L 2% Bl 1R

Aeronautical Science & Technology

Jul. 25 2022 Vol. 33 No.07 57-65

SO AS A % 3 T I TR S 1L 5D
A0

KB

XU
FEBRHIRY: ZERFEFE, W K 410073

H B AIHZEREMe,=061 BFFEimRBEREERHTRT 28/ = %A REI(LES) IR, It T Z R R F iE
MR R A B R R P E RS, FEAN, MR T ZALESUHELE R, A LES KBIRf& TH F & m ik k6 B K

R e -
i R B R

BIESHERF L ERATMEETVIN A L E /A, FT, = 4 LES ¥ DU o84 U8 7 3w i IR
CER R AL R AL KA B A LES R AN S SR LESE R R E LR -

B IR U R KR E M AR R IR, T = 4 LES B3 R 4

A Z K
K LESIHE iz 7
6] A BE 7 09 48 -4 AR

M E AR WG R

L, 81T = 4 LES % DLk 35 Dl 304 0, MR %]7#%]{{’%&”?5_[‘}_% RI|HERRE Zﬂ%ﬁ?&kmmfiﬂ RWBEIRL,

TR IE o A SRR R B AL B R, BR Rl N K G4
R, EHAEURFEARERE, 5

FKEEIR): — e fn = 4 KRN AR BA B

hES#ES:V221.3 ERFRIRES A

UTJLH4Ek, B TSR s A e A i
HAR Ry L R, DUEE T i TR
27 (CFD) E 912 W FH 208 75 T2 v A e T sl () LA UF %
TR R PRSI b, i ik SR FH ) 2
T (RANS) O, %05 0 0 U F TR S BR i
ST SR (A HRE S A G T35, JCvR 4 i
ST EEEBUE(DNS) B AR T 45 it a5 U0 T
AR Shad B AR A2 B AL ST i
2y, LE BB B U FH B TSR LA i A AR s b 4 T
VBT (i it i s, . I SE4ESR 4 T RANS FIDNS 2
] A IR AL (LES ) 57 ) 4 1 FH 8 75 1 I AR e i 3
MR FE

KT E N AN BN 4 LES fF 58 A
HURIRARBEH TAE, W D. Chakraborty 2958 Fl] — 4k,
LES B T ARk 2 SN HLEE X A it A B TR 5 )2
BAAB SR AN . Y. L. Zhang %5 C. Qian 5E13-jjl]

RFSEEA: 2022-02-15; BIEEHA: 2022-04-11; RABHA: 2022-05-30

EEME: BREXRRNFEF(12102469)

o BTN TR, RE_ELESW A BT ETER TR T =4 LESE
ﬂ%ﬁ~ﬁﬂbﬁﬁ%ﬁ%%ﬁ?ﬁk&&?i%%ﬁ

DOI.10.19452/j.issn1007-5453.2022.07.007

Xof R P ARG IR A SR S T T 4E LES BT, FE A M
T KIERI RK MR IR R KA TREE AR . Z. X
Ren SR — 4k LES W5 1 75 U i A e 22 T Hh e
B AR B CR SE W BRAL 2F R BR ELT R . S SeFoE
AT A 7S 0 i i ) B (L S B oL 4
AT EE RO RO o SR A R X U O B (R DL A
SR P. A Davidson fEHAEF PP ), = 4k i h 20 E
SR A AR R A, P e R AR
P R  IEAM , ML Breuer 4O H T SR IRIAE AN H]
FEAR BN 2/ =4k LES 455, & BLZ M = e ) , AL
JE U DX PR B 23 A 3 5 X DR /0 L B [ A A T 1 i i (1
J1) JEBLR KA AR TR R B iR 2 . R =
RO T AR 2 AR 2 2 O HER (LA
FERTFE R 225 T 23 = HE500 % 0 S I i i U 3 45 fEL
AL 1 ) Ry S AL 7 7 ki R AR R 0, o T
e E i A U AR BE (8] Y5 SRR S AH B, —4E LES L4

SIE#I,: Liu Hongpeng.Study on the three dimensional effects for the large eddy simulation of supersonic turbulent combustion flows[J].

Aeronautical Science & Technology, 2022,33(07 ) :57-65. XZMHS. =230 W XTI RBEE R i iR e 7 s A IR U BISA It J ], AESRY

F#e R, 2022,33(07):57-65.



58

&%k A% Computational Fluid Dynamics

Bt 45 R 1R 25 BRI B A BB A A 5 R
(R PE | 7S g R I S B R DG TF 4/
=Y S R R e LES RS L 00 T 40 X LB SR IR
Z W,

ZE R AR SC B AR ST — 2k R0 TR i A B
80 LES BUEASHIERA T (9520 . ASSCAY 4R T il A, %
— AN A Ma, = 0.61 (9875 B TR P IR & 2 i sh oy
FIFR T =4/ = 4E LES F5R i of b 4/ = AR S5 Rbr T
RO LES WERfAS PO 75 i IR I S )

1 8RB E
W-RILEM AT R T 7% 182 A A be b2 KU v ot
B INAGIE S )5 ) Navier—Stokes (N=S ) ¥4 il 5 FE4H £ 2 20 43
iz JELSTIE S P IE AR S E TR, 4N
pY @

Py +ach(Pqu,‘):

N (1)
I Mpp + PO G =10 1
O P Se,, | ox; o8 = "
w9,
@9, 2 = 2
e )=0 2)
P N
Y (pa;) : (pu u; + 5@,‘[’) ox, ox, (3)
J  _~ 0 _~. . J .. —
E(PE)‘FT(PEU,*PUJ-):Q(%M_l]j) (4)

J 7

P+ at)- L (5)
p

o ns WA BB, MY, D, .h 5 o 535 5 s BEER
JhE | J5 B B IR B L A 2 o R R K
AL ) | B RRR A P2 S S ST, (1) Y Se, h
53 s B it G 2 R R, TEAETE IO 0.9, 5 Z ik — 245
DB, S R 2E 23 BT 23 B2 A 1, Tl 1925 HoAr
53 B S B R SR AT 85— 2043 1 B i 35, B

=1-S7 (6)

TEARSCH R A -2 7 443 (H,, O,, H,0, H,
O, OH, N,) 8 JZ W A58 Y221~ 57 iy AL R A FIAR A}y 20 <
f18 8 P i I MR BE TR S B B L R Je — g A M AR
Nyo 7, q; A3 R 53 F RN ORI BT

oa,  om, 2 ai,
i RIS et
v, Ox; 3 ox, 6”) (7)

Tij:/"l’(

N B
= Aaj x—n(st+Prt)hxaxj (8)

T2 B g1, 53 50 R R ARG [ 80 01580 B R AS T8
B ARG SR BAL T R, ProA i 1138 R B, B
}0.5. Ak, LS F S FHEPRAG S AL 0 A TR
AL T R A PR HOR AL, SR Wilke (VRS HEPE
FNRG R > FRIE PG 2B TRy BR . R
ST 1 2 LG IR AR 4 21 00 1 58 TR HE I A
PG RBU S5 IR [25). B PR Rl 7 2 m A
SRS T

p= ﬁ%f (9)
Ao MR A SR AR 20 F i, R, =8314J/(kmol-K) 2y
TAESIREEL 0 AR TN )

7 = p(w, - ;) = ~pul] (10)
i 1F Smagorinsky BIRIBLAL TS RN 1, A2l
T = 2u,(S; - %s”mmsij) - % S8,
w,=p(CA)°S (an
u, =pC,A’S
A S, = ;(g?+g?)wﬁ14sﬁ;—%z9@Jm$9@,s -
;o

~ ~\ 12
(25,5,)  MZIEIE. ¥ HCo= 0.1, C;= 0.0066. A =

(A8,4) " JRHRBEBHL ,HO AL AL A S IR W e
Xy z EAI TR SE . SRS BT R

R; = M = ;’;‘?
boop

T R AR R (10) R (12) 343 & pulud, R —

H I PIELRE SORIR BT 2R A -5 T 0 ) )i 8 s

FRESEI . ARTIER, —HREA—45.

(12)

2 BREmRMARREE RRa) /=4 LES
XL
2.1 BfliERREIGIE

P i ARG T 452 U B A A T A U O I L TR 1
AR R R SRR S ORI AR IR, ML 1, Herp s SR
ThiF RN 3.0, 35 2 100K, #RRHE S S A AR &
Y, LA 7R R (Ma = 1.13) 5 S BIR . IREZR
R B 1R, K, y, 2 20 RN ) 32 ) AR
[0 XL E AR ASCE S

Ma,=|U, = U,|/(c, + ¢,) (13)



&7 & Computational Fluid Dynamics

59

FEARTRAR 1A 2 5050 2R 28 SRR R UL , ¢ FRn A i, 3l
R VIR A SR IR A )Z Ma, = 0.61, 1Ak, JEF
A R R Re, = 2226,

R1 BEREECSERCHEXNSHERRFNLT

Table1 Freestream conditions for computational
experiment of supersonic turbulent
combustion for a mixing layer flow
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On the Three Dimensional Effects for the Large Eddy Simulation of Supersonic
Turbulent Combustion Flows

Liu Hongpeng

College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China

Abstract: A supersonic turbulent combustion mixing layer flow with convective Mach number of 0.61 is simulated by
LES in the 2D/3D spaces, respectively. The 3D effects for LES of supersonic turbulent flows are analyzed
consequently. Through the analyses of the results, it is found that the growth rate of the mixing layer obtained by 2D
LES is underestimated substantially compared to results from the 3D LES. In addition, turbulent kinetic energy is higher
while Reynolds shear stress is lower for the 2D LES. Therefore, the 2D LES is not adequate to depict the turbulent
characteristics of supersonic turbulent combustion flows. In the 2D simulations, the vorticity stretching and compressing
mechanism is invalid, which makes the structures of vorticity obtained by 2D LES are different remarkably compared to
the 3D LES results. By analyzing the vortex results, the images of vorticity generation, development, pairing and
breaking can be observed clearly for the 2D LES, while the structures of vorticity are irregular for the 3D LES.
Generally, there are strong interaction between turbulence and combustion. Since the 2D LES is not adequate to depict
the turbulent characteristics, the combustion related quantities of 2D LES appear a series of special and unphysical
phenomenon. The mixing of fuel and oxidizer is driven by the movement of vorticity. Generally, there are strong
reactions at the interfaces between fuel and oxidizer, which makes the interfaces the flame fronts. Because the
structures of vorticity of 2D LES are quietly different from that of the 3D LES, the area of flame fronts of 2D LES also
differ from the 3D LES results. Consequently, the 2D LES cannot obtain accurate combustion efficiency. Therefore, the
present study finds that the mean flame temperature is underestimated remarkably by 2D LES.
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