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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 Asher93 standard, were experimentally performed. The thermal efficiency
for the working fluid of water and magnetic fluid atfour 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€xperimentally measured and calculated to be 94.52,
69.57, 79.62, 68.01, and 73.02. As observed, the thermal efficiencysincreased significantly with increasing the
volume percentage of magnetic fluid. Also, by creating.asmagnetic field, heat absorption increased, and the
thermal efficiency of the linear parabolic solar collector system increased.
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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 ta improve the heat transfer of
parabolic solar collectors has notsbeenswconducted 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.

2- Thermal performance of the parabolic trough
solar collector

Thermal ne o (T o—T 9
Efficiency of the ’7:% ®

Collector [4]


mailto:kharazmi@semnan.ac.ir

Hartmann Number
(effect of magnetic
field on fluid flow)
[5. 6]

Ha=|30|_J7 )
H,

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 Wniversity. The location was
latitude 35 ° 14' 3.00" North, and longitude 53° 55'
8.99" East. The mirror axis of the parabolic.cellector
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.
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Fig 1: Test equipment layout: Components of the parabolic solar
collector system [7]

The ferrofluid powder used in this experiment was
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.

Table 1 : Dimensions of the steel reflector and
dimensions 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 25mm

copper tube

Outer  diameter _<of 28mm

copper tube

Inner diameter of glass 40mm

tube

Outer diameter:of_ glass 44mm

tube

Length of absorber tube 1.83m
3em s

3m B— ifm — 7\6\“

15m

Fig 2: Neodymium magnet and how the magnets are placed
on the absorber tube

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 (FesO4), 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 dayer. Iron nanoparticles in the
magnetic fluid®were, more turbulent due to the
presence of”the, neodymium magnet and magnetic
field. Turbulence caused amore 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 ferrofluid 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, 162, 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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Figure 1: Linear parabolic solar collector [21]

Table 1: Laboratory system and measuring devices [22]
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Figure 2: Layout of test equipment: Components of parabolic solar collector system: 1- Parabolic mirror, 2- Copper
absorber tube with special paint coating, 3- Surface temperature sensor, 4- Pyrex glass tube, 5- Flowmeter, 6- Solar
radiation 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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Figure 3:a).Mixing magnetic fluid with gum arabic and distilled water, b) Placing magnetic fluid in ultrasonic device, c)
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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Figure 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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Figure 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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Figure 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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Figure 8: Performance diagram ofsparabolic 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, (c) 13918, (d) 14845
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Figure 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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Figure 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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Figure 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 Reynalds numbers of (a) 5643, (b)
12987, (c) 13918, (d) 14845

oS s9wd )55 b a s Suo b g w3l oo o5 ke (551 w55 o8 G s @ lesT gl o LTl algd sl
la Jools 6,5 Jlow 45 00l ools (5lo )5 (goudijo oo 51 (pildS b ¢ o sy g0 095 Sl o sibay )5 b 4 00l o0lo
g Lyl bl ool dgf £45 a3 Ll e 4 (Stw (6,15 Jlow 4 00 00ls (gla )5 040 o collie V) IS 4804S WS o
9 IYAVA AYAAY OFFY slasalsn, o, YIO o ¥ V0 ¥ oz doys Ll b cmnbline Jlow Ly 0 @) Jlobs g4 55
IVE] s)ls Gaabesl les 5 VEATO

& 35 45 -0

YA



Olee by by (Sxasl Gl ol Gl g rals s @ bytal b g jleolinal b gl ool 5 ()l lals
Ty b ped Oyl T o a4 6,5 Sl & 3l algd 5l ol Jll ol Ol JUE oo ialil corse (smpbline
Al ) olal 2elS sl 4 a5 00l Gl algd a8 sles el &l JE e o ol ialzdl Sl

(ol 5alg Pose il b ol sae s a0 b e Siel3dl st sae Lill b Skl (g ,b fans ¥
2,10 gytins 756 Al ol o bsal b algl solaiwl 13 g i85 (6500 Y Cwls ol ja0su, olasel jo wul oo

a5 O] g 0,0 YO o Y YIOT YT, oz o )0 Yoz 10 (amabline Jlow (sl byl b galg) el soe lawgio v
b ooles salgd ol VEY 5 VYE VY A1/5Y) /)

@ Ol g oo VIO oY/ NIBT. X/ oz do 10 Yoz 10 (cmmsbline Jlw (sl byl b sdlg) STlanl g po awgio v
s ool galg) il VE+ 5 VYA VY D/PY /KR sy

900, YIO . o VI XIDE XL oz 2oy oz 50 (ombline Jlw «slp Lyl b salg) )l o,Shee oo bawgie v
A ool galg) plu VYA g YoV NAY VY VDY ieus 5 ol

SEVYY Lyal b a6l 50lsn; ez (nSile o (Sl ooy p i il v

LNV Nesls alg) (61 5055 Sl eSile o (Sl ey p i (Sile Y

Loz oeSile 4o oo YIOT 5 VAT W/, oz doyo Sz 50 Sl 558 5 ol 5 Sl sl ) plewsl, ¥
S 100 DO DI rass 5 &y o0kes Balg) 1 adl sy oy Sy 4 D FAED 5 VFAVA AVAAY « OFFY clojlsis,
s olie I VY- Y GEAI ) SYIVA BVIFA BY/AF s 5 as Lyial L alg) sls g Vo /VY 5 £0/YA

a3 ez 50 ST 65 Jlow & S o blBEIEL (0t j5 aS (Ssote (505591055 sl Sl ey dap V
NFF o 4 DFAED 5 VFAVA DYAAY OFFY clojalgi; Loz aSiboo 4o choys VIO 5 Y/ VIO Y/ oz
g polie ol VoYY 5 V/-FF /- FY /-

B ol i O b duslie 10 (sgagaw 0 y9ls,5 (slmreatiblian Jlow 51 ooliiul S ols )lis oael vty s v/
Gl g &l JUl sgee p (emeblin o 5 (bl Jldcote sSlisminselis oS s )l plesil) )5 4z
el (5550 0¥

ol 5 38 ot 033105 Gyl pledily 58 pSeiz dgmt 4 priallaJlagli b pibliio e plajen oS5 Y

AT S (53555 Ggads 03551 )T (5 3luinge & Wl oo b
Ol )lais| g pdle Cow b

(Jedats Nu wlas Colus m? Aa
Lyl b alg) oLl Nunm s o C

ools algl ks Nuo ohy 285 el kIKg.SC
(*C)ks T 0518 5 amio 1 Gand,e ateis U0 WIM?2 T D)

() o)l lals g o UL ebline Jlow Fes0,
()l oost Nen oS B ke Fr
S5 o33k no Lyial b ) SIal o o fm
9909 i ool dof Slasl o o fg
T3 0 il gl o Syl Jil cape WM g

'4



S b, o Jw ) colan o pe WIMKE

(Pa.s) Swlus ey Hp Lol m

Jow bz oo KOS g

&1y g b

[1] E.T./Sayed, A.G. Olabi, A.H. Alami, A. Radwan, A. Mdallal, A. Rezk, M.A. Abdelkareem, Renewable energy and
energy storage systems,.Energies, 16(3) (2023) 1415.

[2] A. Noorani, M..Rahimi, M. Mirbagheri Jam, Investigating the Impact of Renewable and Non-Renewable Energy
Consumption on.Economic Welfare in Iran. Journal of Renewable and New Energy. 2022; 9(1): 61-8. in Persian.

[3] A. Awasthij A.K. Shukla, M.M. SR, C. Dondariya, K. Shukla, D. Porwal, G. Richhariya, Review on sun tracking
technology in solar P\/.system, Energy Reports, 6 (2020) 392-405.

[4] M. Bilardo, M. Ferrara»Es"Fabrizio, Performance assessment and optimization of a solar cooling system to satisfy
renewable energy ratio (RER) requirements in multi-family buildings, Renewable Energy, 155 (2020) 990-1008.

[5] K. Amani, M. Ebrahimpour, S«#Akbarzadeh, M.S. Valipour, The utilization of conical strip inserts in a parabolic trough
collector, Journal of Thermal Analysis and<Calorimetry, 140(3) (2020) 1625-1631.

[6] K. Anirudh, S. Dhinakaran, Performance improvement of a flat-plate solar collector by inserting intermittent porous
blocks, Renewable Energy, 145 (2020) 428-441.

[7] E. Bellos, C. Tzivanidis, D. Tsimpoukis, Enhancing the performance of parabolic trough collectors using nanofluids
and turbulators, Renewable and Sustainable.Energy Reviews, 91 (2018) 358-375.

[8] B. Zou, Y. Jiang, Y. Yao, H. Yang, Thermal perfarmance improvement using unilateral spiral ribbed absorber tube for
parabolic trough solar collector, Solar Energy, 183 (2019) 371-385.

[9] J.S. Kumar, P.S. Paul, G. Raghunathan, D:G+"Alex, A review of challenges and solutions in the preparation and use of
magnetorheological fluids, International Journal of Mechanical and Materials Engineering, 14(1) (2019) 13.

[10] M. Malekan, A. Khosravi, S. Syri, Heat transfer modeling of a parabolic trough solar collector with working fluid of
Fe304 and CuO/Therminol 66 nanofluids under magnetic field, Applied Thermal Engineering, 163 (2019) 114435.

[11] M. Alsaady, R. Fu, Y. Yan, Z. Liu, S. Wu, R. Boukhanouf, An-experimental investigation on the effect of ferrofluids
on the efficiency of novel parabolic trough solar collector-under laminar flow conditions, Heat Transfer Engineering, 40(9-
10) (2019) 753-761.

[12] D. Zheng, J. Yao, H. Zhu, J. Wang, C. Yin, Optimizing‘photothermal conversion efficiency in a parabolic trough direct
absorption solar collector through ferrofluid and magnetic field synergy;Energy Conversion and Management, 285 (2023)
117020.

[13] Z. Zhu, E. Nadimi, M. Asadollahzadeh, M. Bahari, M.Z.M. Abad, M. Aliehyaei, Investigation into the effect of
multiple line dipoles magnetic field through LS-3 parabolic trough solarsystem, Applied Thermal Engineering, 235 (2023)
121332.

[14] A. Tahmasebi, A.M. Abed, A. Aghaei, F. Izadi, E.H. Malekshah, H.S. Aybar, Investigation into the effect of twisted
tape on the thermo-hydraulic performance and entropy generation of turbulent<flow of mono and hybrid magnetic
nanofluids inside a parabolic solar collector absorber tube by applying two-phase analysis;”Engineering Analysis with
Boundary Elements, 150 (2023) 318-328.

[15] R. Singh, A. Gupta, A.R. Paul, B. Paul, S.C. Saha, Improving Heat Transfer in:Parabolic‘Trough Solar Collectors by
Magnetic Nanofluids, Energy Engineering, 121(4) (2024).

[16] N. Helmi, A. Nazari, M. Bezaatpour, S. Nateghi, H. Ghaebi, Investigation of energy storage in parabolic rotary trough
solar collectors using various porous fins with magnetic nanoparticles, Energy for Sustainable Development, 70 (2022)
194-204.

[17] W. Fugiang, T. Zhexiang, G. Xiangtao, T. Jianyu, H. Huaizhi, L. Bingxi, Heat transfer performance enhancement and
thermal strain restrain of tube receiver for parabolic trough solar collector by using asymmetric outward convex corrugated
tube, Energy, 114 (2016) 275-292.

[18] A.V. Arasu, T. Sornakumar, Design, manufacture and testing of fiberglass reinforced parabolatrough for“parabalic
trough solar collectors, Solar Energy, 81(10) (2007) 1273-1279.

[19] R. Akhmedagaev, O. Zikanov, Y. Listratov, Magnetoconvection in a horizontal duct flow at very high Hartmann and
Grashof numbers, Journal of Fluid Mechanics, 931 (2022) A29.

[20] H. Sajjadi, A. Amiri Delouei, M. Atashafrooz, Effect of magnetic field on particle deposition in a modeled roem,
Particulate Science and Technology, 41(3) (2023) 361-370.

[21] S. Akbarzadeh, M.S. Valipour, Energy and exergy analysis of a parabolic trough collector using helically corrugated
absorber tube, Renewable Energy, 155 (2020) 735-747.


https://fa.wikipedia.org/wiki/%D8%B1%D8%B3%D8%A7%D9%86%D8%A7%DB%8C%DB%8C_%D8%A7%D9%84%DA%A9%D8%AA%D8%B1%DB%8C%DA%A9%DB%8C

[22] S. Akbarzadeh, M.S. Valipour, The thermo-hydraulic performance of a parabolic trough collector with helically
corrugated tube, Sustainable Energy Technologies and Assessments, 44 (2021) 101013.

[23] M. Babapour Sorkhan, M.S. Valipour, Experimental investigation of the use of nanofluid and spiral wave absorber
tube on the performance of parabolic solar collector. Master's thesis, Semnan: Faculty of Mechanical Engineering, Semnan
University; 2021. 104 pages. in Persian

[24] M. Bezaatpour, H. Rostamzadeh, J. Bezaatpour, Hybridization of rotary absorber tube and magnetic field inducer with
nanofluid for performance enhancement of parabolic trough solar collector, Journal of Cleaner Production, 283 (2021)
124565.

[25] A.Y. Al-Rabeeah, I. Seres, I. Farkas, Experimental and numerical investigation of parabolic trough solar collector
thermal efficiency enhanced by graphene—Fe304/water hybrid nanofluid, Results in Engineering, 21 (2024) 101887.

[26] H.J. Jouybari, S. Saedodin, A. Zamzamian, M.E. Nimvari, Experimental investigation of thermal performance and
entropy generation of-a flat-plate solar collector filled with porous media, Applied Thermal Engineering, 127 (2017) 1506-
1517.

Experimental’'Study of the Magnetic Field on the Thermal
Performance.of the Parabolic Solar Collector System

Sara VaghflsShahaboddin Kharazmi*2, Mohammad Sadegh Valipour?

1 MSc in Energy Systems, Faculty of Science and New Technologies, Semnan University, Semnan
2 Corresponding Author, Assistant Professor, Automotive Engineering group, Faculty of Mechanical
Engineering, Semnan University, Semnan. kharazmi@semnan.ac.ir
3 Professor, Thermal-Fluid Engineering group, Fluid Mechanics and Energy Conversion, Faculty of
Mechanical Engineering, Semnan University, Semnan

ABSTRACT

In the present research, to improve heat transfer in the parabolic’solar collector, experiments were conducted using
water and magnetic fluid as the working fluids at volume percentages of 2%, 2.5%, 3%, and 3.5% for the simple
absorber tube and the absorber tube with a neodymium permanent.magnet in turbulent flow, based on ASHRAE
Standard 93. The thermal efficiency for water and magneticfluid at volume percentages of 2%, 2.5%, 3%, and
3.5% was empirically measured and calculated for the simple tube at average Reynolds numbers of 5643, 12987,
13918, and 14845, yielding efficiencies of 50.6%, 55.0%, 60.5%, 65.29%,and 70.73%, respectively. Additionally, for
the tube with a permanent magnet, the thermal efficiency for water and magnetic fluid at the same volume
percentages was empirically measured and calculated at the Same average Reynolds numbers, resulting in
efficiencies of 52.94%, 57.69%, 62.79%, 68.01%, and 73.02%, respectively:s"As observed, with the increase in the
volume percentage of the magnetic fluid, the thermal efficiency significantly inCreased. Furthermore, the creation
of a magnetic field enhanced heat absorption, leading to an increase in the thermal efficiency of the parabolic solar
collector system.

KEYWORDS
Experimental investigation, linear parabolic collector, thermal performance, magnetic fluid, magnetic
field
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