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Abstract: To investigate the effects of Mach number and tip cutback configurations on the
aerodynamic and thermal characteristics of turbine rotor tips, transient heat transfer measurement is
conducted under transonic conditions to measure the total pressure loss and tip heat transfer
coefficient of the blade row. Numerical simulations are also utilized to reveal the impact mechanisms of
these factors. The results show that with increasing exit Mach numbers (Ma=0. 45,0. 60,0. 75),
the strength and scale of the tip leakage vortex and upper passage vortex near the tip gradually
increase, leading to a significant increase in the total pressure loss coefficient of the blade row. As

the exit Mach number increases, the distribution trend of the tip surface heat transfer coefficient remains
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essentially unchanged, but due to the increase in leakage flow velocity, the tip surface heat transfer

coefficient significantly increases. Under the Ma = 0. 75 condition, the aerodynamic and heat

transfer characteristics of the suction side cutback and pressure side cutback configurations are

compared with the baseline blade tip model. Compared to the baseline model, both the suction

side cutback and pressure side cutback configurations can reduce the aerodynamic loss in the tip

region by 4. 1% and 4. 2%, respectively. Compared to the baseline model, the suction side

cutback configuration increases the heat transfer coefficient near the cutback but significantly

reduces the heat transfer coefficient in the tip trailing edge region; while the pressure side cutback

configuration significantly increases the heat transfer coefficient near the tip trailing edge.

Keywords: turbine tip; tip cutback; heat transfer characteristics; aerodynamic loss; Mach number
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Fig. 1 Variable incidence test section
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Fig. 2 Schematic of tip heat transfer test section

K3 g i 1 bR S AL TR b B 2 B A £
e 3Ca) BTN o po.w R I ABERE 108 T o T oA 0 22E
HUER B BRREE 1 2 s IR E A H T8 1%
AR, I UE— 2 JCBR AR B A9 A M I 3(b)
JR7R T AR R 3R T — s Y VA — A BAIAT 2 38 R it J3E 78

ey,
160 1330
— Poin “NM’MWWVQ%WV\”A
s 140F — T, [ i 4320
=} M o
< G <
120F [ i 1310
100 - - : : - - - 300
0 2 4 6 8 10 12 14 16
t/s
() O 251k
45
40 -
235
SN
1% 30
R
25

2 . ! L . )
0955 0960 0965 0970 0975  0.980
JC AN RE TR

Ch) AU L 38 72 1 h 24
B3 WA AL A5 ik

Fig. 3 Transient heat transfer measurement methods
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Fig. 4 Geometry comparison of blade tip
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Fig. 5 Unstructured mesh of test blade
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Fig. 6 Mainstream inlet boundary layer
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Fig. 9 Calculated isentropic Ma along blade surface
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