E = YiEzx hE = 202 ) £ 6 H3: 264712 o N
FRERISE: IR f1% Rorae 026 &£ % 56% 6126 Q(*@ﬂ?)%‘saﬁﬁ
SCIENTIA SINICA Physica, Mechanica & Astronomica SCIENCE CHINAPRESS

physcn.scichina.com

SLLE »~

i 7 = B K KRR 5T

HIH, Sk, R

WL R WS R B, AR TR AT, UM 310027
*It &2 A\, E-mail: wpzhang@zju.edu.cn

WeRE H 39 2025-05-27; 4352 H 11: 2025-08-29; #2% i A H 191: 2025-10-24
Ex A RRLERE S S 12072321 K BT H

TE AR ARED(LES) 77 A K T A R (FGM) MR AL, 413t AR/ 5 AR AW dE % IR = [F i R
WA EEK AT T FEAEY, EAHFRIT EXRE A RALFEERIAR L E PG S ELE.
ENEREACFEZRZA AR EEKZER, KEFERRETAF LA ERANRREANS, MTEEFZRT
] K K e N | 3 2R, K K-SR - B T AR R R AR B, R T DR X (R K R A B AL, X T RS B L
TERZE, FXR=ELFEEKERUL L. F, B TEXRZELESERF D R Aok & 28
FPEHMERE, SHEMEXRZAALESHAER AT T L. ETHEFAE Rt —FWERSAT, K
X A& 7 Damkohler# 6 FH A, ZEAZ6F BT MRELZEE. BERKGERE. BEWHEF—RISEK
X3 R Z B B #2153 SR P AT XE L, Damkohler#k 5 [EA A TN 4 R 5 X 2 o $IB 5 A R AT, R
P B A 4 & IR = R R 4 TR B KRR R T aE

XA BORIAGR, mRL B BK, ARIRHENL, Damkohler$i A

PACS: 47.27.ep, 47.27.nb, 47.70.Fw, 47.70.Pq

il

HUSY 1RSSR ] o — N EE R, T
X 7 B B JOR A LB BEAT R ABIE .

1 35l

THRIAE R TR R RS RSB IR &350, AR5
BEAT R — Rk e J7 K. TR A b w] LI I 0 2
B HRIEHIRBEIIREE, 3T R R A S5 G )
MIA R, EMR LA AL, TR
OB Tz R AN SRR T,
I 2 HH I o R ARG IX 3 ) A e A IR X
IR, BR[O A R ke A
SETE, FEXTHRbeas ARG R . (AU, G [ JOR R

ERINSVIE DG L Eot SR AT i RV El
K PRIRAKESE T K RIS R e i 51 [el
KAGLFZ B K. Ho, 35 R 8] K245 B T SR B
REIR) TR P AR, 12— 261, 4B T PRI Y
ARG R TR LI, RIS e X8 14 K A A2 1
P IR RIASE, AT 2 BE T 17 L3 1% 47k
BEE AR EHEMR AL SRS IR A, 5
JRIELK A R K EENE 2 —, KRBT EA

doi: 10.1360/SSPMA-2025-0227

SRR HI0H, 2008, oo, TUARZE KA SR EHUBTIT. hERlE: B J15 K, 2026, 56: 264712
Wei J, Li W, Zhang W. Large eddy simulation study on the tempered turbulent boundary layer (in Chinese). Sci Sin-Phys Mech Astron, 2026, 56: 264712,

© 2025 (PIERFE) Aktk

www.scichina.com


physcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSPMA-2025-0227&domain=pdf&date_stamp=2025-10-15
https://doi.org/10.1360/SSPMA-2025-0227
www.scichina.com
https://doi.org/10.1360/SSPMA-2025-0227

FILWISE. pEELY: WELE J)% RIC¥

2026 £ FHsS6E 6l

BRRL N AL TR R bR, ERRe IR JE 000 K Tk
S H RIS LB R SRR I AR K B A
AN, XEFE T M E SRR, AFREREKE S
KA. R THRIERSE VAR S SR e is
17, B EX AR Z KL ATIR A 5, I HAM
Fa HE e AR TR A2 52 B] K A B Y.

Lewisflvon Elbel® 201404044 T & (1 A S
Fe AT T Z [ K AT A S A 7T 2 — 10 At g it s
B9, TR R AR B T P 7R Tl AL R, AT R
WL N RIRIR S S R Z XK. AT &
Gl T AR AR HEOEAR S EIL, 7
TRFIETE J LA T [ [B] KOG T ok . meZdid R sk
IS T & PRI SRR EE BT (Critical Gradient Mod-
el, CGM), A4 7 = B ] 1.

K1, KR, o, hisdie, MRAAAER

=5 ey

g NG TR BERR R, whintiE, o AEYIN I, wh
BIIFE, SRZERAKIGESE. AR IS IE IR B
Ab, KIGERRE I TR, A FE KA
RAE.

s Ao B AR Y B 5 1 301 542 [ O 9 Ak Y 22 1
LAl CGMARAE 17 AN JE T30k FE A6 B2 1y [ K I 5 2% A
TR, keeds it it 7 B IRYE IFish 17—
KA XF 2 542 3]k B 9T

FEFL IR ASAY J5 T, Putnam Al Jensen! 75 Ifi S8 FE 52
Rz b, BT N HICENECR P 2 5 E (]
K, KJE T PecletFifi Y (Peclet Number Model, PNM).
s PecletBUR T I FHUARE, 3 HUS N (KAL)
& LA RN (R R I8 ), K @I R NI 52

u
/lay y=0
’
Bk ! BREHE
/ KGR
¥ 4
I 5 -f(‘i

FALLLLTLELEL L LLESLSL
B AR

Figure 1 Schematic diagram of the critical gradient model.
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Figure 2 (Color online) Schematic diagram of the experimental device (left) and physical diagram of the experimental device (right) [34].
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Figure 3 Schematic diagram of longitudinal section of calculation
domain.
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Figure 4 (Color online) Schematic diagram of the whole grid (blue
indicates the burner).
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Figure 5 Schematic diagram of vertical section (left) and cross
section (right) grid.

FIEFGMZERF, BREIN 18 N 28 HN0.SIIA
HIRIREY, BN DBE TR, AWK
FARFA B8 SUN21% 00, 78% N, A1 %K Ar, A
I B 358293 K.

XoF TSR /N KA FE R EFGM R Hh BT VR A 43
Bk S, ARIE LR AT T B, ME
0.4-0.8 2 [ BERH0.01 58 SL— W% i LARFA TSR G B
A BT SR IR /N K AR JE L N KO, X RO TERE
FOL R R BN SR AR A RN K, BARBE IG5
FRAS, EE T P L P B T B A7 AE R R R AR 2R,
L TN KSR B FGM AR 23 11 5045 H A B2 1 1R A1
Tk, SR T SRR P 3 RS, DR A SO SR M 4
PN KA.

AR/ RIREW W ER K IAEEE R T Hofer-
ichter®: NPT LA M1 S 78 BT 15 H 102 K g i
EBIER:

S, =2.16004" —9.1537¢> + 12.4930¢*
~3.7952¢ +0.3972. (20)

£ N LES T3 AT It AR R AU, D9 17 A4

KL D 5 ok 2 i St 3 P A AE R B A 2 R T
A RS ST UM 0 R, 7 — B % 9700 mmi1)
EIER AT T AT ERANSHLL, R iZ 8w 1Ak 1
FE 4 A it U 30 B ARE HORAE N LES TR 3k i 1
%1

LESHI A% T A AL FEWALER A, R F SIMPLE
FE A R i R S AT AR RS R N T
W ERBLS, W5 K 2T Courant ) H 3E B &R
ST, PREFCourant¥ /N1

3 FFFRZTEImAILA B E A KImRIL

3.1 REMRRT

FET-BIE N8 m/s, R HON0.46/T, 315 T A2 5E
FEMRbeas B T I I R ke, ST b A IR 5 73 AT
fH oL El e .

FarE FERRIR 38 11 B TR0R g e T B 7B, BA
SRNBEFEAE T = 0.50HEATRAL, W AE B KA T
H T A P AT R TSR P A 4

g 3o AN E FE Rk sl AT R # R R, ATEL
K FH Q¥ SR R AL WA BE 4% Hh 11 A1 BT 1) H 0 A A
B s SR

0= 1@ 5, @1)
2P QLS 45 51 i S5 S S R 5
Q= IZQﬁy,S= ZSUSU’

0.-1 9214,931, g = Lfow O @2)
v 200x; ox; )Y 2|0x;  Ox;
Temperature (K]

T |

T T T T T T T 1
300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600

B 6 (WZshsoRs i o A 2

Figure 6 (Color online) Contour of temperature distribution.
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Figure 7 (Color online) Diagram of flame front (¢ = 0.5).
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Figure 9 (Color online) Contours of temperature distribution at different times. (a) t = 0 ms, (b) =3 ms, (c) = 6 ms, (d) # = 9 ms.
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Figure 10 (Color online) Diagrams of flame front at different times. (a) = 0 ms, (b) # =3 ms, (¢) t = 6 ms, (d) = 9 ms.
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Figure 12 (Color online) Contours of temperature distribution at different times. (a) Overall temperature distribution (full view). Close-up views of
temperature distribution contours at (b) t = 0 ms, (¢) £ =3 ms, (d) = 6ms, (¢) =9 ms, (f) = 12 ms.
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boundary layer
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This study employs the large eddy simulation (LES) method combined with the flamelet generated manifold (FGM)
combustion model to numerically investigate the phenomenon of boundary layer flashback in hydrogen/air mixtures
within an unconfined space. The simulation results show that when the unconfined space boundary layer flashback
occurs, the flame needs to overcome the wall heat loss to enter the burner interior. Moreover, before the flame enters the
upstream pipe in the unconfined space, the interaction between the flame, the incoming flow, and the wall is weak, and
there is no near-wall recirculation zone mechanism to promote the occurrence of flashback, which may lead to the fact
that the unconfined space boundary layer flashback is more difficult to occur compared to the confined space.
Meanwhile, due to the absence of boundary closure and the presence of complex non-equilibrium effects, the current LES
models for unconfined spaces remain insufficient. Based on the numerical research results and further theoretical
analysis, a Damkohler number correction model was proposed in this study. This model comprehensively considers the
influence of a series of parameters, such as the burner edge temperature, laminar flame speed, and mixture properties on
the boundary layer flashback. By comparing with the experimental data, the prediction results of the Damkohler number
correction model are in good agreement with the experimental data in the literature, indicating that this correction model
has an accurate prediction ability for the unconfined space turbulent boundary layer flashback.

premixed combustion, turbulent boundary layer flashback, large eddy simulation, Damkéhler number model
PACS: 47.27.ep, 47.27.nb, 47.70.Fw, 47.70.Pq
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