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Abstract: To study the flow and non—premixed kerosene—air pilot stage combustion characteristics of the
three—staged swirl combustor, an experimental rig and non—contact optical measurement system of the combustor
were designed. The effects of total pressure loss and equivalent ratio on flow and critical flame shape characteris-
tics were investigated. In addition, characteristic time and critical flame structure in the ignition process were in-
vestigated. The results show that the total pressure loss has seldom effects on the reacting flow field structure of
the combustion chamber, which mainly changes the specific velocity value. Moreover, there are inner and outer
shear layers in the high—speed jet region of the combustor. As flow propagates downstream, the high—speed air
flows along near—wall area. The flame structure changes with the equivalent ratio in three forms: V-shaped

flame, transition flame and envelope flame, and the critical equivalence ratio of flame shape transition was near
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0.6. The expansion angle of high speed region in combustor inlet increases with the rise of total pressure loss.

While equivalent ratio increases, the expansion angle decreases initially and increases after the critical equiva-

lence ratio. In the process of ignition, there exists large—scale flame extinction and reignition, during which the

reignited flame propagates backward to the combustor in a three—dimensional spiral way from center recirculation

vortexes. In addition, with the rise of total pressure loss, the formation time of ignition core increases, and a dura-

tion time drops both for flame propagation and reignition. With the rise of equivalent ratio, the time of ignition

core formation increased and that of flame reignition decreased. The flame propagation time increased firstly and

reduced after equivalent ratio exceeds the critical point.

Key words: Three-staged swirl combustor; Non—premixed combustion; Flow characteristics; Ignition

process; Flame propagation
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Fig.2 Schematic view of combustor and triple-stage swirler
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Fig. 3 Axial velocity field of combustor under various total pressure loss
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