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Recent Advances in Turbulent Two-Phase Combustion Models
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(School of Energy and Power Engineering, Beihang University, Beijing, 100191, China)

Abstract: With the development of computer technology and computer aided design, numerical simula-

tionhas gradually become one of the important tools in aero-engine design. In order to simulate the two-

phase turbulence flow and combustion process in aero-engine combustor, high-accuracy turbulent com-

bustion models are necessary in numerical study. This paper reviews three kinds of common combustion

models applied in two-phase reaction flow simulationbriefly, including probability density function

method, flamelet model and second order moment model.

Key words: probability density function method; flamelet model; second-order moment model; large ed-

dy simulation

B T BB S O B K i L it A ke s L
REFE A (19 AN IR 17 AF o 0 309 40 2 BRACOE 25 %
PUBASE 2 1 i T B B W B AT R 12 W
FORWEFE Sy T4 3l 3 B A TR 52 56 6 i A
AR A I 25 5 X A R = R AT 0 Ak B BT Y B3 O
o TFRHUBLLE AT 25 S S HLIK B & 1 i AR
e B o O E ORGSR A RR(EL T A T B

Wi EHH:2016-04-26; 1817 HHF:2016-05-29

AAEE A A B T et 56 T 285 1 5 AT RLOK i
JE D U A A ST A S el B ) 2 9%
SR B &Rt F B

ERIPONEE R RN Y ANk QIR X R r NS &l
LAk 3 25: (1) B3R (Direct numerical sim-
ulation, DNS) , i i FL 42 AE 0L 10 T B ] LA th 75 B
A ) RUBE b % 3t 3 R0 S ) T A L AN g AT ]

EEE TP 5 WL P F 0. 1968 4F 3 A AR, EENFT =S A sl WL R Be % n I 498 68 = Al R K Sh LAA o = i
AV EE R BAR WS . IR W R B MR B 3 I, A 2 RIS I 40 K L BB AR B LR 10 B, JUAE AL 5t =5

LR R 2 25 & S LB A v B,
#IE1EE : £ 4F, E-mail:jinjie@buaa. edu. cn,

SRR BB XU W25 A Sl LR 58 5 di Uit T AT R B A5 7 5 g SBR[ 1. 7 00 25 0 R R 224 412 . 2016, 48(3) : 303-

309. Jin Jie,Liu Denghuan:Recent advances in turbulent two-phase combustion models[J]. Journal of Nanjing Univer-

sity of Aeronautics & Astronautics,2016,48(3):303-309.



304 Mo oM o= M

PNEPNIE S 48

RS H 2 DNS 73R4T 5 B i 0T R it
ST AR O R R RE ] R AT — S L B
WHoE . (2) Bz 1T LR i i 1
it & J7 ¥ ( Reynolds average navier-stokes,
RANS) Al e P9 77 it 0 58 280 HL 33 98 A R
R o B30 R W A AR N X 2 TR A K
(3) XA BT A KA T DNS 1 RANS Z [ fy
KRB 3154 7 1 (Large eddy simulation, LES),
LES By A AR J2 38 oF X N-S 5 82 35 17 U8 9 4
B K T A R 1 Sy o RORUEE s R RUEE & Ho
R 7T DL R AT B BUE AR, PRt R e
Xf o U8 e B P A% RUBE T i RUBE S AT AL
LES it & B K T RANS #4 . B2 LES 7]
PATS BSR40 i g 15 B X TR & ik
RATTE R T2, RS, LES &
TETE ] B0 Y A K AR R R = BB AL A i
FAEEZ —,

it 2 & S HL A B 28 TN 2 2 2% 1) TR I AR i I
Uit SRR GE LT i A BT Ak SO Z (8] AR BLAE
FHAE# 2% 5 1 o e #A b 5 3K 30 it T 572 11 Y0
18 23 (6] 43 A i Ui TR 5 R VTR 28 K 4 5% i Ak 2 I
IE o A2 R T A SR W) TR 114 2 O LA R i
Wkal. XA EAEL RS AR LA B
B it o BB BB SR e o SC(EL K ik 19 AR i 3 KA 52 37 »
it 2 T 4 i S R i I R e A R T AR Y Ak
SN LB AL A TR R B A o i MR R
T2 R TR 3 Y O B 22— R SORE X H IR A A
RN HLIA R 2 B A AU A vh g Y 3 R %
BERY Y K i BUIR R A7 ] BRI A 4

1 BEZFERHWIZTIE

Popel ™ F 1985 4F 1 4 Hh A % %5 13 ok Bl
iz J7 #& (Probability density function, PDF) J5 %,
TEZE 3L 30 A HYAS W7 & Jé Fl 58 35 5 - PDF J7 i 2
T T 2B 2 T T T U MR 8 ) B (A0 T A
5 HAb R BB B R[], PDF J7 ¥k L 58 4 Bl AL A 0L
A AR i VAR 0 [ AT SR A B S A e R R YR S
R AR 5% B8 oK B0 a3 T R S O T i I A R TR) e 5
i it i 328 A 27 B0y R 3R AT O 1 Y 00 LA 3 A Y B
AATE S T UK B o1 30 IR0 TC % il — 2B B
PDF Jy A4 v 55 i ] DUACA T 40 4 2% 5w HL B
AL DL TR 20 B A o 8l g 2 ad e R e A T
BT G A R i i R 58 S T e ) A A
% P& R 3l 2 AR A SO AL BE N HOAH B A Y
it 8 S0 3 1) R

R K g 7 R R T) T LACKE PDF 5 ik 40 R
3 KRJE: (1) PDF J7 ¥y b i 3 FE 3 F b 2 5
AR A ABE R 9 B oK B A2 R R SR AR L IR PR O R T
o A I i YA TR B R R A TR R 5 A A o) 5 R
AT LIRS B 5K A 11 00 3 v 00 4% 00 S 40 B 2 R -
b &A%k & PDF J5 k. (2) PDF Jy ik P
FE -T2 68 & H Favre -3 J5 K i, bk 2 2 B2 A
b 24 ) 2 S 805 P 325 1 ok B 2 O FE R
FRZ M E-pr RIS PDF ik, (3) HE bRt
J7 B4 PDF 3K 57 3K f 1 2 BE 3 38 5 22 80050 1) Jind
AR SR i, X KPR Z bR s BX 5 PDF Jy 2.
X3 Ty B bR ARG PDE 5 v
Ham R E R R K. WA PDF Fikm
TR0 R A PR 7 i TR R I R A B LA
wHITZ.

H 7 = 4056 F PDF Hiiz 7 #2057 7 1 £ K
file ik R sy B R o A% B H 5 B A
SRR RISk . MR RARE A
44 PDF BRI 3 b — Rk . A 1 ol b i
DI NSNS AR -1y NN LT T B2 S T N <
AR AT S A W E 4 T BRI
Yk PDF Hiiz J5 #& J5 ik . Wbl L PDF iz
TR A 9 R & 2, 43 91 1 Valino™ il Sabel  nik-
ov SR L B W BR A BCE s AR
H A A 0 38 2 1) J2& Valino 19 B 1L 5 PDF
s R HERIR AN

pdgr = —pu, S5 de -2 (1 B ) s 4

dx; dx
‘5 j2r” aidW
o dx;
(D

Valino f % B — i 5t (19 Bl AL % PDF %542 Jr
FEIEAT T WF 5 . B I 3% 7 35 4 B 81 T Bk A PDE
FRBZ AR Garmory ¥3% 7 i M
R LT £ A B3| =S WA SO RS 7/ R 0 - 1V
JER A H UDF 78 FLUENT #4328l 7%
DR IR AEIER K SN A

AMUETE RANS i+ 5 L7 PDF 4is
7 FERAS Y A, R o AE R IR BE L 5 48 . Jones
I Valino fyFE#LA 1 PDF #5, #E 47 T — & 41
1) 56 F it T R B 1 AR BB . SCRR (10 %) F g8
S BIIEIEAT T IR, 45 5 2 R B AL %
(1R A5 M 256 2% B R BB 32 O R OB IME R A
2 AR T O HE — 2E O 2 R AL A S
VIR G b . SCR L1 ] 1) R Bl AL 3 125 A0k 256 2 B

i

" — #(gg' — @) dt + ol (g de



8 A5 A5 A S LR IR B it I 1P R R e A R R R R 305

PR K i 7 R AT X — A DU I Ao IR iR e
KPR bE S WAL BB AT 7 ORI LT 5. 3
B R T TEM /) RUBE SR 5 BB K £f ] PDF 5 7Y
HR /N ROE i 3z T 7 A A5 R B B 25 Smagor-
insky B8 I IH R AR T AR E N KA RS
FEAR I BT IR 8 25 4 DL AT TR0, 3R A5 T 44
il SMD {9 73 A FIAS ARG B0 G 1 B o [ i
SCHIETE 0 2 W 5 BEAL S 1 B0 2 X 50K
FEA SR TR 2 B BEDL A RE AT TSR] LA AR E
TN A 1 45 2R (ELRE P i 3T S B IR e . Sk
CI23F5F T S sl ALK R 3 (9 5 38 A5 JC o I B4 L
T KRR T s K7 R 25 AR B 2 P 1Y
ARA . SCHRL L3 I FH BE AL I X T TR 498 6 1) e I 2K
M EAT TR B AL 25 R S s Wy A A 4
R EE 2= Al LLS DNS ST H Al . Jones i F
B BIL T %) A 3 U L TE B et AR SR 1
B PEIEAT T IR AL, LA R 2 I 5
i 2 b 3R X eI 5T AT AT URIGE S >R WL Bl
L7 15 o Sifk B 3 7 T2 o KA 328 J5 R L A AR i AR

BL Bk 2R b = P I I R G S0 YR 40 A CRE
FOUMRE T=2 100 K %41

Fig. 1 3-D plot of instantaneous velocity (arrows) .

droplet distribution (black dots) and tempera-

ture iso-contour for T=2 100 K

berh A & KA N AT S . 107 R S
THE A M AZ T T RIS ADL i Ui A B 1 498 68
YRR PERE AR W 7 4 . PDF faris 7 f i
T AE 32 51 T P AR i 08 b BF 9 1 [l i 2 A
T 3t i) R ] BUSBRARE T  32 B A B = R
WLAE A8 TR

2 RipmEEE

A7 8l 5 2 10 R F  OR 22 B0 T R b ot
TR 1 B o7 3 38 R 2 AR R 1 R I S PR 1 . HL X
AR TR . XAE LA b R H O X — A~
JEEREAR /N V2 S R R I ) A B8 RUJE AT I ] RLUEE
N F i O A B9 R, B Kolmgorov RUEE,
KK TS TR A g DX — SRR HY e Il S B B R R
J g R T8 /0N T i U ) e /I RUBE S R b e A A
WA DN o AR RN ROBE T B KR SR bR 2 )
TP HIORR #  F )2 IA JCHE T i KA R LR
YEHR A N ) B — 4 2540 19 J2 I K6 T 4R
B o JOHATHT Y PN 78 45 44 7E 25 8] vh B AT G AL Y — 2
SAL L I HASHOR T o 8] 22 4k o i i 2 T8 e KA Y
i 0 4 o 552 ) AR THT ) P BB 45 A {EL 3K 26 il P 1N
FRAT SR DR AR J2 0 I I 254

JNE TSRS B A% o SR IR 5 70 BRI AR ik 46
FCR Y KA T D7 B AT A BR 5 20 BORAR B8 FE AL
FRGHAWRR B 1Y 56 FR XA TR X0 44 ] 7 7 R A I
HFZR MR A/ Binis Jr f , BV el 5E o 23R &
SRS bR i) PDF SCOF, A5 31 Y M A% 60 45 4 41
W BE DL R BE TE I B A bR AR R . N T
ALY PDF #8158 B, PTG AN i D
KGRI A] DL Sy Ry B S B IA TR 22 280K
74 T 55 8 R0 7 A CHE TR A

BRI AR Jy T AR AR T
it A B X e T RS ARSI A 4 A
TEANL 7 ROV AL B, BF 5T 1 i i K I S5 A L Bl
F5 G HE T A 400 25 21, 25 R AR W HE RS K T
AL TR B 1 NO HERCHE /5 38, & HE 550 4
B AL 27 SR HLEE L X Rl AR R R S kAT TR
U0, 25 R 3R WY AR 2 O TRIASE TR R Ik 32 A 10 45 2R
RS KE TR AL B B . Pitsch &5 1 AR RR
A I THRE T XS — > ] Ak 18 e I MR B 2 1 15 YL W)
HEBCHEAT T W0, 5 50 45 5 0 xF He B, AT LA
PR S N I 2 A AT LL B HE R A 315 R il 2 CO
0 HE R 1 0 45 SRR A AT . AR LD T X ok
A TR R A i 3 A 08 v A8 O R AT T TR AR B F 5
P& T W P A A B KO TS AR AR R AT L2



306 Mo oM o= M

PNEPNIE S

48

& Z A4 T i Htk  Soret BN 2 LR H £
T4 8 T WRORS

S HCOA TR BB R o W] DL PR LA
SR LB, & o ER ZERBLAUAE JC FEIR TS R B
U BRZER . R T B N TR B TR B )
Pierce Z815 i W T i YR A5 43 BORN B2 o7 o R AR 3
] RAE M S UK G TR R, o A28 2 R Sy 1E
Pt AR AR 8 FE R S 8 A TR PR A MR
KBRS IRPE 0 I A {5 B . AR [l R T DL ZS &
PEANAL 2 2 BL B 12 . Pierce F % 07 i . L Eh
LR T JHAN SR AR K R TR S . ) R AR ]
DA 3 A BUA) 118 2 003 ok 15 06 FRok Rk L vl 1A
M A Y MR SR . Thme 2509 JR T — Rl 48
— i AR A E T AR TR T AL
Gi— b AR R O R MRk T T T IR
PRI R T XS B e B (T A B9 T
TR K 25 3R W IR A W A i R IO X K 2
Y P 5 MR 25K T S5 7 4 B8 A o A AR X 2 i IR
BAE 3UT 14 235 4% 52 e 5y B A

TETE TS5 S A TR AN 1 ] B 5
AR SR . Knudsen 27 il i R B R 51 2400 %
H BT A B 1 Bt
_ 24ClpStu | VA=V « (oDVA)]

XZ ~9 o~
— p==9%C
L%

N2 0 > 1 B, 5 % R be 32 2 FTR R
B2 0 <1 B Y Hb AR B IO e
B 31 SO0 % T R L A FR - s SO I R 0 1Y
KRB b, AT 545 R0 7 R 88— K i A2 2
AT AR . JR I 2 B, Bl TR B 3
PRGE LA WL, JE 18 I LY ) SR U B ik 72 <
TR AR IR o B 22 1) J2 D) IUIR AN BOT A7 1 B 2 ik
Fri e P DA b A 5 KO TS TR ) W Sy B AR
AR PR 38 SN TR B L AT 32 5 TN 32

Gutheil f1 Sirignano™ 5§ i} , 7% G5 K M T J7
FEH 25 b AL TR 5 0 BORI AR B FE TR A O, T
TE K 55 PR I b 0T 268 38 UR & 23 O 57
FE 00 3 YRCT F10) TAS S RE  J% 2  BEA  X
TS5 HE 77 A2 2R SRy Y 4 R KON TS L T A
B2 RS E R B 2 A O TR B op gk — 2P
JE IR 1) 28 A AT e T 8532 W] o 33 390 2 A
AR M TR R, 3 A e, SCHR (28, 29 % 2k
YT 7 RSN T VLR 28 A IR 0L, R AT Al A A 4, B
R BINR A 40 H0s [6) L 45 310 28 1R 78 2 1 I AH
K T AR T

0 (2

Y, oz Y, - v,
0o TPy oy Te T Wit gzA=D
. dT LHZT:
8:1Sn0 Py

1 aT
C—p<w,+sr> [T+ﬁ<1 1S, (3

Ko S, R B 25 IR

% B AT B B A R BT 2R R IR S R
BB RO R X T SR RS N KO R
2o DN THIA B T K T 5 R BT 348 1% Y5 AT R A KA
TR TR (R 5 0] . 235 S 3R B VRTH 1 25 R S 0 K IR A
B A AR R R MR 28 R IR I 23 AR TR B 43 B as )
AR B B A R I BT DX, DT B A 1Y)
B . PRI S X A U TR TR R 156 2 R VR 0
ZEAE A — DS IR L. Guthell ¥ LR 72
RO R AT R R AL BB T
SRS R IR T I B R, 7R
Gutheil fWFFEH .3 3 A~ U8 3 78 5% 3 2 1R & 70 5k
23 () Jei » ST AL JEE 1) W R KA T 5 A 5 4 B 1Y) K T
BETUAR L 22 7 WA TR 00, L B SCOR VRO 25 R
TR A/ 78 0 KA TR 50 o 388 5K 1 A N T A5
R P B/ 23 SR SO 4% . Gutheil X
AT 7 RE Y 3 A U5 I50RT KON T 5S84 52 )
BESHAT THFFE . BRoEas R RN IEMEE M 8k
TR TR 28 VR 52 ) e K (I 2) TR A /28 R T
X 48R DA B A A B HE O 5 e T2 5 A T
FE LT AE SRR 56 A 78 K 5 MR — e £ 7
M AT . 3225 U B T RO e ke U L R 25 R e
T T N R 220 2 T A AR R B O T
BRSO B A — A8 7 1] .

3 KR

it AR B 1 9 A S AT LU RS2 2 A8 T i
VAU Bl B AR Y L G R AR R A € E
FEF- o SN R 2 38 3 il JBE 8 B0 Y Bk 3
KK, B @ kg Z ML HHBA R A 1A 10
BRI L, R S — T A R AUR B
T LA RO I 5 1B T A 2 SO R 4T o T
itk PR B B R, & K =Aexp(— E,/RT) fU%
il JSE 95 S0 D) 249 A = S R R ) LA 3 R L v
JE K2 R bk Sl G B 3R il

w. =KY,Y. + Y, (C, &jK 7’?)
o dx; dx;
vi(C %Zf gﬂﬁ(cg %;f g) D

D R FEA BB By AR CASOM)



B BELGE S R BTUIR R T U AR AR e A R R T BUR 307

5 330
1.2
1.04 o
£ 08 g
5] .
M 2
g 06 Z
S g
Q -2
o 04 B
~ 2
E
=
(=]
0.2 O
My : Mixing/Evaporation
00l ¥ s : \ -
0.00 0.05 0.10 0.15 0.20
Mixture fraction
(a) Spray side
121 114
1.0+, r 12 ~
’ v
= ¢ 110 -
r_g o . T
= 0.8 2 Evaporation i3 ‘E
V) ) E
S 06! 16 I
S : g
S oabl R 14 =
» 04 E)
~ , %
o! .. . 5]
02k :-_/ Dissipation . 3
A Mixing/Evaporation
00 L o L L L -2
0.15 0.10 0.05
Mixture fraction
(b) Gas side

&2 3 AR BB ZE VR 1R T 5
Fig. 2 Contributions for ethanol, spray side and gas

side

B R SR T AT 38 e U T AR % 05 e S TR AR A
2P SR AL, B0 SRS R RO Y
B HADR SR AT G5 . Z A XHZE R B AT
T T e P R G 3 R X N Y R
W2 RO S B A 2 S I Y L 481 R
T M RERURE AR S
G — A R A A AR R A —
TE XA iz 7 R R 1 38 £ 45 S R 8 & 1 Bk 3
I BE K 3l G IR TE P 11 25 i O IR 1% R Y Y
I 3 Al 2 S O 3 3R ) ik R
w=p Y)Y, +Y YDOK+ Y KY,+Y,KY,]
5
Y KT RE 5 L e B 2 45 21 L ik gl 56
R FH U i) R J8E I3 P 1) 48— T 5010 i a2 7 e
REFH . A AT SR T - a5 R RO AT B
B, ot iR R NO, MR E Zm T
ASOM, H EA7 REAS AU i I A1 1 240 S 1 3 77 4 O A
BAEMGFRE RN . BTSSRl W
5 3 R 5 R S s e K 3 Y B A A

PEAT T XF LRI - 25 SR R G — B AR R A R
B R PR O Al 2 S 3k 48 5 e R 1) ) ok 3 S B d
L ZJEE ISR R R T
T A AL FE TG TE R B0 BE T AL 1 e B R AT
16 TE J - A ADURICR A i R ey o L [ B S v i
FERRTU S HE — 2D OIE . i A A5 B [ R o ] LA
W FHAE KRB I rh o A5 RE 450 B T B JHE AR
BRI L Xt L B ) W55 R BE EAT T R IR A LT 5
HAt B it S5l 45 R ) & 8y 3R B i
TR it 30 8 25 R B (1 R T AU R By — € 1Y 18
M.

4 LHERIF

BAE 25 N AR B 1o R R A 4% 114 7 A i 7 R %
Tk AU SR ) A A A DR R AR T i AR %
BT X TR B 1) e 5 75 2R 5 5 BT BT
BT H . BEE TR PLEOR B R R B
FE AT REAE K T o 1 114 198 J58 A 2 7 T 38 A6 4L
FEZ M s DNTATAR AT B0 L5 | v 194 98 3 a0 » o I
BRI

S % Uk

[1] Pope S B. PDF methods for turbulent reactive flows
[J]. Progress in Energy and Combustion Science,
1985, 11(2). 119-192.

(2] WRSCEL. i iR be v i A 38 4% J el o i [T . %
B, 1990, 20(4) . 478-487
Chen Yiliang. PDF methods in turbulent combustion
[J]. Advances in Mechanics, 1990, 20(4): 478-487

(3] 6B B, NI I, 0 T 2R, i JAE R 66 110 HE 2R % B85 o 4K
id Jy RARIOE ST ], KA, 2010(5) 2 90-95.
Fan Zhouqin, Sun Mingbo, Liu Weidong. Study of
PDF methods in turbulent combustion[J]. Winded
Missile, 2010(5): 90-95.

[4] Colucci PJ, Jaberi F A, Givi P, et al. Filtered densi-
ty function for large eddy simulation of turbulent re-
acting flows[J]. Physics of Fluids, 1998, 10(2):
499-514.

[5] Valino L. A field Monte Carlo formulation for calcu-
lating the probability density function of a single sca-
lar in a turbulent flow []J]. Flow Turbulence and
Combustion, 1998, 60(2). 157-172.

[6] Sabel'nikov V, Soulard O. Rapidly decorrelating ve-
locity-field model as a tool for solving one-point Fok-
ker-Planck equations for probability density functions
of turbulent reactive scalars[ ]J]. Physical Reviewe,

2005, 72(1):016301. 1-016301. 22.



308

MoA

T

P

¥ oF i

48

[7]

(8]

[9]

[10]

[11]

(12]

[13]

Hauke G, Valino L.. Computing reactive flows with a
field Monte Carlo formulation and multi-scale meth-
ods[J]. Computer Methods in Applied Mechanics
and Engineering, 2004, 193(15/16): 1455-1470.
Garmory A, Mastorakos E. Aerosol nucleation and
growth in a turbulent jet using the stochastic fields
method[J]. Chemical Engineering Science, 2008, 63
(16): 4078-4089.

Garmory A, Britter R E, Mastorakos E. Simulation
of the evolution of aircraft exhaust plumes including
detailed chemistry and segregation[ J]. Journal of Ge-
ophysical Research-Atmospheres, 2008, 113 (D8):
D8303.

Mustata R, Valino L, Jimenez C, et al. A probabili-
ty density function Eulerian Monte Carlo field method
for large eddy simulations: Application to a turbulent
piloted methane/air diffusion flame (Sandia D) [J].
Combustion and Flame, 2006, 145(1/2) . 88-104.
Jones W P, Marquis A J, Noh D. LES of a methanol
spray flame with a stochastic sub-grid model [ J].
Proceedings of the Combustion Institute, 2014, 35
(2):1685-1691.

Jones W P, Marquis A J, Vogiatzaki K. Large-eddy
simulation of spray combustion in a gas turbine com-
bustor[ J]. Computers & Fluids, 2008, 161 (1).
222-239.

Jones W, Navarromartinez S. Large eddy simulation
of autoignition with a subgrid probability density
function method[ ]J]. Combustion and Flame, 2007,
150(3): 170-187.

[14] Jones W, Navarromartinez S. Study of hydrogen au-

to-ignition in a turbulent air co-flow using a Large
Eddy Simulation approach [ J]. Combustion and

Flame, 2007, 37(7): 802-808.

[15] Jones W P, Navarro-Martinez S. Numerical study of

n-heptane auto-ignition using LES-PDF methods[ ] ].
Flow, Turbulence and Combustion, 2009, 83 (3):
407-423.

[16] F e, BRSCR. R AT b8 E 20 b 27 SR B Y KO0

TR R A L A T B LT ] R BB S R
2004, 10(1) . 77-81.

Wang Haifeng, Chen Yiliang. Flamelet modeling of
turbulent non-premixed flame based on detailed
chemical reaction mechanisms|[]J]. Journal of Com-
bustion Science and Technology, 2004, 10(1). 77-

81.

(17 F 0 R SCR. i U4 10N B A A2 285 K0 T A 4

(1], TAEMAYIEH, 2004, 25(2): 329-332.

Wang Haifeng, Chen Yiliang. Unsteady flamelet

modelling of trubulent non-premixed flame[ J]. Jour-
nal of Engineering Thermophysics, 2004, 25 (2);
329-332.

(18] FER - x5 WA, R I 40 Ak 2 B HLBE A9 KA

[19]

T A5 TR ASE DL Il P AR RR PR i 3 LT ], ol &5 3l 1 %% 4R
2011, 26(7). 1471-1479.

Wang Huiru, Jin Jie,Liu Yang. Flamelet modeling of
two-phase kerosene combustion flow fields using a
detailed chemical reaction mechanism|[J]. Journal of
Aerospace Power, 2011, 26(7); 1471-1479.

Thme M, Pitsch H. An extended flamelet/progress
variable method for les of nonpremixed turbulent
combustion [ C ]//43rd AIAA Aerospace Sciences
Meeting and Exhibit-Meeting Papers. [ S. l. ]: Ameri-
can Institute of Aeronautics and Astronautics, 2005:

2593-2606.

[20] RIC. BB B0 L 45, JE T RANS SR B9 SO T/

SN 3 S et i A PR T 5 [0 ], o E AR R
224, 2010€10) ; 1016-1022.

Wu Wen, Huang Wei, Zhao Pinghui,et al. Study of
RANS based flamelet/progess variable turbulent
combustion model[ J]. Journal of University of Sci-
ence and Technology of China, 2010 (10).: 1016-

1022.

(210 B0 - BELL L B BE L 5. — Rl 09 )2 bl 57 8 6 T

HPERRI WS (T]. TR, 2010,31(6)
1069-1072.

Zhao Pinghui, Ye Taohong,.u Yang,et al. Study of a
new method of the establishment of a database of
laminar diffusion flamelet[J]. Journal of Engineering

Thermophysics, 2010,31(6):1069-1072.

[227] Pierce C D, Moin P. Progress-variable approach for

large-eddy simulation of non-premixed turbulent
combustion[ J ]. Journal of Fluid Mechanics, 2004

(504): 73-97.

[23] Thme M, Shunn L, Zhang J. Regularization of reac-

[24] B MBRLL, R EFK. TR A

[2

o

tion progress variable for application to flamelet-
based combustion models[ J]. Journal of Computa-
tional Physics, 2012, 231(23). 7715-7721.

53 BOR L
BEAR e ) 4t IR T[T ], MRBE AL ¥ 5 EOR,
2013(2) . 181-186.

Zhao Qingzhong, Ye Taohong, Wu Yuxin. Two-di-
mensional {lamelet model based on mixture fraction
and progress variable[ J]. Journal of Combustion Sci-

ence and Technology, 2013(2) . 181-186.

] Knudsen E, Pitsch H. A general flamelet transfor-

mation useful for distinguishing between premixed

and non-premixed modes of combustion[J]. Combus-



%3

B BELGE S R BTUIR R T U AR AR e A R R T BUR 309

tion and Flame, 2009, 156(3): 678-696.

[26] B op, EUe Ry B AL 45. BEUR AR BE 48 2 & /D KMt

BRI ] TR A Y M54, 2012,33(1) .
146-150.

Luo Kun,Wang Hai'ou,Fan Jianren,et al. Large ed-
dy simulation of a swirl combustor with a combined
flamelet model[ J]. Journal of Engineering Thermo-

physics. 2012,33(1): 146-150.

[27] Gutheil E, Sirignano W A. Counterflow spray com-

bustion modeling with detailed transport and detailed
chemistry[J]. Combustion and Flame, 1998, 113(1/
2): 92-105.

[28] Luo K, Fan J, Cen K. New spray flamelet equations

[29]

considering evaporation effects in the mixture fraction
space[ J]. Fuel, 2013, 103(1): 1154-1157.

Olguin H, Gutheil E. Influence of evaporation on
spray flamelet structures [ J ]. Combustion and

Flame, 2014, 161(4) . 987-996.

[30] Zhou X, Sun Z, Brenner G, et al. Combustion mod-

eling of turbulent jet diffusion H2/air flame with de-
tailed chemistry [ ] ]. International Journal of Heat

and Mass Transfer, 2000, 43(12): 2075-2088.

[31] BEAAS, JE JIAT ARG8T, S5 it VAL A TR 408 J0 20 (i ¢

W RE B AT ], T2k, 2014(2): 415-
421.

Sui Chunjie, Zhou Lixing, Lin Boying,et al. Algebraic
second-order moment model for simulation of turbu-
lent non-premixed combustion[J]. CIESC Jorunal,

2014(2): 415-421.

(32 Fvum - J Ju 47 - W% b o 45 i TR AR B8 1) 8 — — B LA

WL BBk 58K, 2002(4) : 297-301.

Qiao Li, Zhou Lixing, Chen Xinglong.et al. A uni-
fied second-order moment model for turbulent com-
bustion[ J |. Journal of Combustion Science and Tech-

nology, 2002(4) . 297-301.

[33] Zhou L. X, Qiao L, Chen X L, et al. A USM turbu-

lence-chemistry model for simulating NO. formation
in turbulent combustion[ J]. Fuel, 2002, 81 (13):
1703-1709.

(341 £ 77 JA JAT. JURD = B 5% 20 A 8L it 8 e 3 98 B 1)

P[] TR RA 4R, 2005,26(1): 143-146.

Wang Fang,Zhou Lixing. Comparison of various sec-
ond-order moment models in modeling turbulent
swirling combustion [ J ]. Journal of Engineering

Thermophysics, 2005,26(1); 143-146.

(350 £ 77, Jd Ji4v vF A e, 45, L 6 A5 00 40 A 5

RANS Z AR ], TR B2 . 2008,
29(10) . 1787-1790.

Wang Fang,Zhou Lixing, Xu Chunxiao,et al. Valida-
tion of rans second-order moment combustion model
by direct numerical simulation database[ ]J]. Journal
of Engineering Thermophysics, 2008,29(10) . 1787-
1790.

[36] ZERL, A J147, Chan C K. 3T B 40 45 b B 1 A9 9

FIRAPERIMBILT ] TR IR, 2012,33(3):
521-524.

Li Ke, Zhou Lixing, Chan C K. Large-eddy simula-
tion of ethanol spray combustion using a SOM com-
bustion model[ J]. Journal of Engineering Thermo-

physics, 2012,33(3): 521-524.



