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Numerical analysis of vane and cooling channels roughness effect on
temperature distribution of gas turbine vane
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ARTICLE INFORMATION ABSTRACT

Roughness of vanes’ outer surface and that of cooling channels’ inner surface have considerable impact
on temperature distribution. Using a rougher surface leads to increased turbulence in near-surface flows
and increases the rate of heat transfer. In this study, vane of a C3X turbine cooled via 10 cooling
channels was simulated -three-dimensionally- by ANSYS-CFX software based on SST turbulence
model, and then the effects of roughness of said surfaces were examined. The results showed that
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K ds: . . N N
Him[aﬁsfer increasing the roughness of the blade’s outer surface, which absorbs the heat of the hot fluid, to values
Gas Turbine below the threshold of fully rough regime ( Reys < 70 ) makes no significant impact on vane’s surface

Blade Roughness

temperature distribution; but increasing the roughness to values higher than this threshold leads to 8%
Cooling Channel

increase in surface temperature. This indicates that outer surface of the blade should always exhibit a
transitionally rough regime. Contrary to the outer surface, increasing the roughness of cooling channels’
inner surface, which transfers the heat to the cooling fluid, has been found to be the very beneficial, as
even a slight increase in the roughness of this surface (within the domain of transitionally rough)
decreases the blade’s surface temperature by up to 8%, and improves the hydraulic-thermal performance
factor by about 250%.
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Fig. 5 Predicted and measured vane pressure loading
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Table 3 Mean heat transfer coefficient for smooth and rough channels
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1502 939 750 571 515 4
1488 957 720 550 489 5
1482 937 742 579 523 6
1446 874 685 541 485 7
2250 1737 1122 900 702 8
1412 887 685 527 455 9
1664 1221 873 717 555 10
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Table 4 Cooling flow pressure lost for smooth and rough channels

(kPa) ,Lus =l o Lo
100 65 506y 25w 106,y Sloghs JUs

40.18 36.80 30.01 27.30 23.82 1
27.41 22.56 20.01 17.18 15.71 2
24.02 19.73 17.14 14.96 13.56 3
27.36 22.64 20.12 17.17 15.71 4
25.10 21.15 18.21 15.61 14.09 5
30.63 25.46 22.41 19.37 17.73 6
24.62 19.19 17.52 15.30 13.91 7
103.42 95.96 81.68 75.07 64.02 8
46.99 38.13 32.80 27.84 24.59 9
107.82 96.63 80.19 71.90 58.40 10
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Fig. 10 Thermal-hydraulic performance factor of cooling channels
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