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Abstract

An experimental study has been conducted to measure the temperature fields and the local film
cooling effectiveness for two and three staggered rows of the rectangular shaped-holes with various
blowing rates. The hydraulic diameter of rectangular-shaped hole is 10 mm. To compare with the film
cooling performance of rectangular-shaped hole, two kinds of circular holes are tested. One has the
same hydraulic diameter as the rectangular hole and the other has the same cross sectional area. Also,
rectangular holes with expanded exit with same inlet area as rectangular ones are tested. Temperature
fields are measured using a thermocouple rake attached on three-axis traversing system. Adiabatic film
cooling effectiveness on the surface are obtained based on experimental results of thermochromic liquid
crystals. The film cooling effectiveness is measured for various blowing rates and compared with the
results for the cylindrical holes. In case of 2 rows, the rectangular holes has better performance than
circular holes due to its slot-like geometry. In case of 3 rows, the effecta of hole shape is not clear.
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(c) Rectangular hole with expanded exit

Fig. 2 Schematic diagrams of film cooling holes
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Table 1 Operating conditions

Ue Tu(%) 6/d & e/ H

- 10m/s ~0.5 1.42 0.184 0.146 1.26

Table 2 Test parameters

d
Hole Geometry | | AR Vd |p/d|r/d| M| I |Mei| DR

Circular Hole 1 | 10 [ 1.0|6.97| 3 4.0

0.5]0.27]0.28

Circular Hole 2 [ 12 11.0(581|2.5|3.3 10l1.0810.560.93

Rectangular Hole | 10 | 1.0[6.97| 3 [4.0|15(242]0.83|(n)

Rectangular with 2.0(430]1.11

| 1011.8{697] 3 140
expanded exit

(M, I based on film cooling effectiveness measurements)
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Fig. 7 Contour plots of film cooling effectiveness of two rows of holes for various shapes and blowing rates

0
Q
0
U
|
Q
0
]
{
Q
Nun

50
wd

d) Rectangular hole
(a) Circular hole 1 (b) Circular hole 2 (c) Rectangular hole (d) Rectangular

with expanded exit
Fig. 8 Contour plots of film cooling effectiveness of three rows of holes for various shapes and blowing rates
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