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In this study, forced convection heat transfer and pressure drop in a
water-alumina nanofluid medium inside a tube have been studied
numerically. In the numerical study, two single-phase and two-phase
Eulerian methods have been used. The tube is under constant heat flux
and the range of Reynolds number is between 3000 and 9000. In
single-phase nanofluid modeling, thermal and flow properties of
nanofluid dependent on temperature and volume fraction are
considered. The obtained results indicate an increase in the heat
transfer coefficient and pressure drop in the nanofluid compared to
the base fluid. An increase in the Reynolds number of the volumetric
flow will cause an increase in the Nusselt number and the heat
transfer coefficient. With the increase in the volume fraction of the
nanofluid, the friction coefficient does not change much, but It
decreases with increasing Reynolds number. Comparing the results of
this numerical study with laboratory results shows that the results of
single-phase analysis are closer to the laboratory results.
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EXTENDED ABSTRACT

Introduction

In this research, the increase of heat transfer inside a channel filled with refrigerant
liquid with different thermal dispersion properties is analyzed. Different arrangements
are considered for nanoparticles or dispersed elements. In a particular arrangement, the
nanoparticles or dispersed elements are uniformly distributed near the center of the
arrangement channel. In another arrangement, they are uniformly distributed near the
channel boundary. Exponential or parabolic distribution has also been analyzed for
nanoparticles. The energy equations for each of the respective regions will be
dimensionless. Numerical results for Nusselt number and temperature distribution are
presented. In many industrial applications, the generated heat must be introduced or
removed from the system by a fluid. Therefore, it can be said that the phenomenon of heat
transfer plays a very important role in the industry. In the issue of heat transfer efficiency
in equipment such as heat exchangers, the thermal conductivity of the energy-carrying
fluid and the displacement heat transfer coefficient play an essential role. With the
increase of global competition in various industries and the role of energy in the cost of
production, these industries are strongly moving towards the development of advanced
and new fluids with high thermal indices. One of the methods that has recently attracted
the attention of researchers is adding metallic or non-metallic nanoparticles with higher
thermal conductivity to base fluids such as water. The suspension resulting from the
increase of nano-sized particles in the base fluid is called nanofluid. Of course, the addition
of these particles causes several problems such as wear and increase in pressure drop,
sedimentation, and instability of the suspension. In recent years, several studies have
been conducted in the field of heat transfer efficiency in nanofluids. The reported results
of heat transfer efficiency of nanofluids by different research centers and researchers are
different from each other. There are two main schools of thought regarding heat transfer
efficiency in nanofluids: one school claims that there is a significant increase in the heat
transfer coefficient that does not require sacrificing much pump power. The increase of
the heat transfer coefficient is limited and this increase of the heat transfer coefficient is
balanced by the increase of the pumping power. The reported results of heat transfer
efficiency of nanofluids by different research centers and researchers are different from
each other. They studied displacement heat transfer and nanofluid flow in the tube. The
results of their experiments show an increase in the displacement heat transfer coefficient
and Nusselt number with an increase in the Reynolds number and volume density of
nanoparticles in the turbulent flow.

Methodology

In this study, a part of the volume fluid under the influence of thermal dispersion effects
related to suspended nano particles or any other dispersed element is considered, while the
other part contains only pure fluid. The most obvious way to obtain a specific distribution
for heat dissipative elements is to have extended conductive capillary surfaces on the
channel plates. The volume of this structure is small enough that the parabolic distribution
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assumption for the velocity field is still valid. Ultra-fine suspended particles such as
nanoparticles, nanotubes or dispersion elements in the fluid play an important role in heat
transfer inside the channel, which is due to Brownian motion, which tends to increase fluid
mixing. This factor increases heat transfer. . By giving magnetic properties to nano particles
and applying a suitable concentrated magnetic field, it is possible to concentrate the
dispersed elements or nanoparticles more near the channel walls. In this way, the difference
in thermal dispersion properties of nanofluids can be obtained. Appropriate thermal
dissipative properties can be obtained using the various methods discussed in Section 1.
Heavier nanoparticles or dispersed elements tend to be suspended near the bottom plane
due to gravitational forces, while lighter nanoparticles or dispersed elements tend to be
suspended near the upper plane due to buoyancy forces.

Results and discussion

By solving the problem, the spatial and average friction coefficient in the pipe is obtained.
The obtained results show that the friction coefficient decreases with the increase of the
Reynolds number; but the increase in the volume fraction of nanoparticles does not cause a
significant change in the average friction coefficient of the pipe. The coefficient of friction is
defined as follows. The pressure drop in the pipe is shown in terms of Reynolds number in
different volume densities. The graph shows that with the increase in the volume fraction of
nanoparticles, the pressure drop increases sharply. The reason for this can be due to the
increase in viscosity and density of nanofluid compared to the base year. In order to check
the correctness of the solution performed, Yang's laboratory conditions have been
simulated again and the obtained results have been compared with the laboratory results.
In Figure 4, the Nusselt number obtained from the numerical solution at a volume fraction
of 2.55% is compared with Yang's laboratory results. It can be seen that the results obtained
from single-phase analysis are closer to the laboratory results. The results of the two-phase
model at a given Reynolds number predict a higher value for the Nusselt number.
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Figure 4. Comparison of the Nusselt number obtained from numerical analysis with Yang's experimental
results [1].
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Conclusion
The present study investigates the forced convection heat transfer in water-alumina

nanofluid environment with two numerical approaches, single-phase and two-phase. In the
single-phase model, the viscosity and thermal conductivity of the nanofluid were considered
to vary with temperature and particle volume fraction. Comparing the numerical results
obtained from the numerical solution with the laboratory results shows that the results of
single-phase analysis are closer to the laboratory results. It was also observed that with the
increase in the Reynolds number of the volume fraction, the Nusselt number and the heat
transfer coefficient also increase. Regarding the pressure drop, the obtained results show
that the pressure drop increases with the increase of the Reynolds number; and the slope of
this increase is greater at higher volume densities. The friction coefficient also decreases
with the increase of the Reynolds number and has insignificant changes compared to the
volume fraction changes.
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