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Modelling of Wall Heat Flux in Turbulent Premixed Combustion
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Abstract: The paper focuses on modeling the heat flux through the isothermal wall boundary in premixed turbu-
lent combustion. To exclude the interference in model validation from various inaccuracies, either numerical or
experimental, the filtered three-dimensional direct numerical simulation (DNS) fields are adopted as the bench-
mark. Results justify that the proposed model is more capable to capture the wall heat flux statistics in a broad range

of filter sizes, compared with the direct calculation from the filtered temperature gradient and turbulent diffusivity.

In addition, it is also straightforward and convenient to integrate this model with the existing solver.

Keywords: wall heat flux modeling; premixed turbulent combustion; flame wall interaction

TEHABL AR AL AR Tl e v, AR
P FEAE S BRIN 23 6] PAL. A6 2 9 BE 1T PR 0% 20
L BRI B, Bk ek bR
Ferpal B2 BRI BE AR, 5 B[R, i 2847
#hbe 3 T INRAL Y B A BT R R TR S AR
FE, 33K TR 1 B T PR RSO AR A S

MMIHA 25 I8, BE TR R 4 52 2 v TR 2R
AT IR BE TR AT . MR A IO A% 4% D7 1] 5 BE T

KFEHE: 2024-04-26.

E2WH: ERAKRRARESRIHE (12272229).
EEE A 5K (1998—
WISEE: £AME, 5B, Md, #0E2, lipo.wang@sjtu.edu.cn.

FRIAERT R ), ST RE KOk n) UG FE RIS BE Ty [l A5 4
F 7B WL K 4300 TR 45 K (head-on quenching) B,
S AL A ] AT T RE T RO K 0 T K
(side-wall quenching) ™" "1 DI K fE kw57 BRAS 1
&k A Y 4 48 K (total  quenching) 22" 45 R[] 4
Bl EAER Zhao ZFPF PR T e RS YRS th K
BETAAE AL, B S 1 ) el it 151 UK i sl =
JRRE TET , KR TR 3K B Bh AP, P-4 IR BE T I 5

), B, 0L, kunlin li@sjtu.edu.cn.



MRMZEHEAR

B3k 3

P P34 0 AR 8 R THTLFEE LA R i i 5o B S R

XS AV AT, SR P B E AU (direct
numerical simulation, DNS) ffF5T 1 ¥ K g [a] SIUE LS
. UL, B A S R AR AR A A b, —Fp
L R T R 1 1 R e R R TR —
P 11 - 349 9 A ok FEE RIS . Han 25 POVE it AR 2% i
Tt A AR B R v AR RO AR —
Fofr 3k E RE T oK. S NRAAILAE O T A T
Schmitt 2P/ HRKE DNS i 5E (AR5 2 B pR 4500 F 7
RIS 3B T DL AR B RE T 4% . Mandanis 25°°)
TE R (large eddy simulation, LES) H >k FAN[A]
MRETHIAEOC R , RITE R4 TR b F A5 A0 B T PR
LT DNS 2558, H H i Erf P RIR S50y
B Bolla 52T sy BRAR H— Rl R TAUEE R
P RE AN LES, SR EA 3 AR S50 AR Al
PRGOS, BB R A B2 , Ghai Z5PO7EAIR
g gt iR S AR A iR T — MR R
(Y RETE ST Iy . FR T RE TR R AR R =
DT L ABE T8 1) o A 23R AR KRR P it D30 2 TN P A A8
A5 B4 - 35 g SR R

BRI Z A, A — sz 5 4 i T R fE B A5 A,
Poinsot 25 Vet 2 17 100 M) 1) i AR T AT AL
KEFES 5 ZR. Boust S5 LT BRSP4 H Bk [ 44
TSR Z B A OC RS, XA S DNS Ba
B9 H X 45 Ry AR I A IS T AR I K KA.
Zhao PR GETHRE 25 B T U HRAR H T AR TR
I E— T ASBURFR N AR R CRIERETRIIEES) |, %
A5E USR] -G P00 A/ B O B R TR AR R T BY
YT B ()~ A T BETE 5 o) ) BRI 228 /)N T B T 7 ]
P, AARVR AT RE ) BIAS R SR T

AT AE A 8 B i b 1 3 A v 1) AR AR A o
TP, AHEBR SRR TR AN R, B R U8 S
() DNS 58l DASSiEA RIS M. Birds th 0 B TR B
FHE AT IV AR LES 485208 TRETHE 40 HT.

1 KBS

1.1 =HFE

WP 1 FR, FEGSTH RS B s B R P

SRS FE S IR BE TR 3f . 78 =0 ) b 3% 22
T U EE TR S O DT RS AR TNE
Byt = Pyt = P.S (1)
pi aT 1 9 _f b )
axl ~ RePr o5,

— 264 —

.. O 1 9 ac ) =
g _ Jo
P 0X, ReSc d%, (p %, j+ @ 3)

A A ~ AR TCE N %%Rﬁ*nLgﬁj\ ]
BEPCHTTEIR ST L FZE K@ s, dE AR &

ng_y»ﬁﬁﬁﬁﬁ%m B T,
o AL KT 9 4 A LI
=;i;,aﬁﬁﬂkmﬁﬁ,n%$%Wﬁ§,

SR A TIR R BORY D 15
R ARG, & R 1 T,

¢

~.

W p

K ) T
X X1 Xy / ]
N\ — 3
y - ——— T X

kel

AT

E1 BHNOEANESEEERTE
Fig.1 Schematic of simplified flame-wall interaction for
head-on flame case
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Fig.2 Model solution of wall heat flux with flame-wall
distance for head-on flame
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