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Effects of Film Cooling Hole Blockage on Cooling and
Heat Transfer Performance at Squealer Tip
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Abstract: Film cooling and heat transfer performance on the squealer tip with different degrees of
cooling-hole blockage are investigated using numerical methods. The film cooling effectiveness
and heat transfer coefficient distribution on the squealer tip are obtained under three blowing
ratios (M=0.5, 1.0, and 1. 5) and five different blockage ratios (B=0, 0.2, 0.4, 0.6, and
0.8). The results show that the cooling-hole blockage causes decrease of film cooling effect and
increase of thermal load on the squealer tip. The film cooling effect and heat transfer performance
on the squealer tip are deteriorated with increasing the blockage ratio. The blockage in film
cooling holes significantly alters the flow structures in the squealer tip gap. With cooling-hole
blockage, the lift-off effect of coolant in the squealer cavity will be aggravated, resulting in earlier
leave of cooling flow from the squealer cavity. Generally, the blowing ratio is an important factor

that affects the heat transfer and film cooling effect on the squealer tip under blockage conditions.

ks B . 2023-12-07, YEZ R A BRI 2001—) , B L4 2 E&GEGEZ . B . 88%., XE4TH. BEXAER
Bl2g 3 4P H (52076165,
W 2% Wy RS TR] . 2024-02-26 P 2% Hy R B AIE : https: // link. enki. net/urlid/61. 1069. T. 20240223. 1357. 008



[N S R NI S

Compared with the unblocked cases, the area-averaged film cooling effectiveness on the squealer
tip decreases by 64.88% , and the heat transfer coefficient increases by 13.01%, at blowing ratio
M=1.0 and blockage ratio B=0. 8. Reducing the blowing ratio is conducive to the improvement
of film cooling effectiveness on the squealer tip with small blockage ratio. The area-averaged film
cooling effectiveness on the squealer tip only decreases by 6. 82% at blowing ratio M=0. 5 and
blocking ratio B=0. 4. However, in the case of small blow ratio, for example M=0. 5, the film
cooling effect on the squealer tip is deteriorated significantly under the condition of large blockage
ratio. At blowing ratio M = 0. 5 and blocking ratio B=0. 8, the area-averaged film cooling
effectiveness on the squealer tip decreases by 82. 09% compared with the unblocked case. The
increase in blowing ratio can improve the film cooling effect on the squealer tip with large
blockage ratio. Compared with the unblocked case, the area-averaged film cooling effectiveness
on the squealer tip only decreases by 51. 34% and the heat transfer coefficient increases by
11.52% at blowing ratio M=1. 5 and blockage ratio B=0. 8.

Keywords: gas turbine; squealer tip; hole blockage; film cooling; heat transfer; blowing ratio
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Fig. 1 Geometrical model of the blockage cooling hole
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Table 1 Parameters for the computational model in numerical

simulations

ZH Al
LGS/ (O 32
M A B B /mm 122
A T5 ] Bt/ mm 1.97
[ 4 R B/ mm 5.00
JA BE 8 /mm 2.26
BAERE /mm 5.00
S WAL E R/ mm 1.27
ALK /mm 6.00

TR SRR 5

K2 RS A

Fig. 2 Schematic view of the computational model
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Table 2 Boundary conditions in numerical simulations
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Fig. 4 Heat transfer coefficient and film cooling effectiveness

contours on squealer tip with different turbulence models
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Fig. 5 Pitch-averaged film cooling effectiveness and heat
transfer coefficient on squealer tip cavity floor along

axial direction with three different turbulence models
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W% %8/ 7 R/(Wem ?« K X2/ %
612 500. 30 1.93
985 495.77 1.0l
2074 491. 94 0.23

2 LR 5118
2.1 HEIELL X M4 TR S A0 45 B R0 S 3 1 A

=AU

ARBERK I M=1.0 &4 F .05 % 1L B
0.0, 2.0, 4.,0. 6.,0. 8 Hsf [V 0 T ¥4 A1 4% S AN 3
PERE
2.1.1 WA TR A A IR E S A

AN [F) 35 € LU I MRS - T %) <B4 21 300% = (&1
6 FT 7, il Bt 3% 2 FU B R [T I T A A S




144 [N .

PN

% 58 &

WBCRTWE, WL B=0 W, i T8 70 v 35 A
J& G A SV BV B0 A7 AE w8 SRV N ROR X
B A4 B=0. 2 i, MR i TSIV A M s LT
R A U R BE R A 1 B AL 4 S X M Al I T
SV HIPERE R M AN K 5 {H 2 B=0. 4 W}, it 15 o &
R Ak 1 SRRV V2803 WY Jd AT e IRV 203K
XA TR SR AL IE ZE R AR T i T % A
SRV HIERE s YIE FE i — D3 K #) 0.6.0. 8 Y,
FR S 4 R ARV A AR XA R AUHE R S A R AE
NV FL A TP 85 RV B ROCR X C, ™ I S AL
B AL T I T SR A RS MR RE . R R3S ZE 1L
P £ TR P T3 B P 34 ARV 2003803 i il 1) 4 A
K7 s,
| [ [T [ [ .

0 0.050.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

B=0.8

GO R T LT 0 T IS B 5
Fig. 6 Film cooling effectiveness contours on squealer tip with

different blockage ratios
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along the axial direction with different blockage ratios
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Table 4 Area-averaged film cooling effectiveness on the

squealer cavity floor with different blockage ratios
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Fig. 8 Three-dimensional streamlines in squealer tip gap with

different blockage ratios
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Fig. 9 Velocity contours and streamlines on streamwise

cutplanes with different blockage ratios
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with different blockage ratios
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Fig. 13 Pitch-averaged film cooling effectiveness on squealer

tip along axial direction with different blockage ratios
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Table 7 Area-averaged film cooling effectiveness on the

squealer cavity floor with different blockage ratios

B 7 7 AR L1/ %
0 0.119 2
0.2 0.124 6 —4.50
0.4 0.1111 6. 82
0.6 0.068 9 42,21
0.8 0.0213 82.09
2.2.2 ek M=0.5 B WA et TR % & M oA

WA EE M=0. 5 I S [6] 35 2 L 2% 40 i T X Ja
M= 14 iR, BB 14 v LLE 7
ANEEE LU ST Ve H I A TR e R 2 1 7 R
B R B RS BEA EIMERE R 4 s B=0. 8 1, k%
HVGE I TR 0 L X 3 9 04 5 3 BE T 3 0 L 8 IR
A I 0 A T I T MR RE A i bl
SRR T B IR RSB i, B R
RS HI R T 3 R R, TR RS R A O R R Ak i v A
A b AL B A B W B IR SRR G AR
ﬁ?@%ﬂﬁﬁaﬁﬂﬂﬁﬁ@%W%Hﬁ‘«%ﬂﬁﬁﬂﬁ%o

LI R
Wl R
il 20 W g

B=0.2 B=0.4

14 R [A)SEZE LEF B9 T = 4R i

Fig. 14 Three-dimensional streamlines in squealer tip gap

with different blockage ratios
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Fig. 15 Velocity contours and streamlines on streamwise

cutplanes with different blockage ratios
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Fig. 16 Heat transfer coefficient contours on squealer tip

B=0.8

with different blockage ratios
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Fig. 17 Pitch-averaged heat transfer coefficient on squealer

tip along axial direction with different blockage ratios
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Table 8§

Area-averaged heat transfer coefficient on the

squealer cavity floor with different blockage ratios

B R/(Wem™ 2K hFELe/ %
0 482, 50

0 475, 69 —1.41
0. 4 488. 06 1.15
0.6 519. 08 7.58

0 557. 65 15. 57
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Fig. 18 Film cooling effectiveness contours on squealer tip

B 18

with different blockage ratios
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Fig. 19 Pitch-averaged film cooling effectiveness on squealer

tip along axial direction with different blockage ratios
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Table 9 Area-averaged film cooling effectiveness on the

squealer cavity floor with different blockage ratios

B 7  BEAR L1/ 2%
0 0.080 1

0.2 0.084 3 —5.29
0.4 0.050 2 37.31
0.6 0.0428 46. 59
0.8 0.0390 51. 34
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Fig. 20 Three-dimensional streamlines in squealer tip gap

with different blockage ratios

B [ [ a

20 40 60 80 100 120 140 160 180 200
v/(m *s™)

B=0.6
I [7) 3 2 LT W 1) AT 2R s R A £k
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Fig. 22 Heat transfer coefficient contours on squealer tip

with different blockage ratios
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Fig. 23 Pitch-averaged heat transfer coefficient on squealer tip

along axial direction with different blockage ratios
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Table 10 Area-averaged heat transfer coefficient on the squealer

cavity floor with different blockage ratios

B R/(Wem 2« K IR/ %
0 530. 50
0.2 530.79 0.05
0.4 544,56 2.65
0.6 569. 44 7.34
0.8 591. 63 11.52
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Fig. 24 Area-averaged film cooling effectiveness and heat

transfer coefficient on the squealer cavity floor with

three different blockage ratios
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