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Abstract: In order to study lean blow—out (LBO) performance of centrally—staged combustor with three—
stage swirler, the LBO characteristics of the centrally—staged combustor under different inlet airflow velocity and
swirler parameters of the swirler were experimentally studied and numerically simulated at atmospheric pressure ,
and the LBO rules under certain conditions was obtained. The test results showed that: With the increase of the
inlet airflow velocity to 35m/s, the lean blow out fuel—air-ratio (8,,) decreases to 0.0070, which indicates that it
plays an important role in LBO performance. The 6, in reverse rotation of pilot stage (Case A is 0.0066, and the
Case B is 0.0071) is less than the same rotation (Case C is 0.0078, and Case D is 0.0074) , and the Case A is
the smallest. It shows that the pilot stage rotation has a significant effect on the LBO performance. The LBO char-
acteristic is the best when the pilot stage is reversed, and the primary stage rotation has little effect on it. The best
combination of rotational direction is Case A, that is, the rotational direction of stage 1 and stage 2 blades in pilot
is reversed, and the rotational direction of stage 2 blades in pilot is the same as that of primary stage blades. With
the increase of blade angle of stage 1 and stage 2 in pilot stage, the 8, decreased by nearly 4% and 9%, respec-

tively, and the LBO characteristics became better. The numerical simulation rules are consistent with the experi-
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mental rules.
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Fig.1 Central-staged combustor flame tube structure

diagram

Fig.2 Head of centrally-staged combustor
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Table 1 Experiment scheme

Case Pilot stage Pilot stage Primary

(stage 1)/(°) (stage 2)/(°) stage/(°)
A +45 -45 -60
B +45 -45 +60
C +45 +45 -60
D +45 +45 +60
E +30 -45 -60
F +60 -45 -60
G +45 =30 -60
H +45 -60 -60

. . L " -
“+” is clockwise in the flow direction; “="is counter clockwise in the

flow direction.
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Fig.3 Test system
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Fig. 4 Combustion test section
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Fig. 5 Flameout process at inlet air velocities of 10m/s
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Fig. 6 Flameout process at inlet air velocities of 15m/s
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Fig. 7 Flameout process at inlet air velocities of 20m/s
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Fig. 8 Flameout process at inlet air velocities of 25m/s
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Fig. 9 Flameout process at inlet air velocities of 30m/s
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Fig. 10 Flameout process at inlet air velocities of 35m/s

Table 2 Lean blow-out fuel-air-ratio at different inlet air

velocities in Case A

Inlet airflow velocity/(m/s) 0.
10 0.0090
15 0.0086
20 0.0083
25 0.0067
30 0.0076
35 0.0070
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Fig. 12 Flameout process (Case B)
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Fig. 13 Flameout process (Case C)
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Fig. 14 Flameout process (Case D)
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Table 3 Lean blow-out fuel-air-ratio at different

combination of rotational direction

Case A B C D
00 0.0066 0.0071 0.0078 0.0074
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Fig. 15 Flameout process (installation angle of stage 1

swirler is 30°)
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Fig. 16 Flameout process (installation angle of stage 1

swirler is 60°)
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Table 4 Lean blow-out fuel-air-ratio at different

installation angles of stage 1 blades

Table 5 Lean blow-out fuel-air-ratio at different

installation angles of stage 2 blades

Case E(30°) A(45°) F(60°)

Case G(30°) A(45°) H(60°)

O, 0.0068 0.0066 0.0065

0,, 0.0073 0.0066 0.0062
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Fig. 17 Flameout process (installation angle of stage 2

swirler is 30°)
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Fig. 18 Flameout process (installation angle of stage 2

swirler is 60°)
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Fig. 19 Schematic diagram of simplified model meshing of

combustor

Fig. 20 Mesh schematic diagram of Case A swirler
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Fig.21 Temperature distribution of the central section of

the combustor when the various schemes are extinguished
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Table 6 Prediction results about the lean blow-out limits of

different rotational directions combination of A~D

Case A B C D

0 0.00470 0.00483 0.00502 0.00498

Table 7 Prediction results about the lean blow-out limits of

different installation angles of stage 1 blades

Case E(30°) A(45°) F(60°)

0 0.00483 0.00470 0.00465

Table 8 Prediction results about the lean blow-out limits of

different installation angles of stage 2 blades

Case G(30°) A(45°) H(60°)
[ 0.00496 0.00470 0.00453
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