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EXPERIMENTAL INVESTIGATION ON FLOW AND
HEAT TRANSFER AROUND SINGLE FILM COOLING
HOLE WITH COMPOUND-ANGLE

Xu Hongzhou Liu Songling Xu Duchun

(Dept. of Aeroengine, Northwestern Polytechnical Univ. , Xi‘an, 710072)

Abstract ; Experimental results describe the effects of blowing ratio at M=1. 0 and 2. 0, injection
angles on flow field and heat transefer in the downstream of single film cooling hole with compound-
angle orientations. The hole with a fan-shaped angle of 0°or 30° was oriented so that its angles with
respect to the test surface are 30°0r 60° in a stream/normal plane projection, and 30° or 45° in a
spanwise/normal plane projection. The measurements were carried out with a detailed directional five-
hole probe and thermocouple surveys of the three-dimensional flow field and surface heat transfer
distribution. For the first time, it is found in experiments that a pair of counterrotating vortices——
one is strong and another is weak, was observed in the downstream region of jet exit. Contours of
longitudinal velocity U/U.. and non-dimensional temperature § show asymmetric kidney shape. The
flared hole effectively decreases the strength of longitudinal vortex and increases the spreading of jet
so that the film cooling effectiveness would be much greater than that found in the downstream of
circular hole.
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Table 1 Experimental conditions

e | 8| 7 | M Ro  |Us/ (m/s)
60° 30° o 1.0 2.0X 104 12.1
60° 45° o° 1.0 2.0X10* 12.1
30° | 45° 0° 1.0 2.0X10* 12.1
60° [ 45° | 30° 1.0 2.0X10¢* 12. 1
60° | 45° 0° 2.0 2.0x 104 6.6 .
Fig. 1 Cartesian coordinates and injection angles
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Fig. 3 Contours of x-directional velocity, U/U.., at x/D=2.0
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Fig. 4 Projection of velocity vectors on y-z plane at x/D=1.0
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Fig. 5 Contours of streamwise vorticity, Q., on y-z plane
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Fig. 6 Contours of non-dimensional temperature, 8, at x/D=2.0
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Fig.7 Film cooling effectiveness, 1
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