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Performance evaluation methods of two-stage axial swirler: |
influence of total swirling intensity
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DENG Yuanhao*, ZHONG Shilin*, XING Li', YANG Xingzhe'
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Abstract: Theoretical and numerical studies on the reaction flow field and combustion
performance of two-stage axial swirler combustors were carried out. A performance evalua-
tion method of multi-stage swirlers was developed. In addition, the total swirl intensity and
energy utilization efficiency were put forward to evaluate the swirler performance. It was
found that the total swirl intensity and flow resistance coefficient were the main influential
factors to the swirler energy utilization efficiency. The interaction between the two stage

swirlers was investigated numerically. And the results indicate that the inner swirl intensity
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has a greater impact on the width of central toroidal recirculation zone (CTRZ). The total
swirl intensity plays a most important effect on combustor overall performance. When the
total swirl intensity is less than 0. 43, weak swirling flows will be produced; when the total
swirl intensity is between 0. 43 and 0. 6, medium strength swirling flows will be produced
and weak CTRZs are presented; when the total swirl intensity is more than 0.6, strong
swirling flows will be produced and moderate CTRZs are presented at the same time; when
the total swirl intensity is more than 1. 03, very strong swirling flows will be generated. If
the total swirl intensity is constant, a two-stage axial swirler will get better energy utiliza-
tion efficiency than a single stage axial swirler. The results by the evaluation method are
compared with the experimental and numerical results. It’s found that the evaluation method
for multi-stage axial swirler performance can accurately evaluate the performance of swirlers,

providing a practical and effective method for the design of multi-stage swirlers in the future.

Key words: combustor; multi-stage; swirler; total swirling intensity;

energy utilization efficiency
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Table 1 Comparison of different working conditions
T Sa Sa S
1 0.713 0.472 0.893
2 0.713 0. 817 0. 636
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Table 2 Comparison of computational results

. . Jo i 4 TJo 4 CO, o . R B
T4 BiR/K e e e - N 5] 3 L .
5] 9 XK B o] 9 DX 9 B i 3 8K R I3 A R
1 1838. 17 2.19 1. 50 0.0982 0.9977 0.199 0.132
2 1838. 24 2.08 1. 59 0.0982 0.9977 0.215 0.123
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Table 3 S, for different working conditions

T4 N T Sy
1 0.313 4 0.6
2 0.4 5 1. 49
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Table 4 Performance comparison between single-stage and two-stage swirlers

e MmO KR I 5 4 Wk g DRI e
KA WK EMKKE BRKGEE  FRAR MR " MR AR
$2& 1835. 37 2.11 1.54 0.09332 0.9987 0.209 0.119 0.71
WK 1835. 34 2.09 1.55 0.09332 0.9987 0.212 0.112 0.82
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Fig. 6 Comparison diagram of computational results
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