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Abstract: The reaction—diffusion manifold (REDIM) technique is utilized in combination with the dynami-
cally thickened—flame (DTF) model, which forms a new turbulent premixed combustion model. Then the new
model was used to calculate two lean premixed swirling flames in PRECCINSTA combustor via large eddy simula-
tion, with equivalence ratios 0.75 and 0.83, respectively. The radial profiles of velocity, temperature and CO
mass fraction were analyzed and compared with the results from original DTF model and the experimental data.
The results are in good overall agreement with the corresponding experiment. Since less species transport equa-
tions are solved in REDIM=DTF model, the computational efficiency of it is about 15% higher than the original
DTF model. In theory, the new model can also be applied to simulate partially premixed flames, as long as an ap-
propriate REDIM chemistry look—up table is used, e.g. two—dimensional REDIM table.

Key words: Large eddy simulation; Reaction—diffusion manifold; Dynamically thickened—flame model;

Lean premixed swirling flame; Gas turbine combustion chamber

* IGFEEHEE: 2017-11-23; fEITHHEE: 2018-02-07.
EeTR.: FFEARBFERESH ETH (51576092; 91741117); T8 HARBIEHES (BK20151344),
EEEN: B 52, Wik, WERSHEOMGR TR . KNI, E-mail: 1150807317@qq.com
BRMEE: £ OF, WL, #dR, oAIECh RS . JOREAEL, E-mail: pingwang@ujs.edu.cn



348 e Bt

20194F

1 35

R b8 2 2 WL =S A Rk 3 ML %) BB A R O 2
— R BB A AL 5 2 X A be = N Y & R R BE B 4
HATHE S C & WA HE SRR R K e i) — A H 2 T
B, AR % R 48 R o = 1 F A R . IR A
(LES) H¢ R 8 % 3 2ok 5 38 1) S D5 % 49K 958 A5 780 >k it )
A EME B HAXEHEARERR ET £
JUAE AR R BT T H O oo i 22, Pt
Tl KA1 A 5 45 A A CFD & R3S
PO % i It A AR X — A% o) BUE Ik B R A b & A SR
K EBA Ve B AT TR, IR R LA
KANHIRBE = NI A A o B 528 LR R 2 1 B
N7 SCAEHE AR R I R A BR R T R BRI - A
B R R i AR AU D7 125 0 A5 TR K e TR A A Bk 2
% 55 A o8 o A HEAT R B AT TSR 5T o AL AT
25 T R K 2 1 0 45l 56 E BT R FH R AR B R
19 4% (ASOM=SGS ) A BE R AL 14 & BRI, T IZ MR BEASE
X SR I AR S TRt - A A T A e
17 RBBIH5 . B T 5L RE 19 AN B 4 Tt
LES ¥ 8 B ok 8 22 1 T 98 e A7l i) 53 By Be b
SR, HHTATH T lm 2 — 2 ) e 7 i U R e 1 R
PR, — 70 % IR AL 2 SON B ) A T
PO 5 AR R A Y S 00 1 o A, Y e A S AR e 1Y)
AN AL 4 BV ALEE GRI-Mech 3.0 ¥ & 53 Flt 41 4 &
325 AN KOS, R 3 T A A s BB AR g
B B b R R JCRE PR AS  EE R TR T E R
AT figp DR it U T B 5 20 A 2 S WL A 114 ()
BOCH T, LA W R JE—Fh B 7E R (N1 5 i
4 TR] ) 3CRE PR 5 e 11 530K B B 5 3 1 I o A% 9K %
BAL

H i, & 208 2 Fh T8 B4k 2= 0y AL 3 7 £k
F k. TE A K 4E % B (Intrinsic Low — Dimensional
Manifold, ILDM) J5 87 B9 3L Al I, Bykov 1 Maas # %
P T — AR B LR AL Dk s RO R B
(Reaction—Diffusion Manifold, REDIM) £ A . 1% J5 %
T ] A HILBE A [F] ) 5803 25 08 1 o> TR Eod R,
ik 7 ILDM J5 i B 22 AN 2 Z4b g e T4k 22 i 5
g3 F s o FEAHE A R A PR, B AE T Y
PABE BN, 3 T 4 i P 4 a4k 2 By i R Y
12 B (4 BE e ) R o A REDIM J5 2 3k 13 4k 2 Iz #1L
B ARAGARGE T, w] DL A2 AN [W) 4 B0 a7 Ak A2 B
Foo Ik L AR AR AR R SR R I T S Al AR
AL LB S B I B A AR B, A AR B i R, — ik

T

e Uk, SR A B R o S 1 AR R S i AR R AR Y
3 3 A 1 3 2% ok B o B i R R E AT AT Y, AT L
SRR 2 A 0 R

REDIM J5 2 7] LA 5 2l & K 4@ 3 )5 ( Dynamically
Thickened—Flame , DTF) B I 45 &2 >k . DTF #52 AU &
— T R RS SE T TR PR
A3 TR = F R B A =X A 31 530, 3 2o 08 i A 2 S I
RAGH P T8 BOM Y BRI K E R
{45 K KA T T LES TH530 RS SR o i 8 Y 15
25 R F M RS 10 5% i R B RO, B — o Y A
AT M. HJE DTF AR RS 2K fif 20 4 v is 7 1, 3
FH A R R I 8 5 Arrhenius 2303 L b T HEH
T AR R, DTF A A 5 0% il D H0O8 1 1k
MALEE

i o DTF B0 R 42 1 14 P9 4% 0T 2 A8 B Y
Sy ATAE DL, P45 G REDIM J5 v 8 Ak 5 g AL B 35 A5 1)
IR 4 Ak 2 S L8 3%, T DA R80Af e 1 48 Ak 2 R AL
P50 T B AR 8, AR SCE KT DTE R
REDIM $7 AR A 8 T — B 5 1 FH A i AR 40 19 it I 750
TR R % 85 A0, JF A i A Y XF PRECCINSTA #4 ke
FRIBIL U Y b = 0.75 Fl b = 0.83 1Y W Al e 5% 19
TR KA T FFH B W T SRS 1 45 S 5 JR DTF 4 7Y
PRS2 06 45 S 04T X LU 5T, A S UE #7458 REDIM -
DTF 1 PEfE .

2 MR RIGEERE R BB T &

2.1 FhENIEEE(DTF)#EE
E i Ui A B9 LES TH50 b, JOHE iy DX 3 o 22
IN TS BT B /N R X 4G TR R AR K
BIRZIR o F XX — A R, Butler 25 B HY T JhE 16 R
B AU SE ok 48 el Ak 2% i B R 4R T R RO
R, N R ¥G N KA R BE 8145 U T AT B LES B A%
THEOR R, B 1 s o B 6) S B KA R B ST
N T2 K K A% R U, 8 Sy e T JREASE R HhOR A 4 2
1 KHE IR BE L S, Ry it K 0 A% 4 R, 2 80 1 G
8 = F8),S, = ES! (1)
KK B JEE AR R TE BT IR B AR DAY R A
T F AR M R B R 3 R T O (A T
& RE A 0 42 B A T BB AE R W2 ik N Ay
DABE T 22 0 A% i 2 55 0 oA T DR RE KA B A% 7
ANAE RN R R N F A AR VR TR
) A7 7E 23 ff Damkohler B98N , N Ry 38 K 06 1) JEE B



F40 H2H)

FEF DTF A REDIM 43 A ) 2 4 37 A R AR 0 K HLB6 1E 349

2352 WA K I MR Be 5 i i iz 2 2 18] i A ELAE L /R
JE B35 U AN P BE 08 607 KRG B T RE A8 R T PRI 1Y)
s A A o 3% JEE LN 1Y B2 R, Colin 45 51 A — >R85 54
AE BRI B E S T AR AT — B R i U A R B
AR, I SO 1 JEE A A v 5 R i 1Y 20 45 iz O
o

Jt ax;
(2)
D op kR E v
axj p k axj F k 12
F(n) =nAx/5) (3)

X E R Re R, F ORI T Y A Y
W E o MR ER DY R, TR E ., K
HE R F (B 35 2 S AR R I S B )R 23 JR] Y pR A
FE B — U1 I (] 25 v 25 %) 5 AR W B AT TR R
FAR AT LLGE i 20 (3) 8 5, Ho o A S J5) 8 RS RS
T 3 I e KRR - F ] DL A 3 R KON B T
W &% TSR A o n (EE H LT S ~ 10 N, 3 F 2R84 A
WA R gT 45 S JF ol T 5 R DTF AR (5
AR, FEMCH n Ry S0 (1) R AT, 0 38 JRE A5 Y
TSR SR 380 11 O JRE R R 2 I KK TR B I F A T i
Tt KU A 9 R SR AL A A A TR 1 A

ST
S AN
N 1, 4
7 y;
Py /
)
: . / )
; / i //// '
\/4\ 5 /
5! ./

Fig.1 Contrast before and after flame front artificial

thickening
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