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Effect of Free-Stream Turbulence on Film-Cooling Upstream of Injection Hole
on a Cylindrical Surface
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Abstract

The leading edge of a turbine blade was simulated as a circular cylindrical surface. The effect
of free-stream turbulence on the mass transfer upstream of the injection hole has been investigat-
ed experimentally. The effects of injection location, blowing ratio on the Sherwood number
distribution were examined as well. The mass transfer coefficients were measured by a naphtha-
lene sublimation technique. The free-stream Reynolds number based on the cylinder diameter is
53,000. Other conditions investigated are: free-stream turbulence intensities of 3.99% and 8.09,
injection locations of 40°, 50°, and 60° from the front stagnation point of the cylinder, and blowing
ratios of 0.5 and 1.0. The role of the horseshoe vortex formed upstream edge of the injected jet
is discussed in detail. When the blowing ratio is unity, and the coolant jet is injected at 40°, the
mass transfer upstream of the jet is not affected by the coolant jet at all. On the other hand, when
the injection hole is located beyond 50°, the mass transfer upstream edge of the injection hole
suddenly increases due to the formation of the horseshoe vortex, but it decreases as the free-
stream turbulence intensity increases because the strength of the horseshoe vortex structure
becomes weakened. The role of the horseshoe vortex is clearly evidenced by placing a rigid rod
at the injection hole instead of issuing the jet. In the case of the rigid rod, the spanwise Sherwood
number upstream of the injection hole is much larger due to the intense influence of the horseshoe

vortex.
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Table 1 Grid dimensions and configurations

Mssh size Wire dia. Solidity . .
Configuration
M (mm) dy (mm) —(1—dw/M)?
Grid 1 25.4 5.0 0.35 Biplanar round rod
Grid 2 25.4 5.0 0.35 Biplanar square rod
80 mm
_to—m_m_L Duct
top wall
— =
O Molded
198 mm y ‘}E , Naphtalene Main
2] «— stream
|
N A“U—'j Duct
Test bottom |
cylinder wall

(a) Side view

(b) Top view

Fig. 1 Test cylinder configuration and coordinate system
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