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Table 1 Turbine flow field simulates fluid medium properties

M/ Reference Reference Thermal conductivity/ ~ Dynamic viscosity K Temperature Reference
(kg'kmol")  temperature/ K pressure/Pa (W-m™-K™) equation ’ exponent viscosity/(Pa-s)
28.9448 273.15 1.01x10° 2.61x1072 Sutherland 124 1.5 1.7161x107

T,—Sutherland's constant
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Fig.3 Temperature-specific heat capacity curve of the fluid
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Table 2 Turbogrid specifies parameters for grid division

Global mesh size parameter First boundary layer grid Y+ Radial mesh cell density Near wall reynolds number

0.3~1.25 1.0~10.0 1.2~1.6 1x10°

%3 Turbogrid FA% 5T & B9 PEHIARIE
Table 3 Turbogrid grid quality criteria

Maximum face Maximum number of Maximum cell Minimum Maximum side
Minimum face angle/(°) Maximum skew
angle/(°) connected unit volume ratio volume/m? length ratio
165 15 12 20 0 1000 0.9

E N ST S
Table 4 Meshing scheme

Number of single Number of stator Number of rotor

channel grid blade element blade element

50454 20202 30252
137356 78918 58438
197111 94204 102907
292602 157248 135354
382195 193732 188463
489110 215615 273396
585110 276318 308792
690523 331108 359415
794958 374976 419982
1003821 454687 502142
1177263 533220 644043
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Table 5 Axial spacing under 5 working conditions

Tip clearance of Percentage of clearance
Working condition

rotor blade/mm relative to blade height/%

GO 0 0

Gl 0.2 1.05
G2 0.4 2.13
G3 0.6 3.23
G4 0.8 435

GO %] GI Y1 &L, mh2 e] B 5 i 3 2 A /b 2
1%, 2R R K20 0.8%. IAh, GO IR 3R
B T 5 BR A S LASR, 5 R e gE R
B MRS BE A E, Wk, AH T
GO A 85CR A HE B 4 18] B 52 i &b, T8 58 78 1% T80
AR AR

F6 5SFLILTRIRARAZ KR

Table 6 Efficiency change under 5 working conditions

Efficiency
Working condition n/%

change/%
GO 89.47 0
Gl 86.19 -3.28
G2 85.40 —4.07
G3 84.61 —4.86
G4 83.80 —5.67
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Fig. 8 Velocity flow diagram of different tip clearances in ISO view
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Fig.9 Velocity flow diagram of different tip clearance in radial view
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Table 7 Velocity parameters of different tip clearances

Working Maximum Minimum Maximum velocity
condition speed/(m-s™") speed/(m's™") difference/(m-s™")
GO 778.335 35.25 743.085
Gl 781.164 43.49 737.674
G2 775.891 86.59 689.301
G3 784.328 90.64 693.688
G4 1036.52 85.97 950.550
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Fig. 10 Velocity flow diagram of different tip clearances in axial view
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Table 8 Maximum turbulent kinetic energy with different blade
tip clearances
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Fig. 12 Curves of turbine aerodynamic efficiency and turbulent
kinetic energy at different blade height planes under
different tip clearances
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Influence of Blade Tip Clearance on Turbine Aerodynamic Efficiency

ZHU Yuhan, SUN Yujie, ZHANG Runze, KANG Lei, LU Xuewei, XIE Weiyi, XIONG Xiangjie, LIU Changli

(School of Mechanical and Power Engineering, East China University of Science and Technology,
Shanghai 200237, China)

Abstract: Using numerical simulation of unsteady flow fields, the impact of rotor blade tip clearance on turbine

efficiency was analyzed for an integral turbine disk. From the perspective of the underflow and leakage introduced by

tip leakage flow, the mechanisms of airflow losses due to underflow, leakage, and their coupled effects were studied. It

is found that underflow losses are caused by the transition of boundary layer flow, leakage losses result from the

reduction of airflow directly involved in work, and the coupling of underflow and leakage constitutes a secondary flow

loss. By quantifying the total loss of tip leakage using turbulent kinetic energy, it was indicated that tip leakage flow not

only affects the flow field at the blade tip but also influences the flow fields at the blade midsection and root. As the tip

clearance increases, the turbulent kinetic energy intensifies and the area of high turbulent kinetic energy regions

expands,suggesting an increase in leakage losses and a corresponding decrease in turbine efficiency.

Key words: unsteady flow; tip clearance; acrodynamic performance; flow field analysis; acrodynamic efficiency
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