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1. Introduction

Microchannels are among the newest devices that have
been recently used for cooling. The thermal and fluid flow
behavior of microchannels was first investigated by
Tuckerman and Pease. Some researchers have examined
numerically the heat transfer in a microchannel under
constant flow with water-based nanofluid and evaluated
the effect of slip and no-slip boundary conditions on the
flow in the microchannel. Their results showed that the
nanofluid enhances heat transfer and the electric field has
a significant impact on heat transfer.

In this study, the fluid flow inside the microchannel is
modeled by assuming laminar, incompressible, and two-
dimensional flow. The slip condition is applied on the
walls and the outlet flow of the channel is considered as
developed flow. The application of asymmetric boundary
condition is the innovation of this work. Examining the
impacts of slip condition on the hydrodynamic and thermal
behavior of nanofluid is another innovation of the present
work.

2. Description of the problem

Figure 1 illustrates the schematic of the problem for a
channel with an aspect ratio of I/H = 30, where | and H are
the length and height of the channel, respectively. The slip
boundary condition is considered for all the walls and the
analysis of the channel is done regarding two dimensions.
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Figure 1. Schematic of the problem

3. Governing equations

Continuity and Navier-Stokes equations are expressed in
Cartesian coordinates as follows:

Continuity equation:

du, o _ 1
6x+6y_0 ()

Momentum equation in the x-direction:
ou u 10P %u | 9%u (2)
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Momentum equation in the y-direction:
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The average Nusselt number along the channel is shown as
follows:
th (5)

N y=0= G0 Siens

4. Grid study and validation

The average dimensionless temperature at the outlet of the
microchannel at a Reynolds number of 100 and a slip
coefficient of 0.04 for pure water show that the grid with
the 60x450 nodes can be selected as the optimal solution
grid. The values of the local Nusselt number obtained from
the present work and the values reported by Raisi et al.
indicate the maximum error between the two works is

7.6%; therefore, the validity of the present results is
acceptable.

5. Results
Figure 2 reveals that when the slip coefficient increases,
the maximum velocity in the middle of the channel reduces
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and the velocity at the side of the walls is not zero. This
velocity for the slip coefficient between zero and 0.04 is
higher than that for the slip coefficient between 0.04 and
0.08.
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Figure 2. Velocity profile for different slip coefficients

Figure 3 depicts the value of Nusselt number for different
values of volume percentage at a constant Reynolds
number. One can see that as the volume fraction of the
nanofluid is enhanced, the amount of heat transfer
increases. Moreover, the Nusselt number is zero on the
side of the insulated wall.
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Figure 3. Local Nusselt number for different values of
volume fraction

6. Conclusion

This study investigated the nanofluid flow in a
microchannel. The results demonstrated that the velocity
for the slip coefficient between zero and 0.04 is higher than
that for the slip coefficient between 0.04 and 0.08. At a
Reynolds number of 10, the temperature of the fluid
increases rapidly due to its low velocity and the slip
coefficient does not have a large impact on the velocity
profile. While, at high values of Reynolds number, the
temperature profile has a greater impact on the slip
coefficient.
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Numerical Study of Forced Convection in a Microchannel in Presence of Nanofluid using the Slip
Condition

Afshin Ahmadi Nadooshan Dariush Bahrami Morteza Bayareh

Abstract Micro-scale equipment has many advantages such as high thermal efficiency, high heat transfer surface-to-
volume ratio, small size, lightweight, low required fluid, and high design flexibility. In the current study, the fluid flow
inside the microchannel is modeled by assuming laminar, incompressible, and two-dimensional flow. The slip boundary
condition is applied on the walls and the outlet of the channel is considered as fully developed. The effect of various
parameters such as dimensionless slip coefficient, Reynolds number, and volume fraction of nanofluid is examined. The
obtained results demonstrate that the velocity for the slip coefficient between 0 and 0.04 is higher than that for the slip
coefficient between 0.04 and 0.08. Also, as the Reynolds number increases, the place where thermal development is
supposed to occur moves towards the center of the channel and towards the outlet of the channel. At a Reynolds number
of 10, the temperature of the fluid is enhanced rapidly due to its low velocity, and the slip coefficient does not have a
large effect on the velocity profile. At high Reynolds numbers, the temperature profile has a greater effect on the slip
velocity coefficient. According to the results, the amount of heat transfer is increased with the volume fraction of the
nanofluid.

Key Words Microchannel, Slip Coefficient, Nanofluid, Thermal Development.
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