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Fig. 2 Schematic diagram of the experimental setup



Fig. 2 (left) overall facility of drop tower and (right) experimental

setup in drop tower capsule.
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Fig. 3. The diagram of constant velocity and concentration contour for

varied Sc
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Fig. 5 Direct photographs of typical lifted flames with jet velocities;
XF,0 = 0.32 (a) and 0.32 (b)
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Fig. 9. Heat release rate contours with (1g) without (0g) considering
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Fig. 12. Behavior of a lifted flame with nozzle exit velocity simulated
numerically in a nitrogen-diluted methane jet flame with Xgy = 0.30

for D = 4.0 mm.
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XF diluents Ar He N2
XF.0 0.3 0.3 0.3
Dr (cm’/s) 0.225 0.225 0.225
ﬁ (cm/s) 0.154 0.202 0.159
Se (mm) 0.699 0.868 0.713
(05 — Poo) 0.0002099 -0.001135 -0.0002366
(O — Poo) 0.173478 0.134418 0.167918
1n; Kar + Xy, =1 Kyge + Ay, =1 -

Table 1. Diluents property
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numerically in constant buoyant effect with varied Sc.
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Fuel mole Fuel-stream  Coflow gas T | (K]’

Fuel fraction density density _
Xy pilkg/m’]  Prolkg/m’]  (min—max)
0120 1.22 1820 — 1930
CH 0.135 1.23 1850 - 1960
voE 0.150 1.24 1880 — 1990
0.235 1.30 {07 1970 — 2090
CH/ICH 0157 1.20 (at Xig. = 0.1) 1850 — 1960
3{?_”3 f 0174 1.21 123 1RED — 1990
o 0.268 125 (at Xeon = 0.1y 19702090
0112 1.24 1820 — 1930
CH /MCH 0126 1.25 1850 - 1960
(3:1) 0.141 1.26 1880 — 1990
0218 1.32 1970 — 2080

Table 2. Experimental conditions

Asl dask dF 9ol ojitEAE § 7] SE |

g4 stqle

o84 A" Eee et 2o Fosdth X ¢ Xy = 01 G

= He or CO9), Xu = 0.9 (X; and Xno were systematically varied

between(X; = 0, Xx»=0.1) and (X; = 0.1, Xxp=0)). W&}A,
o] WE(pco) ¥ 1.07(Xg = 0.4 123 (X2 = 0.1)
A5t AAAD AP ol A4k ERES

AEo] o FEFF £EE 846 cm/sE I AT vt

_36_



(d)
__—CH, X, = 0235
- (c) u, = 8.46 cm/s
X, Xa"= 0.1:0.9
6 8 10 12 14

u, [cm/s]

Fig. 20. Typical flame behavior in terms of the jet velocity and the

flame base position at Xgo = 0.235; Xxo = 0.1 and Xy = 0.9 in the

coflow with Vo = 8.46 cm/s
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Fig. 21. Domains of the flame oscillation in terms of coflow density

and jet velocity for propane at Voo = 8.46 cm/s: a)Xgy = 0.120, b)

0.135, c) 0.150, and d) 0.235.
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Fig. 22. Critical onset conditions for oscillation: open and closed
symbols for the maximum and minimum coflow densities, respectively,
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. - [ J
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(Poop,) Tkim’]

Fig. 23. Relations among critical onset conditions in therms of density

differences; prp., representing positive buoyancy and p,-p, negative

buoyancy on the fuel stream.
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Fig. 24. Effects of coflow density on cold flow field with oil mist
seeded into the fuel stream at Xpo = 0.150 and Uy = 3 cm/s: a) p, =

1.071, b) 1.120, ¢) 1.169, and d) 1.201 kg/m’, at Voo = 8.46 cm/s.

_41_



2R 7H

Ay

ATt

°©

v
)

0|
M

—_
fite)

Fig. 22¢ et At

=

=

Al Peo
Fig. 239 =

o]

o
=
=

i

k9
.

B o]

o] =

1]

°©

&
=

Al
=

i

k9
.

PR om FA

o] &

7}

.

(e}

Nr

4

0|
;OO
b

o)
ot

Ny
file)

A

A 2] A Z T

o] A4 45 7
uj 3 o]

0171

T

T

1
=

kel

E]'- 113_]_-1:!3_, (pcofpb) >0

olp

;Of

o
50

_42_



T AT T (b —>d).

T o™ T (pop, b—>0),

=

o)

o
=

%

TR
(C)

B

]

[e)

o] A

g]

j
PN
7_}

o)
P

A~
=l
=2, 7

=
=8

o)

B 35 cm/<9)

T

o T3k Fig. 2001 A4

ol

S

==
i

oo

il
Wl

)
|

Az Al

Fig. 24 et At

o

=

3
- 43 -

Pz

3] cold flow &

o

sk peo©ll

stol thep

kg/m3°l T



dr

=

w7h Z7hgtel el o

)
=

AR 55/

=z
jul

v}

S
T

=9 spread angle

%HL

<

ot 28}, cold flow

=3

Ho=Z

4] o B & reacting flowel A €]

)

Pco — 1169 (XNZ - Ol) ‘T”} Peo =

;L 7_11-

T
T

Figure 253} 26

0.1)°l o

1.071 kg/m3 (Xug

il sk

9]

1.071 kg/m’el i

g dlolxrt A Eold &

e st

o~
T

iAo dr ~EY #AE U olAA Hul. OH =9 3

shedo]l Al =o

of 7Fg ZA dErskd

_44_



o e

KN
=

H7F G, ol

o Ha®m

1

o}

bk

o)
P

PN
T

o)
=

A fok, A3A o2 Fig. 25a-iie 24

)

= °ol&

=
T

g

A

lupl > lugl).

i

dr
|

X0

e

dr

stdo] FHAa ffA

S
T

4, 2t

)

2719 W3k (luyl < lu)7h A

S

171= &%= = & v (Fig. 25c-ii).

2, pco = 1.071 kg/m3 =

1=

Qo

B
o
Nfo

3

o
=<
BH

=

T

_45_



&

Bt Fig 26a-iiE HW

o
T

A% 7

2 94y

5701:

g

Astgel T

G
il
N

B

0
o

]

/}}-

7

=
=

Hojut o= 3t FH

kA =, o

)

o] Zol7A

IH

_46_



Fig. 25. Characteristics of the oscillating lifted flame for XF,0 =
0.150, U0 = 3 cm/s, VCO = 8.46 cm/s, and p, = 1.169 kg/m’; histry
of flame-base height (top row), Mie-scattering images (i), PIV results

(i1), and OH PLIF images (iii).
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Fig. 26. Characteristics of the oscillating lifted flame for XF,0 =
0.150, U0 = 3 cm/s, VCO = 8.46 cm/s, and p, = 1.071 kg/m’; histry
of flame-base height (top row), Mie-scattering images (i), PIV results

(i1), and OH PLIF images (iii).
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Fig. 27. Flame stability map with functional dependence on U, and
Xro for a 9.4-mm-diameter nozzle for nitrogen-diluted coflow jet
flames. The star symbol shows the flame conditions that were also

used in the microgravity experiments.
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(a) Cold flow (b) Lifted flame

- —
BDSE : Xp,=0.13, Uy =5 cm/s, Vo= 9.4 cm/s, D = 9.4 mm

0
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Fig. 28. Self-excited characteristics of laminar-lifted nitrogen-diluted
propane coflow jet flames. Mie scattering images of (a) cold and (b)
reacting jets. (c) The flame dimensions as a function of time with Xgg

=0.13, Uy = 5 cr/s, Veo = 94 cm/s, and D = 9.4 mm.
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Fig. 29. Flame stability maps with a functional dependence on U, and
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Figure 34
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Flame base heights, BDSE, [cm]
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Flame Instability in Laminar Lifted Coflow-jet Flames

Kyu Ho Van

Department of Mechanical, The Graduate School,
Pukyong National University

Abstract

The study on laminar lifted coflow-jet flames has been carried out to investigate the peculiar lifted

flame phenomena such as decreasing lifted off heights as nozzle exit velocities and flame oscillation near
the extinction limit, reporting that it was successfully not described in jet similarity solution. Based on
them, three types of flame behaviors were observed: (1) decreasing lifted off heights with increasing
nozzle exit velocity (hereafter called decreasing-HL) , (2) increasing lifted off heights (hereafter called
increasing-HL), (3) flame oscillation. The increasing—HL was due to effect of buoyancy, whereas
decreasing-HL was effected by balance between Sc number and buoyant convection. Critical Sc numbers
existed for varied fuels, and if the Sc number was smaller than critical Se, the decreasing-HL was
existed. Those of phenomena was well characterized using related phycial parameter with critical Sc and
Richardson number. However, oscillating flame was occurred in enhancement of density variation of
between fuel and oxdizer stream, regardless of the Sc number. To elucidate those of effects, density of
the fuel and oxidizer was adjusted using varied fuel and diluents to coflow-oxidizer. The density of the
coflow was also varied within a certain range by adding either helium or carbon dioxide to air, to study
how it affected the positive and negative buoyancies at the same time. As a result, we found that the
range of oscillation was well-correlated with the positive and the negative buoyancies; the former
stabilized the oscillation while the latter triggered instability and became a source of the oscillation.
Further measurements of the flow fields and OH radicals evidenced the important role of the negative
buoyancy on the oscillation, detailing a periodic variation in the unburned flow velocity that affected the
displacement of the flame. Additionally, the jet instability occurred for the applied frequency less than 80 Hz
corresponding to a characteristic collision response time. The effect of AC electric fields on overall map of jet flow

characteristics was also reported.
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