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Figure1 (Color online) Solution of steady flamelet equation. Fuel con-
sists of CH4/H, with volumetric ratio 1:1 at temperature of 305 K; oxi-
dizer flow includes O (9%, volumetric fraction) , CO, (3%), H,O (10%)
and N, (78%) at temperature of 1100 K.
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B2 (M%&) Sandia D\E KA HILES-FPV RS $L 45 2,
(a) Sandia D; (b) Sanida E

Figure 2 (Color online) LES-FPV of Sandia D\E flames [12]. (a) San-
dia D; (b) Sanida E.
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Figure3 Distribution of mixture fraction and temperature at centerline
in Sandia D\E flames [12].
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Figure4 (Color online) (a) Radial distribution of the mean axial velocity in non-reacting flow [15]; (b) radial distribution of the RMS of axial velocity
in non-reacting flow [15].
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Figure 5 (Color online) (a) Radial distribution of the mean temperature in CH./H, flame; (b) radial distribution of mean OH mass fraction in CH4/H,
flame [15].
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Figure 7 (Color online) Schematic of the JHC burner configuration.
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Figure 8 (Color online) State space of two-dimensioinal mixture frac-
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Figure 9  (Color online) Comparison of measurements (symbols) and
computations (lines) for mean profiles of temperature (a) and species
mass fraction of H>O (b) and CO; (c) at three axial locations [25].
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Figure 10  (Color online) Comparison of the instantaneous (left) and
mean (right) temperature filed for PM1-50 (a), PM1-100 (b), PM1-150
(¢), and PM1-200 (d) [29].
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Figure 11 (Color online) Snapshot of the instantaneous and normal-
ized CH,O and OH mole fractions, showing the gap between the species
distributions [32].

070007-7



Wi, FERE MBS 1 ORICE 20178 476 FETH

2 ETEETE-NEEERRKRELE
o FUR S ImE A = eI N F

T e I R e 28 B 1% A ROk = IR R B e 5
AR RLTE Bl X FTR A TR, R s e 1 ok
VARG, RITAEE T2 M. T 2 R
A TR S R TIVR B e I K JA I A I VR £ B S K
B AEAUL, 177 X6F F350 49 TR ) @ U K Je MM SR A7 AE T
Z RFN N B R

See AllThme™ | F A i # fUl X DLR-GTMC #R e 2%
w343 TRIE B BURE I AR BEAT TR, I 4 IR
FH T HE TR K 1 i A2 AR - KON T A 2 D R T
TR KA I TACLES J7 VA E A A5 AL, See flThme 7
SEXT AR BB B 3EAT T eI A, & SR AR B I R R
R85 0] DU SR DR Ioe 2% I AL 2R AS . 78 W
IFPV 7 v, 2 RERZS 2% L T34~ 2 80z, 727 /Al
C, i AR AR B 1 WA TRk BhCT 3 T N3, (B
TE T T KK ) SR SR KRR DA R K A I A it
ANT] ZARII 520 . See Ml Thme % FPV AR Y 3k 4T 4 J& , %
R I B EORRBE A = #(Z2,2,77,C.C7),
BIFPV-Cvar Jj V.

B FfMeierZs NP5z 56 v (1 A2 kA, SeeflThme™
BRI 45 R 5 S Ih &5 Rk AT 7 W Xy b,
WEN2F N, KA 5 S256 85 R &, (B A8 A R
XA Lo, B8 b B B0 7 — 5 ) 22 . R &5
AR B . R DL R AR AR R A R IR LA
2K IG R P AN gE RS2 H T e R K N A AR R B
T KA GRS, it It - 2 SN R AR B A AR & o) 45 SR
& R, AL FE Y, X —E A B R AR
Y e )% IS B, (R FPV-Cvar J5 v %3 - Py ] [|]
M AgE RS RV & 8URE L. BlgE R
FA) R 2 37 5 7t AN (] 97 DX 1 3L R L s 56 235 RAIG
150 K2 A7, X4 ik 22 Al e A& T 2% T K@ 5 BE
HI P #0246 i 5 380

3 ETERETE-MEEERRKRIEDX
LA AR DL R HO AR UL

31 =mREXATHRTEAERY

e it (K S 2% R T R MR e el R B O R ) 1F
ol 8 & 1 S T R A EEZAE L. Gordon %5 A

ol i h e 1 | . r d P e
205 30 150 15 30 45 °Us -30 -5 0 15 30 45
X (mm) X (Mm

v(m/s) -20-11 -2 7 16 25 34 | ‘ Z: 0 0015 0.03 0.045 0.06

B 12 (4% W )R FFPV-C Var 5 12:45 2 1) ~F- 255 il i) o
JZ(a) (JTHE A Y SIS 45 ) 5 1 ¥R & 7 B (b), SE& oy
9 Syl 1) R Oy 2 N A R 2 e b A 2R

Figure 12 (Color online) Mean flow-field results at burner midplane
obtained with the FPV-Cvar combustion model: (a) mean axial velocity
is overlaid with PIV-measurements in the boxed region; (b) mean mixture
fraction with isocontour of global equivalence ratio [33].
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Large-eddy simulation of turbulent combustion based on
steady flamelet/progress variable approach

ZHANG Jian', LIU ChengYu & YANG Tao

State Key Laboratory of Nonlinear Mechanics, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China

Turbulent combustion is often accompanied by complex phenomena of flow and combustion. Combining with
advanced combustion model, LES provides a powerful tool to simulate turbulent combustion. Based on flamelet
model, with a progress variable introduced, the flamelet/progress variable approach is enabled to describe complex
phenomena in turbulent combustion such as local extinction and re-ignition. Recently, in order to validate the LES based
flamelet/progress variable (LES-FPV) approach, a series of numerical simulations were carried out. In the simulations of
non-premixed flame, partially premixed flame, lifted flame and swirl flame, the approach showed good performance and
was then used to simulate gas turbine combustor, and to predict some basic combustion phenomena. With continuous
development, LES-FPV approach will play an increasingly important role in simulating turbulent combustion.

turbulent combustion, large-eddy simulation, flamelet model, progress variable approach
PACS: 47.70.-n, 47.27.te, 47.27.E-
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