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a b s t r a c t

This paper presents a method for designing rectangular microchannel counter flow heat exchangers. The
adopted methodology is based on two models: a one-dimensional model and a CFD model. A one-
dimensional model for parallel plate micro heat exchangers is adopted to adjust the geometries of the
rectangular microchannel counter flow heat exchanger. To this end a hydro-dynamically and thermally
equivalent parallel plate heat exchanger is used. A more accurate CFD model serves to fit the parameters
of the one-dimensional model. The related correction factors are presented for a range of pressure drops
and axial conduction parameters. The present study provides quantitative data for the optimal plate
dimensions and resulting maximal power density of a gas–gas rectangular channel counter flow micro
heat exchanger with effectiveness varied between 0.6 and 1.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Micro heat exchangers are attracting a lot of attention because
of their ability to transfer high heat fluxes compared to their com-
pactness and large area to volume ratio. The applications of this
type of heat exchangers are in those fields where space is a prime
concern and include electronics cooling, automotive and aerospace
applications as well as small scale energy conversion systems. In
this context, optimization is an important aspect in designing these
small scale heat exchangers. Yilmaz et al. [1] studied microchannel
heat exchangers with ducts of arbitrary cross-sections to find the
optimum shape hydraulic diameter and the maximum heat trans-
fer. They found that the maximum dimensionless heat and opti-
mum dimensionless hydraulic diameter strongly depend on the
duct shape factor for a given pressure drop and Prandtl number.
Muzychka [2] used order of magnitude relationships to obtain
optimal dimensions of different duct shapes such as rectangles,
ellipses, and regular polygons. He developed approximate expres-
sions to assess the optimal duct shape for all shapes considered.
He also found that the parallel plate heat exchanger transfers high-
er heat per unit volume than the other shaped ducts. Bau [3]
derived a simple model to show that minimization of maximum

temperature of uniformly heated surface can be achieved by opti-
mizing the width of the uniform conduits of micro heat exchanger.
He concluded that temperature gradient and maximum surface
temperature on the heated surface can be minimized by using
non-uniform width conduits. However, the axial conduction is ne-
glected in the model. Foli et al. [4] adopted two approaches for the
optimization of a micro channel heat exchanger. In one approach,
an analytical model is combined with CFD whereas multi objective
genetic algorithm is coupled with CFD in the second approach. The
channel aspect ratio is optimized for a given volume and material
of micro heat exchanger in the first case. In the second case, the
volume is varied keeping the length and width fixed. The change
in volume is achieved by changing the channel aspect ratio by
altering the channel height. They reported that there exists a
trade-off between minimum pressure drop and maximum thermal
power transferred. Lerou et al. [5] optimized the counter flow mi-
cro channel heat exchanger used in a micro cryocooler system by
minimizing the entropy generation. The optimal geometrical
parameters such as width, height and length of the channel are
obtained for their specific system. Lee et al. [6] combined finite
element analyses with a neuro-genetic optimization strategy to
maximize the effectiveness of a micro channel cross-flow heat
exchanger. They neglected the pressure drop in their study. Bejan
[7] described a conceptual design of a two-stream heat exchanger
with dendritic counter-flows that connect elemental cross-flow
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constructs. The length of the smallest scale was constructed to
match the thermal entrance length where the heat transfer is max-
imum. At larger scale, the hot and cold streams arranged as counter
flow. This allowed maximal flow access to the constructal elements
and provide additional heat transfer. Raja et al. [8] designed and
analysed a multi-block heat exchanger based on the constructal
theory proposed by Bejan. They showed that 20% higher effective-
ness can be achieved by using this type of heat exchanger com-
pared to the conventional cross flow heat exchanger.

At the small scale, axial conduction through the solid material
between the fluid streams plays an important role [9–11]. The axial
conduction deteriorates the effectiveness of the micro heat
exchanger if the length of the heat exchanger reduces. In this con-
text, Rogiers and Baelmans [12] propose a design methodology to
optimize the parallel plate counter flow micro heat exchanger
geometry taking the effectiveness and pressure drop as constraints.
In their method, an asymptotic approach is followed to obtain an
approximate optimized solution. An analytical baseline solution
is obtained which approaches the exact solution in case of high
effectiveness asymptotic solution. Therefore, a correction factor
to the asymptotic solution is defined to retain the exact solution.
The profound analysis of hydraulic and thermal effects of flow
non-uniformity due to incorporation of collector on the optimal
design of a counter flow micro heat exchanger plates was
performed by Rogiers et al. [13].

In this paper, the optimization of one of the important counter
flow micro heat exchanger configurations i.e., rectangular

microchannel heat exchanger for a given heat transfer rate, effec-
tiveness and pressure drop is presented. The present work starts
from the approach of [12] for parallel plate micro heat exchanger.
More specifically, it is investigated whether this approach can be
adopted for the rectangular microchannel case. To this end, the
hydrodynamic and thermal relations between rectangular channel
and parallel plate heat exchangers are deduced for the same mass
flow rate, heat transfer and axial conduction. Subsequently, the
procedure is based on a hierarchy of two models: a lower order
model and a CFD model. The lower order model is essentially a
one-dimensional theoretical model used for optimization of equiv-
alent parallel plate heat exchanger. The high fidelity model which
is a CFD model is used to determine the correction factors needed
to bring both models in accordance.

2. General geometry and corresponding correlations

Fig. 1 shows the schematic diagram of a rectangular microchan-
nel counter flow heat exchanger to be optimized. The heat exchan-
ger consists of ð2n� nf Þ number of hot and cold channels with n
number of parallel hot or cold channels in z-directions and each
hot/cold channel divided by ðnf þ 1Þ number of fins in y-direction.
The thickness of plate and fin is taken as t and tf , respectively. In
the analytical analysis, the fin is assumed to be slender ðtf � LÞ.
The geometric parameters of the rectangular channel counter flow
heat exchanger are optimized for a prescribed pressure drop ðDpÞ,

Nomenclature

A area (m2)
Across cross section area normal to the flow (m2)
Af surface area of fin (m2)
At total surface area (m2)
cp specific heat (J/kg K)
D channel height (m)
Dh hydraulic diameter (m)
E discretization error
f fanning friction factor
H total height (m)
h mean convective heat transfer coefficient (W/m2 K)
k thermal conductivity of fluid (W/m K)
kw thermal conductivity of plate (W/m K)
L channel length (m)
Lc characteristic length (m)
Lþhy hydraulic entrance length
Lþ dimensionless hydraulic channel length, Lþ ¼ L

DhRe
L�th thermal entrance length
L� dimensionless thermal channel length L� ¼ L

DhRePr
M axial conduction parameter
_m mass flow rate (kg/s)

NTU number of transfer unit
NuLc Nusselt number based on characteristic length scale
N number of hot or number of cold channels
nf number of fins
R convergence ratio
Ro;f overall fin resistance (�C/W)
Pr Prandtl number
Dp pressure drop (Pa)
Q� non-dimensional power density
q heat transfer rate (W)
qd power density per unit volume (W/m3)
ReLc Reynolds number based on characteristic length scale
ReDh

Reynolds number based on hydraulic diameter
T temperature (�C)
t plate thickness (m)

tf fin thickness (m)
U overall heat transfer coefficient (W/m2 K)
v fluid bulk velocity (m/s)
W total width (m)
w channel width (m)
x; y; z Cartesian coordinates
zþ dimensionless position of hydraulic entrance length

zþ ¼ L
LcReLc

z� dimensionless position of thermal entrance length
z� ¼ L

Lc ReLc Pr

Greek symbols
n aspect ratio
q density (kg/m3)
l dynamic viscosity (Pa s)
e effectiveness
j grid refinement ratio
gf fin efficiency
go overall fin efficiency

Subscripts
c cold fluid
cross cross section
CFD with axial conduction, as obtained from CFD
d given design value
h hot fluid
i inlet
eff effective
grid number of grids
max maximum
noax without axial conduction
o outlet
opt optimum
rec rectangular
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