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HEAT-TRANSFER ANALYSIS OF A COOLING CHANNEL WITH INCLINED ELLIPTICAL DIMPLES

HM. Kim, M.A. Moon and K.Y. Kim’
Dept. of Mechanical Engineering, Inha Univ.

This paper deals with a parametric study on inclined elliptical dimples to enhance heat transfer in a channel.
Three-dimensional Reynolds-averaged Naiver-Stokes equations are solved to estimate flow and heat transfer in
dimpled channel. As turbulence closure, the low-Re shear stress transport model is employed. Two non-dimensional
geometric variables, dimple ellipse diameter ratio and angle of main diameter to flow direction are selected for the
parametric study. The inclined elliptical dimples show higher heat-transfer performance but with higher pressure
drop compared to the circular dimples. And there is an optimum inclination angle that gives the maximum heat

transfer.
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JZ(Dimple), ¥Z HZ(Cooling channel), FHE 4(Nusselt Number), &4 E(Heat Transfer),
A Flols= Y| o]-2~5 2 W7 2)(Three-Dimensional Reynolds-Averaged Navier-Stokes Equation)
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Fig. 3 Grid dependency test: Nusselt number along streamwise
centerline of dimples (y/S=0.5)
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Table 1 Shape parameters of each inclined dimple case
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Table 2 Results of numerical analysis

Casel | Case2 | Case3 | Cased4 | Case5 | Caseb

Casel | Case2 | Case3 | Cased | Case5 | Case6

Nua 1.38 1.92 232 2.49 237 222

dofdy | 1.00 0.85 0.70 0.55 0.70 0.70

F 1.16 1.46 1.65 1.68 1.63 1.47

a 60° 60° 60° 60° 75° 90°

TP 1.18 1.31 1.41 1.49 1.46 1.51
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(a) Case 1(d2/d1=1.00)
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(d) Case 4(d2/d1=0.55)
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Fig. 4 Nusselt number contour at 5-7th lows of dimples
for comparing the effect of d2/d1
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(d) Case 4(d2/d1=0.55)

Fig. 5 Velocity vectors on spanwise plane at 6th dimple row
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Fig. 691 JERNRITE Case 12} Case 4

for comparing the effect of a

Fig. 7 Nusselt number contour at 5-7th rows of dimples
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(b) Caseb (0=90°)

Fig. 8 Velocity vectors on spanwise plane at 6th dimple row
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