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Abstract A three~dim ensional paralle]l progran based on unstuetured grid for reacting flow s was developed using the CE /

SE method Fistly a scran jet canbustormodelw as chosen to validate the present progran. The canputed results agree well

with the expermental data And then the cavity canbustion flow s w ith three length-to-depth ratios were sinulated under stor

chiom etric conditions by using 8-species 34-elan entary reaction model The flane-holding and m Kk ing enhancen ent charac-

teristics of the cavities were evaluated It danonstrates that CE /SE method is able 1o smulate the supersonic canbustion of

cavities and the numerical studies can help understand the flane hokling m echanisn of the cavity
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Fig 2 Flow model
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Fig 3 Velocity profiles on the synm etry surface

0.02} AN
« Expl'™
[ ---Calculation'"”
0.01+ — CE/SE
j;_':«\ 0.00F == e .
0.01F
-0.02f ] M PR i g i
0 200 400 600 800
Ul(m/s)
(ap=0.12 m
0.02
« Exp. ¥
r ----Calculationt™™
0.01F —CE/SE
E 0.00F
-0.01F
-0.02F ) , . N
0 200 400 600
p/kPa

(a)x=0.149 m

0.02+ .
Exp.l ¢
I e ‘aFculation"-“]
0.01F — CLE/SE
% 0.00
-0.01F .
-0.02 . . . ;
0 200 400 600
p/kPa
(b)x=0.209 m

Fig 4 Total pressure profile on the symm etry surface
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Table 2 Inlet boundary conditions

Boundary type

Boundary paran eter

H, Adr
p /kPa 317 101. 325
T K 253 1100
Ma L0 20
Ul(m/s) 665 1330
H, L0 0o
N, 00 a7
0, ao a3
Y

===y
(a)Computational domain
s —pb y -
& wall | @
[l[ Wall ¥
=l9.177=: 49.276 A

(b)Geometric parameters(unit:mm)

Fig 6 Flow model
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Fig 7 Stream line
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(a) Static pressure(kPa)

(b) Quality fraction of H,

Fig 10 Flow parameter contouz L/D =3

(a) Static pressure(kPa)

(b) Quality fraction of H,

Fig 11 Flow parameter contoug L /D = 15

7, BRORHAL T 005 TRl T B ARk, 4 75 Bk
AMgE, 3T LD =301 B 10( b) Biw, #
LA R A | [T 5 [V R i B R AR R ) X AR
AN, R S BER IR X 38 > Bk, BRRHAR BE A X 4
ik MBI 9(a)FE 10( a) FE 543 A7 B EL A, wT A
E 2 AR B 1A R, VTR P R EE BT R
JE BEAR, 32X th 10 B WAL S0 28 1M1 A ) B 28 55 [ M1 4 9
S N H, RS EE B LA, B 9(b)
WA ATEEPIA M H, TR 302 Q 8 B 10( b) M
FERTBEPR L) Hy FRESERAE Q LB 9(b) M
W H, R 20 mA 2] Q 9 B 10( b) A M4
W H, RES B E AAE Q 4 0] W, o508 4K
BREE, X [ A =S HIR R B R

KHALD=3 LDO="1 76 LD= 15811175
B B ERR R 0 276 0 262 0 714 W[ W, LD
= 31 LD =7 768 MRS S H 453 5 L A A [,
MiRA LD = 158 #4589 MR e 453 26 4B % K, B
DA, 75 SEBR A A & o o, 7230 2 K IEFe g ETiR T
AN SR FH B A 1A

5 &

AR RE T HT IS 571E CE /SE B8 ik
2R ) =T RR IR, A T A S R B YR I
HAT TR XA AT R Jr ik, R METIS
TSR 4 s AN TR I, R T MPII
PEREFFAT THBLAR 55 8% b SE it 8. 34T VI A8 R e i
BNIEEWT FC 2 BT R R B =4E CE /SE {22 R B i
BIFEREF SR T AR, ARG R FH CE /SE J5 ik
M H, /0, 11 8414y 34 Tuib s R iR, w7 1

7T A (R R B [T R R Jo i 3 F S i, 75 )
M E BRI

(1) 7 75 R 8 = v [ AR P 0 B — NI [
X, A By T ARk i G B s )R A N A @ X
YO L, AT B 5 K peE AR E 1

(2) U4 ¢ b B el K e i T e B 22 L
(OE = @y UL TR S ANV E NI TS A SE !
T X T, A BT 3G ARk %) T B I () A0 (U P 1
JKIGIXVE ], AT s K a I fe e . I E KR
b LA AR i I B R A % = A O T

FaR 55 45 R B, CE /SE k& 20X = 4E V] 48 7
BRI E BT ), BUE R R 45 R A B TR
[ A ) K HE R e B LR, ik 7S S MR Ioe = V1A (13
S AR —E S B .

S 3k

[ 1] Chang S C A new numerical framework for solving con-
servation law s— the method of space-tine conservation ek
ement and solution elment| R]. NASA TM 104495
1991.

[ 2] WangX Y, Chung S C A 3-D non-splitting sttuctured/
unstructured Euler solver based on the space-tine conser
vation elment and solition elenent method[ R]. AHMA
99-0904

[ 3] Zhang Z € Yu ST, Wang X Y, et al The space-time
CE /SE method for the NavierStokes equations in three
spatial dinensions| R]. A 44 2000-2331

[ 4] LohCY., Huligren L § Chang S C. Noise canpulation of
a supersonic shock-containing axisymmetric jet by the
CE /SE method|[ R|. A HA 2000-0475

[ 5] YuST, Chang S C. Application of the space-tme con-



314 1

i) 22 S A CE /SE $U{H 77 V& £ MR HA e It 21+ 1) 2 FH BIF 92 41

servation elament/solution element method to unsteady
chem ically reacting flows[ R]. AHA 97-2099, .

Wu Y,
chan ically reacting flw s w ith detailed kineties| C]. Kyo-

Yang V, Chang S C  Space-tine method for

ta Proceedings of the First International Conference on
Canputational Fluid Dynan ics 2000

H ao H.
mensional detonations by the CESE method| R]. AHA
2005-229.

Zhang Z C, Yu ST, HaoH. D irect caleulations of wo-

D irect caleulations of ones oz and three-dr

[ 7]

and three-din ensional detonations by an extended CE /SE
method] R]. AH4A 2001-0476

PR W, frr S B, X, 2 <7 {8 oo A0 g oo 7 i %
S dERCE B [ )] R, 2005 26( 3).
(CHEN Yong-gang HE Liming LU Jian-xun One-dr
m ensional num erical sinulation of detonation waves based

on space-line conversation elanent and solition elanent

[ 10]

[11]

[12]

[13]

method| I]. Journal of Propulsion Technology, 2003 26
(3).)

Brown PN, BymeG D, H ndnarsh A C A variable co-
efficient ODE solver[ J]. SHM J Sci Stat Canput ,
1989, 10 1038~ 1051.

Kee R | Miller JA. Chankin-II A fortran chem ical kr
netics package for the analysis of gas-phase chan ical kr
netics| R|. SAND 89-80098, 1989,

Zhang Z C, Wang X Y, Chang S C. The CE /SE m ethod
for N avier-Stokes equations using unstructured meshes for
flw s at all speeds| R]. AM4A 2000-0393

U lrich EE W olfzang W K. Numerical investigation of ur
bulent reacting flws i a scran jel canbustormodel R .

ANA 2002-3572

(4% 45 B8

(L% 28)

R H IR oo TR 0 A . P 16 3 AT
u' TS AT R K iR B S B IS A, (B B TR SR
FE (TR, AR R P (K N, w'o 28 1k B3
pie

( DAEA FHRSE &1 R, ERILS BRI R
ENASMAESRBEHBRKOE ., K ERIL
B W ER X A ) R L /)y, R EAAL C B EHR
XEhFA R Ly K

(2)H T8 pe i 3 o SR & S o % % &
Gr IR RS R AE T AR, AT B ES 1 L g, Bkl
K, BRI m i 1 Bk s B RN R T 48
JILLAZSE BTN SRR N, 1333 i e R 4
Jn, AT S5 25 B1 IX A R ek /s

Sk
[ 1]

Fureby ¢ Grinstein F F, LiG, et al An experinental and
cam putational study of amultirsy irl gas tuthine canbustor
[ JI. Proceeding of the Combustion Instinte, 2007, 31
(2): 3107~ 3114

[ 2] EMady A M. The inflience of prinary air jets on flow

[ 3]

[ 4]

[ 8]

[ 10]

and pollitant an issions characteristics w ithin a model gas
tuthme canbustor] R]. AMAA 2006-544

Reddy A PR, Sujith R 1 Chakravarthy SR, Swirler flow
fielkd characteristics in a sudden expansion ecambustor ge-
anelry using PV [R]. AHA 2005-217

Lmnck M. Gupta A K. Effect of sy irl and canbustion on
flow dynamics m hm mous kemsene spray flanes| R .
AHMA 2003-1345

5, AT, . BRI R R PV R )
W[ J]. A HLEIR, 2002 15(4): 39~ 41
Ak, R, B LR, R RS PV W7
R [ )] TR AYE SR, 2007, 28( 2): 233~ 236
LuY, Hayashi§ LuW. Expermental and num erical in-
vestigations on flow characteristics i a double-sw irler
can bustor] R]. A HA 97-0708

SEHT I, BIRAT, W . IR BT AT AU IR A% Sk B A be
LA 2 B BRBE T BE RO RE e [ ). LS B ) AR,
2007, 22( 10): 1639~ 1645

TEET R, BRAIRAT, H . U B IR E NO xR R
50 [ J]. AL 8 7154k, 2008 23(3): 430~ 435

Gupta A K, Lilley D G, Syred N. Swirl flws[M ]. Eng-
land: A bacus Press Kent 1984

(Zm#%: 4F  BL)



