KIGAS Vol. 12, No. 2, June, 2008
J (Journal of the Korean Institute of Gas)

= s =2 EHAIS =|— o5
=E N W SRSASIYE 7S0 0lXlE ¥8
?:-II%I__Jl\_ . |7=:| d§ . o}xl*** . v7l|5|-|-‘,l_|*** . qul****
At ek, *AF T st A FA A X7 S/ SAEH,
**ﬁlﬁéﬂ%—%ﬁ |AA $H7 ek}, wxsAg o 8k 7] Al A s =g SHE,
****Hﬁuﬁﬂﬂ 7] ]_-_611:’
(2008 49 17¢ H<E, 20083 5¢ 239 £ (13D, 20089 69 139 823}, 20089 69 13U A=)

Effects of Fuel Nozzle Diameter in the Behavior
of Laminar Lifted Flame

Hyen Soo Um * Kyung Ho Kim* - Ji Soo Ha** + "Tae Kwon Kim*** « Jeong Park®****

Graduate Schools, Keimyung University
*Center for Automotive Parts Technology, Keimyung University
**Environmental Science, Keimyung University
**%School of Mechanical & Automotive Engineering, Keimyung University
**%%School of Mechanical Engineering, Pukyong National University
(Received April 17, 2008, Revised(1st) May 23, 2008, Revised(2nd) June 13, 2008, Accepted June 13, 2008)

2 o

AEZAS o] 2o o] & olafslo]2 S/FTEsF ] P33t ATl dsl 8 =5 474 ¥st &
HE T3 FHER FAE W] A% AFH AdFE st 7 2HE Hrisl] 98 A
B3 A4E 01~ mm Fr=o] A77H] MEAZLL, BFS SHAR 22 vE S9E o AR
2HE Mt 4 AFE AR e EP s AT ARS8 Fo =7 M g
AEE F95E 8=, 3 ’\EEH 2], 319 FE AR P ATE AAHoR dHs] fla A
= W (scaling law)S E3 T8 B2 WFE AY HFE FEsINT =F A0 2 e A8 3

4go] 2 A3 tee 1Y Gt Fasithe A2 49 AR RE UFHAt. E, Chen Fo
Aol wet 05<Se< 1914 HE 39 gl EANIY B GR wFo wet Brlshs AnEel
SR

Abstract — Experimental study was conducted to clarify the importance of buoyancy effects in laminar
lifted flames which have been well understood by cold jet similarity theory. To evaluate buoyancy effects,
lifted flame behaviors were systematically observed in methane and propane lifted flames diluted with He
as changing the fuel nozzle diameter from 0.1 to 6 mm. Important physical parameters such as fuel strength,
flame stretch and flame curvature, which were derived through simple physical scaling laws, were estimated.
It is experimentally proven that buoyancy effects are important in relatively large fuel nozzle diameter and
large fuel dilution with He. The results of Chen et al., which displayed the existence of stably lifted flames
for 0.5<Sc<1, are also reviewed according to fuel nozzle diameter.
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Fig. 2. Stabilization region of laminar lifted flame accord-
ing to nozzle diameter for pure propane.

Table 1. Schmidt number according to dilution ratio on
propane and methane.

Fuel ; ~ H:\CCD camerq
Lifted flame

| T

Burner

diluent mixture

Diluent

Fig. 1. Schematic diagram of experimental setup.
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Ao Schmidt number
A& C3Hg-He CH,-He
0 1363 0.704
10 1.369 0.712
20 1376 0.719
| 30 1384 0.727
= 40 1.393 0.735
50 1.403 0.744
Winspes program 60 1.415 0.755
70 1.429 0.767
80 1.447 0.780
90 1.468 0.796
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Fig. 3. Stabilization region of laminar lifted flame accord-
ing to nozzle diameter for the propane diluted with
He.

o
[e]
aand
o
atea
X

e
e

""'n&

5
>
T o

A

N
T
-z
n)

4z o N o

o
ol
2
=
=

o
o

ooy

oy
)
T
)
ih
H
oo
tlo
[
o
g0 !

AN

Jz A A )

£

)

k)
o

()l whet
7} S7bsted FHo) o
2 39 2E aﬂil t
Epd npol 7ol i‘r%ﬂ
o H7¥ate] &3l
257} ZolAS-
omﬂ T dFoE Z2AG 3
2 27 A Uehdek itk Fig
*—1—%01 40%31 7ol =& A7l mE
Hel tgst FoS vehdint. Fig. 300 vE
°] 40% AFOE 3|43 o= o
39 dEE ST =2
oL 2= olq_
40% _4/&-1

ol
Z B

ém

Ho

(

= of\ fof

1o, 10 fo
© LYY

o

i)

ol

F{F 1>
94 ~~
[>

m

=

_&
il
b
o2
-z
oz
o
1A
o
A
rr

ﬁ] \__Zz

E

ﬂﬂ,

UQ.I?[’.,%
w

o on

=
S

1

Y
42 2 o

L
b
o
oy or Kooz dt o

o wE my fob fow >

N{N'
-
i%’
Ni
-y _jg; r\r
ol N
BT %
r% B
[e}(e]
T oW
lo

B ot

= o

L=
o

= |
oo fr 2 off

—pg(T- Tw)i L}EFL}
g3}, RSt elA



=& A Asp SF
30000
< diameter=0.12mm
25000 - O diameter=0.25mm <><>§
$
O
20000 f <><><><>
<&
~ g <§><>
o
15000
= @g 655969
10000 | & &§§§§§>
5000 F &
0 . . ‘
0 S5E+14 1E+15 1.5E+15 2E+15
U(2Scfl)/(3c4)
Fig. 4. Variation of lift-off height with nozzle exit velocity

according to nozzle diameters for pure propane.
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in methane flames diluted with helium.

=47 [mm] S ESE= DA Critical Sc
0.5 4 0.708
1 6 0.709
4.2 22 0.720
6.09 27 0.724
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d  :nozzle diameter

Dy :mass diffusivity of fuel

H; :lift-off height

I :fuel mass flow rate, mpud*/4
J  :momentum flux, mpudd®/4
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O  :fuel volume flow rate, muod*/4

r :radial coordinate
Sc  : Schmidt number, v/Dg
u s axial velocity

uy :exit velocity

X :axial coordinate

Yr :fuel mass fraction

M :similarity variable, +/3/32 (uod/v)r/x

v :kinematic viscosity
: density
Superscripts
* : conditions at tribrachial point
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