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Flow Field and Structure of Highly Turbulent Premixed Flames
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*3 Mechanical Engineering, Toyohashi University of Technolog};,
1-1 Hibarigaoka, Tempaku-cho, Toyohashi-shi, Aichi, 441-8580 Japan

To examine the premixed flame structure in highly turbulent flow, by a cyclone-jet combustor,
we have examined the flow field both in cold low and in combustion field using LDV system. The
turbulence scale has been obtained by Slot-Correlation method. The experiments have been conduct-
ed from the flamelet regime (U»=10 m/s) to the distributed reaction zone regime (U.=30 m/s) in
combustion diagram. Results show that, in combustion filed, the mean axial velocity does not
decrease as much and rms fluctuation velocity is lower along the center axis, compared with those
in cold flow. It could be explained with the flow expansion in combustion. That is, the turbulence
transport is reduced due to the existence of low-density gas in shear layer at the flame front, which
leads to a longer potential core in combustion field than that in cold flow. Flame generated turbu-
lence is observed in radial velocity distribution. The integral length scale becomes larger at the flame

zone due to the flow expansion.
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Fig.2 Axial distributions of velocity, temperature, and
ion current; Un=10m/s, ¢»n=0.75
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Fig.3 Axial distributions of velocity, temperature, and
ion current ; Un=30m/s, ¢$n=0.75
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Fig. 4 Radial distributions of mean and rms velocities ;
Un=10m/s, Z=20 mm
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Fig.5 Radial distributions of mean and rms velocities ;
Un=30m/s, Z=50 mm
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Fig.6 Radial distributions of mean and rms velocity in
cold flow ; Un=30m/s
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Fig. 7 Radial distributions of mean and rms velocity in
combustion field; Un=30m/s, ¢»=0.75
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Fig.8 Velocity fluctuation, (a)in cold flow, (b)in com-
bustion field ; Z=50 mm, » =8 mm
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Fig. 10 Radial distribution of longitudinal integral
length scale; Un=30m/s, Z=50 mm
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Fig.11 Analytic solution and axial velocity; (a) in
cold flow, (b) in combustion field
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Fig. 12 PDF of axial velocity, (a) in cold flow, (b) in
combustion field ; Un=30m/s, »=0 mm
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Fig.13 PDF of axial velocity, (a) in cold flow, (b) in
combustion field; U»=30m/s, Z=50 mm

W& DHEZSRCERY 2ELFRS S s T
FYYANATBRELARDEEZDIDBRYETHD L
Bbh s,
IDZERHERT B8, KEBFAET 2HE0OH
D PDF 2EZH I UROBRET L7z, K131
W Un=30m/s, Z=50mm DALLE T, FF H R
Bt »=8, 10, 2mm OMEBERXBVWTEOINILEHED
PDF %#/R7. Z OfliliiE T, K&k »=6~9 mm
fTETCEEBL T3, KD, JERREES D PDF
bRO, £ TIEMEERFO PDF TH 548, 612 &
DINSONETE, T CRABZEREDREIEA
TBOFEERBEEL TCWS, L, FOREBS L U
s L b ERFACHE VLR, Ths=
DONED PDF BIFEAERICTH 7. L LR
BESE T, =12 mm @ PDF 23JEHREES L 1T IXF U
TH 2, r=8, 10mm TIZFHE®D PDF K& < &
BB Ebprol, _ ,
ZIT, InSHEEAEMBICB T ENES 2K
5, o3RI, FOME, =8, 10, 12mm Tl # h
Zhu'=5756 4.8m/sTHY, KEBELET 5
r=8mm TEHABHIZKE V., BEOLERIC LD
MU e T3, BLMRBEBLT 21T THS.
FRET7 TR, FTHRIZWL R LSO ERHEOREE
ZOEBERLERDI b ST, KEMIDOE
NEOThOBETHERELCTH>7. T,
HEIORK L 2ENDOERTIIFTHTE R, IO
R TR AEDBEFHL TWVED, (2)DKEICEL S
LhomEsBiAlsizbDEEBbh s,
ZDKRCEBEANDOHEER, (3)DBERICL S
bDELENTw5b, Chen 5%, LDV 2 X 5 #EE#
%, Rayleigh B(ELk i X 2 IBEAIE, LIF kI & 3
OH BERIE 1T\, ELIRAROHEE L BEROEE
RO, zhick sy, RESobLE BN
IANF —ZFERBES L L TEWE 2 TH - 7o,

— 244 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

WA TFTEAEAXROB NG & /S 245

7, BEOHERTILNDA Y — MLz, L
D5 T, BRI X VEENED LR, HE A
FZER L DB ANIC X ELEE IR SN T, RT
vy NATBRL Ko EBERMY . BIES D,
EFBA LN LT TR D 308, FIZEROER %
|E L, KERTOHRI0 BT, KEKFHAT
EANDRAT —NDSEIIL 208, CTh b ERICE 2 H
DELBbiS, '

PRy, BERBTRENZDOH DK E W
H(2)D¥MEDOHEIZ/IES L, (3)DBEERIC L D HE
DB RRE T 5 ELITEX oS HIE] &, HRBELS D B
NBIEREEERKEL B o bDEBbNS, £77,
ZOREZRICERL T (1) DAL & 3ENADIEIEDS
ERFAOEEABCHEZFICHNDE 2 E8bhodz,

5. #& E

S

HWELIIB IR AN D FRAXKEOFEE I DWTHR
59 %72, FERIETRMREESR % Fvy, g O FiE 5
30m/s £ TOEFMFEN EXRIZ, LDV I L D Fialt#ll
E&#{To>72. %7z, Slot-Correlation & % Fi > THELH
ARy —NERDI, T 2T, HHH&E10m/s & Corru-
gated Flamelets Regime (2, 30 m/s & Distributed
Reaction Zones Regime iZXHiGd 3. F DGR, #R5E
ORI FEBRBES & E U T T & TR VWED
fsah, ZOREMENS Z b oz, LN
SRERTEMZ >R, TRETHEMLL. Ihik
BOLIZRBEC L 2RBRCIVBHSI NS, T4b
L, KKRBEETLIEZIVEESRAL L, HEZ
SEWCERT 2 AEAOEFEXE Hlsh D, Zh
W& D, FERBER: L LERTHEDOHENEN, KT ¥
YeynaT7BERL o bDEBDONS, 7, ¥R
FRIOEEAFERHRI LIS, KRBERIN T
ZHETEHNABKEL 2D, BiARASFHE TCIIR sk
Polz KR & BENOERBSHEA & Wz, B ZER
AT —=NERDIER, BREES TR KRBEFERET 54T
TRy — SR LI, ThLBERNE S RFER
ThdEEZOHND,

(1)

(3)

(4)

(5)

(6)
(7

(8)

(9)

(10

(1)

(12)

(13)

(14)

(15)

(16)

an

(18)

(19)
(20)

(21)
(22)
(23)
(24)
(25)

(26)

X 513

Borghi, R., (Bruno,C. and Casci, C., eds.), Recent
Advanced in Aeronautics Science, (1984), 117-134.,
Pergamon.

Peters, N., (Borghi, R. and Murthy, S. N.B,, eds.),
Turbulent Reactive Flows, (1989), 242-256.

Peters, N., J. Fluid Mech., 384 (1999), 107-132.
Buschmann, A., Dinkelacker, F., Schafer, T. and
Wolfrum, J., Proc. 26th Symp. Int. Combust., (1996),
437-445.

Mansour, M. S., Peters, N. and Chen, Y. C., Proc 27th
Symp. Int. Combust., (1998), 767-773.

BT LA - =FHee—, MREBEWFSE, 48 (1978), 1-16.
Yoshida, A., and Tsuji, H., Proc. 17th Sym. Int. Com-
bust., (1979), 945-956.

Yanagi, T. and Miura, Y., Proc. 18th Symp. Int. Com-
bust., (1981), 1031-1039.

Chen, Y.C., Peters, N., Schneemann, G. A., Wruck, N.,
Renz, U., and Monsour, M.S., Combust. Flame, 107
(1996), 223-244.

Jonathan, H., Frank, H., Lyons, K. M. and Long. M. B,
Combust. Flame, 107 (1996), 1-12

Karlovitz, B., Denniston, D. W., Knapschaefer, D. H.
and Wells, F. E. Proc. 4th Symp. Int. Combust., (1953),
613-620.

MARET - IEE— - SR, RBEORSE LI, 6
(1997), 113-123.

BFOIEERE - P7)1IMti— - SEEFEG, MBEORE LKW, 8
(2000), 97-106.

Onuma, Y., Morikawa, M., Takeuchi, T. and Noda, S.,
Proc. 8th Int. Symp. Transport Phenomena Combust.
(1995), 617-628.

WIARFIEA - FIEIEAL: - INE2EIE, B85k, 65-657, B
(1999), 3185-3190. )

WA HIEA - FIAIE G L - /N80 - BiER, 66-642, B
(2000), 585-590.

Yamamoto K. Achiha T. and Onuma Y., AIAA Paper,
2000-0186, 1-8, (2000).

ZIAE - PREF TR - /NIB 2R - BRER, 56-528, B (1990),
2503-2509.

EHAE - NBEEIE, $358, 57-533, B (1991), 339-345.
Gaster, M. and Roberts, J. B, J. Inst. Math. Appl., 15
(1975), 195-216.

Adrian, R.J. and Yao, C.S., Exp. Fluids, 5 (1987), 17-
28.

Sree, D. and Bell, B., AIAA, 95-2243 (1995), 1.
WIACHIGA - PHERERAY - /NERIE, e B &, IBigE.
BBl gk, (1992), 294-317, BHEE.
Rajaratnam, N. (FFFIZIEER), Turbulent Jet (R15),
(1980), 26-46, FLiHhRtE.

FHIREE - BRELTR, KR, 45-400, B (1979), 1944-1956.

—245—

NI | -El ectronic Library Service



