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A Study on the Effect of Turbulent Combustion upon Soot Formation
in Premixed Constant-Volume Propane Flames
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Abstract

The soot yield is studied by a premixed propane-oxygen-inert gas combustion in a
specially designed disk-type constant-volume combustion chamber to investigate the
effect of turbulence on soot formation. Premixtures are simultaneously ignited by eight
spark plugs located on the circumference of chamber at 45 degree intervals in order to
observe the soot formation under high pressures and high temperatures. The eight
flames converged compress the end gases to a high pressure. The laser schlieren and
direct flame photographs for observation field with 10 mm in diameter are taken to
examine into the behaviors of flame front and gas flow in laminar and turbulent
combustion. The soot volume fraction in the chamber center during the final stage of
combustion at the highest pressure is measured by the in situ laser extinction
technique and simultaneously the corresponding burnt gas temperature by the two-color
pyrometry method. It is found that the soot yield of turbulent combustion decreases in
comparison with that of laminar combustion because the burnt gas temperature
increases with the drop of heat loss.
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Fig. 3 Turbulence generating ring

Table 1 The types of turbulence generating ring

Type| Material | dXt | diXn Ra/?ir:(ao %)
A Brass 19%0.5]| 4X 9 13.5
B |Aluminum| 50X 0.2| 6x12 16.7
C |Aluminum| 50X 2.0 | 4x53 30.3
D |Aluminum| 50%X2.0| 4X27 154
E |Aluminum|50x2.0| 4x18| 10.3

d = diameter of cylindrical ring
t = thickness of cylindrical ring
di = diameter of small hole

n = number of small hole

The ratio of total hole area =
[ ((xdi/®)-n} [/ (4zd) ]-100 (%)
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Fig. 4 The comparison of combustion character-
istic between the various types of turbu-
lence generating ring
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