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ABSTRACT: In the present study, to enhance the heat transfer of a linear parabolic solar collector,
iron nanoparticles were added to the base fluid (distilled water) once without a magnet on the absorber
tube and again with a magnet on the absorber tube. For this experiment, the working fluid of water and
magnetic fluid at 4 volume percent of 2, 2.5, 3, and 3.5% for a simple absorber tube and an absorber
tube with a permanent neodymium magnet in turbulent flow, and based on the Asher 93 standard, were
experimentally performed. The thermal efficiency for the working fluid of water and magnetic fluid at
four volume percent of 2, 2.5, 3, and 3.5%, with average Reynolds numbers of 5643, 12987, 13918,
and 14845, for the simple tube, respectively, was measured and calculated experimentally. Also, at the
average Reynolds numbers of 5643, 12987, 13918, and 14845 for the tube with a permanent magnet,
the thermal efficiency for the working fluid water and magnetic fluid at four volume percentages of 2,
2.5, 3, and 3.5 percent, respectively, was experimentally measured and calculated to be 94.52, 69.57,
79.62, 68.01, and 73.02. As observed, the thermal efficiency increased significantly with increasing the
volume percentage of magnetic fluid. Also, by creating a magnetic field, heat absorption increased, and
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the thermal efficiency of the linear parabolic solar collector system increased.

1- Introduction

Simulation-based optimization was used to optimize the
solar system design to maximize solar energy benefits and
relate energy performance to investment and operating costs.
The optimized design reduced non-renewable energy demand
by 48% and increased renewable energy consumption by
83% [1,2]. Zhang et al. [3] used magnetic nanofluids (iron-
water) in a solar collector for direct absorption of sunlight.
The nanofluids have a nanoparticle concentration of 0.01
to 0.4 wt% and a flow rate of 50 to 100 I/h. According to
the experimental results, the optimal concentration of
nanoparticles of 0.20 wt% compared to distilled water was
reported to achieve a better heat transfer performance of
226%, exergy efficiency of 4%, and thermal efficiency of
40.2%, respectively, in the presence of a magnetic field.
The combination of magnetic fluid with magnetic fields is
promising for efficient and optimal use of solar energy.

An experimental study using magnetic fluid and a
permanent magnet to improve the heat transfer of parabolic
solar collectors has not been conducted in Iran and Semnan.
Therefore, considering the research gaps, in this paper,
magnetic fluid and magnetic field were used to improve the
thermal performance of parabolic solar collectors.

*Corresponding author’s email: kharazmi@semnan.ac.ir

2- Thermal performance of the parabolic trough solar
collector

Thermal Efficiency of the

Collector [4] e T o= T (1)

A.D,

Ha=R. L /i
a= B, ) (2)
3- Materials and methods

In this research, the experiments were conducted based
on the ASHRAE 93 standard. Hence, the solar noon time
also changes. The experiments were conducted on clear and
sunny days, due to the conditions of the ASHRAE standard.
The wind speed was less than 4 meters per second, and the
heat flux was above 800 watts per square meter during the
experiment. The experiments were conducted in Semnan
city, in the Energy and Porous Environment Laboratory of
Semnan University. The location was latitude 35 © 14’ 3.00”
North, and longitude 53° 55 8.99” East. The mirror axis of

Hartmann Number (effect
of magnetic field on fluid
flow) [5, 6]
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Fig. 1. Test equipment layout: Components of the para-
bolic solar collector system [7].

Table 1. Dimensions of the steel reflector and dimen-
sions of the copper and glass absorber tube [7].

Specifications Dimension
Parabolic length 2m
Parabolic aperture Im
Focal length 0.25m
Aperture area 1.83m?

Edge angle 90°

Inner diameter of copper tube 25mm
Outer diameter of copper tube 28mm
Inner diameter of glass tube 40mm
Outer diameter of glass tube 44mm
Length of absorber tube 1.83m

the parabolic collector follows the solar radiation in the north-
south direction and is oriented in the east-west direction,
because in this direction the thermal efficiency of the linear
parabolic solar collector is higher. To experiment, first, the
source was completely filled with working fluid (water or
magnetic fluid), and the parabolic reflector was placed in the
direction of solar radiation, and the fluid pump was rotated in
a closed cycle. 20 minutes were allowed to reach equilibrium,
then the data of ambient temperature, solar flux, and wind
speed were recorded every 5 minutes. To calculate the
pressure drop, a gradient mercury barometer (also known as
a manometer or barometer) was used to measure the pressure
of the liquid fluid. The surface temperature of the absorber
tube was recorded once every minute by the RTD (PT100)
temperature sensor.

Figure 1 shows the equipment layout of the parabolic
collector. Table 1 shows the dimensions of the collector.
Figure 2 shows the magnet placement.

The ferrofluid powder used in this experiment was
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Fig. 2. Neodymium magnet and how the magnets are
placed on the absorber tube.

obtained from the US Nanomaterials Research Company
with a particle size of 20-30 nm, a purity of +98%, and 2%
surfactant. To prepare the required ferrofluid at the Semnan
University Science and Technology Park, first, the base fluid
is placed on a magnetic stirrer, and then a certain amount
of nanoparticles, ferrofluid according to the volumetric
percentage of the required fluid, along with 10% surfactant
(gum Arabic), Magnetic fluid was added for stability and no
sedimentation is added, mixed in distilled water, and placed
in a magnetic stirrer.

By placing 80 permanent magnets with a length of 1.5, a
width of 0.7 and a diameter of 0.2 cm, 40 permanent magnets
were installed at the top of the absorber tube at a distance of
3 cm starting from the beginning of the absorber tube, and
in the south to north direction, with poles S to N at the top
of the absorber tube of the parabolic trough solar collector
in the direction of the working fluid flow due to increased
turbulence and conduction heat transfer to improve the
thermal efficiency of the parabolic solar collector.

4- Results and discussion

The magnetic field can lead to a reduction in the thermal
boundary layer. In this region of the boundary layer, heat
transfer is severely reduced. The use of magnetic fluid and
a magnetic field caused the movement of iron nanoparticles
(Fe,0,), and, on the other hand, placing iron nanoparticles
near the surface of the absorber tube led to a reduction in
the thickness of the boundary layer. Iron nanoparticles in the
magnetic fluid were more turbulent due to the presence of the
neodymium magnet and magnetic field. Turbulence caused a
more uniform distribution of nanoparticles in the base fluid,
and increased mixing led to improved heat transfer. Therefore,
this trend led to an increase in the thermal efficiency of the
collector. The thermal properties of magnetic nanoparticles are
usually better than water. Increasing the volume percentage
and concentration of magnetic fluid (volume percentages of
2%, 2.5%, 3% and 3.5%) led to an increase in the effective
thermal conductivity in the working fluid. The improvement
in thermal conductivity increased the transfer of thermal
energy to the working fluid and increased thermal efficiency.

Figure 3 Shows the thermal efficiency changes of the
magnetized tube collectors.
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Fig. 3. Performance Curve of parabolic collector for

magnetized tube with working fluid water and ferroflu-

id at four volumetric percentages of 3.5% at Reynolds
numbers of (a) 5643, (b) 12987, (c) 13918, (d) 14845.

5- Conclusion

» The average Nusselt number of the tube with a magnet
for the ferrofluid at four volumetric percents of 2%, 2.5%,
3%, and 3.5% and water was: 1.51, 1.61, 1.72, 1.76, and
1.42, respectively, compared to the plain tube.

» The average friction coefficient of the magnetized tube
for ferrofluid at four volumetric percentages of 2%, 2.5%,
3% and 3.5% and water was: 1.49, 1.62, 1.73, 1.78, and
1.40, respectively, compared to the plain tube.

* The average thermal performance coefficient of the
magnetized tube for ferrofluid at four volumetric
percentages of 2%, 2.5%, 3%, and 3.5% and water was:

1.57,1.72,1.83,2.07, and 1.38, respectively, compared to
the plain tube.
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Fig. 1. Linear parabolic solar collector [21].
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Table 1. Laboratory system and measuring devices [22].
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Fig. 2. Layout of test equipment: Components of parabolic solar collector system: 1- Parabolic mirror, 2- Copper ab-
sorber tube with special paint coating, 3- Surface temperature sensor, 4- Pyrex glass tube, 5- Flowmeter, 6- Solar radia-
tion meter, 7- Storage tank, 8- Radiator and 9- Water pump [22]
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Table 2. Properties of magnetic fluid nanoparticles.
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Fig. 3. a) Mixing magnetic fluid with gum arabic and distilled water, b) Placing magnetic fluid in ultrasonic device,
¢) magnetic fluid at four volume percent, 2%, 2.5%, 3% and 3.5% and d) XRD diagram of magnetic fluid
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Table 3. Characteristics of neodymium magnet
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Fig. 4. Neodymium magnet and how the magnets are placed on the absorber tube.
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Fig. 5. Thermal efficiency diagram of the parabolic collector for a simple tube with water and magnetic
fluid working fluids at four volume percentages of 2%, 2.5%, 3% and 3.5%, at Reynolds numbers (a)
5643, (b) 12987, (c) 13918, (d) 14845
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Fig. 6. Thermal efficiency diagram of the parabolic collector for a tube with magnets for water and
magnetic fluid working fluids at four volume percentages of 2, 2.5, 3 and 3.5%, at Reynolds numbers
(a) 5643, (b) 12987, (c) 13918, (d) 14845
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Fig. 7. Performance curve of the parabolic collector for a simple tube with water and magnetic fluid
working fluids at four volume percentages of 2, 2.5, 3 and 3.5, at Reynolds numbers of (a) 5643, (b)
12987, (c) 13918, (d) 14845
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Fig. 8. Performance diagram of parabolic collector for tube with magnet with working fluid water and
magnetic fluid at four volume percentages of 2, 2.5, 3 and 3.5% at Reynolds numbers of (a) 5643, (b)
12987, (¢) 13918, (d) 14845
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Fig. 9. Variations of thermal efficiency of parabolic collector with Reynolds number for plain tube and
with magnet for working fluid, water and magnetic fluid at Reynolds numbers of 5643, 12987, 13918
and 14845.
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Fig. 10. Heat transfer diagram to working fluid of parabolic collector for plain tube with working fluid

water and magnetic fluid at four volume percentages of 2, 2.5, 3 and 3.5% at Reynolds numbers of (a)

5643, (b) 12987, (c) 13918, (d) 14845 Volume percentages of 2, 2.5, 3 and 3.5%, at Reynolds numbers of
(a) 5643, (b) 12987, (c) 13918, (d) 14845
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Fig. 11. Heat transfer diagram of the working fluid of the parabolic collector for the tube with magnet
for the working fluid water and magnetic fluid at four volume percentages of 2, 2.5, 3 and 3.5%, at
Reynolds numbers of (a) 5643, (b) 12987, (¢) 13918, (d) 14845.
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