Il Fil Case
IV I TR, BARJOIEEEI I, (2,
B 5 S R AR B X By 1 50 9T DDT
AR BUE AT S B T M 1 ok 0BRSS
N7 PR3 T T AR g v R R T e
FIUEE T [0 40 A, 26 15 20 140, 160 J3 b £ 0
TR V5 S ML R R 5 b
OB AT R 35t R BB AR R AR ARAS PO T

BRI g SR R 2 7,
AR SR I A S T A T A i “F% o
FH AH R R SO S5 O B0 8)) ) 0 R R AR Bl 4 P t-x (xS BRI, Case | Al Case 111

Mo B 4 25 0T bl B e R It (13 s o



Hi52I0%E . PDE Mgl lHL R BT | 33

MR, SRR Op/ox . REEMINE Case
I, TMiysE R Case I, KOLLRELIT
W, MR SURRAAT KA B 22T 80
TN N, B 4 B Eor, WS
TR = KT 20 AT A0 P LR P, AT LA 75
AL AR G 2 AR . R, R
TG TR, ARV XN A A RS R I K
(TR ER N & AT S 0, 30 & S VA ¥ 11
2 P T O R T T A B2 TR RS
(NTNCREES

AEXS ORI AR, 3T 7 ANEAFAT
Case I, 7S T P A 76 24 R B St B A1
CRF R BRI REZE) 17 3 KO T ) 58 57
W, R ZORFI . PR E T AR
WS T LA, W 4 FioR, B2 /NK
% C shocklet) 7=4:=, ‘EAITHT T ¥ A 3 KA
T i AR F R AR L 5 55 B A IR 8 ) 2
MG . BEA BB S 2 FE ] KBy = AN
grs I L MR, 7EE 4 i 3 ANHTESS A
SEo fE 1 DX, A2 KA 32 2 il T4 Rk
PR T 0B A A v T SR 5 1, 2 KO T LA
AR AR . 72 1 IX, MR 20
T B Nt A% S ST 1) /N0 A LA 3 KT
s A JE 3 KO, shX i X . 7
XN, AR A A i T S S TR /N L
RIB B KETH, MR AR S OAT BRI AT
/N A B KA T B I (R A A S I
Ko T GG A AN T 52 B 02k o g e 1 4
HA—EH R T DDT MM g r . 1M 7E it
DX, T KMETH AR AT 1 X, RIJL
PAEE . TR, BARLE 1N IX P 3 KA
TR BIRCR, AR e ST SIS,
HA 00 (10 S S ) R o R S A S I . B
RPN b ¢S RE R I 5 ¢ L
KAGTH 2 0], R, KGNS
WO IL R E T eyl i A i il B 44

Bl 5 45t T R o i S R AL . 75
FIRWIE R SR [ T K IATHAE 6 SRR i)
JEHe, RIS 7 5 B RS A4 S S i [ 1 A2 AT
WAFH) 6 FhERFA, fFXIATTE 6 5 BEAT ARkt
TSR R, BT T R IR, JRAE
HEF| 6 ShEAFARM ., ik, fFEFEERIRR
N, R SR s AT, Sl DA A

é;g il 6 }éf 7|1

- %/ impinging je

K 5 S PRIEARRL ] (5 < A ZURE Case 1)

59

60

61

62

Kl 6 i A HLEI(E0E Case V)



34 LHD 2011 ¥ B Z22 Rt 2

Wk A AR, JEEER T RAEOR. TR
TEB S LI A7, 7E Case VI Jii3% T 8
ARG, MK 8 FTLUEH, 7E 8 Rafgik I
Ui, WORAE R RE R, RIS A K TR
R, SRR R A . MR ER R T R RS A
Z AR NS, IS 7 5 R A4 B 4
T 175 5 110 = S Al oA, F B

7 g T AN [R] B RS A A R BT A B 1R
K, MHATLUEH Case V, I o £ (1) e hg
A, AT LUK ORI 3= AT, 175 TS e 1
SO LR HE, RO I 3 AT
4% DDT KA AIFIRE &, X A5 4h—1A
O T E B 2ot 22 B A4 IR R o T 4 o
A R A A e A, e i — AN BE A A )RR RS
g, 132 Case VI fi)sjo Jay it I 0 7E I 1)
ISR A ) EEOCRHERT T . XU, 7R
PR BURBE, 2 B AT A mT UG RE 3 K AT
M OMAE MR, §OKBER RIS, WA AT
W 2 i RS T R s, TR ML
— BT

S S o o — — —

| |==m—-- Flame front _ A g
200 Shock wave L2 ‘,/ k2
|| Sonic wave U
S "'
i Y ~VI
I H Wi
150 iy ST 4
P S VT
El BN SRR SN u
e \'._‘ '1 ’f
| R
f o
100 s
r A //
i
DAl 4
50 Y
- ) Case I smooth channel
Shark Case III: 5x%2-7X20
! Case V:5x2-12x10
1/ case VI: 5x2-11x10+1x20
AL I O
0 50 100 150 200
X (nmumn)
B 7 AT R TR ] t-x
A\
3 &g

AN SO 1L vEORs B BB U 9T, R T 4
AN AAx nd DDT 1 R i) BEHL
B, R T SRR SR S T R
TR ) P RRL R o 113K P R AL A1 10 A 26 0 B AN
TR I RN o /N AR AE B G AP B it
A, DURS EAIEm A A, 2JaE

I E A . WRBRINS, RS WINngE
BEAGAA, T LA Bk e, i ki
TN, AT AE IS e AN K i 2 T 22 T
JRFR R A A (e A A

S5 3k

1 Lee JHS. Detonation waves in gaseous explosives. In:
Handbook of Shock Waves, vol 3, ed by Ben—Dor G, Igra O,
Elperin T, (Academic Press, 2001) pp 309 - 415

2 Moen 10, Donato M, Knystautas R, Lee JH. Flame
acceleration due to turbulence produced by obstacles.
Combust. Flame, 1980, 39:221 -32

3 Gamezo VN, Ogawa T, Oran ES. Flame acceleration and DDT
in channels with obstacles: Effect of obstacle spacing.
Combust Flame, 2008, 155:302 - 315

4 Valiev DM, Bychkov B, Akkerman VY, Law CK, Eriksson LE.
Flame acceleration in channels with obstacles in the
deflagration—to—detonation transition. Combust. Flame,
2010, 157:1012 - 1021

5 Valiev, DM, Bychkov, V, Akkerman, VY, Eriksson, LE.
Different stages of flame acceleration from slow burning
to Chapman—Jouguet deflagration. Phys. Rev. E, 2009,
80:036317

6 Khokhlov, AM, Oran, ES, Thomas, GO. Numerical
simulation of deflagration—to—detonation transition: The
role of shock-flame interactions in turbulent flames.
Combust. Flame, 1999, 117:323 - 339

7 Hu ZM, Dou HS, Khoo BC. Rapid detonation initiation by
sparks in a short duct: a numerical study. Shock Waves,
2010, 20:241 - 249

8 Hu ZM, Dou HS, Khoo BC. Numerical study on rapid
detonation onset in obstructed channels with a detailed
reaction model. ISWI2010: The Shock and High Rate
properties of Matter,University of Cambridge, London, UK,
Sep. 7-10, 2010

9 Jiang GS, Shu CW. Efficient implementation of weighted
ENO schemes. J. Comp. Phys., 1996, 126:202 - 228

10 McBride, BJ, Zehe, MJ, Sanford G. NASA Glenn
coefficients for calculating thermodynamic properties of
individual species. NASA/TP 2002-211556, Glenn Research
Center, Cleveland, Ohio (2002)

11 Wang, CJ, Xu, SL. Re-initiation phenomenon of gaseous
detonation induced by shock reflection. Shock Waves, 2007,
16:247 - 256

12 Hu, XY, Khoo, BC, Zhang, DL, Jiang, ZL. The cellular
structure of a two-dimensional H2/02/Ar detonation wave.
Combust. Theor. Model., 2004, 8:1-21

13 Qu, Q, Khoo, BC, Dou, HS, Tsai, HM. The evolution of a
detonation wave in variable crosssection chamber. Shock
Waves, 2008, 18:213 - 233

14 Dou, HS, Tsai, HM, Khoo, BC, Qiu, JX. Simulations of
detonation wave propagation in rectangular ducts using a
three—-dimensional WENO scheme. Combust. Flame, 2008,
154:644 - 659



W% REAS: PDE HRIEGEEHL BRI 5T 35

SHOCK WAVE DYNAMIC MECHNISM FOR RAPID DETONATION ONSET IN
OBSTRUCTED CHANNELS OF PDE

HU Zongmin® KHOO Boocheong® JIANG Zonglin*
(1 State Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, C A S, No.15 Beisihuanxi Rd, Beijing 100190, China)

(2 Department of Mechanical Engineering, National University of Singapore, Singapore 119260)

Abstract Mounting obstacles in a pulse detonation engine (PDE) channel/tube is an effective means to
accelerate deflagration to detonation transition (DDT). In the present study, the high-order WENO scheme is
used to investigate the rapid detonation initiation in an obstructed channel. The governing equations are the
Navier-Stokes equations and the chemical kinetic model consists of 19 elementary reactions and 9 species.
Several different layouts of obstacles are simulated to find an optimal obstruction configuration. Numerical
results show that shock wave dynamics becomes very critical to facilitate the formation of hot-spots or local
explosion which likely leads to detonation onset in the channel.
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