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Leading Edge Statistics of a Turbulent Premixed Flame

Jaesung Kwon and Kang Y. Huh

ABSTRACT

Leading edge statistics are obtained by direct numerical simulation(DNS) of freely propagating incompressible
and stagnating compressible turbulent premixed flames. Conditional averages of velocities in terms of reaction
progress variable, ¢, and local flame surface density, f', are defined and compared through the flame brush.
It holds asymptotically that {uy, = (5;) , and {uy, —<u), = D,/L, with the characteristic length scale of ¢
variation, Z,. It also holds that {up, = <u), for a freely propagating flame under no mean strain rate. The
turbulent burning velocity, Sr, is determined by the conditional statistics at the leading edge under large acti-
vation energy.

Key Words : Turbulent premixed combustion, Turbulent burning velocity, Stagnating flame, Freely propagating
flame, Leading edge

Nzasd
Alphabets Subscript
BML : Bray-Moss-Libby u : unburned
Da : Damkdohler number b : burned
FSD : flame surface density Averaging
Ka : Karlovitz number B : Unconditional averaging
KPP : Kolmogorov-Petrovski-Piskunov <+> : Unconditional averaging
Re; : Turbulent Reynolds number <> : Surface averaging with respect to
Sa : displacement speed generalized FSD
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Fig. 1. Schematic configurations for (a) freely propagat-
ing flames and (b) stagnating flames.

Table 1. Specifications for freely propagating flames

u,’ o/
Case [emss] SEU Ka Rey
FP1 0.24 1.0 0.37 10.0
FP2 0.42 1.75 0.84 17.4
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Table 2. Specifications for stagnating flames

, ou ,
Lx Uy By Ur
F

ox
[em] | [cm/s] 5] [cr/s]

Case Kap | Reyw

ST1 3.0m 1.0 -0.37 0.58 |0.60 | 18.9

ST2 20m | L.75 | -0.84 0.53 |0.60| 17.2
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Fig. 2. Profiles of different velocities for (a) FP1 and (b)
ST1.
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Curvature [em’']

Curvature [em’]

Fig. 3. Distributions of mean curvature, (V « n>;, mean
absolute curvature, {|Vv - n|;, and mean flame
orientation vector, <n>,, for (a) FP1 and (b) ST1.
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Fig. 4. Convection and laminar propagation terms of the
Zf transport equation for (a) FP1 and (b) ST1.
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ST1.

4.2, H2SIHMIIAE(S)Q M AHE

Fig. 62 2] (11)3} (13)°]] tﬂrE} Sre AAs=
=9 I AdRoA e AFE BHAET 52
2 o7F Aegh FEHE FAshe I AdRE
EbdiT}. Fig. 6(a)= FP19] 1/L,9} /L, 7} 319 Agt
F &2 7MAA 4 goll st AS HoEoh
Table 3 AHf-du}3t oAl L, = FP13} FP22] 7
© Z+7F 0.093 cm, 0.081 cmo]H F AS BE 255

FAEYG Zrhs A& HolEth FP1} FP2oA|
5%7;5—5— Z+7} 0.23 cnvs, 0.41 cnvso| ™, ok &
& FP27} FPIE T At SRIMAEG T A2dolx
AL FLsA H-L= At

Table 4= 3T} of| 4 A (1D)o]l 2J3t Sy 9
% gho] DNSZAxtof| & H3ES HoEot shAT
Agte F2 ViR ) kg AdRols Y B

) rE
2 4

0
Inlet <= x

=> Qutlet

Fig. 6. Detail structures at the leading edge for (a) FP1
and (b) ST1. (5,), =D, /L, holds in the encir-

m

cled region of the convection-diffusion layer.

Table 3. Statistics relevant to determine the 5, at the

leading edge
1 1
- * (V eny u D,
Case L, L L 5
m - rn/
[em’] [em] [em™] [em/s] | [em/s]
FP1 8.40 10.8 2.61 0.23 0.03
FP2 9.01 12.3 2.72 0.41 0.05
ST1 19.9 23.0 2.34 0.58 0.066
ST2 18.5 22.1 2.62 0.53 | 0.062
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Table 4. Results from DNS and predictive relationships
for the Srin all test flames

CaSe STJ?/\'S STI _PRED ST‘Z _PRED
[cm/s] | by (11) [em/s] | by (13) [cm/s]

FP1 0.47 0.48 0.46

FP2 0.68 0.68 0.73

ST1 1.75 1.71 1.78

ST2 1.61 1.52 1.61
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