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Effect of unsteady wake transportation on film
cooling flowfield of rotating turbine blade

ZHOU Li, WEI Wei, CAI Yuan-hu
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Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Unsteady flowfield of the turbine blade with film cooling was investigated nu-
merically under different blowing rates with the wake simulated by the cylinder rod. The
effect of unsteady wake transportation on the film cooling flowfield was analyzed. Results
show a zone with low velocity forms due to the total pressure defection and velocity defec-
tion. The disturbance of the unsteady dominates the formation of the cooling film when the
unsteady wake is transported to the position near the cooling hole, which results in the obvi-
ous reduction of the cooling effectiveness near the cooling hole. The cooling gas can be
transported to the farther downstream region due to effect of the unsteady wake, and the re-
covery range of the cooling gas along the spanwise direction is wider than the time without
unsteady wake passing, therefore better cooling effectiveness exists on the pressure surface
when the unsteady wake is transported to the position near the cooling hole on the pressure
surface. The effect of the unsteady wake on the cooling effectiveness increases with the in-
crement of the width of the unsteady wake. The effect of the unsteady wake is larger on the

pressure surface than that on the suction surface.
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Fig. 2 Distribution of the cooling effectiveness on
the pressure surface using different

computational methods

3 M=o0.7

[7] ’

60 .
T=60,

4~ 6 d=5mm,

080

0.75

070}

Cooling effectiveness

0.60

0_55-—.‘.11\..“\.‘ PEFEIEN ERE RS
10 20 30 40 50 60

Time step

3
Fig. 3 Distribution of the cooling effectiveness

near the cooling hole

PR S
() FEHE B 7 VAL 20

4 d=5mm,M=0.7

Fig.4 Distribution of the velocity vector near
the cooling hole on the pressure surface

under d=5mm,M=0.7

M=0.7



1699

/

)

(=]

2

o 0 % )

S S g >}
/,j b S it
kg\fff e & 57

8 o
iy

=
4
N 7
i N

\

(a) FE3b4 12 3 i) T v AL 2

(a) 34z 3] e g T v 2L 2]

/»Q-ﬂ'r—g-_.ﬁ A B
03 2 e 04 025
i 2 %
T 0 //2:_'//
30 =—— 04—
03— 3]

=l
e

L7
Q

= =

\/\/ B LB
§JML'C0\/\
\“{0___/_,——\)?;\)-4—-—-"*\\‘1;“—‘——

(b) T12)5

5 d=5mm,M=0.7

(b) TR
Fig. 5 Distribution of the cooling effectiveness near
. 6 d=5mm,M=0.7
the cooling hole on the pressure surface

under d=5mm,M=0.7

Fig. 6 Distribution of the cooling effectiveness
on the pressure surface under
T . 4 p

d=5mm,M=0.7

) T/2 .
4 7~ 9 d=5mm,
s M=0.7
., 5
. , 7
T/2 ( ) . 6



1700

, T/2

, T/2

() FE i iz By ThT % A LI 21

(b) T/2J5

8 d=5mm,M=0.7

Fig. 8 Distribution of the cooling effectiveness

Fi h i i 1\‘\‘\\ ‘ near the cooling hole on the suction surface

"1 ! A N v )
RN - under d=5mm,M=0.7
(b) T2

7 d=5mm,M=0.7
11

Fig. 7 Distribution of the velocity vector near
the cooling hole on the suction surface ’

under d=5mm,M=0.7 ’

10 d=5mm,

T/2

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



8 : 1701

S [T L Tomm < == 030
2 D S i < < = oLg
% | P LB =5 \r L @ o LY
2 ™ <n_22\ 0.25 2/; Ty " ‘;‘T Qp_{,\ _ \> - 030, (0_30 o B
< . N ReoEs : & -
| { 15 <> T %_Q@o?‘p' ; & { >\, =) mg 0
. 022 S AT )
LB (T 0257027 [*D.%ip 4 %, 22
Ll o T o [ 7
\\ Pﬂ \ 022 by Qi‘—/\z%ﬁ;’ . ].tt(l \ \\ ;
P B\ ,g,;(] S o\ N\
T NN <25 oete 40
(030 0 005 | Caesie? ~0.35-
P vy OB |~/ _
O L ) © <
e 05 nzvnﬂ-g?—%\t’% 35—
(a) FE 4 B W ) v A AL 2 b) TG

9 d=5mm,,M=0.7

Fig. 9 Distribution of the cooling effectiveness on the suction surface under d=5mm,M=0. 7

e _1\@5“7 — - \ (:‘u
N s s { O
“QOM < qji O o \) U = 8
03 25 Dl
S oF 00 ) o 25
:_4:;:# pr ’ é}, =‘H O (]
0305 a % 0 2
—— ?5; r"o;( t‘q’ g |
%W\,\ ~035_ < Al L0 ‘
; ‘é?iri/—t/—:—‘{l?Ai ‘<-1ms\;> Ty fw
=0 34— 3 { \CK \
=y, - N ‘ k
— U Ui S
—— - — 0=

(a) R HRIZ I TS 2L 2

10 d=15mm,M=0.7

Fig. 10 Distribution of the cooling effectiveness on the pressure surface under d=15mm,M=0.7
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