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ABSTRACT

The effect of swirl flow structures on combustion dynamics of two interacting, lean-premixed flames was
experimentally investigated, with a particular emphasis on swirl numbers and swirl rotational directions. Our
results show that the amplitude of limit cycle oscillations is very sensitive to the combination of swirl numbers
and rotational directions, while the instability frequency remains nearly unchanged. The counter-rotating cases
show significantly lower pressure perturbations, and this behavior appears to be related to the formation of
compact interacting zone with higher heat release rate, indicating the presence of increased flame surface
wrinkling caused by intense turbulence.
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Fig. 1. Cross section of lean-premixed, swirl-stabilized two-nozzle rig for self-excited combustion instability measure-

ments.
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Fig. 2. (a) Cross section of the dump plane containing
two nozzles. Dimensions in millimeters. (b) Flame
photograph under stable condition.
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Fig. 3. Schematics of the rotational direction of swirling
flows: (a) co-rotational (b) counter-rotational con-
figurations.

Table 1. Test conditions. CW = clockwise, CCW = counter
clockwise rotation

Nozzle 1 | Nozzle 2 Nozzle 1 | Nozzle 2
S Q S Q S| Q| S| Q
0.45(CCW | 0.45|CCW| 7 [0.45|CW |0.45|CCW
0.65[CCW | 0.65|CCW| 8 [0.65|CW |0.65 |CCW
0.75[CCW | 0.75|CCW| 9 [0.75|CW |0.75 |CCW
0.65[CCW | 0.45|CCW| 10 | 0.65| CW |0.45 |CCW
0.75[CCW | 0.45 |CCW| 11 |0.75| CW |0.45 |CCW
0.75|CCW | 0.65 |CCW| 12 [0.75| CW | 0.65 |CCW
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Fig. 4. Instability frequencies for all test cases.
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Fig. 5. Stability map (p. / p.) for co-rotating configurations.
[, =1700 mm.
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Fig. 6. Stability map (p./p.) for counter -rotating con-
figurations. /, = 1700 mm.
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Fig. 7. Stability map(¢s /7 ) for co-rotating configurations.
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Fig. 9. DSLR images of two interacting flames for co-
rotating (left) and counter- rotating (right) con-
figurations. S1= S2=0.45, /, = 1200 mm.
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Fig. 10. Time-averaged CH* chemiluminescence images of two interacting flames under (top row) co-rotating and

(bottom row) counter-rotating swirling arrays.
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Fig. 11. Normalized intensity profiles on the (top row) vertical line and (bottom row) horizontal line of the ICCD
images for co-rotating(left column) and counter-rotating(right column) cases. COR: co-rotating, CTR:
counter-rotating.
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