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Abstract - In this paper, air-side heat transfer and fluid flow in a compact microchannel was investigated numerically by a
commercially available modelling and simulation software. The translational periodic boundary condition was used to reduce the
computational cost. The results were obtained for four different fin pitch lengths and four different inlet velocities. The results were
given by the heat transfer coefficient, the average Nusselt number, j-factor, pressure drop and contours of velocity and temperature.
The results show that the heat transfer coefficient gets its highest value for the pitch length of 1 mm. The decrease in the heat transfer
coefficient gets lower values with the increase in the pitch length. It is observed that the average Nusselt number shows a considerable
increase with an increase in the Reynolds number. The results also show that the j-factor shows an exponential decrease with an
increase in the Reynolds number. Finally, the results show that the pressure drop shows a considerable decrease with an increase in the
pitch length.
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1. Introduction

Growing energy demand and growing competition in the engineering market together with developing technology,
eliminates the heavy and inefficient products from the market and replaces more compact, recyclable and efficient products
which give better performance. This development is clearly observed in heat exchanger technologies, which are the key
element for the most of the engineering applications concerned with energy management. The desired qualifications for a
heat exchanger are the performance, corrosion resistance, reduced pressure drop, reduced weight and price. Aluminium
microchannel compact heat exchangers meet many of these qualifications, still with the need of further improvement of
these qualifications.

There are a number of studies on the performance of microchannel heat exchangers in the literature. In one of these
studies, Dasgupta et al. [1] made an experimental investigation on the air-side performance of a microchannel. They
concluded that air-side Reynolds number plays a major role in heat transfer. They also proposed correlations for air-side
average Nusselt number and friction factor. Siddiqui et al. [2] investigated the air-side heat transfer and fluid flow
performances of a microchannel heat exchanger. Their results show different frontal air velocities altered in nine steps
between 3 m/s and 11 m/s. They also proposed correlations between Re-Nu and Re-f. Dehghandokht et al. [3] studied the
effect of serpentine in a multi-port microchannel heat exchanger on heat transfer numerically. They validated their results
with the experimental data. They concluded that the presence of an adiabatic serpentine bend causes 20% increase in heat
transfer rate due to existence of a new entrance region. Oliet et al. [4] conducted a parametric study on automotive
radiators. Harris et al. [5] designed a cross flow micro heat exchanger. They proposed three different heat exchangers:
plastic, ceramic and aluminium. For the aluminium exchanger, they obtained a heat transfer rate of 59.4 W/cm?3. Khan and
Fartaj [6] published a review study on microchannel heat exchangers. They emphasized that the studies on air-to-liquid
microchannel heat exchangers are limited. They also made a survey on experimental infrastructures. Different fin
geometries for air-side of microchannel heat exchangers can be found in the review study of Sheik Ismail et al. [7] Also a
useful broad review about compact heat exchangers can be found in the study of Li et al. [8].

The aim of this study is to investigate air-side heat transfer and fluid flow in a compact microchannel for various
values of inlet velocity and pitch value.
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2. Method

A microchannel heat exchanger is consisted of fins and multiport slabs. This construction periodically repeats itself
inside the heat exchanger. Hence, the solution of single periodic element can be generalized to the whole system
approximately. In this study, the heat exchanger examined was partitioned to translational periodic elements and the
solution was obtained for one of these periodic elements.

As mentioned before, the subject of this study is to examine the air-side heat transfer and fluid flow characteristics of
a microchannel heat exchanger. The temperature of the liquid in microports was assumed constant at 50°C. This is the case
when the condensation process occurs in the liquid side.

Fig. 1 shows the schematic view of the microchannel heat exchanger considered in this study. Fig. 2 shows one the
translational periodic element of the heat exchanger. The heat exchanger was assumed to be 50 mm depth. Fin height is
taken as 15 mm. The microport slab of the exchanger has 2 mm height. Microports were assumed to have 1 mm diameter.
The microports were modelled as a single elliptic tube as the heat transfer between tubes is negligibly small. The schematic
view of the element considered is seen in Fig. 2.
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Fig. 1: Schematic view of the microchannel heat exchanger [9].

0000 5000 10,000 (mm)

2500 7500

Fig. 2: Translational fin model.

The inlet velocity was taken as 2, 4, 6 and 8 m/s. Four different fin pitch values were considered: 1, 2, 3 and 4 mm.
The temperatures of the inlet air and the fin base were assumed as 25°C and 50°C, respectively.
The heat transfer rate for the heat exchanger can be obtained by the following equation:

HTFF 135-2



Q = UAFAT,, (1)

where F is the correction factor, U is the overall heat transfer coefficient and A is the contact area between the air
and the solid. As the constant temperature was assumed for the liquid side, the correction factor can be assumed as unity.
The logarithmic temperature difference ATy, is defined as:

(Tmp - Tin)_(Tmp - Tout)
ln(Tmp - Tin) - ln(Tmp - Tout)

ATy = )

where T, is the condensation temperature, which was taken as 50°C and T';, is the inlet temperature of air, which
was taken as 25°C in this study. T, is the average temperature of air at the outlet. As the resistance of aluminum and
fluid side is negligible, total resistance can be expressed approximately as following:

1 ATy,

R =—= 3
where Q is the total heat transfer on the contact region between the solid and the air.
The Reynolds number is defined as:
VD
Re = 2" (4)
u

where V is the inlet velocity of the air, p and u are the density and viscosity of the air respectively. Dy is the
hydraulic diameter defined as:

Dy = (%)

where A, is the cross-section of flow between fins and p is the wetted perimeter for mentioned cross-section.
The thermal resistance of air is defined as:

1
Ry=———
¢ (Mahada)

where 7, is the air-side surface efficiency, A, is the surface area and h, is the heat transfer coefficient for air. The
air-side surface efficiency can be defined as following:

(6)

Ay
na=1—A—(1—nf) )

As the plain rectangular fins are used, fin efficiency can be expressed by following equation [10]:

_ tanh(mlL)

Ny = (8)

mL

where L is the characteristic length and the fin parameter m is defined as following;
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9)

where k is the thermal conductivity of the fluid and t is the thickness of the fin. The characteristic length can be
defined as:

_ Hfin

L 2 - tfin (10)

The h, was obtained iteratively by Egs. (6)-(10) and Eq. (1). Then the average Nusselt number can be defined as:

_ haDh

N
ST

(11)

3. Results and Discussion

The air-side heat transfer and fluid flow characteristics in a heat exchanger were investigated in this study for
different fin pitch lengths and inlet velocities. The ANSYS Fluent modelling and simulation software was used to obtain
computational results. The flow between the fins is laminar for the values of parameters considered in this study. On the
other hand, the flow regime in the inlet and outlet zones is turbulent. Therefore, these domains were modelled by the k-
epsilon turbulence model.

The variation of the average heat transfer coefficient with the inlet velocity is seen in Fig. 3 for various values of the
pitch length. The heat transfer coefficient gets its highest value for the pitch length of 1 mm. A considerable decrease is
seen in the heat transfer coefficient when the pitch length is increased from 1 mm to 2 mm. This can be attributed to the
decrease in velocity when the pitch length is increased. The heat transfer coefficient shows lower decreases with the further
increase in the pitch length. Increasing the pitch length from 1 mm to 4 mm results in a decrease in the heat transfer
coefficient between 44-60% depending on the value of the Reynolds number. As it can also be seen in Fig. 3 that the heat
transfer coefficient shows a considerable increase with an increase in the inlet velocity as the convection gets stronger.
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Fig. 3: Variation of heat transfer coefficient with inlet velocity.
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The variation of the average Nusselt number with the Reynolds number is seen in Fig. 4 for various values of the
pitch length. As it can be seen from Fig. 4, that the average Nusselt number shows a considerable increase with the
Reynolds number, as expected. The average Nusselt number is a non-dimensional form of the average heat transfer
coefficient. However, as opposed to the heat transfer coefficient, the average Nusselt number shows an increase with an
increase in the pitch length. This is because of the fact that the pitch length is used in the non-dimensionalization of the
heat transfer coefficient and an increase in the pitch length causes an increase in the average Nusselt number.
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Fig. 4: Variation of Nu number with Re number.
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Fig. 5: Variation of j factor with Re number.
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The average Nusselt number does not give any information on the heat transfer per thermal capacity of the fluid.
Therefore, the j-factor found a widespread use in many heat transfer analyses to characterize heat transfer. Fig 5. shows the
variation of j with the Re number for various values of pitch length. As it can be seen from Fig. 5, that the j-factor shows
an exponential decrease with an increase in the Reynolds number and approaches zero asymptotically. With an increase in
the Reynolds number, the ratio of the heat transferred into the fluid to the thermal capacity of the fluid shows a decrease.
Therefore, the j-factor shows a decrease with an increase in the Reynolds number. The j-factors obtained by an
experimental study of Siddique et. al. [2] were also given in Fig.5. As it can be seen, the j-factors obtained in this study
shows a similar trend to those obtained experimentally. The differences between the values of j-factor of this study and the
experimental study are due to the different geometrical dimensions used in this study and experimental study of Siddique
et. al. [2].
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Fig. 6: Variation of pressure drop with inlet velocity.

Another important factor in heat exchanger analysis is the pressure drop of the fluid across heat exchanger as it is the
necessary magnitude to calculate the power required to drive the fluid flow. The variation of the pressure drop across the
heat exchanger with the inlet velocity is seen in Fig. 6 for various values of the pitch length. As it can be observed from Fig
6 that the pressure drop gets its highest value for the pitch length of 1 mm. It first shows a considerable decrease with an
increase in the pitch length and then a lower decrease is seen with further increase in the pitch length. The pressure drop
increases with a decrease in the pitch length depending on the increase in the viscous forces. The pressure drop also shows
a significant increase with an increase in the inlet velocity, as expected.

The velocity contours at the inlet and outlet region of the computational domain are seen in Fig. 7 and 8. The flow
becomes hydrodynamically developed after some distance from the inlet. The velocity of the airflow is about 4 m/s outside
the boundary layer for the values of the parameters considered in this figure. The velocity gradient increases considerably
by a decrease in the pitch length. This high velocity gradient is the cause of the high pressure drop seen for the low values
of the pitch length. As it can be seen in Fig. 8 that a wake region is formed at the outlet region of the heat exchanger. As it
was expressed earlier, flow inside the heat exchanger for the considered values of the parameters is laminar. Thus,
increasing the mixing of fluid particles by using turbulators or making the slab geometry dimpled would increase the heat
transfer rate.

The temperature contours in the computational domain are seen in Fig. 9. The development of thermal boundary
layers along the multiport surface are clearly seen from the decreasing temperature gradient along the multiport surface.
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Fig. 7: Velocity contours at the inlet region of computational domain for 2 mm fin-pitch length and 2 m/s inlet velocity.

Fig. 8: VeIoty contours at the outlet region of computational domain for 2 mm fin-pitch length and 2 m/s inlet velocity.

4. Conclusions

Heat transfer and fluid flow in a microchannel heat exchanger were investigated numerically in this study for
different values of the pitch length and inlet air velocity. The concluding remarks are: The heat transfer coefficient gets its
highest value for the pitch length of 1 mm while the pressure drop also gets its higher value for the pitch length of 1 mm.
Yet the variation of pressure drop with inlet velocity is much higher than the variation of overall heat transfer coefficient
with inlet velocity as they can be seen in Fig. 3 and Fig. 6. Thus, 1 mm fin pitch length is more favourable to be used in
low air velocity applications. Also, as it can be seen in Fig. 3 and Fig. 6; as the fin pitch length becomes wider, the pressure
drop and overall heat transfer coefficient variation with fin pitch length becomes smaller. This shows that for larger fin
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pitch lengths, the effect of fin pitch on the heat exchanger performance becomes less significant. Nusselt number shows a
significant increase with an increase in the Reynolds number. The j-factor decreases exponentially with an increase in the
Reynolds number.
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Fig. 9: Temperature contours in the computational domain for 2 mm fin-pitch length and 2 m/s inlet velocity.
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