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Effects of Duct Aspect Ratios on Heat/Mass Transfer

With Discrete V-Shaped Ribs
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ABSTRACT

The present study investigates the effects of rib arrangements and aspect ratios of a
rectangular duct simulating the cooling passage of a gas turbine blade. Two different V-shaped
rib configurations are tested with the aspect ratios (W/H) of 3 to 6.82. One is the continuous V-
shaped rib configuration with 60° attack angle, and the other is the discrete V-shaped rib
configuration with 45° attack angle. The square ribs with the pitch to height ratio of 10.0 are
installed on the test section in a parallel arrangement for both rib configurations. Reynolds
numbers based on the hydraulic diameter are changed from 10,000 to 30,000. A naphthalene
sublimation method is used to measure local heat/mass transfer coefficients. For the continuous
V-shaped rib configuration, two pairs of counter-rotating vortices are generated in a duct, and
high transfer region is formed at the center of the ribbed walls of the duct. However, for the
discrete V-shaped rib configuration with 45° attack angle, complex secondary flow patterns are
generated in the duct due to its geometric feature, and more uniform heat/mass transfer
distributions are obtained for all tested cases
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Blower (10 HP)

Out of the Room

test plates

(b) 45° discrete V-shaped rib (45°V)

Fig. 2 Schematic diagrams of rib configurations.
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Table 1 Test parameters and operating conditions
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Fig. 3 Contour plots of Sh/Shy for 60° Continuous

V-shaped ribs with different aspect ratios at

Re=20,000.
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Fig. 4 Contour plots of Sh/Sh, for 45° discrete V-
shaped ribs with different aspect ratios at
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Fig. 5 Schematic diagram of secondary flow
structure for the 60° V-shaped rib configuration.
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Fig. 6 Local distributions of Sh/Sh, for different rib configurations at Rep,=20,000.
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Fig. 8 Friction factor ratios, f/f;, for different rib

configurations with various aspect ratios.
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