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The study of turbulent flow structures in a wavy channel using direct
numerical simulation
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Abstract

Sinusoidal wavy channel is one of the most commonly used devices in the industry for achieving
mixing and heat transfer. Here we report on results obtained from the DNS of flow inside the wavy
channel performed using the finite volume technique. As a primary stage to obtain the optimal design for
heat transfer and mixing, this study observed the basic flow structures in a wavy channel. The mass flow
rate is kept constant with friction Reynolds number of Re; =140 . Time- and space-averaged and

instantaneous flow fields are illustrated to observe the flow structures. Although the direct comparison of
results between turbulent wavy and flat channel is somehow difficult due to the different flow
phenomena derived from different configuration, here the mean streamwise velocity and RMS of
velocities at same Re; of two different channels are compared. The basic difference between wavy and

flat channel flow is the existence of small scale wall vortices along the walls in a wavy channel. These
vortices make flow more complex, which will accompany the increase of heat transfer, pressure drop and

drag.
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Figure 1. Schematic diagram of computational
domain
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Figure 2. Instantaneous velocity vectors in the (X,y)-
plane.
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Figure 7. Time- and space-averaged (z-direction) v
velocity contour in the (x,y)-plane
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Figure 8. Time- and space-averaged (z-direction)
velocity vectors in the (x,y)-plane
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Figure 9. Time- and space-averaged (z-direction) u
velocity profiles at different x positions.
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Figure 10. Time- and space-averaged (z-direction)
velocity vectors at crest in the (y,z)-plane
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Figure 11. Time- and space-averaged (z-direction)
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Figure 12. Time- and space-averaged (z-direction) root-
mean-square of u velocity fluctuations.
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Figure 13. Time- and space-averaged (z-direction) root-
mean-square of v velocity fluctuations.
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Figure 14. Time- and space-averaged (z-direction) root-
mean-square of w velocity fluctuations.
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