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Exchangers

 

Introduction
Heat exchangers are used wherever energy is to be transformed
from a high temperature fluid stream to another at lower
temperature. Cooling of computer chips, cooling of air plane
turbine blades, heating of bleed air and air conditioning are
some common examples for heat exchanger applications.
Researchers are investigating heat exchangers intensively and
aim to build more efficient heat exchangers. Aims of
optimization are minimizing the size of the heat exchanger or
minimizing the pumping power (cost), which is required to drive
the cool fluid through the heat exchanger, or maximizing the
amount of heat transferred (benefit) by the heat exchanger.

Methods
The area across which heat transfer occurs is called wetted area
and is a possible key factor for optimizing heat exchangers. Pin
fins, wire meshes, metal foams and other open-cell structures all
serve to increase the wetted area.[1-5] However, the design of
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these open-cell structures can be influenced only to a certain
degree. Furthermore, these structures are not specifically
designed to optimize heat exchangers. They are used, because
they are readily available. In contrast, Direct Metal Laser
Sintering [6]  allows the design and production of arbitrary open-
cell structures. Direct Metal Laser Sintering is able to produce
competitive open-cell heat exchangers.[7]  This possibility raises
the question, how an optimal open-cell structure looks like.
Detailed knowledge about the impact of design parameters,
such as pore size or strut diameter, is required to answer this
question. In addition, investigations are required on where the
heat is actually transferred to within the open-cell heat
exchange. In other words: How much of the wetted area
contributes to the heat transfer? This project aims to answer this
question. Therefore, a numerical investigation of two open-cell
heat exchangers is performed in 3D using the openFOAM
chtMultiRegionFOAM solver.

Results
Two different open-cell heat exchangers were designed. Figure 1
and Figure 2 show the unit cells that were patterned in space to
construct the two open-cell heat exchangers. The wetted area of
the cubic design (Figure 1) is twice as large as the wetted area
of the tetradecahedral design (Figure 2). However, the maximal
solid cross-sectional area of the cubic design is 2.3 times larger
than the one of the tetradecahedral design. Numerical as well as
experimental results[7]  show that the pumping power that is
required by the cubic design is 2.5 times higher than the
required pumping power (cost) of the tetradecahedral design,
while the amount of heat transferred (benefit) is equal for both
designs.

Discussion
Thus, the overall heat exchanger costbenefit ratio of the
tetradecahedral design is about five times better as the cost-
benefit ratio of the heat exchanger cubic design. A closer look on
the amount of wetted area that contributes to the heat transfer
unveils that only a fraction of the wetted area is contributing to
the heat transfer in both cases. Areas with small temperature
difference between hot and cold stream, such as recirculation
areas, do not contribute to the heat transfer. At the moment,
further numerical simulations are executed in order to
investigate the two heat exchangers at different operating
conditions.
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Figures

 
Figure 1: Cubic design. 

 
Figure 2: Tetradecahedral design. 
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