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Prediction and Optimization on Flow and Heat Transfer Performance of

Ribbed Thick-Wall Channel in Turbine Blade

XI Lei, GAO Jianmin, XU Liang, ZHAO Zhen, LI Yunlong

(State Key Laboratory for Manufacturing Systems Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To improve heat transfer effect of internal cooling channel in the mid-chord region of
gas turbine blade, the optimization of flow and heat transfer performance of ribbed thick-wall
channel in a turbine blade with Reynolds number ranging from 10 000 to 60 000, aspect ratio
ranging from 0. 25 to 4. 00 and rib angle ranging from 30° to 90° is investigated based on the
existing experimental data. Sobol method is used to analyze the global sensitivity of flow and heat
transfer performance of the ribbed thick-wall channel to Reynolds number, aspect ratio and rib
angle. A BP (back propagation) neural network is used to perform multi-input and multi-output

nonlinear fitting for 60 groups of experimental data, and a multi-input and multi-output neural
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network model is obtained which can accurately predict average Nusselt number, friction factor
and comprehensive thermal coefficient of the ribbed thick-wall channel. Then structural
parameters of the ribbed thick-wall channel are optimized by using a genetic algorithm under
different working conditions. Results show that the heat transfer performance of the ribbed thick-
wall channel is highly sensitive to the change of inlet Reynolds number, but is less sensitive to the
change of channel aspect ratio and rib angle. The flow performance is highly sensitive to the
change of channel aspect ratio, but is less sensitive to the change of rib angle, and insensitive to
the change of inlet Reynolds number. The maximum prediction deviations of the trained BP
neural network model for average Nusselt number, friction factor and comprehensive thermal
coefficient are 3. 9%, 2.8% and 4. 6% respectively. The optimal values of aspect ratio and rib
angle increase with the increase of Reynolds number. At different Reynolds numbers, the optimal
aspect ratio and rib angle based on the optimization of average Nusselt number are from 2. 23 to
2.75 and 41. 12° to 55. 16°, respectively, while the optimal aspect ratio and rib angle based on the
optimization of comprehensive thermal performance are from 1. 75 to 2. 11 and 56. 68° to 65. 2°,
respectively. This research may provide reference for the design of blade cooling structure of
heavy duty gas turbine in future.

Keywords: ribbed channel; cooling performance; neural network; genetic algorithm; prediction

and optimization
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Table 1 Data of Nu, f and G measured by experiment

¥ 5 Re WeH' « ‘Nu A G ¥ 5 Re WeH'! a ‘Nu A G
1 10 406 1. 00 60 58.2 0.028 5 190.7 31 10 464 0. 25 45 45. 2 0.014 2 186. 3
2 21 562 1. 00 60 98.9 0.028 8 322.7 32 20 469 0. 25 45 86. 3 0.014 4 355.2
3 29 553 1. 00 60 142.9 0.029 1 464.7 33 30 006 0. 25 45 112.2 0.014 4 461. 4
4 39 951 1. 00 60 169.1 0.029 6 547.0 34 39 670 0. 25 45 149.2 0.014 8 607. 4
5 49 803 1. 00 60 202.6 0.027 2 673.9 35 49 484 0. 25 45 183.4 0.014 4 754. 3
6 59 241 1. 00 60 251.6 0.028 2 826. 6 36 59 974 0. 25 45 217.8 0.013 9 905. 4
7 10 452 1. 00 45 72. 4 0.026 0 244. 4 37 10 228 2.00 60 80. 0 0.031 8 252. 4
8 19 487 1. 00 45 113.3 0.024 3 391.0 38 20 021 2.00 60 128.9 0.029 1 419. 3
9 30 122 1. 00 45 144.7 0.024 4 498. 6 39 30 486 2.00 60 179.9 0.026 6 602. 7
10 40 361 1. 00 45 189.1 0.025 8 640. 0 40 40 350 2.00 60 216.9 0.026 7 725.6
11 49 272 1. 00 45 219.1 0.026 0 739.9 41 49 131 2. 00 60  263.9 0.026 6 883. 6
12 60 274 1. 00 45 247.3 0.025 5 §40.0 42 59 393 2.00 60  310.4 0.026 2 1045.5
13 11 662 4. 00 45 64. 3 0.058 7 165. 4 43 10 117 0. 50 60 55.8 0.020 2 204.9
14 21 367 4. 00 45  101.4 0.058 6 261.1 44 20 004 0. 50 60 99.7 0.022 0 355.4
15 29 904 4. 00 45 153.1 0.057 8 396.0 45 30 088 0. 50 60  149.2 0.022 0 532.1
16 40 428 4. 00 45  197.1 0.057 2 511.5 46 40 410 0. 50 60 191.9 0.021 3 692. 3
17 50 321 4. 00 45 230.4 0.057 2 597.9 47 50 602 0. 50 60 233.1 0.020 8 846. 9
18 59 372 4. 00 45 274.4 0.058 4 707.1 48 59 340 0. 50 60 277.8 0.020 2 1019.4
19 9 569 4. 00 30 50.5 0.030 3 162. 1 49 10 650 0. 50 45 56.0 0.019 8 207. 2
20 20 110 4. 00 30 83.1 0.029 4 269. 4 50 20 835 0. 50 45  103.6 0.019 9 382.2
21 30 377 4. 00 30 126.7 0.029 8 408. 4 51 30 506 0. 50 45 147.1 0.018 7 553. 6
22 40 715 4. 00 30  155.8 0.029 6 503.7 52 40 051 0. 50 45  190.2 0.019 6 704.8
23 49 986 4. 00 30 184.9 0.029 3 599.9 53 49 884 0. 50 45  232.7 0.019 6 862. 4
24 58 976 4. 00 30 210.8 0.028 6 689.0 o4 59 901 0. 50 45  273.6 0.019 6 1014.2
25 10 708 0. 25 60 45.1 0.016 6 176. 6 55 9 831 2.00 90 43.0 0.032 4 134.8
26 20 743 0. 25 60 79.1 0.015 6 316.5 56 19 960 2.00 90 78.7 0.032 7 246.0
27 30 181 0. 25 60 111.5 0.0159 443. 3 57 31 124 2.00 90 118.6 0.032 3 372.5
28 40 304 0.25 60 141.9 0.015 9 564. 1 58 40 565 2.00 90  156.7 0.032 9 489. 3
29 49 578 0. 25 60 174.8 0.015 5 701. 2 59 50 574 2.00 90 188.7 0.032 1 593.8
30 59 314 0. 25 60  207.6 0.015 8 827.7 60 60 621 2.00 90  221.1 0.033 2 688. 1
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Fig. 9 Optimization results based on maximizing average

Nusselt number at different Reynolds numbers
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Nusselt number at different aspect ratios
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Table 2 Optimization results based on G maximization at

different Reynolds numbers

Re W H" a/ (") G e/ %
10 000 1.75 56. 68 421. 49 67.03
20 000 1. 83 57. 96 523. 33 24. 82
30 000 1. 89 59. 62 713.18 18. 33
40 000 1.94 62. 23 855. 41 17. 90
50 000 1.99 63. 44 990. 93 12.15
60 000 2.11 65.20 1175.83 12. 46
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Table 3 Optimal rib angles based on G maximization at

different aspect ratios

Re W« H'! a/ () G
60 000 0.25 59. 14 762. 56
60 000 0. 50 60. 37 862. 24
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60 000 2.00 65. 29 1 167. 95
60 000 4. 00 66. 06 780. 26
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