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Abstract

A method is developed to include the effect of volume expansion in the
description of the flame dynamics using G-equation. Line volume-source is used to
represent the effect of the exothermic process of combustion with source strength
assigned by the density difference between the burned and the unburned region. The
present model provides good agreement with the experimental results by using
realistic volume expansion ratio which was not reached in the previous researches.
Including volume expansion, the flow predicts the same behavior of measured
velocity field qualitatively. The flame propagation in varying flow field due to
volume expansion provides a promising way to represent the wrinkled turbulent
premixed flames in a numerically efficient manner,

¥ FEYIM FYSE Yol

1. M 8 o FHE ¢V HAM e 2F, &

izl R sEFe E.?S% | u

@i 9 $F FEEd da & AN 329 d¥ #HoE c}yg&;;

d Al T8%  Eojop s WEEgH e Wi

20l HE7 FF B 4E o wHdygy wEd g 7] o
Agoz Qo sidsted B2 oz Hd)

ol ot ¢ @' oy} HE o E d7E dA @4 U§ dEag

39 49 FoAA 7 S99 99

gaAerled IF4FTR ol (laminar flamelet regime)ell &% o] 47

T @FBeled $FEF I $53 sde 4z F8e gram

*w
o rlr %

=
s O
L)

— T -



ghoh, o3& 9] SK(Spark-Ignition) X

Wi A4 ddol FF dEH 99

o &ated o] dHAME GF 5

ol «lf& =gEg 34 % 1 24w
Al

o3} 2HHAAE gL WeR B F
Atk ol FdojA FHAwe] W3}
€ XEA}8tE G-equation ©] Kerstein et
al[2]] o3 AFEHIJA ST, Aldredge[3]
T G-equation & A}E-3lo] F7138 Hdd
F(periodic shear flow)ollX 2~E @A &

#E a2 FG e dEF A9

548 d+38t% 3, Zhu and Ronney[4]+
Taylor Couette w5429 3¥E AFGE
BAlEl AL 3/ AdEe HAE s

A A3 £= Atolo] @A s AA)

s Ask 4¥s QAse Ade
R
a8y 0% AFeINE §50]

o mAE FFNE uelstn FAd
Asol 53 vAE gL F
Aok AA9 di FANME FFol
oo MR AL = Wu ojyal
s@golM e 38 wgoz <
2 Bd £F T2 599 93¢ v
t}.  ChoiS}E B4 %
Ghoniem et al.[6]°] At
Pindra et al.[7]0] A<t 9}5 xgxa 5
dgozx goldAagy Wi Ad &
EH A &g P At wet Wk
59 45 AEE EAESC
Chung[9 10,111 &2 E& FHsto A4
2 X433 (line volume source)S Hll x| 8}
w2 AlREl GE fF5Y 7R
@9 s 2Alg gE9 EX(O]
T &%, A= )l we Fg9 ug
2 RASIQ A =AY EAZ Q&)
HEE AAHES BEHZE 2dud

Fll’

5 o)l EwulAle 250 23
AT EHL& 3o o3 &%
g &5 AR AR Fad g A
AE o BgE ZXHIE Mueller &
Driscoll(8]9] ZE2%/37] EFE Al
Aot 28 57744 Bolgd AL 5
st A8 Ao vjasts Aol

2. X|uf

B Al ol H AL gidd

= . O K

2.1 G-equation

5% 398 AgstlA sdde
gol ot 2z F G(F ol o8l
A ZAAEY, AAHY 2YH &5&
7138 G-equation o] 23] 3 Aw
e ZAME £ AH 2]

% 15.vG= S,|vg|
or

M

v SEHEdAY £F S5

S, =5 399 A% £
F HA S A SxA
2]gk 319g 9] o]F(convection)S, W
@9l A7} A F(self-propagation) S

22 <€4¥ a3

71E9 B AFA FAHUH <&
B AHE AFH TS =YFeE
A a3k

slubel 3} H(flame segment)ol] 23l
T & Ao FEHE £ AR
< & THES vEFoEN 7T
T doh

’ =@J =S“(v—l)ln si.nG2
Poax), 2n sin 9,




G<0
unburned
mixture

Figure 2.1 Schematics of thin surface
where line volume source is assigned
to obtain induced velocity.
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Figure 3.1 Propagation of cosine
flame at 0, 60, and 150ms. (solid :

v=1.0 dashed : V=25, dashdot :
v=5.7)
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Figure 3.2 Configurations of flames at

t=195ms. (solid : V=10 dashed :
v=10 dashdot: v=5.7)
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Figure 3.3 Effect of volume expansion
on flame length for the case of single
vortex-flame interaction.
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Figure 3.4 Calculated velocity fields for intermediate vortex at 30ms with
(@v=10 (b) v=25 and(c) v=37.

A Qe 47 10, 25, 578 © &
Aol ofu FE5FY £ TEE H
@ Fig.3.4 % €T
(@) SHEl o3 ol FFHA
A4e @AY oy FdE
UHA 2xe] Wtz ¢ fE5FY
AR AFe OdFA Fuot  AA
AgoHdE oz A =8 &

[

e

(b) Chung[9,10,11]%
Qls) A W H|7}
o] ALl FEAL 7]
GERES LT
Qo AgelA 2
g9 1 4o % e

A3, A M (stagnation point)2

EEES o} Ad An
& A
B8 3
45 pxel AW 7
A9 AT A U
sich

ol

il
i
R AN 4

it

g2 Ay 4 B ol

o™
N
2
L

o

ox
(s

g

ol

e

, Wyo 0
= 02
A g

B
o

<
o ,

A 7}

e 4o N

ofi

Fig. 3.5-6 & 747t 8 A E(weak),

3 = (intermediate) 28N &3 iz
&=o A Fdo] ogA HAss=
& G-equation & °1 83t ZAte 2
Het Ad ARE gA wdd Aolnt
2t obgel A7) AR °lF FE T
Mueller and Driscolif10]2] 249 =zl
3 cpL £3E TEATE HA &
ol U A} THoZ AN
o Foll AlZkel glelME kb Apol 7}
Atk
331 B BZ(intermediate)® =&

o Egel 4% EE

gEol e gdsl AYrtrl B
A-DAAE A8 At AN A}
Z dAgg  pdAs BAEHAAY
AR BFoz s F e FAH
BAD O JA= AFF Aol A9
A EA R AH FAE nelsA] F=
ASolE olgldt EAE ZAE # 8l

oo o

ot ER v=250A #3yE 71&ES
Aoz e Fgde Egol % ©E

2ok oz}l HEo] A FidE &&=
P AA dadnc ol HFRHY 9
A3 S AEEA 458 & 4o
v=57% AME% B dF9 ZAAE
2 po pollAl ke 942 2%
Aolstd Ao AHEsiA AFAH
A9k NEE A&t Aok % p

oA

B

Ao

,..51_



T
SR
ZANNE

Lt

Figure 3.5 Measured(a-f) and calculated(A-F) velocity field for intermediate

vortex-flame interaction.
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Figure 3.6 Measured(a-f) and calculated(A-F) velocity field for weak vortex-

flame interaction.
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