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Effect of Impingement Offset Structure on the Performance of Leading

Edge Composite Cooling and Suction Surface Film Cooling

CHEN Xinnan, LI Zhigang, LI Jun

(Institute of Turbomachinery, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Under thermophysical conditions of real vane material, the conjugate heat transfer
method is applied for numerical investigation on the flow and heat transfer characteristics of
cooling jet flow in the impingement chamber at the vane leading edge. In this paper, we have
analyzed the influence of offset distance (2.5 mm, 5.0 mm, 7.5 mm and 10.0 mm) of the
impingement hole and the mass-flow ratio (1.0%, 1.5%, 2.0%, 2.5% and 3.0%) of the
impingement cooling air to the mainstream on the composite cooling performance of the vane
leading edge, the convection heat transfer performance of impingement target surface and film
cooling performance of suction surface. The result shows that the offset structure of the

impingement hole has a significant influence on the cooling performance of vane leading edge.
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When the offset distance is small, the composite cooling performance of the leading edge and
convection heat transfer performance of target surface will be weakened; when the offset distance
is large, the composite cooling performance of the leading edge and convection heat transfer
performance of target surface will be strengthened. Especially, it has a significant improvement
effect on convection heat transfer performance of target surface. Among the four impingement
hole offset structures, the average Nusselt number of the structure with the largest offset
distance is increased by up to 33.97% approximately compared with the target surface without
offset structure. The film cooling performance of the suction surface is generally negative
correlation with the circumferential distance from the impingement hole to the film cooling hole of
suction surface: the farther the impingement hole is from the film cooling hole, the weaker the
film cooling performance of the suction surface. Compared with the non-offset structure, the
average film cooling effectiveness of the suction surface is increased by about 5.56% and
decreased by about 10. 96 % respectively when the impingement hole is close to or deviates from
the film cooling hole. When the mass-flow ratio of the impingement coolant is relatively small,
increasing the mass-flow ratio of the coolant could effectively improve the cooling performance of
the vane leading edge. The average overall cooling efficiency of leading edge. the average Nusselt
number on the target surface and the average film cooling effectiveness on the suction surface
could be improved by up to 26.78%, 103.94% and 56.67% respectively. However, when the
mass-flow ratio of coolant is too large, the coolant at the outlet of the film cooling hole will fall
off the wall surface and mixing with the mainstream, seriously affecting the film coolant coverage
of leading edge and suction surface.
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Fig. 2 Geometrical shape of impingement chamber
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Table 1 Geometrical parameters of film cooling holes

AREFLFLHE FLARFLIE L&
fLAE 1 6.0 10
fLHE 2 6.0 9
fLHE 3 6.0 10

W% 7 T S HE AL 3.0 19

1.2 HEFESEIE
N T W E b U R X R R 2% H B R
Wi o 51V R AL H M E A




WRJOCAT » 5 <t b L0 5 X e T % RO T3 1T v 40P R Y 2 ) 53

M= " 2)

7')'1g
K em. HERRAH R GE;m, ERA S
TE 53 A op s JiE 28 PN ¥ AU Bl R PR I 5 L ACAH X
P v, N

y=2 (3)
A g oy RV Y JR B BE 5 i SRy i AL

BRI P

8 VT Ak T X U 8 AR RE N L A Rl fL AR

R AE A B B JRy 1 85 FE IR B N s 5E Lh
o ]ldi _ qw di

N = =T =T &

kR X e R B ke RV BT S R
B g, R ITE B BE  To T, 4 9 Sk T L BE
hdi L R B

FEVEAN T2 2 A W H AR B AZE BB )
MR O E L

4

R (5)

g T.
LT, W ERA R T, R A R T,
hy W ¢ 1 9B
TEVE A 7 T BEVS 50 PE AR I L 1A S BT
R g X

_ T;:_Tf
7](* Tg*Tce (6)
b T AR To B AL B AR A9 8

A 53 M [ A 3580 P9 32 2 A IF S 51K X L E A
E XA
A== D)

%orfrs Ty g 7 i A 3 1) T

KM Ansys-Fluent JF & 0 5¢ . 31 5 K5 & —
Bro 3R 2 NBUEITTR D B0 IR R ) B
Ko F 7 5h S e g e S T vk B EAR
SR, BT RIEEUE T b e RS B
% LUV S S BRAL S BRas 4T T oOAR A L B Ik 3 R
ABBRERRAHD MRS GEE it J 526 T
B o A e S B ) R A O R, A 25 ok
BUT 1% % 3% 4k 5 A S5 & i & H, X i F LA o
dr LA N R AE K B 1 o i T B0 Re S BN
10 192. 36 ~ 30 349.57, 5 [E N 4b wh &5 % 20 B
GEt oSO DO, [ A SR L 1 B IR K

http: // zkxb. xjtu. edu. cn

BHAREE C, HEAR B T 0 6 I 0 KALTG 5
WSS % 3 PR R T 850
kg/m’.

k2 KA EDR AN

Table 2 Boundary conditions of numerical simulations
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Table 3 Physical properties of K417G superalloy

wE/K KJ/(Wem™«K™") C,/(Jkg '« K™

200 13. 86 476
300 14. 40 490
400 15. 28 506
500 16. 83 528
600 18. 80 555
700 21. 35 595
800 23. 86 654
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Table 4 Averaged temperature of solid domain and averaged

Nu of target surface under different grid numbers

o0 4% %% T R TH Nu R
/T3 i & /K /% /%
796 493.786  0.3427  13.363 3.794
978 496.307  0.166 1  13.651 1.721
1164  495.690  0.0416  13.774 0. 835
1444 495.621  0.0277  13.812 0. 562
2000 495.484 13. 890
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Fig. 7 Flow trajectory and velocity distribution of

coolant in impingement chamber
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