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ABSTRACT

Shape optimization of a Printed circuit heat exchanger (PCHE) has been performed by using three-dimensional

Reynolds-Averaged Navier-Stokes (3-D RANS) analysis and surrogate modeling techniques. The objective function is defined

as a linear combination of effectiveness of the PCHE term and pressure drop in the cold channels of the PCHE. The cold

channel angle and the ellipse aspect ratio of the cold channel are used as design variables for the optimization. Design points

are selected through Latin-hypercube sampling. The optimal point is determined through surrogate-based optimization method

which uses 3-D RANS analyses at design points. The results of three types of surrogate model are compared each other. The

results of the optimizations indicate improved performance in friction loss but low performance in effectiveness than the

reference shape.
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Problem Setup
Objective function & Design variables

v

Design of Experiments
Selection of design points
by Latin hypercube sampling

v

Numerical analysis
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Construction of surrogate model
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Search for optimal point
Optimal point search from constructed
metamodel using optimization algorithm

v

Is optimal point
within design space?
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Optimal design

Fig. 2 Flow chart showing optimization procedure
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Cold channel ;

Fig. 3 Grid system of the calculation domain

Table 1 Boundary conditions

Conditions Values
Cold inlet flow rate (kg/s) 0.0009456
Cold inlet temperature (°C) 123
Cold outlet pressure (kPa) 8312
Hot inlet flow rate (kg/s) 0.0008670
Hot inlet temperature (°C) 138.2
Hot outlet pressure (kPa) 2528
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Fig. 4 Geometry of the channels in the zigzag PCHE [11]

Table 2 Design variables and design space

Design variables Lower limit Upper limit
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Table 3 Results of optimization (8 = 0.021)

Design variables F )
F: Fy - relative error
O ac RANS calculated values predicted values
Reference 100 1.00 2.049 19.88 2.466 - -
RSA 117 0.61 2131 10.66 2.355 2.364 -0.381%
Optimum KRG 118 0.81 2141 10.25 2.356 2.351 0.213%
RBNN 119 0.76 2.147 9.98 2.357 2.346 0.469%
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Fig. 8 Velocity vector fields in the cold channels

(0.2hc away from the flat wall) :
(@) REF, (b) RSA, (c) KRG, (d) RBNN
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