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Shape Optimization of a Heat Exchanger with Internally Finned Tube

Juhee Lee, Sanghwan Lee, Kyoungwoo Park and Dong-Hoon Choi
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Abstract

Optimization of a heat exchanger with internally finned circular tubes has been performed for three-
dimensional periodically fully developed turbulent flow and heat transfer. The design variables of fin number
N, fin width (d,d,) and fin height(H) , are numerically optimized for the limiting conditions of N = 22~37,
di= 0.5~1.5 mm, d,= 0.5~1.5 mm, H = 0.1~1.5. Due to the periodic boundary conditions along main flow
direction, the three layers of meshes are considered. The CFD and the mathematical optimization are coupled
to optimize the heat exchanger. The flow and thermal fields are predicted using the finite volume method and
the optimization is carried out by using the sequential quadratic programming (SQP) method which is widely
used in the constrained nonlinear optimization problem.
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Table 1 Objective functions, design variables, constraints,

and side constraints

Objective function, F(X) f, Nu

Design variable, X, H d, d,

Constraints, g,(X), g,(X) d >d,

Side constraint, 0.1<H<LI1.5

X/ <X, <XY, [mm] 0.5<d, <15
05<d,<1.5

F(X) = Wf-%—(l—Wf)-% (26)
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EN
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Number of iterations

Fig. 4 Convergence histories for d; and d,

Table 2 Initial and optimal designs for wf'= 0.5

Baseline Optimum
H [mm] 1.000 1.500
d; [mm] 1.000 1.234
d, [mm] 1.000 1.224
Nusselt No. (Nu) 32.22 38.16
Friction factor (f) 3.40 2.975
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Table 3 Optimal solutions for wf'=0.1 and 0.9

Optimal solutions

wf=0.1 wf=0.9
H [mm] 1.500 1.500
d; [mm] 1.500 0.849
d, [mm] 1.442 0.848
Nusselt No. (Nu) 39.54 32.22
Friction factor (F) 3.21 2.38
No. of lterations 4 13
No. of Function Calls 19 75
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