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A Comparative Study on Conjugate Heat Transfer of Impingement-Film
Composite Cooling and Swirl-Film Composite Cooling
on Leading Edge of a Turbine Blade

LIU Zhao, JIA Zhe, ZHANG Zhixin, FENG Zhenping

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In order to develop high efficiency cooling method for the leading edge of gas turbine
blade, a conjugate heat transfer study on the impingement-film composite cooling structure of the
first stage blade leading edge of GE-E® gas turbine is carried out with standard k-w turbulence
model. Effects of the impingement-film composite cooling and swirl-film composite cooling on the
turbine blade leading edge composite cooling characteristics are compared and analyzed. Firstly,
the performance of five turbulence models (standard ke model, RNG k¢ model, standard k-w
model, SST k-w model, SST k1w y-Re, transition model) in the prediction of impingement and
film composite cooling is validated with experimental data. Then the grid independence is
verified. Finally, the comprehensive cooling efficiency, the flow field structure and the internal
temperature distribution inside the blade leading edge materials are compared and analyzed in

detail under the conditions of the two cooling schemes. And the effects of coolant to mainstream
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mass flow ratio and film hole spanwise angle on the combined cooling performance of blade

leading edge of the impingement-film composite cooling and the swirl-film composite cooling are

studied. The results show that within the scope of the study, the overall average cooling

efficiency of the swirl-film composite cooling is 6% higher than that of the impingement-film

composite cooling for any coolant mass flow ratio and film hole structure. In the study range, the

averaged overall cooling efficiency of the leading edge for the both cooling schemes increases as

the coolant mass flow ratio increases, while the temperature of the blade leading edge material de-

creases.

Keywords: impingement-film composite cooling; swirl-film composite cooling; blade leading

edge; conjugate heat transfer
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Fig. 1 Schematic configurations of blade, impingement-film

composite cooling,and swirl-film composite cooling
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Table 2 Geometric details of impingement holes
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Table 3 Boundary conditions of the simulation

SR Bl
S5/ (r » min ') 8 450
F kO AR /K 709
PO 2.25
SIME/(Wem ! « K1) 19.5
BEFEEEL/ % 0.5,1.0,1.6,2.0,2.5
RO ER/K 344

1.3 W48 A B R T K 1 & %

¥R %4 ANSYS Workbench Mesh 43 4
X YL A Sl T ] S A 0 R o G o e R ) 4
P AR A% B - 3 A R[] 4 dmi 349 >R I 45 44 16 1)
& o I AE PTG BE T A E 77 0 4% Ak B, CRIE It AR B 0 B
Ty EAE 1.0 BEUT o o0 A% 2 L RE 1 7 1) 3 4 X o
110, By RS A% 37 f0R029 2 124 4 7 R AR
I A T S B R 88T TT . T iy Uk Bl 4
B O A DR RO AR B . R S5
AL AR B 3 Bk 93 T, R I A 5 ) B I A%
W 3 FiR .

(a) B4R [ 5
53 A% LA
Fig. 3 Mesh generation for the simulation
R T AT AR T s B R ) T 158 2 X R A
R0, HER AR 1. 620 K
FLIE I £f Ry 25° 00 Y o il - AL 5 V2 2D S5 8 X 3
M EAT RS T O MR IR . ] da Sk 344 38 A TG G

(b) Ja) # 16 4%




%Al

XA o A < V- Bl G ol - SO A v B S SO S v A R R A LL S 119

PEZAZ AR Hrp B A pr o it Rl s 5AREAL
BHAR d Z L W I3 TE A B, R TR OE 5 AR bR R
S YR B IR 4 R AR T B 678 T,
887 J3 .1 209 J3 1Y B i Ui A BB T H AR A R L A5 G
% 4,38 31 5% A Richardson &b #f 24 20 14 45 0
{EAH L5 7T LA R 887 J7 A 1 11 58 45 SR b
JEC B . LG 75 IR T RS BRI TA] S 2k Y
KK 887 TJ1 Y W kg BEAT B TS AR SR
74.5 J7.124. 4 J3F 404. 0 J7 B Rl S5 A 8 A%
5 A5 BSOGT [ AR A% T O P HE AT 36 IE , 25 2 an i 4b
JE7R s B3 A S T AR T A R AR [
1M By Pt o] A Sl e 26 SR D 1) T s 1 i B0 1244 4 7

498 A
PR VY o
496 - Hu\:‘“cu
/ "\"‘*W.,
494}
4021 , f
Eao0f AV
4881 U3 AT
L h - 678
wt  fm T
4g4l :,_,/ —— 1209

482 L ! ! . )
-15 -10 -5 0 5 10 15 20

s d_1
(a) i A 4,
480
o4 % S U
L 745
415 / 124.4
470k / 404.0
465} | N
¥ Whm ~_ JEN
460 / \
455} / W
450 /
b
445 Z L L L L L |
% 4 2 0 2 4 6
s/mm
(b) [ 4 35,

B4 IR Ta) W s O G 1 - 1 i B
Fig. 4 Spanwise-averaged temperature of the leading edge

for different number of mesh nodes
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Table 4 Average temperature of the leading edge for differ-

ent number of mesh nodes
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Fig. 6 Mass flow ratio of different jet nozzles of the two

cooling schemes
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under impingement-film and swirl-film composite

cooling
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Fig. 12 Comparison of globally-averaged Nu, of the target

surface between impingement-film and swirl-film

composite cooling for different mass flow ratios
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on the leading edge under various mass flow ratios
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