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Design Optimization of a Staggered Dimpled Channel Using
Neural Network Techniques
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ABSTRACT

This study presents a numerical procedure to optimize the shape of staggered dimple surface to enhance
turbulent heat transfer in a rectangular channel. The RBNN method is used as an optimization technique with
Reynolds-averaged Navier-Stokes analysis of fluid flow and heat transfer with shear stress transport (SST)
turbulence model. The dimple depth-to-dimple print diameter (d/D), channel height-to-dimple print diameter
ratio (H/D), and dimple print diameter-to-pitch ratio (D/S) are chosen as design variables. The objective
function is defined as a linear combination of heat transfer related term and friction loss related term with a
weighting factor. Latin Hypercube Sampling (LHS) is used to determine the training points as a mean of the

design of experiment. The optimum shape shows remarkable performance in comparison with a reference
shape.
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Fig. 1 Geometry and design variables
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Fig. 2 Example grids
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Fig. 3 Flow chart showing optimization procedure

b SSTRE S AUz A8 f5ualy 4%
o 438 adHeln, FRIAD = 1 FHY
o] Hoju}t}1 Bardina"® 5ol & Bu¥ v} Qch ¢
FARE RAYORE Lai "9 £ EDo] AT

Figure 2= A4l AHSE Aba A9 w4 H 22 2]
T AE BejFed, 5% 2 2239 Wit 2
B 23] g9 FEE s g ¥ 2A4 F4Ae &
HAZ TS AAxACRE F %B“*J F
71X e F7123 (periodic condition), SHME
WRzAE AHgstRed, Add JEol Hx] kil
A dfE 210E ARESITh A 5 F4 wet
2 12970eA 185A7EA] AL E S o, ¢ W g
Mol AQF= AR P4-30 GHz CPUE AH&-3}
P& o 6AAA 8AZ AR 22U

3. EFLAIY

A3t B3¢ Fig. 3 AER EABQC $4
ARG SAULE Mo AAgelE 2
Atk olF A2E BEY BYE Fato] 2
ﬂhcﬂ o AN FEAAE Btel &

ét surrogate U‘ﬂ’ol ALgsle] A
#HA3l dnBlES Bt HFHE
o] FA gl EHEH ZAEHA A g,

] Eﬂ% _?'/\cj 3}‘—‘-—7
7 At ool

41



AE
—_o

Table 1 Design variables and design spaces

Design variable Lower bound Upper bound
H/D 02 10
d/D 0.1 03
D/S 04 0.7
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Table 2 Results of optimization for £=0.09

Design variable
Nua Fi F

H/D | dD | D/S
Reference | 058 | 023 | 068 | 197 | 196 | 068
Optimized | 020 | 025 | 062 | 380 | 353 | 058
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Fig. 7 Streamlines on x—y plane in optimal channel
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