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Research on S, stream surface for cooling air mixing and

variable-thickness flow-slice in multi-stage
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Abstract: To reduce the difficulty of aerodynamic design in air-cooled turbine, a set of
calculation_ idéas based on multi-stage air-cooled turbine were presented in consideration of
the cooling-ait mixing, warped S, stream surface and variable thickness along with flow pas-
sage; the parameterization method program and automatic mesh generation program of
warped S, stream surface slice with cooling condition were prepared, and the traditional
plane slice was modified. Comparative analysis of the difference among the modified plane
slice, warped S; stream surface slice and three-dimensional calculation was made, and aero-
dynamic design of a high-pressure turbine with warped S, stream surface slice was optimized.
The results show that: in comparison with three-dimensional calculation, the maximum gap
of mass flow in modified plane slice is up to 22. 68% , and 3. 58% in warped S; stream surface
slice; the warped S; stream surface slice is closer to three-dimensional calculation on one-di-
mensional data; blade pressure and Mach number contour distribution of warped S, stream
surface slice are closer to three-dimensional calculation than that of modified plane slice. Af-
ter aerodynamic optimization in warped S, stream surface slice, compared with original mod-
el, the stage efficiency has been increased by 0.41%, while mass flow has only been in-

creased by 0. 21%.
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Table 1 Comparison of one-dimensional parameters of every section

wm S8 Orip Plane Oriw Warped Cplane/ % Cwarped/ %
P/W 4083. 230 436. 760 3978. 000 4208. 615 7.97 5.35
g/ (g/s) 26.120 33.783 26.137 25.468 22.68 2.63
! B/ 70. 054 68. 040 69.616 68.977 2.96 0.93
Ma 0.934 0. 946 0.935 0.943 1. 27 0. 85
P/W 4731.480 4595. 990 4317. 500 4498. 810 2.95 4.03
G/ (g/$) 26. 828 32.036 26. 844 26.673 16. 26 0. 64
’ B/ 69. 461 69. 235 69. 364 70. 291 0.33 1. 32
Ma 0.970 0. 969 0. 969 0.967 0. 10 0.21
P/W 5141. 000 4847. 580 4720. 230 4632.960 6.05 1. 88
3 G/ (g/s) 26. 200 30. 246 26. 710 27.703 13. 38 3.58
B/ 73.434 70. 278 73.355 71.469 4.49 2. 64
Ma 1. 015 1. 008 1. 012 1. 004 0. 40 0. 70
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Table 2 Range of stator optimization variables (unit: (°))

A Hfa

Wi 36. 00<C46. 00<<56. 00

Wi, 39. 70<C49. 70<C59. 70
" 33.00<C39. 60<C45. 60
% 36. 00<C42. 00<C48. 00
O 4. 00<C9. 00<<14. 00
I 5. 00<C10. 00<C15. 00

W, 5. 00<C10. 00<C15. 00

W, 4. 00<C9. 00<<C14. 00

®3 FHMAESEE (B (%))

Table 3 Range of rotor optimization variables (unit:(°))

AR Bl
Wi 25.00<C30. 00<C35. 00
Wi, 16. 00<C22. 00<C28. 00
" 54. 00<C60. 00<C66. 00
0 41.60<747. 60<C53. 60
01 12.20<C17. 70<<22. 70
& 11. 00<C16. 00<<21. 00
W, 1. 00<C2. 00<C6. 00
W 2.00<C6. 00<C10. 00
4 BHlSH
4.1 HUEE

(U sl R R RS
F4 HIAUTERERA:("))

Table 4 Values of stator optimization variables

(unit: (%))
s ESGIES (R WES
Wiy 46. 00 53.93
Wi, 49.70 47.77
" 39. 60 41. 39
% 39. 60 36. 49
B 9. 00 11.28
& 10. 00 14. 30
Wy 11. 00 5.11

W, 9. 00 4. 06
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Table S5 Values of rotor optimization variables

(unit: (%))
A ERCPES et dr %
Wi 20. 00 34.25
Wi 16. 00 17. 60
% 62. 00 54.93
12 47.00 48.75
& 17.70 22.26
& 16. 00 19. 38
W 2.00 1.45
W, 6. 00 2.15
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Table 6 One-dimensional variables before and
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5 i JEIR NG eI %
gu/ (kg/s) 67. 298 67. 440

P/W 272706. 00 274619. 00

E/% 89. 38 89. 79
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