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Characteristics of Laminar Lifted Flames in Coflow Jet with

Various Coflow Velocities
S. J. Lee’, KON Kim', S, 11 Won™ and S. H. Chung™

ABSTRACT

Characteristics of laminar lifted flames in coflow jet with various coflow velocities
have been studied experimently. Using the fuel nozzle with d=0.254 for the pure
propane, liftoff heights are fitted by using power equation with jet velocity. As coflow
velocity increases up to 60 cm/s powers of fitting equation steeply decrease. From the
result of numerical analysis using the FLUENT, the stoichiometry contour and the axial
velocity nondimensionalized by initial jet velocity along the stoichiometry contour are
changed with variations of coflow velocities. The change of axial velocity along
stoichiometric contour is more sensitive than that of stoichiometric contour. For this
reason, powers of fitting equation for hitoff height with jet velocity decreases with the
increase of coflow velocity. Using the luel nozzie with d=4.35 mm for the highly diluted
propane by nitrogen, the liftoff height increases with the increase of coflow velocity
when coflow velocity is less than the maximum value of initial jet velocity. But when
coflow wvelocity is faster than that, the liftoff height decreases with the increase of
coflow velocity.
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Fig. 2. Diagram of computational domain
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Fig. 3. Liftoff height variation with jet velocity at
various coflow velocities(line indicate best fits of
data and dash-line indicate Reattatchment, Liftoff

and Blowout velocity, d=0.254 mm, X P 0=1)
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Fig. 4. Power of fitting equation with coflow velocity
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£ 998 o] B
32 SE® S50l 02 YU AE 54
u—V ., ¥ 14T B} EAHA g

FHoAA (g= Zc" ~ 1) F5F 55 W3

o & % F 548 45y A & F
A4 7= FLUENTE °] &34t
&2 vx9 7MY 43 Hetd AR ol &
2 g Y A2 FH, FAAsE o8 7
FHAN (R ) % olg 33y A& Q2= FX
9% 8 $= (Uy=wuy/u,, € Figure 5
o YeEtl A
FLUENTE c°l&3ld 78 R, &% U, ©
EF £571 & A5, (g < 00167) o] &4
2 7 e v Z23E et
24 R, R U, 9 Aolg, €49 B5
7H3LAE ol g3l HE Arle 279 &
ERXE Aoz B F o FFF H£E7F T
ol w2t R, & U, 7t o184 #Ans t=
A dEdE ol olEAHdA  uEhd
u—V, A B0l 5F S5 Tl o
#HA&8t7] ol
TEF S=¥sd g R, U, 93%es
AHR7) fstd R A U A AEHA FH
W U, ¥938< Figure 6 o YESIT W
}Ee Y =0 ¥ WE VTR F5F &=
F7te] =& W3 ge HELE YT
Ve 7t 140 cm/s & @& U8 ¥E3eS &

-

r

u jo o

o
\
|

300 |-

o
LU I TV R T R YT

200

Liftoff Height, H, [mm}

N i
o8 12 16

Fuel jet velocity, U, [mJs]

o°
X
o
'S

Fig. 7. Liftoff height variation with jet velocity at
various coflow velocities.(d=4.35 mm, X F o=0.11)

170 % < Wdel R, £ 20 % viwel Wsg
< 22t @A Fig. 4 A veid 24 o2&
49 A5 gre] W Uy, ¥t T8 9%
& e AL ¢+ Utk

33 S&F 5ol a2 2L mo 3AMH

AoAez $57 459 A AEe &£E7}

ME® g9e AWyl Astd, WAel 435
mm 9 =53¢ ASHYT, dR2E A& 4

Xp, =014 V=6 ~
80 cm/s o BE, AE &7 £20 BE 2as
9 ¥ol8 UEd Aol £& AE $E7} 02
m/s o8 FE& FAIE Gehich ARIYol
A aude Aee: g2 55% &5 271
o wet $asde) Folst TG A 7

6em/s 12cm/s 20cm/s 30cm/s 40cmss S0cmis S5emss Voo

6emfs 12cm/s 20cm/s 30cm/s 40cm/s 50cm/s 60cm/s 70cm/s

Fig. 8. Direct photographs (a) ¢ 0 = 0.14 m/s, (b)

U, =~ 0.24 m/s



A283] KOSCO SYMPOSIUM +#=&#3 (2004 % #A) 25

U, [mis]

I —o— 008

1 —o— .12

T wf —te .16
E —o— 0.2
= —o— 024
£ I I —— 028

Liftoff Height,
8
T

Coflow velocity, ¥, {cm/s]

Fig. 9. Liftoff height with coflow velocity at various
fuel jet velocities.

rote 9o EARE AL 4AE £ Au
of A7HE AHs AHus| 9lelo} Figure 8 |
A4 A Fstel mustel Btk BEF %
%ol Z7bel wet spedo] /oA YA, 5]
o] Bergats gHolA %1 HHH AAF &

Astm sk Fig 8 °) (@ % = 024 m/s i
Ve Z7tol wel 24 golw o] $7b &
Aot (hel 4% % = 014 m/s 2 4 s
ol Ve Z7bel web Az F7h8vhrh vy
Zadste A 4HE £ Y

olgidt dgo F4E% § 1 AAME ¥

flsked, %o 7F 03 m/s ©lEtd Bl A 3
ft £% 57t @2 A EolE Figure 9
etk Fig. 9 oMo 2249+ Fig. 8 f
Aol 71&0]2 Fgel A FHd =olo} HA %
2 vehllz ool HFgE A Eolz 48
gk Uy = 024 m/s ¢ Aol 3ol -
sl Aol A U, > Vi, olm 524
7ol wel RA Folzt Fobee A
% # gtk ol& ] Lee §ol 2#lA
=5 &5 0 sty S #F
ey %y £ 02 m/s o AFol Uy, >

Sl Agde B mol7t BE2F S50 e &

bt U, < Vi Q) 9ddolAl Fig. 8 (b)
ol e ARRg Vi, Zvtol wal 2 =ojst
AxstE Aol e ol BEH &mel &

Zhell mal Uy < Vco Aol A o] wFiFuly
HEE fFES5Rrt 33354 We ;
o & 5o},

%% AR 2@ dud $5F 45 3
ol wE Al 4o dishe] 4w
.

A F4E 8e o y=ax’

Vo < 15 em/s o3t

o 4 %ES e o ]
ol 712 A+ (] Lee, 2003) @ & dx e
Ag 2 5 Qo F5F $E7F 15 cn/s oA
60 cm/s 7+A] F7}3 ¥ ol F43 7

)
o b

=
rE
olo
o
rlr
pos
o
e
=
jid
s

{1] Phillips, H., "Flame in a buoyant methane
layer”, 10th Proc. Combust. Ist. 10:1277-1283
(1965)

[2] Chung, S. H. and Lee, B. J, "On the
Characteristics of Laminar Lifted Flames in a

Nonpremixed Jet”, Combust Flame 86:62-72
(1991)
[3] Lee, B. ]J. and Chung, S. H., "Stabilization

of Lifted Tribrachial Flames in a Laminar



26 #2838 KOSCO SYMPOSIUM w3 (20049 % &7)

Nonpremixed Jet”, Combust Flame 109:163-182

(1997)

[4] Lee, B. ], Cha, M. S., and Chung, S. H,,
“Characteristics of Laminar Lifted Flames in a
Partially Premixed Jet", Combust Sci. Technol
127:55-70 (1997)

[5] Lee, B. ], Kim, J. S., and Chung. S. H,
"Effect of dilution on the liftoff of
non-premixed jet flames”, 26th Proc. Combust.
Inst. 25:1175-1181 (1994)

[6] Won, S. H,, Chung, S. H, Cha, M. S, and
Lee, B. ], “Lifted flame stabilization in
developing and developed rehions of coflow
jets for highly diluted propane”, Z28th Proc
Combust. Inst. 28:2093-2099 (2000)

[7] Won, S. H, Kim, J., Shin, M. K., Chung,
S. H., Fujita, O., Mori, T., Choi, J. H,, and Ito,
K. ,)"Normal and microgravity experiment of
oscillating lifted flames in coflow”, 29th Proc.
Combust. Ist. 29, (2002)

{81 Kim, J., Won, S. H, Shin, M. K, and
Chung, S. H., “Numerical simulation of
oscillating lifted flame coflow jets with highly
diluted propane”, 29th Proc. Combust. Inst. 29
(2002)

[9] Rajaratnam, N., Turbulent Jets, Elsevier
Scientific Publishing Company (1976)

[10] Lee, J., Won, S. H,, Jin, S. H., Chung, S.
H., "Lifted flames in laminar jets of propane in
coflow air”, Combust. Flame 135:449-462
(2003)

[11] J. Lee and S. H. Chung, "Characteristics
of reattachment and blowout of laminar lifted
flames in partially premixed propane jets”,
Combust. Flame 127:2194-2204 (2001)



