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Film deflection measurements of a rotating.film cooling mode

DENG Hongwu, MA Ming, LUO Xiang

(National Key L aboratery of Science and Technology on)Aero- Engines,
School of Jet Propulson;-Beijing Universty of Aeronautics and Astronautics,
Beijing-100191 , China)

Abstract : An experimental study was performed to investigate the deflection of film
trajectory onaflat blade\model under the rotating operating conditions. The moving trajecto-
ry of film was 'mainly, governed by theinertial force and radial pressure gradient in the blade
passage. A new'dimensionlessparameter ® , which is related to the ratio of the above two
forces to determine the radial deflective angle of thefilm trajectory , was demonstrated in the
present study. The steady-state thermochromic liquid crystal (TL C) technique was employed
for flow visualization , and all the signalsfrom the rotating reference frame were collected and
transmitted to the stationary receiver via a wireless launcher , which wasfixed in the rotation
laboratory bench. The experimental results demonstrate that the spanwise deflection of film
trajectory decrease with the increase of ® val ues.

Key words: film cooling; rotation; flat blade; thermochromic liquid crystal ;
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Table 1 Definition of dimensionless parameters
Re Re= PoUoD) /Mo
M= chc)/ ©0U0)
, m = 0.111kg/ s, R R = @D)/ Uo
Re=4343.7, M 1.0, p— M — ;
0 800r/ min. 1 w— » D— s U—
00— ;c—

, 2 0.111 kg/ s
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2 0.111 kg' s , W<200r/ mn(R =0.0041,® =
Table 2 Rotation numbersat m = 0.111kg s 5.744)
1 ¢ > 5!
/ (r/ min) R / (r/ min) R .
0 0 500 0.0102 ® , ,
100 0.0020 600 0.0122
200 0.0041 700 0.0142 ) ’ W=
300 0.0061 800 0.0163 800r/ min (R =0.0163 ® =0.870)
6 Re=4343.7,M=1.0
400 0.0081
) . 5
3 W=200r/ min (R =0.0041,® =5.744) fo)
5 Re=4343.7,M=1.0 ; ,
,hue ,

Hue: 0 10 20 30 40

(b) R=0.0041
gy el ] | NS T (e 1 I
4 6 8 10
X
(c) R=0.0081 (d) R=0.0122

x/D
() R=0.0142 (f) R=0.0163

5 Re=4343.7, M=1.0
Fig.5 FIm traectory on pressure surface at Re=4343.7 and M=1.0
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x/D
(¢) R=0.0081

x/D
(e) R=0.0142 (f) R=0.0163

6 \Re=4343.7, M=1.0
Fig.6/ FIm traectory on suction surface at Re=4343.7and M=1.0

7 8 o ) 1@>600r/ mn 0 ,
. 3 L
0.111kg s O] ) @ <3001/ min)
9.0
gofp " . EAE ' o )
70F e o WRHTE 7 ®=5744@=100r/ min)
60F ° 0 @ =5,312 (@ =200r/ min)
~ 5.0:: . ,
® 40 3 0.111kg's ®
30F Table3 Valuesd ® at m= 0.111kg's
2.0F .
- L ]
LOF . ] / (r/ min) O] / (r/ min) O]
00 20 30 40 50 60 100 5.744 500 1.121
@
200 5.312 600 0.997
! ® 0 300 1.942 700 0.921
Fig.7 Distribution of the radial deflective angles of film
trajectory for different val ues of ® 400 1.353 800 0.870
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