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Numerical Optimization of Heat Transfer Surfaces

with Staggered Ribs
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Abstract

Shape Optimization(3% # 4 3}), Turbulent Heat Transfer(:t7 < A ¥), Response

In this study, a numerical optimization to find the optimal shape of streamwise periodic ribs mounted
on both of the principal walls is performed to enhance turbulent heat transfer in a rectangular channel.
The optimization is based on Navier-Stokes analysis of flow and heat transfer with k-g& turbulence
model and is implemented using response surface method. The width-to-height ratio of a rib, rib
height-to-channel height ratio, rib pitch to rib height ratio and distance between opposite ribs to rib
height ratio are chosen as design variables. The object function is defined as a function of heat
transfer coefficient and friction drag coefficient with weighting factor. Optimum shapes of the rib have

been investigated for the range of 0.0 to 0.1 of weighting factor.
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Table 1 Design variables and design spaces

Design variable | Lower bound Upper bound
W/H 0.2 2.0
H/D 0.1 0.3
A/H 0.0 3.5
PH 1.0 3.0
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Fig. 3 Comparison of predicted and measured

local Nusselt number distributions
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Fig. 4 Rib-averaged Nusselt number
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Fig. 5 Effect of A/H on Nusselt number and
friction factor with W/H=1.0, H/D=0.1 and
PH=1.0
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Fig. 6 Effect of W/H on Nusselt number and
friction factor with A/H=0.0, H/D=0.1 and
PH=1.0
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Table. 2 Results of ANOVA and regression analysis

R Std. error of
w o the estimate
0.02 0.962 1.149E-02

Fig. 7 Streamlines for in-line arrangement
(A/H=0.0, H/D=0.2, W/H=1.0 and PH=1.0)
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Table. 3 Result of optimization for 4=0.02

Design variable Object function
A/H H/D W/H Nu, Fy value
Reference 0.0 0.1 2.0 3.4015 3.039 0.35476
Final 3.003 0.158 0.2 2. OO7 4.4523 3.709 0.29745
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