B FERNN £F sede] FAEY

A AR AN RYE

Characteristics of Laminar Lifted Flame in
High Temperature Coflow

Kil Nam Kim’, Sang Hee Won", Min Suk Cha™, and Suk Ho Chung***

Abstract

Characteristics of laminar lified flames of propane highly-diluted with nitrogen have been
investigated at various temperatures of coflow air. At various fuel mole fractions, the base of laminar
lifted flames has the structure of tribrachial (or triple) flame. The liftoff heights are correlated well
with the stoichiometric laminar burning velocity considering initial temperature at a given coflow
velocity. It shows that lifted flames are stabilized on the basis of the balance mechanism between
local flow velocity and the propagation speed of tribrachial flame, regardless of the temperature of
coflow and fuel mole fraction. Lifted flames exist for a jet velocity even smaller than the

stoichiometric

laminar burning velocity,

and liftoff wvelocity incre

ases more rapidly than

stoichiometric laminar burning velocity as coflow temperature increases. These can be attributed to
the buoyancy effect due to the density difference.

Key Words: Tribrachial flame, Laminar lifted flame, Ligh temperature air, Buoyancy effect
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Fig. 1 Schematic of diagram of

experimental setup

23 (CiHg)S AME3IH o A 0]
ZA (mass flow controller)E %3
T A4 FEG EFo] o]

2 AL TYNE 4%

&) vlgslo]y] (fecralloy mat, t=1mm) ¢} Az}
g sFE o] &3AT

TEE =4S 41 ¢RE PEEd
Z3t7] 9fef 7 65mm, Eo] Ime v}o]
AR} REE o] &3t FHZRE Y
Y-S ARt FEFY 2= 3L A7
0.3mm¢ S& EHHE o] &3At o] W FF
7o £EE 2K 242 7HAH, = T
Ao dgd =9 TR 2= 98y &
Fol wt Hdj 25K9] AAE Yt

TEFY SE€ 449 2N I Aol
o 93 £ HIE T8t 22cm/s 50cm/s
Z 47 A3 AL H, 98ET &%
T T5FY 259 2oe 7HsllA 24
A FHEFEE o] &3t 14 EolE 57
sten, 35mm et Abgste] gdS vt
A8 st

off & tilo
N

[}

=

¢



e FEFIM 3% S99 ¥4 3
< 138 mm- > Honey comb 3.1 o] W 54
B LRI (T .
e S 5T 257F 300KA 900K7HA] F7}
gl weme @ o, FojA LEAN A8 BREE W
7o AE AT G $dEols) WaE
Fig 3 of Uehch 28 559 9ol ¥
ot MAYRoE Fke AL BaAY
T Ak
v TE, Fol UM da 883 557
Hot Air . Hot Air _ .
' o 2wt bl et gt BAHS
Fuel (C3Hg + No) 9 ¥ & gk ol AFSE w7} |
A AR et HEEES A Ao
Fig. 2 Schematics of high temperatur T7} AxEtE AHAA o] tABE ol
coflow burner
the g AlUES B9l olslZ 4 A
[4,5].
3. 44 9 A= Xio = 0.043, Vo, = 50cm/s & W, T., = 600,
700, 800, 900K 2 WA A7} BEAbzo]r} 7+
AZ ABEET A2 v 2ol 250} 9 2 10, 20mme) B9 HYAAL Fig. 4] 1}
W sl £k ZUHe) g SN (It ERARTH Bash v BEdE, 8
off) o] 4717 YA T2E HE MY EY, 22T BURALE ool AR
PR o8, FaEe] He MAYHe P2 A o B 1 FEFAA A
2 27kt olug Hawold WE B4S 42 @ zzad ASdE 4ol B5 %
4R 8K N9 i BRE X8 WA A8 499 stz A8 227} 4R
AN A8 AESEd gt ZARIYIS B %9 723 be ¢ 5 dok B9, 99
ATAINE Teo = 300, 400, 500K} B¢ 55  RAgd FoldMd $%F9 257 37185
FO) £E Vo® 2emisE DPNRACH, T, = & Ao S99 2o} S AL B
600, 700, 800, 900K ©] B-o= V,, = S0cmis B8 % Jed, ole LE/ ZAEE £
2 AP G ol 22 99 (600 - 900K) I RAEo|E JhAY] A8 deET 571 F
M FgE FFEEE 7] Hal WE &5 slely) gEolgh

TER7F Bag, vludy £x7t ve g4
(300 - 500K) A= o] £xof 33 faF
o} & & g Wioldt

o] FEFANA X, < 00879 B¢ ot
P A8 oZ Qd) ggo] EAstA geth
| = A 52 2% (T, > 600K)9 =
FollAM, Xi, > 0.0879) 74 FAb3lgo] Bot
At 0]23 o)frE AEF AFxAAA
T FdEold HWElEAS AHugit

Ho=E 2

Qo
=

2

2

Ax

o

off oxl Hw

3.2. 1435149 st 54

FEole TRz 19 AAS we A4A
$Hee A& F555Y 43S T3 o
2% 5 5lom, A 39 ML E FH
Ak £x9 ABAAZ JMA2 Yo} 27) &
o 985 EES @& FF d4 &&v
GRI-3.0 w7} && o]43 1D-Planar codeE



120

(a) ch= 22 cm/s
E
- X T
= Fo co
T ——
- —o—
e [
D .
2 o
= —e—
8 —e—0087, 500K
= —— 0090, 500K
—+—0.095, 500K
120
XF,o’ Tcn[K]
100 —=— —o—0.043, 900
— [ —o— —o=—0.049, 900
£ —e —o—0.055, 900
E ——
=80 b
|
—0—0.043, 800
£ 60 [F—w—0.049 800
2 | —o—0055 800
=
s
s}
L=
= 20
(b) Vco= 50 cmis
0 1 1 1 1 n 1 " i

0 50 100 150 200 250 300 350 400
Jet velocity U , lemis]

Fig. 3 Liftoff height variation of stationary
lifted flame with jet velocity
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Fig. 4 Direct photographs of lifted flames

200

150 -
— V =22cmis Vm =50 cmis
E o
O, xF.o
510 " s oos7
&
- —-0.090 x,,
—e—0.095 )
50 | —s—0.043
—e—0.049
—0~—0.055
0 I L 1 1 1 1 L

200 300 400 500 600 700 800 900 10
Coflow temperature T - K]

Fig. § Calculated stoichiometric laminar
‘ burning velocity
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