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Simulation analysis and optimization on test method of
combustor airflow distribution
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(1. School of Power and Energy,
Northwestern Polytechnical University, Xi’an 710072, China;
2. Sichuan Gas Turbine Establishment,

Aero Engine Corporation of China, Mianyang Sichuan 621300, China)

Abstract: In order to specify the rationality of the method of blocked holes in the cur-
rent combustor flow distribution test, the numerical simulation was conducted according to
the actual test procedure of a can combustor flow distribution, the test method error and the
root of the generation were analyzed, the optimizational test method of associating blocked
holes and accumulated blocked holes of single side was proposed, and the validation was car-
ried out by numerical simulation. Results indicated that there were definite method errors in
the flow distribution test using blocked holes method, the effects of this method on the
measurement error of primary holes, dilution holes and film cooling holes on the liner were
greater, while the effect on dome measurement error was smaller; the simultaneous neglect
of passing flow condition of tested holes and downstream holes was the main reason; the

measurement error can be reduced significantly by associating blocked holes and accumulated
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blocked holes of single side for the flow distribution measurement of primary holes, dilution
holes and film cooling holes, which can be reduced by about 6%, 12% and 9%, showing

definite improvements; There was method error before and after the test method was opti-

mized, the static pressure difference of import and export sections of each holes on the liner

changed when some holes were blocked, which was the primary cause for the existing meth-

od error, but the variation of the static pressure difference and its influence on the measure-

ment results were smaller after the test method was optimized.

Key words:

combustor; airflow distribution; blocked holes method;

accumulated blocked holes of single side; method error
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Table 1 Design and test data statistics of airflow distribution for different single tube combustor of each trepanning area
KB 1 HAERPE 2 HEMRPEE 3
TFFL X 35k
R/ % R./% FMH/ % R/ % R./% A8/ %% R/ % R./% ZMH/%
— T I 8 9.91 1. 91 8 7.85 0.15 7.48 7.62 0.14
TR 12 12. 69 0. 69 22 21.75 0.25 41.52 45.00 3.48
=R A 15 16. 33 1.33
L EBVE AN 5 7. 60 2. 60 5 5.95 0. 95 3.47 4.10 0. 63
3 8 L 5 5.86 0. 86
FRRAL 25 21.52 3.48 20 17. 4 2. 60 11. 06 10. 28 0.78
BRI 15 10. 92 4. 38 10 8.21 1.79 8. 47 8.52 0.05
KA 20 21.05 1.05 30 32.97 2.97 28.0 24. 47 3.53
HAE BB 4 HAEPRBEE 5 AR 6
TFAL DX 35
Ra/ % R/% 2214/ % Ra/ % R./% FefH/ % Ra/ % R./% Z2{H/ %
— e LS 10.95 10. 65 0.3 14. 88 16. 30 1.42 16 11.5 4.5
TS 50.28 52.45 2.17 55. 32 56. 34 1.02 13 12.0 1.0
ZNE TR A
LA H) 2. 62 4.29 1.67 4. 89 5.59 0.7 4 1.7 2.3
Syt JERIBI:N
FRRAL 17 15. 6 1.4
BIRAL 8.87 11. 63 2.76 20 23. 8 3.8
KAV 27,28 20. 98 6.3 24. 92 21.77 3.15 30 35. 4 5.4
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Fig. 1 Computational model for the influence of blocked hole method on the airflow distribution
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Fig. 2 Computational results of velocity field at the condition of 5% relative pressure drop

F2 BAZFWURENM _EEDER
Table 2 Two-dimensional simulation results of airflow

distribution applied blocked hole method

g ALRE Ap/pad /v W/ke/s) 6/ %
5 0.937
KRIEAL 3 0. 724
B 1 0.407
fl 5 1. 259 34.3
HE AL 3 1.000 38.0
1 0.539 32.7
5 1.239
RIEAL 3 0. 960
5 1 0.537
fl 5 1. 248 0.8
AL 3 0.972 1.2
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Table 3 Test condition parameters of airflow distribution

(Ap/ps)/ s/ o/ a/ W/
pr To/K iPa iPa iPa (kg/s)
1.53 280.2 96.41 96. 43 94. 96 0.128
2.48  280.2 97.34 97.38 94.96 0.166
352 280.2 98.38 98.44 94.98 0.201
4. 54 280.2 99.43 99.51 94. 99 0.231
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Fig.5 y" distribution of combustor wall
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Table 4 Comparison of test result and computational

result of airflow when un-blocked holes

it i 5% 78 o/ %

% (kg/s)  (kg/s)
Standard k-  0.1194 —6.69

1.53 0.128
Realizable k-¢  0.1181 —7.70
Standard k-  0.1547 —6.79

2.48 0.166
Realizable k-¢ 0. 1528 —7.95
Standard k¢  0.1866 —7.16

3.52 0.201
Realizable k-¢ 0. 1869 —7.04
Standard k-¢ 0.2148 —7.00

4.54 0. 231
Realizable k- 0.2118 —38. 31
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Fig. 6 Schematic diagram of blocked holes area
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Table 5 Comparison of test result and computational

result of airflow applied blocked hole method

ALK (Ap/pe) /Y% Wau/(kg/s) Wi/ (kg/s)
1.53 0.1108 0.124
SW1
3.52 0.1733 0.191
1.53 0.0942 0.103
SW2
3.52 0.1478 0.161
1.53 0.0942 0.110
PH
3.52 0.1477 0.171
1.53 0.1068 0.121
DH
3.52 0.1673 0. 188
1.53 0.0871 0. 088
LH
3.52 0.1355 0.136
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Fig. 7 Schematic diagram of inlet and outlet section

when un-blocked holes
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Fig. 8 Computational results of airflow before and after blocked holes of each trepanning area
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Fig. 9 Flow field of flame tube center longitudinal section at different blocked hole conditions
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Fig. 10 Schematic diagram of optimized procedure

for combustor airflow distribution test
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Fig. 11  Schematic diagram of trepanning area for

computation adopting accumulated blocked

hole method of single side
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Table 6 Computational results of optimized

method simulation

G R e (Ap/ps)/ % W./(kg/s)

1.53 0.0412
6

3.52 0.0638

1.53 0.0601
7

3.52 0.0942

1.53 0.0758
8

3.52 0.1185

1.53 0.0857
9

3.52 0.1342

1.53 0.1128
10

3.52 0.1763

1.53 0.1194
1

3.52 0.1866
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Fig. 12 Comparison of computational results of

optimized method simulation
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Table 7 Comparison of computational parameter results at the inlet and outlet section of primary hole and dilute hole

(Ap/ps)/ % (Ap/ps)/ % GESLED (Ap/pad/ Yo Ul ALIE)

ZH CRIEALD % PH 3% DH HifE 8 WA 10
1.53 3.52 1.53 3.52 1.53 3.52 1.53 3.52 1.53 3.52

pu/Pa 96206.7 97906.6 96332.8 98205.2 96275.8 98069.8 96387.2 98337.3 96239.0 97984.6
pe/Pa 95162.5 95459.2 95150.9 95437.3 95135.2 95394.2
pi/Pa 96209.8 97909.4 96331.3 98201.9 96277.0 98072.8 96385.9 98334.3 96243.1 97994.8
pu/Pa 95094.8 95308.5 95145.1 95448.6 95080.8 95267.1 95080.1 95270.8
pa/Pa 96156.0 97786.3 96315.1 98161.4 96235.1 97972.9 96377.6 98313.6 96189.9 97867.4
b /Pa 94969.1 94996.5 94947.3 94956.6 94948.3 94947.6
pu/Pa 96193.8 97854.2 96312.8 98158.6 96270.4 98056.7 96365.9 98287.1 96226.9 97956.5
pa/Pa 94956.9 94974.2 94973.9 95014.0 94942.5 94937.2 94948.8 94950.6
Apaz/Pa 1186.9 2789.8 1287.8 3016.3 1241.6  2919.8
Apei/Pa 1236.9 2880.0 1338.9  3144.6 1423.4  3349.9 1278.1 3005.9
W,./(kg/s) 0.0281 0.0435 0.0294  0.0455 0.0287  0.0443
Wa/(kg/s) 0.0151 0.0231 0.0155  0.0239 0.0159 0.0238 0.0153 0.0236
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Fig. 13 Location schematic diagram of inlet and outlet

section of primary hole and dilute hole
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