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Variations of Turbulent Burning Velocity and Flame Front Shape of Spherically Propagating

Premixed Turbulent Flame with Effective Turbulence Intensity
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Abstract : Turbulent burning velocity of spherically propagating premixed turbulent flame keeps increasing during flame
propagation although that of steady flame is constant for a given turbulence intensity. In this study, the variation of turbulent
burning velocity of spherically propagating turbulent flame during flame propagation was investigated. As the size of flame
becomes larger, scales of turbulent eddies effective to turbulent burning velocity may vary. The effective turbulence intensity
was adopted in order to evaluate the energy of these eddies only among the entire energy of turbulence. The flame front area
is considered to be one of the dominant parameters for turbulent burning velocity. The perimeter of cross-sectional image of
turbulent flame which may correlate with the turbulent flame front area was evaluated using effective turbulence intensity.
Experiments were carried out for stoichiometric iso-octane/air flames at initial mixture pressures of 0.10, 0.25 and 0.50
MPa. The cross-sectional images of spherically propagating premixed turbulent flame were obtained by laser tomography
technique. It was found that the ratio of the perimeter of cross-sectional image of turbulent flame to that of laminar one
increased with the increase in effective turbulence intensity. The increase in turbulent burning velocity of spherically
propagating premixed turbulent flame during flame propagation may be caused by the increase in the ratio of turbulent flame

front area to laminar one during flame propagation.
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Fig.1 Experimental setup.
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Table 1 Characteristics of laminar flame and turbulence.
P;,MPa u,cm/s Ma Re,, uluy, L./6¢
0.10 38.0 4.01 120.5 1.61 499.3
0.25 30.7 2.95 190.5 2.00 1008.8
0.50 25.3 264 2695 242 1662.3
10° e
. P,MPa Broken reaction zones
- 102_ O 0.10
3 A 0.25
B 0,50 | Thin reaction zones
1 J
orrugated- ol
oL flamglph O A
10 )
I};Tr:gg Wrinkled flamelets
10 = ' ' ‘
107" 10° 10" 10® 10° 10*
L/ 8¢

Fig.2 Examined conditions on Peters diagram [19].
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Fig.3  Variation of u',/u' with (27/ko)/L,[3].
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(b) Tomograph images.
Fig.4 Flame images of spherically propagating turbulent flames.
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Fig.7 Definitions of flame radius determined from cross-sectional
image of turbulent flame, r,,,, brush thickness, b, perimeter of

cross-sectional image of turbulent flame, /,4,.
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MWERDOEE» SR L7270 Thb EELEND, [H—
DIRAZHHITES P I2OWTHBE, 1y BREL B BIC
DNT, Ly /Q2nry,) PIEIFKE ko7, P, Kwon
ST E e nZfRbR L TWw5, 727 L, Kwon
5 OFEIL, R KY WL 298 K, B KGIHE T2
0.3 MPa, Y&t ¢ = 1.8 DKFE - LA TFIRAXUINT 2 B
DTHS. Kwon 5IC K B8RS, AWEOKA & Rk,
KRR E T BI2DONT Uy, /(2mry,) DIEIFKRE (A>T
W3, F, FD ry, ITOWTARDSE, BAKYEIEN
P K 7R IS DIT, Uy, /(2mry,) DIEIFRE ( o7z,
112, 1/Qarg,) D ' Juy WX 2246% 79, [H-—



208

P;MPa
O 0.10

S

] A 0.25
N 2.0/ m 050
~N

S

Iso—octane
¢=1.0

1 Qs

08 =05 10

15 20 25
uslu

Fig.11  Variation of /,4,/(277,g,) with u/',/u;.

DRALNWTEN P ITOBTARSBE, 'y BDREL 2D
IZOIT, Lg/(27r,g,) BIREL B0 T,

Dhzagtdsl, KEMERET 21200 TELIMRBER
JEWRELS R DDIE, KRPMEIET 510N T, #liuc k
L RBEEDOIINENKREL ol dThB EELON
B, £, KBDPERET B IO TAEEBEORIINEIK
EL BolDIF, KRDEHFT 5150 T, KRHICHN
ELCEHT 28D E Th 2 HAIALIVIR S 23K L 72
7OThbrEEZIOND,

W=D ufuy IZEWT, P, WRELZBITONT,
L/ Q) WRE It LipLadss, K6 1RT &
I, W=D uJu; TE, RAKRIIIEINC X 5T w,(re)/uy
DIEFFAEECTH - 7. RAEKYMEIES %5 L, &
MARIEZI DL %, RFRE X OCBER[B3] T, HRIEL
RS 2HBET 2O L &z, HLRARERO AICH
DBTHRE L, FA—DRNBKRICERLZEETY,
KBREZNIGEC TRRADOFEIIZNMT2HDEHEZ SN
5[22]. IREOKAIHE S DAL L 72 B O RLIE K 28 Wil =
B X OELIRRBEREICBIL T, LX) —~EobmizHET 3,

KR, ARSI ZEDE L E Witk 2525
K (5 ILBWT, AMARDOERDKE X DR E TH
KRIEEEZTIZT D ERE L TEH 2T, Lol
NS, KREFR EOKESOWMS, b HRE, KEm
WCHE R KIZT EBEZ oD, AR S I EDFEE
DREZIDWETEEET 20U THBH, LIl
ko 72 EIZOWT O SHBBH 2HT 5,

4. £&O

BRIRICIERE T 2 PIRATLI K R OELMBEHE 1%, KR
PEFET 2 I o TR LT 2. ABFZETIE, KRIHIC
A LTEHT 25LRIED 2 7 — L0 5 F £ 2 H30ELN
MM ZEAL, Zh L ELIRRBERE B X OEL K RIrIR

HABME & 555551725 (2013 4E)

EOBRE TR, BIRAKRAIERIE, Vv —F—+ETF
73RO TREINEGRKROMBEEED S5 R 7,
AT N FEAUE LT O D TH 5.

1. TLFEBRBEHEE & KR DMPREZZ Tz & E D REHik
BERE & D w, (o), VX, BRIELIVIR S & KRR
ZZIFTOEWEEDERMRBEEEE L D o' Ju, DR E
(B BIZONTREL ko,

2. BLfEKRWTH R R &M R & D 1, /(2nrg,) 1E, A
MLV E & KEBMHEEZIT TR0 & F O JERIREE
HWEE D wu, WREL B BIZONTREL oz,
ALK ST IR & PR & DI 1,/ Qmrg,) 1, i
MK 2 KREEOBME LHEEHFT2bDEEZS
na, Tihbb, KEDEBET 21220T w,(ry)u D3
REL B27DIF, KEMEWET 21220T ' fu WK
LB, G X 2 KRHEEORIMFENRE L Kol
72DTHBLEEZLNS,

A EF

KT D 1k, BEmrsede i< B alird B 58
(FRERS 22 - 1886) ICk hiTbik, Z ZICHEL T, #E
#HRKT 5.
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