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Design Optimization of an Impingement Jet on Concave Surface for Enhancement of Heat

Transfer Performance
M.W. Heo, K.D. Lee and K.Y. Kim

In the present work, a numerical study of fluid flow and heat transfer on the concave surface with impinging
jet has been performed by solving three-dimensional Reynods-averaged Naver-Stokes(RANS) equations. The constant
temperature condition was applied to the concave impingement surface. The inclination angle of jet nozzle and the
distance between jet nozzles are chosen as design variables under equivalent mass flow rate of working fluid into
cooling channel, and area averaged Nusselt number on concave impingement surface is set as the objective function.
Thirteen training points are obtained by Latin Hypercube sampling method, and the PBA model is constructed by
using the objective function values at the trainging points. And, the sequential quadratic programming is used to
search for the optimal point from the PBA model. Through the optimization, the optimal shape shows improved heat
transfer rate as compared to the reference geometry.
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Fig.1 Geometry and computational domain
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<Problem Setup=
Design variables and objective function are
selected

<Design Space Selection™
Lower and upper bound of variables are set

<Design of Experiments>
Selection of design points by Latin
Hypercube Sampling (LHS)
v

<Numerical Analysis>
Determination of the objective function
values of the designs by RANS solver

<Construction of Surrogate >
PBA surrogate model construction using
the evaluated objectives

<Search for Optimal Point>
Optimal point search from constructed
surrogate using optimization algorithm

Is optimal point
within design space?

Optimal Design

Fig.2 Optimization procedure
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Fig.3 Area averaged Nusselt number with jet to jet spacing
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Fig.4 Area averaged Nusselt number with angle of inclined jet
nozzle

Table. 1 Results of the design optimization

Reference Optimal design

P/ID 4 8.074

o 90° 59.088°
Objective

- 53.946
Fn: PBA
Objective

34.874 55.198
Fn: RANS

Enhancement - 58.28%
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Fig.5 Nusselt number contours on the concave surface
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