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Effect of Elavated-Pressure and Radiative Heat Loss on Rotating Counterflow Twin Flame
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Abstract : The effects of elevated-pressure on rotating counterflow twin flame were numerically investigated. The range of

pressure is from 1 to 8 atm. We performed numerical simulations with and without radiative heat loss. The loss was evaluated
by using an optically thin model, which does not consider reabsorption of radiative energy. Without radiation, the leanest
extinction limits reached ultralean conditions; the higher the pressure is, the leaner the extinction limits are. On the other

hand, with radiative heat loss, the leanest extinction limits are shifted to richer condition as the pressure becomes higher;

above 2 atm, the leanest extinction limits cannot reach ultralean condition. The response curves of the flame temperature to

the equivalence ratio are distorted when radiative heat loss is considered. Under high pressure, the flame thickness is thinner

and the heat release rate is enhanced mainly because of the increase of gaseous density in the both cases of with and without

radiation heat loss. However, the temperature behind the flame zone much decreases due to the radiative heat loss in the high

pressure case. This is because of increments of partial pressures of the radiative species and the length of the residence time

of fluid in the backflow region of burned gas.
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Fig.1 Model of rotating counterflow twin flame: (a) ordinary flame
condition with moderate rotation rate, (b) ultralean flame
condirion with high rotation rate.
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Fig.2 Flame responses of rotating counterflow twin flame to the

equivalence ratio ¢ for various P without radiative heat loss.
ur =400 cm/s, Q = 100 rps. Top: the locations of the flame
surface xqQmax and the stagnation point xstag. Bottom: the
maximum flame temperature Tmax.
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Fig.3 Flame responses of 1-D planer flame to the equivalence ratio ¢
for various P without radiative heat loss. The maximum flame
temperature and the laminar flame speed for equivalence ratio
are shown.
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Fig.4 Relationship amomg the location of the flame surface, the

stagnation point, and local burning velocity without
radiative heat loss.
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Fig.5 Flame structures of 1-D planar flames without radiative heat loss.

¢ =0.50. Solid line: P =1 atm, dotted line: P = 8§ atm.
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Fig.6 Flame structures of rotating counterflow twin flames for various pressure without radiative heat loss. (a) temperature
and heat release rate, (b) angular velocity, (c) axial velocity and heat release rate, (d) radial velocity gradient.
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Fig.7 Flame structures of rotating counterflow twin flames. ¢ = 0.50,
ur =200 cm/s, Q = 100 rps. Solid line: P = 1 atm, dotted line:

P =8 atm.
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Fig.8 Flow field of rotating counter flow twin flame of ¢ = 0.35,
ur =200 cm/s, Q = 100 rps without radiative heat loss.
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Fig.9 Comparison the flame structures without radiative heat loss between rotating counterflow twin flame (top)

and 1-D planar flame (bottom).
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Fig.10 Comparison of the responses of the maximum flame temperature
and laminar burning velocity to the equivalence ratio ¢
with/without radiation heat loss of 1-D planar flame.
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Fig.11 Comparison of the flame responses to the equivalence ratio ¢
with/without radiation heat loss.
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Fig.12 Relationship amomg the location of the flame surface, the
stagnation point, and local burning velocity with radiative heat
loss.
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Fig.13 Comparison between the flame structures of P = 1 atm between
with/without radiation heat loss for rotating counterflow twin
flame (top) and 1-D planer flame (bottom).
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Fig.14 Comparison between the flame structures of P = 8 atm between
with/without radiation heat loss for rotating counterflow twin
flame (top) and 1-D planer flame ( bottom).
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