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Effect of Heat/Mass Transfer in the turbine blade internal passage
with various rib arrangement
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Abstract

The present study investigates the effects of various rib arrangements and rotating on heat/mass
transfer in the cooling passage of gas turbine blades. The cooling passage has very complex flow
structure, because of the rib turbulator and rotating effect. Experiments and numerical calculation are
conducted to investigate the complex flow structures and heat transfer characteristics; the numerical
computation is performed using a commercial code, FLUENT ver.5, to calculate the flow structures and
the experiments are conducted to measure heat/mass transfer coefficients using a naphthalene
sublimation technique.

For the rotating duct tests, the test duct, which is the cross section of is 20 mmX40 mm (the
hydraulic diameter, D5, of 26.7 mm, has two-pass with 180 ° turning and the rectangular ribs on the
wall. The rib angle of attack is 70 ° and the maximum radius of rotation is 21.63D, The partition
wall has 10 mm thickness, which is 0.5 times to the channel width, and the distance between the tip
of the partition wall and the outer wall of the turning region is 26.7 mm (1Dy). The turning effect of
duct flow makes the very complex flow structure including Dean type vortex and high turbulence, so
that the heat/mass transfer increases in the turning region and at the entrance of the second pass.
The Coriolis effect deflects the flow to the trailing surface, resulting in enhancement of the heat/mass
transfer on the trailing surface and reduction on the leading surface in the first pass. However, the
opposite phenomena are observed in the second pass. The each rib arrangement makes different
secondary flow patterns. The complex heat/mass transfer characteristics are observed by the combined
effects of the rib arrangements, duct rotation and flow turning.
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Fig. 2 Definition of rib angle
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Fig. 3 in rotating
channel
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Trailing surface Trailing surface
Fig. 5 Contour plot of Sh/Sh, for nnpp at Re=20,000,Fig. 7 Contour plot of Sh/She for nnnn at Re=20,000,
Ro=0.1 Ro=0.1
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Fig. 6 Contour plot of Sh/She for ppnn at Re=20,000,Fig. 8 Contour plot of Sh/Shy for pppp at Re=20,000,
Ro=0.1 Ro=0.1
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