5 2 MRERAEANZEL VRO L
A10-2

FPESKKOBEEFEEE & REARK

Near-Wall Behavior of Premixed Flames and Surface Reaction

O A1 Zhth, ®ITKPE, HACERH B KM L 2-12-2, E-mail: narukawa. k.aa@m.titech.ac.jp
POER, W ITKPE, HACER H B XK 1L 2-12-2, E-mail: yminamot@navier.mes.titech.ac.jp
AT MR, HTKPE, SRR H BRI 2-12-2, E-mail: mshimura@navier.mes.titech.ac.jp
JEKE G, BRTOKPE, BOHR B EXOKH L 2-12-2, E-mail: mtanahas@mes.titech.ac.jp
Kosuke Narukawa, Tokyo Institute of Technology, 2-12-1 Ookayama, Meguro-ku, Tokyo
Yuki Minamoto, Tokyo Institute of Technology, 2-12-1 Ookayama, Meguro-ku, Tokyo
Masayasu Shimura, Tokyo Institute of Technology, 2-12-1 Ookayama, Meguro-ku, Tokyo
Mamoru Tanahashi, Tokyo Institute of Technology, 2-12-1 Ookayama, Meguro-ku, Tokyo

To investigate the near-wall flame behavior including effect of the radical quenching by surface reaction,

two-dimensional direct numerical simulations (DNS) of methane/air, hydrogen/air and n-heptane/air premixed flames

propagating and impinging on the wall surface are conducted under several thermochemical conditions. From the DNS

results, the flame position and flame displacement speed are calculated, and it is clarified that the near-wall flame

propagation has unique characteristics and following results are obtained: (i) The flame speed has a local minimum

value near the wall; (ii) Under the conditions where the wall temperature equals to the initial unburnt gas temperature,

this local minimum value corresponds to the laminar flame speed of the initial thermochemical condition; (iii) These

characteristics are observed regardless of the ignition position, equivalence ratio, fuels and presence/absence of surface

reaction.
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Table 1. Summary of the 2D DNS conditions. The equivalence ratio ¢
wall temperature 7., distance from the ignition position to the wall Dy,
computational domain L, x L,, the number of grid points N, X N,,.

Dy | Ny XN,

Fuel Wall ¢ T, wall [[{] [mm] [mm]

N x N,

y

Reactive | 1.0 | 700
06 | 700 2070%396
08 | 700 | 2.5 30%5

300
C
H, 00 2048x384

1.0 2.0 30x4 | 2048x320
700 25 30x5 | 2048x384
3.0 30x6 | 2048x480

Inert | 0.6 | 700

08 700 1410x768

300 L5 18x3
H, 3500 1408x768
1.0 1.5 18x3 1408%768

700 20 24x4 | 17281024
2.5 30x5 | 2160x1280
n-C;H6 1.0 | 700 2.0 8x4 864x540

Table 2. Summary of the 1D DNS conditions. wall temperature 7, The
computational domain L,, number of grid points »,.

Fuel Wall Tyt Lo | N
Inert 500

CH, - 700 6.0 | 540
Reactive 900
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Fig. 1 Typical initial temperature distribution for 2D DNS.
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Fig. 2 Initial temperature distribution for 1D DNS.
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Fig. 3 Flame front position defined by Yoy gradient. (a) Instantaneous
field of Yoy distribution (methane case), (b) You distribution in A-B cross
section.
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Fig. 4 Flame speed under different wall temperatures, (a) Methane cases
(Dyar= 1.5 [mm], = 1.0, (b) Hydrogen cases ( Dy =2.5 [mm],
¢=1.0).
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Fig. 5 Flame speed under different ignition positions ( Ty = 700 [K] ,
#=1.0), (a) Methane cases, (b) Hydrogen cases.
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Fig. 6 Flame speed under different equivalent ratios, (a) Methane cases
(Tan="700 [K] , Dyap=2.5 [mm] ), (b) Hydrogen cases ( Ty = 700 [K],
Dya=2.0 [mm] ).
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Fig. 7 Flame speed under each fuel type (Dyq= 2.0 [mm] , 7= 700[K] ,
¢=10).
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Fig. 8 Flame speed of methane/air premixed flame (Dyy = 2.0 [mm],
T =700 [K], ¢=1.0).
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Fig. 9 Instantaneous distribution of near-wall heat release rate (HRR) of
methane/air premixed flame under different wall chemical conditions
(Dyar = 2.5 [mm] , Tyyy= 700 [K] , ¢=1.0) (a) when the flame front is
located at approximately A where the flame speed takes a local peak value,
(b) when the flame front is located at approximately B where the flame
speed almost corresponds to S; after the peak (A and B correspond to
those in Fig. 8, respectively).
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Fig. 10 Relationship between flame position and contribution of
elementary reactions to heat release rate on the wall under inert wall
condition (R43:H+OH+M & H,O0+ M, R45:H+HO, & O,+
H,, R36: H+ O, + N, & HO, +N,, R46: H+ HO, < 20H, R52:
H+CH; (+M) & CH, (+M), R35: H+ O, + H,O < HO, +
H,0).
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Fig. 11 Flame speed of methane/air premixed flame, (a) 7= 500 K, (b)
T, wall — 900 K.
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Fig. 12 Wall heat flux of methane/air premixed flame, (a) Ty = 500 K,
() Ty =900 K.
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