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Shape Design of Heat Transfer Surfaces with Angled Ribs
Using Numerical Optimization Techniques
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Abstract

A numerical optimization procedure for the shape of three-dimensional channel with angled ribs mounted
on one of the walls to enhance turbulent heat transfer is presented. The response surface method is used as an
optimization technique with Reynolds-averaged Navier-Stokes analyses of flow and heat transfer. SST
turbulence model is used as a turbulence closure. Computational results for local heat transfer ratc show
reasonable agreements with experimental data. The pitch-to-height ratio of the rib and rib height-to-channel
height ratio are set to be 9.0 and 0.1, respectively, and width-to-rib height ratio and attack angle of the rib are
chosen as design variables. The objective function is defined as a linear combination of heat-transfer and
friction-loss related terms with weighting factor. Full-factorial experimental design method is used to
determine the data points. Optimum shapes of the channel have been obtained in the range from 0.0 to 0.1 of

weighting factor.
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Fig. 1 Geometric variables of rib-roughened channel
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Table 1 Design variables and design space
Design variable | Lower bound | Upper bound
o 30.0° 90.0°
W/H 0.5 25

Table 2 Results of ANOVA and regression analysis

2

2 2 Std. error of the
B R R Ray estimate
0.02 0.997 0.993 0.982 1.819E-0
Table 3 Results of optimization for $=0.02
Design variable Nu, F Objec‘tive
W/H o function
Ref. | 1.500 | 90.0° | 2.0349 | 0.8459 | 0.50834
Opt. | 0.855 | 45.9° | 54431 | 2.0064 | 0.22384
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