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Numerical Study of Effects of Blade Tip Pressure-Side Winglet

Cavity on Aerodynamic Performance of a Transonic Turbine Stage
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Abstract: In order to study the effective control method of turbine tip clearance leakage flow, the present
study applies the passive flow control technology of the rim winglet structure to the turbine stage rotor blade tip to
control the transonic turbine stage tip clearance leakage flow and improve its aerodynamic performance. The aero-
dynamic performance and flow field around the blade tip were evaluated by numerical simulations under a flat—tip
case, a groove tip case and a rim winglet case. The effects of different tip clearance heights of rim winglet cases
on the tip leakage flow were investigated in this study. In addition, the influence of both the maximum off-set po-
sition and the inclination angle of the winglet were discussed in detail. The results supported that the tip leakage
flow was well regulated and consequently the efficiency was enhanced with the application of the rim winglet.
More concretely, the efficiency of the turbine stage was improved by 0.51% and the mass flow rate of the tip leak-
age flow was decreased by 48.6% under 1mm tip clearance. Moreover, the efficiency of the turbine stage in-
creased with an enlarged winglet inclination angle. The optimal winglet off-set position turned out to be 1.2mm.
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Fig. 1 Schematic diagram of transonic turbine stage **!
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Fig. 2 Stacking diagram of rotor and static blades

Table 1 Main design parameters of turbine stage

Parameters Value
Static blade number 24
Rotor blade number 36
Static aspect ratio 0.78
Rotor aspect ratio 1.35
Tip clearance high/mm 1
Expansion ratio 3.12
Inlet total temperature/K 454.4

Outlet Re number 1.6x10°
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Fig. 4 Schematic diagram of turbine meshing

Ay B, (AT A% 1 23 475 5 3l 50 ) 7 1) AR DC B, LA
B/ O A% E A R B T R 25 o R X 36 e gl it
M- T (1] BT 08 0 AR I11 R 358 23 20 A 9 A i 25, LA
T A i Pt T[] B 3L 30 9 AT

e JR T AN [] 505 19 0 Ak xS 8L 1Y 0 4% JE O
PEVEAT TR RAE . W T B IR R e s it
M- T i) B PAY ) ek T Tt s 9 2, DR, DR ARE A% T
P 58 T I 8 TS A SR T 2 — B, T AT 3l i ) Jgl 1
Ji 1 A g T T B O 0 AT 1A [ AR R
M R AT 6 b A [7] 90 A% K0k (9 77 58 0 A7 204 245 2 Xt



a2k 1

W60 TR 3 000/ 3 % B P 38 i 8 4 S 0 P BE A ) ) BT 52 97

oo A AY A% KB I 286 J5 2 917 J3, &1 %o i Tit ] iR
43 U Bl L A 5 4 R A3 AT AR N L B — 2
B 2 B R 0.5wm, F8 UF T 5 45 S BE T Y g+ 7 B A
INTF 1,

WA S 25 1T Lh b6 i A% 7 58 1 I AR SRR
SEAXT LI, QB BT Y S B 286 7, BE AN IR
R B A R ECR Y BE , I 5e g Rk A
GRS R B IR E T 697 T3 I I R i T6 )
B DA A 0 B B R B T 45 )2, AT LTS A il R BT
BT T A 4> A R IR O R I T RE AN
gk ysn .

H 15 58 R B R BT B 2 R 5 S e 4 R
PEAT X L, DAt — 25 B U RO 5 i g T ATk
WE 6 FT7R, 45 T EEAT R 7 5040 T R iR A8 4
Ty % i R T 25 3 R A B T AR R S 5% )
25 JL A0 LS B0, R IFE R [ R b B T A A R

0913
0912
= /'/
w
0911
2x10° 4x10° 6x10° 8x10° 1.0x107

Total grid number

Fig. 5 Variation of turbine power with grids
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Fig. 6 Numerical and experimental results
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Fig. 7 Variations of turbine efficiency under different tip
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Fig. 8 Variations of tip leakage flow rate under different tip
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