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Experimental investigation on film cooling effectiveness
of multi-hole at longitudinal wavy surface
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Abstract: This paper described experimental studies on film cooling effectiveness of a

corrugated wall involving multrholesTor the sake of cooling air injection. The influences of

the arrangements of film cooling holes, average blowing ratio and main flow Reynolds num-
ber on the film-Cooling effectiveness were studied. Four types of hole arrangements were irr

vestigated at'\four Reynolds numbers of the main flow, ranging from 1.2x 10’ to 2. 5% 10°,

and average blowing ratios ranging from 0. 2 to 2. 0. The results indicate that the average

blowing ratio is the main contributing factor to film cooling effectiveness, which varies with

the shape of the wall among a large range of average blowing ratio. The rows of hole on the

valley and in the downstream region near the valley can decrease the film cooling effective-

ness. Conversely, the rows of hole on the crest and in the vicinal region of the crest can get

better value.

Key words: longitudinal wavy; multi-hole; film cooling effectiveness;

average blowing ratio; main flow Reynolds number
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Fig.1 Test apparatus
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Fig. 2 Experimental equipment

sl e e]o]6

PLPLPL®
wn _ oL4eob]
‘_/N?”W&z
w_/Jofelele

Fig.3 Structure of longitudinal-wavy liner

1.2
, Th
_ Te="T: Gon— g
W= hre- 1y (D
T o (K); T
(K); T. (K) 5 hi
(W/(m’* K))(
); Geon 5 gr
(W/m?). ,
, hi 500 W/( m” * K),
(1)
5% .
BR = (m/A;)/(Putw) (2
mi (kg/s); Po

(m/s); Aj

Re = P uw)N Po (3)
A (m); Mo
(kg/(m=s)).
3 )
1, 2.
1

Table 1 Arrangements of holes

1 2 3 4 5 6

Casel v v v v v v

Case2 v v v X v v

Case3 v v v x v x

Case4 v v v X x v
NV 6%

2
Table 2 Experimental parameters
Re/107> 1.2~/2.5 p/ A 0.206
BR 072~2.0 d/ A 0. 07
T/T. 1.32 R/A 0. 45
s/ A 0. 167 h/ A 0. 15
3.
2
2.1
4
R 20x 10 . 4~
7
Casel  Case2 1.0
Case3  Cased
Casel  Case2 s 0.6

B



516 24
, Case2 ,
Casel
4 2 2
0.6 R 176
, Case4 )
Case3.
14—
]{iﬁi 1.2 : 2§ T e 23
2l —— A i
~# BR=02 -o— BR=04 —& BR=0.6 op <, v 24,
LOF o BR=08 < BR=10 —> BR=12 ] ~#—BR=0.2 —o- BR=04 —& BR=0.6
~4-BR=14 —o- BR=1.6
= 08 F
&
0.6
0.4}
0.2
4 Casel
Fig.4 Film cooling effectiveness of Casel 6 Case3
Fig=6~ Film cooling effectiveness of Case3
1:4 L = s 3 T
ww 1.2 T L T T
1.2
—#-BR=0.2 -o—BR=04 ~—4-BR=0.6
Lo} v BR=08"\—+ BR=10 _—> BR=1:2._] e, e, ]
~-BR=14 “o- BR=1.6 Lo _,)’
—#— BR=0.2 —0- BR=04 —4— BR=0.6
= 08 —v- BR=0.8 ~¢-BR=10 —> BR=12
08+ —+«BR=14 O BR=1.6__, E
0.6 F : Rl Z20\:°
S
04 f | !
0.2 1 L 1 1 )
0 0.5 1.0 1.5 2.0 04T
x/A
0.2 Lu L L it
5 Case2 0 0.5 1.0 1.5 2.0
Fig.5 Film cooling effectiveness of Case2 x/A
, 7 Cased
, Fig.7 Film cooling effectiveness of Case4
) 1.0
Casel, Case2  Case3 1.0 ., Casel Case2
4 2
\O
90, .Case3  Cased
90°, ) )
1/6 ,



3 517
R 1.0 —— T — T
( 8 0.8 |

9 ) [13 2

Casel  Case3 ;
=06
O 6 « ”» e » )
’ 04 k-t .v : : 4
350 — . . y —&— Re= 129000 —o— Re= 165200

340 + W

330 b —#— BR=0.2 —o— BR=04 —— BR=0.6
—— BR=08 —<4-BR=1.0

M 320
4
ZE 310
300
290
280 [ P N
0 0.5 1.0 1.5 2.0

8 Casel
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Fig. 9 Rear wall tem perature distribution of Case3
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Fig.10 Film cooling effectiveness of Casel undergoing

different main Reynolds numbers
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Fig.11 Film cooling effectiveness of Case2 undergoing

different main Reynolds numbers
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Fig.12 Film cooling effectiveness of Case4 undergoing

different main Reynolds numbers
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