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ABSTRACT: The Optimal solutions of the design variables in internally finned tubes have
been obtained for three-dimensional periodically fully developed turbulent flow and heat
transfer. For a trapezoidal fin profile, performances of the heat exchanger are determined by
considering the heat transfer rate and pressure drop, simultaneously, that are interdependent
quantities. Therefore, Pareto frontier sets of a heat exchanger can be acquired by integrating
CFD and a multi-objective optimization technique. The optimal values of fin widths (d;, dy),
fin height(h) and helix angle(y) are numerically obtained by minimizing the pressure loss and
maximizing the heat transfer rate within ranges of d; =05~15mm, @2 =05~15mm, A =0.
5~15mm, and 7=0~20". For this, a general CFD code and a global genetic algorithm(GA)
are used. The Pareto sets of the optimal solutions can be acquired after 30" generation.

Key words: Internally finned tube(Wi¥-# o] ¥2H ) Helix angle(W4 3 Z}), Periodic flow/
thermal field(Z7]13 </4%73), Multi-objective genetic algorithm(t}22 &3 &
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Table 1 Baseline geometry of finned tube and
their objective functions

Design variables Objective functions

Fin height(#),

1.0 mm | Friction coeff. (),

Upper width(dr), 1.0 mm 0.0499
Lower width(dz), 0.5mm | Nusselt number (Nu),
Helix angle (), 15° 116.03

Table 2 Parameters for genetic algorithm

Value
Population 35
Generation 30
Cross over rate 0.8
Mutation rate 0.5%
Tournament level 2
Niche 3
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Table 3 Validation for a smooth tube(m)

Friction factor (f) H%zli\t/u’/l“l)rra})gsger

16) This a6) This

Re  Exp. ™ gigy | B¥P study
10000 0.03174 0.0309 |36.4525 36.9911
15000 0.02815 0.0279 | 50.4198 51.0155
20000 0.02611 0.0275 | 634676 63.7267
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Table 4 Optimal solutions of the design variables
for various Pareto sets

Objectives
Pareto h d, dy v  fuo %) Nu

1 0502 1440 0545 7312 333 8136
36 0504 1439 0561 1638 369 9832
117 0582 0953 0538 1998 425 12216
151 0708 0763 0561 1998 485 13552
168 0.862 0.696 0538 1998 544 146.62
182 0940 0651 0545 1998 589 15453
191 1.148 0637 0538 1998 666 164.33
195 1.394 0907 0561 1998 7.39 165.80

Design variables
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Fig. 10 Isotherms(left) and streamlines(right) of
randomly selected Pareto individuals.
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Fig. 11 Thermal performance factor (TPF) for
randomly selected Pareto individuals.
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