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Abstract: In order to analyze the leakage flow of different tip configurations, standard two—equation k—¢&
model was adopted to study the effect of squealer tip cutbacks on tip leakage flow and film cooling characteristics
by solving the Reynolds—averaged N—S equations. The film hole location, casing relative motion and blowing ratio
were also taken into account. The tip leakage flow field, leakage flow rate, leakage loss and tip film—cooling effec-
tiveness were analyzed in detail. The results show that squealer tip leading and trailing edge cutbacks can in-
crease the tip leakage flow rate, which increases with the increase of the cutback length. The pressure side trail-
ing edge cutback will increase the tip leakage loss, but decrease the tip film—cooling effectiveness. The suction
side trailing edge cutback will make part of the leakage flow slip out at the cutback location and suppress the mix-
ing between the tip leakage flow and mainstream, then decrease the tip leakage loss. In addition, the tip film—
cooling effectiveness at the trailing edge will increase. The addition of the suction side leading edge cutback has ti-

ny influence on the tip leakage loss and tip film—cooling effectiveness, but the leakage flow enter the cavity from
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the leading edge will change the tip film—cooling effectiveness distribution. The effects of tip geometries on the tip

film—cooling effectiveness decrease when the blowing radio increases. The casing relative motion reduces the tip

leakage mass flow rate, leakage loss and the tip film—cooling effectiveness, but the effect of the squealer cut-

backs is the same.

Key words: Squealer cutback; Casing relative motion; Blowing ratio; Tip leakage loss; Film—cooling

effectiveness
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Fig. 2 Geometry of the cutbacks on squealer tip

Table 1 Cutback locations

Cutback Beginning Ending
PS trailing cutback 80%C., SS Trailing edge
SS leading cutback 85%C, Trailing edge
SS trailing cutback Leading edge 209%C,
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Fig. 7 Film-cooling effectiveness of squealer tip with

various film hole locations
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Fig. 8 Tip leakage flow field of different squealer tips
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Fig. 9 Tip leakage mass flow rate over different tip

geometries
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Fig. 10 Tip leakage flow loss of different tip geometries
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Fig. 12 Average film-cooling effectiveness of squealer tip
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17 FE 18 43 51 Ry Wk KU L M=1 1, b-type, c—
type .d—type Fll e—type 4 Fft AN [] I 2 25 44 76 ML I 11
FIIZ 3l 26 15 T 1 SRRV AR A . IR ]
VLA H 38 I AL I AR X iz 3 i 2R v s Ak s i <
JIEE 78 55 T % L R AR R A, HL 2808 R % T Al 1Y 5% el AN
A5, B D7 R 2% F Rl AL B SIS BV RBCR AR K
W 30 FE 2 T R AL 4 S 4 A0 A8 G O, I g N i
G R A ) B S50 K

n 00 02 04 06 08 1.0

b-type c-type d-type
Stationary casing

b-type ctype N d-type \ e-type \

Moving casing

e-type

Fig. 17 Tip film-cooling effectiveness of different tip

geometries with stationary casing and moving casing

19 24 30% C. #8 1f F J) RECr A A2 . R
rRORT DA AL A X iz S AL I B AT S AT I ) 5%

JA B30 18— A 45 e, T 246 RS P 3 s 3 i BEL
S ) 72 i 9 O, 07 JFL T s O sl 5 AR N 3z 2l Y 5 47
T3 2 W 3 5 8 b 4tk T i RO B R
A T 453 2% B/

% Stationary casing
ﬂ]]]]]]] Moving casing

Squealer type

Fig. 18 Average film-cooling effectiveness of squealer tip

with stationary casing and moving casing

[ I I ]
CP 0.1 020304 0506 0.7 0809

Cavity vortex

Cavity Scraping
vortex vortex
PS SS

Fig. 19 Pressure coefficient distribution and streamlines at

30%C. of squealer tip with stationary casing and moving

casing

A SCHR T — A ek i i R IE K f=type, BIVAE o
type M JE Al - o A% T S OB LAY A2 B AP 20 B
o B 21 0 f-type 76 HLIE AH XS 32 2 25 7 T, PI AR A
[ ) B g B2 4 ik A B v 8 3 a3 A, D TR v g L
A XA IR 2RT LA e B A% 1R T AR AT B 4 o i
PR RR

Fig. 20 Computational model of f-type



Tip Heat Transfer[J]. Journal of Heat Transfer, 2002,
124(3): 452-459.

[ 3] Azad G M S, Han J C, Boyle R J. Heat Transfer and
Flow on the Squealer Tip of a Gas Turbine Blade [J].

132 e o 4 R 20184F
Journal of Turbomachinery, 2000, 122(4): 725-732.
[ 4] Kwak J S, Han J C. Heat Transfer Coefficients on the
Squealer Tip and Near— Tip Regions of a Gas Turbine
Blade with Single or Double Squealer [J]. Journal of
Heat Transfer, 2003, 125(4): 778-787.
[ 5] Krishnababu S K, Newton P J, Lock G D, et al. Aero—
=2 4%span £=3.6%span Thermal Investigation of Tip Leakage Flow in Axial Flow
Fig. 21 Tip film-cooling effectiveness of f-type at different Turbines Part L:Effect of Tip Geometry and Tip Clear-
tip clearances with moving casing ance Gap [J]. Journal of Turbomachinery, 2007, 131
(1): 727-738.
4 % [ 6] LeeSW, KimS U. Tip Gap Height Effects on the Aero-
dynamic Performance of a Cavity Squealer Tip in a Tur-
A BT R AR R T R TE R X i 2k 3 3l bine Cascade in Comparison with Plane Tip Results Part
Ve EEEPE R B A B DL 24598 1—Tip Gap Flow Structure[J]. Experiments in Fluids,
(1) JA B AR [F] B, SR AL AL T 11 2 F rh 5% 4k 2010, 49(4): 1039-1051.
W 3 000 ) W 2 A5 B ¥ DRI AE B 5 AR XL B P 4R [ 7] Kwak J S, Han J C. Effects of Rim Location, Rim
TAMEALAE T PRk bR S RS HIsR kXL Height, and Tip Clearance on the Tip and Near Tip Re-
H M =2 I I 4 S 24 SIS E1 38R 1 R ik 3 80% gion Heat Transfer of a Gas Turbine Blade[J]. Interna-
(2) 4 58 i W42, A0 B L 437 & 4 R i, TR A tional Journal of Heat and Mass Transfer, 2004, 47(2):
1 50 0 2 0 D B 7 452 544K 5651-5663.
HE— R LR AR 425 B8 H1 350 W 7 ) 2 [ 8 ] FEl-Gabry L. Numerical Modeling of Heat Transfer and
o5 JT- 2 i a] B2 R O B L B UM R S Pressure Losses for an Uncooled Gas Turbine Blade Tip
B TR L I 98 165 i 0 O 450 26 . L B B o e Effect of Tip Clearance and Tip Geometry [J]. Journal
VA 6 ¢ 2 A 242 0 R 25 4 T 2 £ i B of Thermal Seience & Engineering , 2007, 1(2).
YR 375 K A D R % A 4 3 — 2B b e (R [ 9] Prakash C, Lee C P, Cherry D G, et al. Analysis of
7 A T O 2 A 2 0 R Some Improved Blade Tip Concepts[J]. Journal of Tur-
A 1 l:(imachinf:’ry, 2006, 128(7): 639—6{2. )
(3 B 5 W5 KL 10 500 20 4 2 T v 0 2 2 [10] @& 72, 8 B nb ISR 25 0 3h i< v RE Y R
LT, Wiz ek, 2013, 34(2): 218-226.
WA B aztype FREIIREE /AN TIAAMITR 1 0 Blkad S V. Kontrovitz D M, et al, Effect of
S FL T 2 25 M 0 R v 0RO B B T 97 O Tip Gap and Squealer Geometry on Detailed Heat Trans-
/o WORH A M=0.5 3 B M=2 1 d—type ) 5 5 15 fer Measurements Over a High Pressure Turbine Rotor
FIT 102%- Blade Tip [J]. Journal of Turbomachinery, 2004, 126
(4) B AH XT38 2l 23 9k /1N it 2 ] B itk dhs O 2 it (2):221-228.
RN AW R S W ISPy S B i N A [12] Mhetras S, Narzary D, Gao Z H, et al. Effect of Cut-
A AR, back Squealer and Cavity Depth on Film—Cooling Effec-
52k tiveness on a Gas Turbine Blade Tip[J]. Journal of Tur-
bomachinery, 2008, 130(2): 111-120.
[ 1] Denton J D. Loss Mechanisms in Turbomachines [R]. [13] Naik S, Georgakis C, Hofer T, et al. Heat Transfer and
ASME 93-GT-435. Film Cooling of Blade Tips and Endwalls[J]. Journal of
[2] Azad G M S, Han J C, Bunker R S, et al. Effect of Turbomachinery, 2012, 134(4): 74-89.
Squealer Geometry Arrangement on a Gas Turbine Blade [14] WU, WM, sRBEFE, 4. 58 M2 Iy i I

Xof A T Bt 3 sl A PR Y S (0], A R REOR

2016, 37(8): 1543-1550. (CHENG Feng-na, CHANG
Hai-ping, ZHANG Jing-yang, et al. Effects of Squeal-
er Tip Suction Side Cutback on Tip Leakage Flow and



39%:

N

514

A AR TR XS -2 B B i ) A v SRR P A 20

133

[15]

[16]

[17]

[18]

Heat Transfer Characteristics[J]. Journal of Propulsion
Technology, 2016, 37(8): 1543-1550.)

Kwak J S, Han J C. Heat Transfer Coefficients and Film
Cooling Effectiveness on the Squealer Tip of a Gas Tur-
bine Blade[J]. Journal of Turbomachinery, 2003, 125
(4): 648-656.

Mhetras S, Yang HT, Gao Z H, et al. Film-Cooling Ef-
fectiveness on Squealer Cavity and Rim Walls of Gas—
Turbine Blade Tip[J]. Journal of Propulsion and Pow-
er, 2006, 22(4): 889-899.

Yang H T, Chen H C, Han J C. Film-Cooling Predic-
tion on Turbine Blade Tip with Various Film Hole Con-
figurations[ J 1. Journal of Thermophysics and Heat Trans-
Ser, 2006, 20(3): 558-568.

BRI, WO, KRBV, AF. AURFLAL X5
RN AR [J]. Wiz 3 1 2% 4%, 2017,

[19]

[20]

[21]

[22]

32(8): 1844-1852.

Timko L P. Energy Efficient Engine High Pressure Tur-
bine Component Test Performance Report [R]. NASA
CR-168289, 1984.

Lee SW, KIM S U. Tip Gap Height Effects on the Aero-
dynamic Performance of a Cavity Squealer Tip in a Tur-
bine Cascade in Comparison with Plane Tip Results,
Part 1: Tip Gap Flow Structure[J]. Experiments in Flu-
ids, 2010, 49(3): 1039-1051.

Zhou C. The Tip Leakage Flow of an Unshrouded High
Pressure Turbine Blade with Tip Cooling [J]. Journal of
Turbomachinery, 2011, 133(4).

Yang D L, Yu X, Feng Z. Investigation of Leakage
Flow and Heat Transfer in a Gas Turbine Blade Tip with
Emphasis on the Effect of Rotation[J]. Journal of Tur-
bomachinery, 2010, 132 (4).



