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Measurement of Film Cooling Effectiveness and Heat Transfer
of Rectangular—Shaped Film Cooling Holes
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ABSTRACT: An experimental study has been conducted to measure the local film-cooling
effectiveness and the heat transfer coefficient for a single row of rectangular-shaped holes.
Four different cooling hole shapes such as a straight rectangular hole, a rectangular hole with
laterally expanded exit, a circular hole and a *wo-dimensional slot are tested. A technique us-
ing thermochromic liquid crystals is applied to determine adiabatic film cooling effectiveness
values and heat transfer coefficients on the fest surface. Both film cooling effectiveness and
heat transfer coefficient are measured for various blowing rates and compared with the re-
sults of the cylindrical holes and the two-dimensional slot. The flow patterns downstream of
holes are calculated numerically using a commercial package. The results show that the rec-
tangular holes provide better performance than the cylindrical holes. For the rectangular holes
with expanded exit, the penetration of jet is reduced significantly, and the higher and more
uniform cooling performance is obtained even at relatively high blowing rates.

Key words: Film cooling(2h§2}), Rectangular-shaped hole(A}2+&), Heat transfer(g A=), TLC
technique(#-24 gdA4Y)
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Table 1 Operating conditions

Uw Tu (%) 8/d &'/d 8/d H Rey
15m/s ~05 2.48 0.35 0.24 1.46 2.4x10°
Table 2 Test parameters
Hole geometry d AR Lid a M I M DR
Circular hole 1.0 05 0.27 0.28
o 1.0 1.08 056 [0.93(7)
Rectangular hole 10 mm 1.0 6.97 35 15 0.42 083 | 100 k)
Rectangular with expanded exit 18 20 4.30 1.11

(M, I based on film cooling effectiveness measurements)
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Fig. 13 Spanwise averaged heat transfer coefficients for various hole shapes and blowing rates.
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