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Numerical investigation of flame flashback in LDI combustor

CAO Min, ZHANG Wen-pu
(School of Aeronautics and Astronauties, Zhejiang University, Hangzhou 310027, China)

Abstract: Aiming at the problem of flashback in combustion stability,a large eddy simulation was used to investigate the flashback character-
istic of lean direct injection combustor. The flashback here was refered to a phenomenon that the flame propagates from the combustor into the
premixed zone, which contains complex interaction among the sound waves, turbulence and reactions. It is one of the key issues in the com-
bustion research. The mixture fraction/PDF equilibrium chemistry model and discrete phase model with software Fluent were adopted to simu-
late the cold flow and hot flow,and the flashback was observed. WALE model was used as the sub-grid model. The results indicate that large
eddy simulation can predict the flow field well, there exists a centeral recirculation zone in the LDI combustor, numerical results are in good
agreement with experimental data, flame flashback in LDI combustor occurs around the centerline and during flashback, the central recircula-
tion zone moves upstream ,which pulls the flame upstream propagation,and finally leads to flashback.
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(RS 7y & T Y RN S I TIP3 2 -
R 2 — o (HF0M EWHABE RO WA B B iR R
P IR 75 5 7 FE ARG ARBE | 11 K L A K S AR E

0 gl &
JEAESR B BRI ) ) 25 5 HEA SR B R

AN 5 T A [ B T AR Y DR AT G HE I
B, AR5 AR BEE AR B T A & R i 557 ) OGB4
RZ—o TERARHLANL S K Sl b, $0ih L mE
JREEH AR (LDI, Lean Direct Injection ) [ ELAG 75 YL

W Hm B EA:2014 - 05 - 06
ESIWE : [P AR RHIERI B B0 H (A1420080144)
EEEN Y

MABEBLGE . Forb, ] KR4 IR AR GE 2 P4 A2 A 21
TR — R LR, 2 (I 25 5 1R D IR
P BOBEESE , B S EURBE R LA

VL R B [ K I AT TR, B

(1989 =), 55 WL RN WL AT T A , RN AR J1 2 B ARG A% 347 A WE5T. E — mail : caomin6688 @ 163. com

WISBERAN K0, 5B, Bl #2114 0. E - mail ; wpzhang@ zju. edu. cn



<1112 - Hl H

™ % 31 &

4 R (g [m] LB, B AR B2 R K e e
K IRBEATRE 5 R ] K LA B BRBE TS K& ) e im i e 5 |
1Ak . Lewis and von Elbe'” 5% T 2 414 T i
FUZ K, A5 TR kB I B R A R R R T
Guin'™ X KA O U [ KCHEAT T WF5E, 45 H 3 i
] SR P T i U R A 40 R TR T 22 b 3 g ok 3
(4 s Keller 250 A 8T M K 598 AT 5 6 W B0k 52
FENEKIG AT TR, BB T 3 Fhag s o () A
FE A, &5 BB RS AFRE S S T [\] K ; Fritz
a2 N TR K A B4 8] R T T RESE, R BT
SRR R AEFETR DI AL R Z, L4 LDV
AN 2 5 SR B AR A R H s YT 1 B ) 5 R R v T
KIGRIALRE R WA A Z 52 m), A rT e &
AU K . JR 2 LDV RS, 2 B TR B &
I TE TR A R B T O i B B R R AR T AR, R
FE A, G, MATTIA R CIVB (Bkbei7s % T 10 i )
JETE R K ) FEZE R A

AHIFFE LA A T ke s R RS N 4,
FLUENT B0F %0 R 56 = N IR S IS i i 171t
N/ SER G YNEE I LRSS ST TP S I i
] KB S A A B AR AR o 1 3A R SR R it AT
RUA R, Hrip AR ARy WALE B8 ; ke
TR AR A 5340/ PDF VA Ak 22 S AR 5 Y37 v g 559
it MG TR R B BRI AR R

1 Py B A58 T5 vk

1.1 YEEs

1.1.1 B#far4

SORTEH B W55 B A9R e A 47 S AL 1 55 FH R 8 PR A 2o A
T E AT REL S KX SRR A TR A . SRR A
AT EE T W (B) VTR RS DL B [ B (1)
AR EAER I HE RETHE i 3l e AR AL RN 78 & S5 5 i
(b S7 A AR AL, SR R A SRk

Pav )+ D)+ ) + ot +

(fy) + %(ﬂ’) =feon +Ju (1)
A S AT sR R RO B O B R T 1L

SEAR R 3 M E AR B a3 AR o TR AR
TR T, INFIE] ¢ JEAR T y S HT I ] F) 50y 5 (e,
r,T,,y,y,t) dvdrd T, dydy—FEN S «, BFA] ¢ B, 6
XIE] (v, 0 +dv) 2R (ryr + dr) JIREEIXTE (T, T,
+dT,) JBABZHIXE] (y,y +dy) Fl(y,y +dy) THIEH
BLAATRN AT BRI 25 F = do/ di— B A Wi 1) Jm 2

1 s R—i A
Foo P fo e ORGSR RO 5 20, 70 7 A
HEE P 3o B AR R A
1.1.2 TZAFAR
S TS TR 6 3 AR 481 1 45 S AT B A RO
5551 Smagorinsky H5 TR X 1T BE T b 35 5 5098 R g
B4 NI R L 33 T B2 PR D ¥ A % 1 ) B i
I A T B O B0, 7E3X — 4 -, WALE 4
DA T 3 R A T DX 2864 6 3%, 45 00 45
FHA T ESL
WALE 075 i 26 58 10 5 AN F
0= (C ) - GY/ISS)™+6)'T (2)
AT 6, = SiS), HS) = (g +2))/2 -8,
g4/3 g, = ou/ 0% B RL C, Bk 0.325,
1.1.3  BREER
SF XA EIBHR B 2 1 3, 248 A R 5
FHE A, HEA SR ks | 3 Rihbe I 2l 2 %
VB4 4B/ PDF A A 25 AR R 14
A 51 H/ PDF - 42 J 07 B 00 % 5 A 2 J2
BB T HPIR A , B 70 P9 9 20 43 B TR ph i 37
TR SRS T B 1 k25 I I 2 388 3o A 25 T
FAEE . TR TR A 4L 4 R I (0 A2 T AR
7 308 3o 2R AR 2 4 B B3 7 R 3RS 413 L B
., A SEUE N
I 3)
Zi,fuel _Zi,ox
Al Z—IE % | IR R MEG Z,, —AALFIAEA T4
(I 3 Z, o VRHEE A CTAE M
A MBS AR RR B, £ A TR ik )
W ATGE f=f+f o BEEIRA SRRE AR .

S oDV pup =V - (Bvp)es, @)
g,
A8, —HHFCREF I o I R ORL 6 A A
WP,
SR £ 4P BRI 6 W IE T
SRV o) =V (V) e (V) -
g,

Cp %F (5)

Krh:o,.C,,C,—H %, 531 0. 85 2. 86 F12.0,

FESTE AR dm A Ak 27 SR 22 18] B4 A A F 3 ot
PDF #IRIR 2 [, AR A %85 B R 5K p () 7T LAIHER.
A AR R A AR, THRER A A



L

=

%

BT E 2 0] KA BB 5

- 1113 -

o = [re DY (6)

Ao o, — LAY EE IR VB IR E S
1.2 JU{4EE K W& X4

ABFSE R EER R = 4 500 B R B 2, 45
e RS 2 4y . BETAS T 6 AN A il
Y5 - 3K SC I AR, Tl R | FL o
WA R, TR H 9.3 mm, AMEH22. 1 mm,
I Sh SRR 9 3E £ 9 60° I F 9 JL AT J5-IR phy Jy
TPuE, R

tanf =r - tand,/R, (7)

AR A A s R, — SN
T30, R A gdh 5 ik e

Wk i — Ky P, HCRE I H50. 8 mm x 50. 8
mm [IE T . 28I 6 AR R FED 3k B Sk
A AR e EE I AR B B S AE E TR
2 CUOP G T By Tk Z Bl

ES I i

PO A ) 73 B X6 - ] T LA M s B 20 <53 sl 274
(O AT T 0 b B, ) B X B 1 A 1 ) A E AT T
21k, IR EHECN 1. 14 x 10°, DL TE K R % S 3=, 1
F& 3l 53 Untsl 2 f o

K 2

B Uy

1.3 BR&EE

ABIFE S XTI B WA BE = AT TV A, 1
S g e A SR BE S 20. 14 m/s  Jif L9 B Ry 5% , %
BEN 1,19 ke/m’ TR EE Ky 294. 28 K SR I 5 | AJBURLAR T
ARG PSR D B RR 5R
THEL AR R, FURLAE A28 QR HRRER L HofE
MR W ) 4R T R 20 m/s, TR E N
350 K, WURDRIAR (8 ] 5256t %) Parker Hannifin LDT #4

THIE B 0 75 1% 5, B 0 /2 Rosin-Rammler 4345 , 78
4.18 wm ~93. 2 pum Z[A] 18 20434, H SMD ( Sauter
Mean Diameter) A 32 wm, i35 4 5 4 90°, i i Rk
4.15 x10 " kg/s, H MR Sy 0 B, BE T 4%
PRI TCHE S o

2 HEAR SR

RETELER

ABIFO TGRSR a R T IR A
e R REVTAR ] A AT AN IR 3 s, 1B 3 ORI
(e 1 {37 Ak PO B ) S B TR AR 18] B9 20 A . MU 3 ]
LA A S S0 W) 5 BB, BR T 3 mm il 6]
P E AT —5E B 22 , o b T7 i 2 i 28 A LA 5 5
BB R 2, TR 3 mm BT AL 2% S
BB, R TR AR T A A I B ) A A
FEH TR, T P e P A AR AN BEAS AR L Al B i Ak
B SHAFIE TS A o AL 3 ik ] LAFE 2], [l
JRE WA it A 1] S 25 ) M T D/ )

201 —— L5 30 ——3EH

2.1

- R o ool
E 107 o f”\ Ao E
i / # 10
) BES
.’]é 0 :’é 0 \'\ >
F =
-101 -
L, zSmm ol vy o, 2T0mm
-30 20 -10 0 10 20 30 -30 20 -10 0 10 20 30
A2 /mm 2 E /mm
30 —— 528y 30r —— 528y
T o20f % 20 B
£ ERRIY
% 10 % 10
F 0 Z 0
F0 < F0 =
z=9 mm z=12 mm
20l 20l
-30 20 -10 0 10 20 30 -30 20 -10 0 10 20 30
A2 E /mm A2 {7 ¥ /mm
300 555 300 5k
» 20 ._&M » 20} — R
LRI J LR RN
10 o0 W /
x| b \ ¢
F 0 F 0 N £
F10 = F 0 : -
} z=15 mm ) = z =24 mm
2L )
-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30
A2 /mm A7 # /mm
3 ANl HRE U AR 04 A3 A

PR P Bl ) S A PR AN TR 4 B, B4 H
WML R T AL IR X R 254 . BT 4 R DUE
TERRGE B HEI A T RYALE TE R T L BRI, 1A X
SEARFIGEE 0o i . IR XA S SR e AT EL
PRI R . AUFETH BB A e i Bre 1.0 724, &
TORBENL o FESRBELAIVE I T AL A8 R A 50 e Ao
JE, S EURE T iR IR (vortex breakdown ) , 7 A 38



1114 - oA

T EERIE

[ eI N 235 R 7N S SR N T b R e 8 9 o
o (19— ML RURFAE , P28 1 5 14 PR A UL S 1L 400 R A ) 49
Fer W) Z R IR G R, B X E KR 2 OC
AR

ZVelocity: -2000 -9.74 051 1077 21.03 31.28 4154 51.79 6205 7231

L L
|||

P4 r I i b )k J3E 23 A 15

2.2 MEHTEER
2.2.1 #E KW HE

IR ST R R AE R TR LA L, A
TS HUOERL R R 2 JE A A 2 (B B R i AL 3 DL K
FHEAEH (A BRGBERY TR & 3 80/ PDF P fk 2%
N BERY . FETFE A 23 S EE R 20. 14 m/s  SRBHT
R R 4.15 x 10 ™ kg/s, W 455 R 0. 75,

RPN IR BE S A an i 5 firzs . MRS Hhml A
F B AL TR RS, 12 BB S , IR TR
B AL BT, XY OH B4 A dn &l 5 (b) s,
SCHRL14-15 [ 42 Y OH i) 4345 A] LUVE Ay 1 W7 ok de
T AR IE , X OH B4R A ke i el 74 , Hovk B2 i A=
GEORIE NN By b Ty TE SR KA B T A R A, PR, DA
B 5 Hiy OH 20 A vl LLE Y, B Ok 88 T TR 58
EA LM

Tewperature 294 423 552 681 810 939 1068 1197 1326 1455 1564 1713 1842 1971 2100

(a) TREEY

5 R ARG BEY) S OH By A

AN [ A T Ak A2 15 77 18] 1 — R 8, Vi 17
SHRRE AR [7a) S B A 18] 64 A P, 23 il A 6 ()
6(b) iz, Kl 6(a) 78 Z =3 mm {if EAL 543
F 3k B8 e (2 v T S R A, 3 ALK A [ T2 284 S 5
RIS 5 1 A JEE IR o FE 9230 F 9 o, Cai 25 A7 42
FIXS TR i £ 10 BAFSUT 4 OAR 00 LU DRI X, PR O 7 7
RS /NG, TN A REAR 4 i B B AR 7 O
B R A A SOV TS LR BRGE B PR R

TSN, XA AR I SR AE ., 5381,
TR R Bl o S 2%, LR W ) 5 AL A K S
AR B AL S BLAR HU PRI M X - 2 1 IS
W30 R RLADL 2 2R SR BT AE — S (22 o FERRESHR
P A TG B9 07 B, LES JH3R45 B S 56 25 1wy &
AAEGS o LES Xof v [ 3 XA 1] B B8 A8 T A R T 552
O, (ELK ol 22 o 5l 1) B g P 85 A 28 i ) s DA
6 (a) il LU M, B2 il 1m0 [ 88 f) 184 O, T B2 70 A 72
(GE IR SRS EM vef E SN ) 1773 i
6(b) Hr, LES 5 H BA4% i) 852 73 A7 5 LB 2%

SE PR —EI, I Z AR A MU AR ] , L7 3 B2 e R/ N
PN _EAFAE2E S, (R 22 e it i 1) B 25 38 T 22
Zfo TE Z =3 mm 4b, LES JHE AR 1) 38 B I (I /N
1o TR, 7 A I BG4 I DR - 0 el ) 3 BE 1) 3
AL TAE Z =60 mm 4b, 55 S (E WIFEAAR T

100r — sz 100p — 55y
2 sop L 2 sof B
2 ooy F o
& > z=3 mm & =0 z =9 mm
-100F__, . . L X -100E__, . L . L
20 -10 0 10 20 20 -10 0 10 20
A3 B /mm A2V E /mm
100r — sz 100r — sz
E sof * P g sof Bl
M i M_-M
% % oF .
= -sof Z -sof
100k z =60 mm 100k z =92 mm
20 10 0 10 20 20 10 0 10 20
A2 B /mm AR E /mm
(a) PUASSh BRI B 43 A0
807 — e LS —am
TE a0+ . ; a0k .
% "\/"/\ g OM
F =
£ 40 & 40}
z=3 mm z =9 mm
00 1020 BT R T R TV
A2 {3 /mm A2 {3 /mm
80— 80r — 50
T . » . B
£ 401 E 401
:!% Om % OWJJ’LL\
K Y
= 40t & 40t
z =60 mm z =92 mm
ST 20 0300 10 20
AR5 57 B /mm ARV E /mm
(b) PRI S B AR ) ) 43 A

P 6 PR 1) i B AN ) o JBE 4 442 1] ) 23

2.2.2 [ENHHARESH

AWFFRTEAT B IR R E KA ST s AR el
AR NS 1 m/s BRRH TR MUE N 1.4 x 107 kg/
s, JLE ST LR 0. 98 HAM 45 R AAE . LT 45 K]



559 W AR T BB 0K R RS

- 1115 -

AR R I T2 ARSCAE AR A5 e TR AR i, RIS,
TEKIER LT =0,

[ et A Rl HE R O RN [i] 14722 fh i A a4
7(a) 7(b)fime MK 7(a) 7(b) Hal LI 2], kI
PEAEN T HERAS 4 5Kk Be , L 2 IS W0 ) (67 B, iX
PNl NE LS e podz A L P E:/ e S

[ JC s, H O A TR ) 1 3 B S ] 9 728 A it
PN 7 () B o R KGRI T ¢ =0 B 20, AP 7
() AT LAFR R rh s [ DX 7 B SR HE R 2 A 1
PR TERER AR Y TKRBA R I B IR R . TESUEA
HAAFE (0> 0) , MR X T IR 1] B #ERe 3h, I 2 L-F
BIIK T WIECL BT TRBA [MA XTI, S

Temperature

(@) LIRS

Mass_fraction_of_oh
00019
00016
oo I
0.0010
ooos I
00003
0.0000

Mass_fraction_of_oh

@00019

0.0016
ooorz I
0.0010

Mass_fraction_of_oh
00019
00016

Mass_fraction_of_oh

oo (A
oors IE
00019
00016
ooor; M
00010
oooos [
00003

t=0.01 ms t=0.06 ms

Mass_fraction_of_oh
0.0018

0.0003

0.0000
00016
00013 I-

0.0010

0.0006

0.0003

0.0000

t=0.1 ms t=0.14 ms

00013
0.0010

0.0006 l.

0.0003
0.0000 0.0000
t=0.18 ms t=0.26 ms
(b) [l kB H)OHAEAL

Z Velocity Z Velocity

8368 ) - 8368
7105 7105

-
58.42 = 58.42
579 D ) 4579
33.16 )< i
2053 - 2053
i §, 1 E
g - |
0

-17.37
-30.00

Z Velocity Z Velocity
83.68 83.68
71.05 71.05
58.42 58.42
4579 4579
33.16 33.16
2053 pups 2053 pm

7.89
-474
-17.37
-30.00

7.89
-4.74
-17.37
-30.00

Z Velocity Z Velocity
83.68 83.68
71.05 71.05
58.42 58.42
4579 1 4579
33.16 33.16
2053 gy 2053

7.89 7.89
-4.74 -4.74
-17.37 -17.37
-30.00 -30.00
t=0.14 ms t=0.26 ms
(c) [l K Ey 1) AR AL

7 RLKEHEE Y (a) OH B (h) A (o) BY2E a2

DR i e R AR T AR A, 5 R HAR LE R
T2 XFHAHTIEL 7 (a) FIEL 7 (¢) ¢ =0. 04 ms,
t=0.1ms,t=0. 14 ms AT i3 R 57 Mk i) 2 7
A, AT LA LA EAL 7 A e Bl e [ 2 T
IR T R IR L B I A, KO R BE A 13 IX 1) L T
gz e 17 S I wh A= 2 A b D P S P @ AT N L M
TALRERIE 1451, B 2 T Lk iy R

MIE T (a) 7(b) TR Y [ K A A R i X
B Z5EET(e) T A TS Y AR A Bk Gd A
TR AR 9k BEBE ThT FRF AT 1% i 16 3o JEE ik 2 Sy A iy ) KX
{B, FF HLIXHR 4 X OH SEW AT & A 28748, I 444R
%, R WILE B AL A T ZUR P2 B A A, R Y BLAK
MmN AR FZ Ik AT (¢)
AR A D] e Al e R B AT HH BRI B
IR DA T o AN J& T kb AN A E RS T B9 1] o )
If, L7 (e ) i i LR 2], 18] R A [l X 3
TRRIAEA, Wb == [ Wi Ab A2 8l .l T 76 4
PR 1l 5 i E I, SRR A9V 2 A L Ak A
TR A A A, DT 5 S e i BN Rk A A LI (67 AL
PETT S ERR X 1) A% 2l i e WA U 0
SERI A 1] K B G n] RE AR 58 T A 114 e e A T 5
Y.

3 gEIE

(1) RIAEIR A H S 1T 5%l BT b =2 N Y
TSR, TESRBET VRIS BRI B T o ]



<1116 - Hl H

e 31 &

UL DX JRE RN 23 A Jo i e R 2 L (] O R
SR, TERSE JHEBPIRZS R B/ i 3 R 4 e
GBI,

(2) BT B TRRGE 28 A A8 [B] K OR AR AR L. A
[ JCE AR R O [ X B9 ) 3 RS 3 S T O A%
&, SR 1 X 1) L3 is g, R K 80T I
KeH

(3) i A PR RL N 23 AU it it 7T LA Sy [
KEYRA RN, PEBET I i SR DX N A AR
F18y it ) 38 DX S LR LA iR B 1] R E T

5 2 3k ( References) :

[1] TACINA R R. Low NO-x potential of gas turbine engines
[J]. AIAA,1990(90) :50-53.

[2] SHAFFAR S, SAMUELSEN G. A liquid fueled, lean burn,
gas turbine combustor injector [ J ]. Combustion science
and technology,1998 ,139(1) .41-57.

[3] SOMMERER Y, GALLEY D, POINSOT T ,et al. Large ed-
dy simulation and experimental study of flashback and blow-
off in a lean partially premixed swirled burner[ J]. Journal
of Turbulence 2004 ,5(3) :37-37.

[4] KIESEWETTER F, KONLE M, SATTELMAYER T. Analy-
sis of combustion induced vortex breakdown driven flame
flashback in a premix burner with cylindrical mixing zone
[J]. Journal of Engineering for Gas Turbines and Pow-
er,2007,129(4) :929-936.

[5] KIESWETTER F, HIRSCH C, FRITZ J, et al. Two-dimen-
sional flashback simulation in strongly swirling flows [ J ].
ASME Turbo Expo,2003(2) :293-300.

[6] KONLE M, WINKER A, KIESEWETTER F, et al. CIVB
flashback analysis with simultaneous and time resolved PIV-

13th Int Symp on Applications of

LIF measurements | C ].

Laser Techniques to Fluid Mechanics,2006.

A5 AR

(8]

[10]

[11]

[12]

[14]

LEWIS B, VON E G. Stability and structure of burner
flames[ J ]. The Journal of Chemical Physics, 2004, 11
(2):75-97.
GUIN C. Characterisation of autoignition and flashback in
premixed injection systems[ C]. RTO Meeting proceedings,
1999.
KELLER J, VANEVELD L, KORSEHELT D, et al. Mech-
anism of instabilities in turbulent combustion leading to
flashback[J]. AIAA Journal,1982,20(2) :254-262.
FRITZ J, KRONER M, SATTELMAYER T. Flashback in
a swirl burner with cylindrical premixing zone[ J]. Journal
of engineering for gas turbines and power, 2004, 126

(2):276-283.

ITANNETTI A C, LIU N-S, DAVOUDZADEH F. The effect
of spray initial conditions on heat release and emissions in
LDI CFD calculations[ C]. 46th AIAA Aerospace Science
Meeting and Exhibi,2008.

JIANG X, SIAMAS G, JAGUS K ,et al. Physical model-
ling and advanced simulations of gas-liquid two-phase jet
flows in atomization and sprays[J]. Progress in energy
and combustion science,2010,36(2) :131-167.

CAI J, JENG S-M, TACINA R. The structure of a swirl-
stabilized reacting spray issued from an axial swirler[ C].
43 rd AIAA Aerospace Sciences Meeting and Exhibit,
2005.

TANGERMANN E, PFITZNER M, KONLE M, et al.
Large-eddy simulation and experimental observation of com-
bustion-induced vortex breakdown [ J]. Combustion Sci-

ence and Technology,2010,182(4-6) :505-516.

KONLE M, SATTELMAYER T. Interaction of heat release
and vortex breakdown during flame flashback driven by
combustion induced vortex breakdown[ J]. Experiments in

fluids,2009,47(4-5) :627-635.
[4REE Kk 5]

W RSO S A E ] K EE ST ). L TR 2014 ,31(9) (1111 - 1116.
CAO Min, ZHANG Wen-pu. Numerical investigation of flame flashback in LDI combustor[ J]. Journal of Mechanical & Electrical Engineering, 2014,31(9) .

1111 - 1116.

CHLEL LY 247 - hitp : //www. meem. com. cn





