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Heat Transfer

1. Introduction

Study of increasing heat transfer is so important for influence
on efficiency of heat transfer in channel. Several of increasing
heat transfers are divided to three categories inactive, active
and hybrid. Inactive method is based on generator of
turbulence or change of flow behavior in fluid that obstacles
with different geometry. This study investigated heat transfer
of Nanofluid laminar flow in a channel with obstacles along
different geometry such as triangular, rectangular and half-
cylinder and the impact of adding Nano particles on based
flow. The results showed that the average Nusselt humber
increased with an increasing volumetric fraction of nano-
particles. However, the increasing average Nusselt number
depends on the type of obstacles geometry that rectangular
shape is more than others, because area of heat transfer is more
than other obstacles.

2. Geometry and equations

The impact of heat transfer on two dimension channel with
obstacles along different geometry such as triangular,
rectangular and half-cylinder was studies. Figure 1 shows
geometry of channel with obstacles.
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Figure 1. Channel with three obstacles
Some assumptions were considered such as incompressible
fluids and laminar flow. Continuity, momentum and energy
equations are expressed as finite volume for nano-fluid.
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Aluminum oxide is as nano particles. Table 1 shows the
physical properties. Also, effective densityp,s, effective
dynamic viscosity un, thermal capacity (pcp)nr and effective
thermal conductivity k¢ are follow :

Table 1. Physical properties of aluminium dioxide

Aluminum | Based

oxide fluid

Al, 04 H20 sign

3900 | 1000 Density (“8/ )

880 4200 Cp(]/kg e
Coefficient of heat transfer
42.34 0.6 W
( /m . K)

_ K
it = T = gy Y
Pue = (1= @)ps + ¢ps 8)
(pcp)nf =1- (P)(,Dcp)f + (p(pcp)s (9)

@ _ ks + 2k — 2¢(ks — k)
ke ks + 2ke+ (ke — k)

(10)

3. Numerical solution method

Its used constant heat flux condition for boundary condition.
Also, it’s assumed incompressible flow condition.
Temperature of inner flow is 280 K and constant heat flux is
1000 W/m? from below wall.

The above plate, the length of the inlet and outlet of the
channel are are assumed to be insulated. However, it is
assumed that the relative pressure of fluid is zero in outer
section. For numerical study, the governing equations are
solved based on finite element, steady and implicit

“Manuscript received: April 1, 2021 . Revised, November 14, 2022, Accepted, April 3, 2023.
1. Corresponding author. Professor, Faculty of Mechanical Engineering, University of Guilan, Rasht, Iran.

Email: javaherdeh@quilan.ac.ir

2, Assistant Professor, Department of mechanical Engineering, Roudsar and Amlash branch, Islamic Azad University, Roudsar,

Iran.



https://mechanic-ferdowsi.um.ac.ir/article_43704.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/article_42682.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://mechanic-ferdowsi.um.ac.ir/article_43704.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/article_43704.html?lang=en
mailto:javaherdeh@guilan.ac.ir
https://orcid.org/0000-0002-1570-011X

Kourosh Javaherdeh- Habib Karimi

52

discretization. Moreover, simple algorithm was used to correct
the relationship between velocity and pressure fields. It used
non-uniform Mesh in channel, however in places close to the
wall, it used smaller mesh than others for increasing

computational accuracy.
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Figure 2. Nusselt number on below wall by ¢=1.5% compared
with [20]

For validation, the results were compared with others.
Volumetric friction is 1.5%. Figure 2 shows Nusselt number
of this study compared with others.

4. Results

This research investigated the impact various obstacles and
adding nano particles as an inactive method for increasing heat
transfer. The vortices around of the obstacles were increased
the fluid momentum transfer and coefficient of heat transfer.
Nusselt number increased with the increase of Reynolds
number. The maximum Nusselt number in rectangular
obstacle is almost 30% more than circular obstacle. Figure 3
shows local Nusselt number in different Reynolds numbers
and different inlet velocities in the volume fraction of 1%
nanoparticles on walls with heat flux.
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Figure 3. Nussult number on below wall with rectangular
obstacle
According to the constant flux on the below wall, it is
obvious that fluid is heated from entering in the left side of the
channel to exiting from the right side. Moreover, in the channel
with rectangular obstacles, due to the larger Nusselt number,
the fluid absorbed more heat, so the outlet temperature in the
channel with rectangular obstacles is higher than the outlet
temperature from the channel with positive and circular
obstacles. With increasing volume fraction of nanoparticles,
the average Nusselt number increased in the channel with
different obstacles, because the number and surface area of the

particles in contact with the wall increased. This increasing
Nusselt number in the based fluid is almost 10% more than the
fluid with a volume fraction of 1%. It seems that in the place
of obstacles, despite the higher volume fraction of solid nano-
particles in the based fluid, the viscosity of the fluid increases
and the possibility of displacement and molecular collision of
the nano-fluid decrease compared with the based fluid.
Therefore, the heat transfer rate decreases and the Nusselt
number is lower for nano-fluids with a higher volume fraction.
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Figure 4. Nusselt number on below wall with rectangular

obstacle in Re=400

5. Conclusion

In this study, investigated obstacle effect with different
geometry on the heat transfer in the laminar flow. Moreover,
the effective parameters such as Reynolds number, percentage
of nanoparticles, the type of obstacle on heat transfer, and
pressure drop were investigated. The most important results
obtained are as follows:

1. With increasing Reynolds number, at a fixed value of the
volume fraction of solid nanoparticles in the based fluid for all
different arrangements of the obstacle geometry, due to the
turbulence of the fluid molecules and the heat transfer received
from the channel walls into the fluid, the heat transfer rate, and
as a result, the Nusselt number increase.

2. With increase in the volume fraction of nanoparticles in the
base fluid for a constant Reynolds number, due to the increase
in the heat conduction coefficient of the nano-fluid, the rate of
heat absorption from the channel walls into the fluid mass
increases, and as a result, the average Nusselt number in the
channel increases.

3. In the channel with rectangular obstacles, due to the
increasing in the heat transfer surface compared to other
obstacles, the rate of heat transfer from the channel walls to
the fluid increases and as a result, the Nusselt number
increases.
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Numerical Analysis of the Obstacle Effect with Different Geometry on the Heat Transfer of Nanofluid Flow
in a Rectangular Channel

Kourosh Javeherdeh Habib Karimi

Abstract In this study, investigated heat transfer of Nanofluid laminar flow in a channel with obstacles along different geometry
such as triangular, rectangular and half-cylinder and the effect of adding Nano particles on based flow. The result showed that
the average Nusselt number increased with an increasing volumetric fraction of nano particles. However, the increasing average
Nusselt number is dependent on the type of obstacles geometry that rectangular shape is more than others, because area of heat
transfer is more than other obstacles. The Nusselt number with rectangular geometry is 30% more than the Nusselt number with
half-cylinder geometry. Also, using obstacles with different geometry and the adding of the nanoparticles, the hydraulic-thermal
performance has been increased up to 44%. The local Nusselt number for nanofluid of volume fraction with 1% is 2.38% higher

than volume fraction of nanofluid with 2%. The local Nusselt number of volume fraction of nano particle with 1% is 10% less
than based fluid.

Key Words Numerical Study, Vortex Generator, Nanofluid, Rectangular Channel.
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