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On the Stability of Coaxial Oxygen-jet Diffusion Flame in a High Pressure Environment
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Abstract : To clarify the stabilization mechanism of coaxial oxygen-jet diffusion flames at high pressure, experiments on
flame lifting and blowout for pure-oxygen jet diffusion flame for two types of double tube burners were performed under
the conditions of various jet and co-flow velocities and various methane mole fractions in co-flow diluted with nitrogen. At

high pressure of 0.5 MPa, the flame stability was significantly enhanced in comparison with that at atmospheric pressure.

Flame was formed in co-flow side at atmospheric pressure, while at high pressure the flame position moved to the jet-flow
side. At atmospheric pressure, the flame base located close to the lip and then moves downstream of the lip with increase
in methane mole fraction in co-flow and increase in jet velocity. In contrast, at high pressure, the flame base located close
to the lip regardless of methane mole fraction in co-flow and approached the lip with increase in jet velocity. According to
the observation results of stream line near the lip, at atmospheric pressure, the characteristic length scale of the recirculation

zone was small and the flame base was located downstream of the recirculation zones, indicating that the oxygen-jet
diffusion flame was stabilized by the balance between the local gas velocity and burning velocity of the premixed gas
formed by diffusion. In contrast, at high pressure, the recirculation zone was formed in almost all experimental conditions,
its characteristic length scale being larger than that at atmospheric pressure, and flame base located in the recirculation
zones in some cases. This means that the stabilization of the flame base at high pressure is dominated by the existence of the
recirculation zone. Therefore, the stabilization mechanism of the coaxial oxygen-jet diffusion flame changes depending of the

ambient pressure and stability of the flame base is enhanced at high pressure.
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Table 1 Experimental conditions Table 2 Kinematic viscosity
. Unit: x 10~ [m¥s]
Used jet tube Jet tube type Type Type I
Inner diameter d; [mm] 3.0 20
T thickness i fonen] o o Pressure [MPa] 0.1 05
Pressure P IMPa] [ 01 [ 05 [ 01 [ 05 Air 1.58 0.316
Composition Jet 0,
mol fraction Xiox [ 1 02 1.56 0312
Coflow CH, N, N,+CH, | X, =02 | 160 0.320
: : methane mol fraction X, ¢y [] 02.03,04 Xc. e 03 1.61 0.323
Max_ inlet velocity  |Jet U; [m/s] 70 60 70
Coflow U, [my's] 60 | 47 | 60 | 3.6 Xc. CH4 = 0.4 1.63 0.326
Inlet temperature Jet T; X] 298
Coflow T, K] 298
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Fig.2 Flame lifting and blowout limit for the coaxial oxygen-jet diffusion flames at P =0.1 and 0.5 MPa.
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Fig.3 Flame position for the coaxial oxygen-jet diffusion flames under the conditions of
Uj=12.0m/s, U =2.0 m/s and P = 0.1 and 0.5 MPa.
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Fig.4 Flame base position varying with X¢ cns for the coaxial oxygen-jet diffusion flames under the conditions of
Uj=12.0 m/s, Uc =2.0 m/s and P =0.1 and 0.5 MPa.
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Fig.5 Flame base position varying with Uj for the coaxial oxygen-jet diffusion flames under the conditions of
Xe,cna = 0.2, Uc=2.0 m/s and P =0.1 and 0.5 MPa.
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Fig.6  Stream lines near the burner lip at Uj = 12.0 m/s for Type L.
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Fig.7 Stream line near the burner lip at U; = 12.0 m/s for Type IL.

(60)

%54 %170 5 (2012 4E)



o=

Re

IS

FEAp, EIEBRENC B U % R AL B R D LE M BT 2 Wi

Characteristic scale of recirculation zone, /, [mm]

277

e
i

e
=

e
[

e
o

e
-

o

50

10

20 30
Jetvelocity, U; [m/s]

40

(b) Type II (di = 2.0 mm, = 0.1 mm)

Fig.8 Characteristic scale of recirculation zone varying with Uj at U = 2.0 m/s.
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Fig.9 Characteristic scale of recirculation zone varying with Uc at U; = 12.0 m/s.
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