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Large Eddy Simulation of Flow and Heat Transfer
in a Channel Roughened by Square or Semicircle Ribs
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Abstract

The internal cooling passage of a gas turbine blade can be modeled as a ribbed channel. Most studies have
considered square ribs. However, the ribs can be rounded due to improper manufacturing or wear during the
operation. Hence, we have studied two different rib geometries in this study, i.e. square and semicircle ribs.
We have performed large eddy simulations (LES) and experiments to validate the results from the simulations.
LES predicts the detailed flow and thermal features, which have not been captured by simulations using
turbulence models. By investigating the instantaneous flow and thermal fields, we propose the mechanisms
for the local heat transfer distribution between ribs. For both the geometries, heat transfer is enhanced by the
entrainment of the cold fluid by the vortical motions and impingement of the entrained cold fluid on the ribs.
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Table 1. Flow and geometric parameters
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Fig. 1 Experimental setup and computation domain:
(a) schematic of experimental setup; (b)
computational domain
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Fig. 2 Time-averaged streamlines: (a) square rib; (b)

semicircle rib
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Fig. 3 Time-averaged streamwise velocity fluctuations:
(a) square rib; (b) semicircle rib. —, LES; @,
experiment
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Fig. 4 Contours of turbulent kinetic energy: (a) square
rib; (b) semicircle rib
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Fig. 5 Time-averaged heat transfer between ribs. (a)
square tib; (b) semicircle rib: —, LES; @,
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Fig. 6 Instantaneous velocity vectors with temperature
contours in an xy plane: (a) square rib; (b)
semicircle rib
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Fig. 7 Instantaneous velocity vectors with temperature
contours in an xz plane at y/e = 0.06: (a) square
rib; (b) semicircle rib
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Fig. 8 Time-averaged heat transfer on the rib surface:
(a) square rib; (b) semicircle rib. —, LES; @,
experiment by Liou & Hwang 4
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Table 2. Rib performance

Square Semicircle
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