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In this article, the forced displacement heat transfer of nanofluid flow
in horizontal curved tubes with a four-sided cross-section, under heat
flux, was numerically simulated. A homogeneous nanofluid of
aluminium oxide particles and water was used as the base fluid.
Continuity, momentum and energy equations and the control volume
method were used to numerically solve the flow. In this study, the
effects of secondary flows, centrifugal force, and buoyancy on the flow
field were considered, and the effect of the Reynolds number, volume
fraction of nanoparticles and the effect of the curved surface in
different geometries on the amount of heat transfer and pressure drop
were investigated. The results are presented in the contour of flow
and temperature parallel lines as well as Nusselt number and
pressure graphs. Heat transfer and pressure drop in different
concentrations of solid particles and different Reynolds numbers
were compared. The results demonstrated that by increasing the
volume fraction of solid particles from 0 to 5%, the heat transfer
increased by up to 10% and the pressure drop increased by 100%. In
addition, by increasing the Reynolds number from 100 to 900, the
heat transfer and pressure drop inside the elbow increased by up to
two times. According to the results, the concave surface from inside
the tube has a greater effect on heat transfer than the convex surface.
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EXTENDED ABSTRACT

Introduction

In this article, forced convection heat transfer of nanofluid flow in a horizontal curved
tube with a square cross-section under heat flux was investigated in a numerical method.
The homogeneous nanofluid of aluminum oxide and water (Al203) was used as the working
fluid. For the numerical solution of continuity, momentum and energy equations, the finite
volume method was used. In this study, the effects of Reynolds number and concentration
of nanoparticles and the impact of the elbow on the flow field and the heat transfer rate and
pressure drop were investigated. Heat transfer and pressure drop were compared in
different nanoparticle concentrations and different Reynolds numbers. The results were
presented in the form of flow and temperature contours and the Nusselt diagrams, which
had a good correlation with the experimental results, and showed that by increasing the
solid volume fraction and Reynolds number, the heat transfer and pressure drop in the
elbow increases. In addition, the concave surface from inside the tubes had a greater impact
on heat transfer than the convex surface.

Methodology

Figure 1 shows the computational area including the curved tube with axial
angle 6 between 0 and 180 degrees under constant wall heat flux. The radius of
curvature of the tube is R_c and the cross-section of the tube is quadrilateral to side
a, which in the nanofluid tube of water and aluminium oxide flows slowly and
constantly at the speed of v_0 and constant temperature of T_0=298k at the inlet.
In this diagram, L=300mm, a=80mm and R_c=160mm are considered. The non-
uniform structured grid shown in Figure 2 was created to discretize the
computational domain. Near the wall, due to the high gradient of velocity and
temperature, a finer grid is considered. The sensitivity of the network was
investigated by changing the number of nodes in different directions.
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Figure 1. Computational area.
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Results and discussion

After choosing the appropriate network and ensuring the correctness of the
written code, the governing equations of the problem along with the relevant
boundary conditions were solved. Velocity, temperature and pressure were
obtained throughout the flow field and heat transfer; pressure drop and
dimensionless velocity were investigated using the definition of Nusselt number at
different elbow sections in different Reynolds numbers and volume ratios.

The curves of the local Nusselt number on the inner wall of the 180° elbow for a
certain value of heat flux and constant Reynolds number are shown in Figure 2a.
Due to the convexity of the inner wall, the thickness of the boundary layer starts to
increase and the velocity decreases near this wall, thereby decreasing the Nusselt
number until it reaches its minimum value at an angle of 60 degrees. After the angle
of 60 degrees, secondary flows are formed, and for this reason, after a fluctuation
in the Nusselt number, it continues its downward course until the end of the pipe.

Figure 2b shows the curves of the local Nusselt number on the external wall of
the 180° elbow for a certain value of heat flux and constant Reynolds number. It can
be seen that, unlike the inner wall, due to the simultaneous effect of buoyancy and
centrifugal force, the Nusselt number increases. At an angle of 100 degrees, this
upward course decreases with the formation of secondary currents. However, at 70
degrees, the changes increase again.

a: inner wall b: outer wall

Nug
Nug

—_— D=
— D=2%

—-——= D®=0

8 2‘0 4‘0 6‘0 E‘D 1&0 1‘20 1&‘10 1(;0 1!20 0 2‘0 4‘0 f;D B‘O 1"30 1‘20 1z‘w 1é0 1;0
&(degree) &(degree)
Figure 2. Local Nusselt number of the elbow at Re =500 and q" = 1500 (w/mz2).

The dimensionless temperature contours of the fluid at different sections of
the duct are shown in Figure 3 (the upper side shows the outer wall and the
lower side the inner wall). In this diagram, the dimensionless temperature is
defined as follows:
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In the above relationship, T is the temperature at each fluid point and T; is the
temperature of the fluid entering the pipe.

By referring to the diagram, it can be seen that the temperature increase occurs
in a narrow area near the outer wall, which is due to the external heat flux. When
the flow moves from the section with angle 8=60° to the section with angle 6=150°,
the vortices are strengthened near the inner wall, so the high-temperature area is
gradually transferred to the outer wall. In addition, the temperature contours
change until the end of the pipe because the constant heat flux enters the wall until
the end of the pipe.

6 =60°

q"=1500 (w/m2), 9=4% and Re = 500.

Conclusion

The smooth and continuous flow of nanofluid inside a curved tube with a four-
sided cross-section, considering the effects of buoyancy and centrifugal forces, was
studied in three-dimensional mode with numerical simulation by Fluent software.
It was observed that with the increase of the buoyancy force, the symmetry in the
speed and temperature contours is lost. In a certain and constant Reynolds number
and heat flux, increasing the volume ratio of solid nanoparticles increases the
Nusselt number and fluid temperature, and has no noticeable effect on the
secondary flows. It was also observed that the inner wall plays a lesser role in heat
transfer than the outer wall, which is due to the formation of secondary flows on
the inner wall. It was also observed that the increase in the two parameters, the
Reynolds number and the concentration of nanoparticles, was due to the increase
in secondary flows. The density increases the pressure drop and the average
Nusselt number increases with the increase of the curvature angle and decreases
with the increase of the curvature radius.
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