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Abstract: In order to further improve the cooling performance of gas turbine combustion chamber, the flow
and heat transfer characteristics of four different arrangements of tangential effusion holes were compared and ana-
lyzed by using the conjugate heat transfer method and Realizable k—& model under different blow ratios. The re-
sults show that the cooling jets are independent of each other, and the effusion hole arrangements have little effect
on the overall cooling effectiveness at the blow ratio of 2.2. As the blow ratio increases to 10.4, the cooling jets of
the front—to—back—aligned arrangement cross and complement each other, making it easier to form a full-cover-

age cooling film. The overall cooling effectiveness is significantly improved with the front—to—back-aligned ar-
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rangement, while the cross—aligned arrangement increases the lifting height of the cooling jets due to the interac-

tion between the adjacent rows of cooling jets. This results in poor spreading uniformity and overall cooling effec-

tiveness. Equal spacing along the axial direction results in higher peak overall cooling effectiveness than the ar-

rangement of “dense front and sparse rear”. The arrangement with front—to—back—aligned and equal spacing has

the best cooling performance. And as the effusion cooling consumption increases, the overall cooling effectiveness

increases by a maximum of 17.6%, which is about 46% higher than that of the two cross—aligned arrangements.

The correlation equation for the overall cooling effectiveness of the first row of holes was fitted based on the simu-

lation results for the arrangement of front—to—back and equal spacing aligned. The correlation was in good agree-

ment with the experimental results with a relative error of less than 2%.

Key words: Gas turbine; Hole arrangement; Tangential effusion; Overall cooling effectiveness; Conju-

gate heat transfer
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Fig.1 Geometry of the computational model
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Fig. 2 Hole arrangements for four cases
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Table 1 Operating conditions

Parameter Value
Coolant temperature T /K 300
Mainstream temperature 7,/K 600
Mainstream velocity v,/(m - s 15
Effusion consumption ¢/% 5,20

Blowing ratio M 22,104
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Fig. 6 Turbulence model verification
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Fig. 12 Scatter plot of overall cooling effectiveness
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