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ABSTRACT

This experimental study investigates the flame transition phenomena over
a single Tsuji burner as functions of the incoming flow velocity (U;,) and
methane to nitrogen mass ratio (o), undera fixed fuel blowing velocity
(0.05m/sec) in a wind tunnel.;The experimental process is that it fixes the
assigned composition of fuel firstly,;ithen, changes the incoming velocity
from 0.41 to 2.63 m/sec to observe-the corresponding flame configuration.
From the experimental observation, in the higher methane mass fraction
regime, (a>60%), the envelope, transition and wake flames appear in
order as the incoming flow velocity increases. A transition zone between
envelop and wake flame regions is identified in this regime. In such
zone, the flame shows an oscillatory feature and can only be survived for
5~8 seconds. It is highly unstable that it might appear as a lift-off flame,
wake flame or extinction. On the other hand, when « <60%, the
envelope flame is directly transformed into wake one as incoming
velocity gradually increases up to the transition velocity, and no transition

flame is identified in this regime. This study also finds that the flame



transition velocity is reduced as the mass fraction of methane in fuel
mixture is lowered. The variations of envelope flame stand-off distance,
flame thickness and wake flame attached angle are demonstrated
graphically to interpolate the corresponding physical mechanisms. The
flame temperature distributions along the vertical centerline of a single
cylinder burner for the envelope flame and wake flame are measured to
understand the flame varying trend. Finally, the visualized results from
this experiment are compared with the corresponding numerical
simulations to confirm the experimental credibility. The comparison
shows that both numerical and experimental results have the same
qualitative trend. The transition velocities from envelop to wake flames in
the regime of a <60% and.from envelop to transition flames and
transition to stable wake flames in the regime.of « >60% obtained from
experiments appear to be higher than the predicted ones. The envelope
flame thickness and stand-off. distance obtained from experiments are
smaller than those from simulations. As to wake flame attached angles,

they are higher in the experiments.
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NOMENCLATURE

Length of the cross-section area of test section
Cross-section area of test section

Cross-section area of exhaust duct
Surface area of sphere

Width of the cross-section area of test section
Width of exhaust duct

Diameter of the cylinder

Thermocouple wire diameter
Inner diameter of the sphere
Outer diameter of the sphere
Nondimensional fuel ejection rate

Convection heat transfer coefficient at:thermocouple wire surface

Molecular mass of species i
Mass flow rate of species i
Mole fraction of species i
Mass fraction of species i

Pressure

Flux of fuel

Radius of the cylinder
Reynold number
Temperature

True gas temperature

Temperature measured by thermocouple probe

Airflow velocity



V. Transition velocity

Vv, Fuel ejection velocity

a Methane to nitrogen mass ratio

Greek Symbol

U Viscosity

£ Emissivity of the thermocouple

c Stefan-Boltzman constant (o =5.67x10°W/m? K*)
@ Absorptivity of wire

\ Kinematic viscosity

a Methane to nitrogen mass ratio

Pey, Methane density
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