
Accepted Manuscript

Kelvin-cell-based metal foam heat exchanger with elliptical struts for lower en-
ergy consumption

Chanhee Moon, Hyun Dong Kim, Kyung Chun Kim

PII: S1359-4311(18)33402-1
DOI: https://doi.org/10.1016/j.applthermaleng.2018.07.110
Reference: ATE 12468

To appear in: Applied Thermal Engineering

Please cite this article as: C. Moon, H. Dong Kim, K. Chun Kim, Kelvin-cell-based metal foam heat exchanger with
elliptical struts for lower energy consumption, Applied Thermal Engineering (2018), doi: https://doi.org/10.1016/
j.applthermaleng.2018.07.110

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.applthermaleng.2018.07.110
https://doi.org/10.1016/j.applthermaleng.2018.07.110
https://doi.org/10.1016/j.applthermaleng.2018.07.110


  

1 

 

  

Kelvin-cell-based metal foam heat exchanger with elliptical struts for lower energy 

consumption 

 

Chanhee Moona, Hyun Dong Kimb,* and Kyung Chun Kima,* 

a School of Mechanical Engineering, Pusan National University, Busan 609-735, Republic of Korea 

b Rolls-Royce and Pusan National University Technology Centre, Pusan National University, Busan 609-735, 

Republic of Korea 

*Corresponding author : Hyun Dong Kim (marine797@pusan.ac.kr, +82-051-510-1536) 

   : Kyung Chun Kim (kckim@pusan.ac.kr, +82-051-510-2324) 

 

Abstract  

Conventional Kelvin-cell-based metal foam (KMF) has triangular or circular struts. This study proposes a 

KMF with elliptical struts instead of such struts. Two schemes of transforming a circular strut into an elliptical 

strut are proposed: (1) maintaining the same circumference as the circular strut cross-section and (2) maintaining 

the same cross-section area as the circular strut cross-section. Five KMFs with different struts were designed. 

The fluid flow, heat transfer, and performance characteristics of the KMFs were numerically investigated. Two 

dimensionless diameters for the strut section are introduced to analyze the hydro-thermal characteristics of 

KMFs: λa, the major diameter ratio of the elliptical strut to the circular strut, and λb, the minor diameter ratio of 

the elliptical strut to the circular strut. The major axis of all struts was set parallel to the main flow direction. 

The pressure drop and heat transfer characteristics of KMFs are explained by the pressure drag and friction drag. 

As λb decreases from 1.000 to 0.556, the pressure drop of the KMF decreases by 44% because the pressure drag 

and blockage ratio decrease with λb. However, the decrease of λb results in decreases in the free stream velocity 

around the strut, which has a penalty on the heat transfer performance. This can be partially compensated by 

increasing λa by increasing the flow tortuosity, surface area, and separation angle. Therefore, using the scheme 
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