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In recent years, the increased demand for energy has contributed to an increase in the 
number of studies focusing on renewable energy sources. The empirical and theoretical 
efficiencies of a parabolic trough solar collector are investigated. Fluid includes 1% and 
2% volume concentrations of ZnO/water nanofluid and mass flow rates of 0.15 to 0.25 
to 0.35 kg/min. The experimental study took place over the course of three months 
(February, March and April) in Kirkuk, Iraq. The solar collector's thermal losses 
decreased as the flow rate increased, heat gain increased with sun intensity and the 
collector's actual and theoretical efficiencies all improved. The efficiency found in 
experiments was found to be 10% lower than that predicted by theory. At the greatest 
volumetric flow rate, using a nanofluid composed of 2% ZnO and water improves the 
performance of solar collectors by 9%. 
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1. Introduction 
 

In modern civilization, solar energy is used in daily life and business. It is a cheap and abundant 
energy source compared to more traditional forms of energy like fossil fuels [1-3]. Numerous global 
organizations have been launched to support scientific research and development efforts in the solar 
energy field [4,5]. Furthermore, the pollutants released by their burning have spurred researchers to 
look into other energy options. The objective was to utilize solar energy as pollution-free and a 
renewable source of electricity [6,7]. 

Preparation of nanofluid and measuring thermal properties have been conducted experimentally 
by Hussein et al., [8-10] and validation with available other data in the literature. Hussein et al., [11] 
designed three types of nanofluids and experimentally tested their thermal characteristics. They 
concluded that the thermal characteristics improved as nanofluid concentrations increased. 
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For practical use, solar complexes often function as heat exchangers, transforming the sun's rays 
into usable heat. The solar collection is a significant device of any solar energy system as it is 
responsible for converting the sun's rays into usable heat for commercial and industrial use [12]. 

Solid copper, silver and nickel metal nanoparticles or ceramic compounds like ceramic oxides or 
carbide like Fe2O3 and TiO2 floating in water make up the nanofluid used in solar collectors to boost 
heat transmission. Thermal engineering, enhanced heat transfer and enhanced water's physical 
qualities all contribute to a more efficient solar collector thanks to nanofluid applications [13].  

Cheng et al., [14] investigated the influence of radiation on oil inside a parabolic solar collector's 
absorber tube. They observed that the findings of the two experiments were identical within a 2% 
error margin and that the radiation losses did not exceed 154 W/m2. 

A cylinder-shaped solar collector's thermal efficiency was tested in an experiment by Goudarzi et 
al., [15] using a CuO/water nanofluid and a receiver helical pipe. Gains of up to 25.6% in maximum 
thermal efficiency were seen when employing water-based CuO nanofluids instead of pure water at 
a mass flow rate of 0.0083 kg/s and nanofluid fractions of 0.1 %. 

Flores et al., [16] suggested a copper-steel bimetallic absorber that significantly attenuated 
temperature gradients and deflections. In an effort to prevent temperature gradients and tube 
bending, Lei et al., [17-19] utilized high-frequency effects of heating to band fresh borosilicate glass 
to the absorber's Kovar metal ends gradients of temperature and the absorber tube thermal stress 
which may be decreased by using finned internal tubes [20] and adding porous media inside the 
absorber tube [21]. To increase the transport of fluid heat in a solar heat exchanger. 

Ebrahimnia-Bajestan et al., [22] employed a nanofluid. Along with a new technique for enhancing 
heat transfer, the use of a TiO2/water nanofluid was identified. The solar heat exchanger 
outperformed its water-based cousin, according to the results, by an average of 21%.  

The evaluation of a solar collector parabolic trough adopting ZnO/H2O nanofluid with 1% and 2% 
two volume fractions and various flow rates changing from 0.15 to 0.25 to 0.35 kg/min is included in 
this research. The experiments will be carried out in the climatic city of Kirkuk throughout the months 
of February, March and April 2021. Temperatures at the entrance, outflow and surface are measured 
with sun intensity to evaluate efficiency. 

 
2. Methodology Nanofluid Preparation  

 
Nanofluid is made by dispersing powdered ZnO nanoparticles throughout a liquid medium. This 

method is commonly used to create nanofluids [23]. To obtain a solution, nanoparticles are first 
suspended in water and then any clumps are broken up using an electric mixer. This mass production 
approach is significantly cheaper than the alternatives. Nanofluids at both 1% and 2% concentrations 
are nearly ready for deployment. Ten litres of water were used for each nanofluid concentration. A 
precise scale was used to weigh the nanoparticles and establish their mass. The ZnO/water nanofluid 
has been proven to be exceptionally stable in a wide range of experiments [24]. 

Figure 1 shows a wide variety of particle sizes and shapes, including both spherical and oblate 
particles, as well as hexagonal, triangular and disc-shaped ones. Particle sizes on the nanoscale are 
thought to be in the range of nanometres. The size of the nanoparticle was measured at 175 kV using 
the FEI Company's Technai G20 S-twin TEM. Fluid pictures reveal nanoscale particles. Even if the 
biggest aggregation of nanoparticles is still in the nanometre range, they can cluster and 
agglomerate. Additionally, nanoparticles were made of a tiny powder with crystal planes that 
completely aligned at all angles, as demonstrated by diffraction rings. 
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Fig. 1. TEM test for stability of ZnO/water 

 
3. Experimental Set Up 

 
The solar trough collector shown in Figure 2 was used in the experiments. Throughout the months 

of February, March and April. It utilized pure water, nanofluid with mass concentrations of 1% and 
2% and, and 0.15, 0.25, and 0.35 gram/second three distinct mass flow rates. The following steps 
have to be taken both after and before turning on the device: This is why the solar collector for 
harnessing solar energy has been installed at the top of the Technical College Engineering Kirkuk 
building in the optimal location. Removing dust and debris from the solar collector, inverter and 
absorbent tube cover. The thermocouples have been repaired and wired to the data recorder. 
Utilizing thermocouples and flow meters to collect temperature and flow data. Beginning at 9:00 AM 
and ending at 3:00 PM, data was entered into Microsoft Excel and then saved for further review. 
Table 1 shows the specification of solar parabolic. 

 
 

Fig. 2. Parabolic solar collector 
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Table 1 
Specification of solar parabolic 
90o Angle  
0.25 m  length 
1.85 m2 Aperture Area 
1.88 m Parabola Length  
0.85 Collector Reflectivity  
0.95 Receiver Absorptivity (α) 
Copper Material Receiver  
0.0147 m Outer Diameter  
0.0127 m Inner Diameter  

 
4. Efficiency Calculations 

 
 The sun's position in any portion of the Earth's surface, additionally to its relative angles [25], 

can be used to evaluate the angle of solar radiation: 
The trough collector received the radiation intensity and may be estimated as [26]: 
 

 𝐼𝑎 = 𝜌𝑎 ∗∝𝑟∗ 𝐼𝑡                                                                 (1)  
 

The direct energy generated from solar intensity that travels through the targeted focus line and 
lands on the parabolic trough is calculated utilizing the equation below [17]: 

 
𝑄𝑢𝑒𝑥𝑝  = m. Cpf (Tf,i-Tf,o)                                                                                                                                      (2)  

   

𝑄𝑢𝑡ℎ = 𝐴𝑎 𝐹𝑅 ( 𝐼𝑎 −
𝑈𝑙𝐴𝑟,𝑖𝑛𝑡(Т𝑓𝑖−Т𝑎)

𝐴𝑎 
)                                                                                                              (3) 

 
Aa =  W-𝐷𝑟,𝑒𝑥𝑡)*L                                                                      (4) 

     
𝐴𝑟,𝑒𝑥𝑡= 𝐷𝑟,𝑒𝑥𝑡  π  L                                                                   (5) 

 
In order to estimate the efficiency of the system, divide the useable energy (acquired) by 

multiplying the total energy of radiation by the size of the plate absorption [27]. 
 

Ƞ𝑡ℎ =
𝑄𝑢𝑡ℎ     

 𝐴𝑎 𝐼𝑡        
                                             (6) 

 

Ƞ𝑒𝑥𝑝 =
𝑄𝑢𝑒𝑥𝑝     

𝐼𝑡 𝐴𝑎        
                              (7) 

 
5. Discussion of Results  

 
The solar collector parabolic trough experimental results were discussed in this section to show 

the optimum use of volume concentration of nanoparticles suspended in pure water with 
appropriate mass discharge.  

Figure 3(a) depicts the relationship between the temperature of the water and the nanofluid 
outlet of the solar collector and the number of mass flowrate of each fluid during 20 April 2021. The 
temperature of the water exterior of the solar collector increases gradually during the morning, 
reaches a peak of 69°C in the early hours of the day, and then begins to decrease in the afternoon at 
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a mass flow rate of 0.15 g/s. When the mass flow rate is increased to 0.25 g/s, the peak temperature 
falls to 56oC and falls to 48oC at the greatest discharge 0.35 gram/sec. 

Figure 3(b) depicts a comparison of water and nanofluid concentrations (1 percent, 2 percent) 
and discharge 0.35 gram/sec, revealing that the concentration of nanofluid temperature (2 percent) 
at midday is greater than the concentration of concentrated nanofluid (1 percent).  
 

 

(a) 

 

(b)  

Fig. 3. Outlet temperature against time (a) For various 
flowrate, (b) For various concentrations 

 
This is because raising the power concentrations of nanofluid in water improves the nanofluid 

thermal and physical properties as in Table 2. The heat transmission of nanofluid increases and 
absorbs more solar energy, raising the temperature of the nanofluid [28]. 
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Table 2 
Hybrid nanofluids properties  
Concentration % Density () kg/m3 Viscosity () mPa.s Heat capacity (Cp) J/kg.K Thermal conductivity  

W/m.K 
1 1099 2.99 3339 0.62 
2 1155 3.03 3201 0.66 

 
Figure 4(a) demonstrates the useful energy gained from the solar water collector and 

concentration of ZnO (out of the solar collector with hours) Day, as well as many mass flows and each 
fluid. This energy rises with the morning hours until it reaches its peak at midday (443.3 W) and then 
begins to fall. The maximal thermal energy acquired at midday will reduce to 413 W at the lowest 
discharge 0.15 gram/sec and decline to 419 W at the highest discharge 0.35 gram/sec.  

The useable energy of nanofluid is compared to that of water in Figure 4(b). At midday, the usable 
energy of (2 percent ZnO/water) is greater than that of concentrated nano (1 percent) and less energy 
is obtained when water is used. The highest increase in thermal energy acquired by using 
concentrated nanotubes (2 percent instead of water) was recorded at mass flowrate (11.7 percent) 
and at minimum mass flow (6.95 percent). 
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(b)  

Fig. 4. Heat gain with time, (a) For various mass flowrate (b) 
For various concentrations 

 

Figure 5(a) indicates the statistical relationship between the theoretical efficiency of the solar 
complex using water and nanofluid with daylight hours and several mass flows of each fluid are 
observed. It observes that the theoretical thermal efficiency begins to increase with the hours of 
sunrise to reach its highest value at midday (57%) due to increased radiation intensity and begin to 
decrease after midday and at the 0.25 g / sec highest mass flow after reducing the discharge 0.35 
gram/sec, Of the compound at midday will decrease to (54%) and decrease to (53%) at the 0.15 
gram/sec lowest mass flow rate. 

Figure 5(b) compares the water and the nano in concentrations with concentration (1%, 2%) and 
for all mass flow values. An increase in theoretical thermal efficiency from 1% to 2% at midday is 
noted for the solar collector running with a concentrated nanofluid. Using water reduces the 
collector's potential efficiency to its lowest level. The optimum amount of theoretical efficiency by 
utilizing concentrated (2%) then water is (12.2%) at the highest mass flow and (7.5%) at the least 
mass flow. 
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(b)  

Fig. 5. Theoretical solar collector thermal efficiency 
during the day hours (a) Various mass flowrate, (b) 
Various concentrations 

 
Figure 6(a) shows a statistical analysis of the correlation between the discharge of water through 

a trough collector and the time of day, it was found that water's practical thermal efficiency starts to 
rise at a discharge of 0.35 gram/sec of 0.35 kg/min and then starts to fall after noon. The maximum 
experimental thermal efficiency of the compound at midday drops from (54 percent) to (52 percent) 
when the mass discharge 0.35 gram/sec is lowered from 0.35 kg/min to 0.15 kg/min. 

Figure 6(b) observes that the solar collector thermal efficiency adopting the concentrated 
nanofluid (2%) is higher than using water, both during the day and in the middle of the day and for 
all mass flow values (1%). Using 2% concentrated ZnO/water instead of water increases the thermal 
efficiency of the compound by 8.9 percent in the middle of the day and by 5.9 percent in the evening, 
depending on the mass flow [28]. 
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(b)  

Fig. 6. Experimental solar collector thermal efficiency during 
the day hours (a) Various mass flowrate, (b) Various 
concentrations 

 
Figure 7 shows that both experimental and theoretical efficiency climb as the day progresses, 

reaching a peak around midday due to the sun's peak intensity and then progressively falling to a 
nadir around sunset, throughout the 0.15 to 0.35 kg/min range of discharge. Theoretical and actual 
efficiencies were maximum for concentrated ZnO/water (2%) at the discharge of 0.35 kg/min 64% 
and 61%, respectively. The highest values were achieved when water was employed in the compound 
(57%), however (56%) [29]. The maximum deviation between experimental and theoretical efficiency 
is not greater than 10%. 
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(b)  

Fig. 7. Solar collector experimental and theoretical efficiency 
during day hours (a) 2% concentrations of nanofluid, (b) Pure 
water 

 
6. Conclusions 

 
The solar radiation from the sun and the mass flow rate during the morning and early afternoon 

are directly linked to the temperature of the fluid outside the solar collector. Up until noon, how 
much heat energy is gained or lost depends on how strong the solar radiations are and how fast the 
air is moving. At the highest mass flow, adding ZnO/water increases the efficiency of solar collectors 
by 9% when 2% of the nanofluid is used and by 6% when only 1% of the same fluid is used. The ratio 
of the difference between theory and real efficiency is set at 10%. The mass flow rate and thermal 
efficiency influence the removal factor (FR). It was recommended that assess the solar collector's 
performance over the duration of the year and with varied axes of rotation. A tracking device and a 
ZnO/water concentration of more than 2% were employed to evaluate the solar collector's efficiency. 

 
Acknowledgement 
This research was not funded by any grant. 
 
References 
[1] Ali, Hussein Hayder Mohammed, Murad Ramadan Mohammed, Anwar S. Barrak and Nawfal M. Ali. "Experimental 

Study the Effect of Some Parameters to Improve Performance of Solar Cell."  
[2] Ahmed, Sabah Tarik and Hussein Hayder Mohammed Ali. "D theoretical study of the conventional and modified 

solar still." The Iraqi Journal For Mechanical And Materials Engineering 20, no. 2 (2020): 122-142. 
https://doi.org/10.32852/iqjfmme.v20i2.493 

[3] Kamel, Mohammed Saad, Ferenc Lezsovits, Adnan M. Hussein, Omid Mahian and Somchai Wongwises. "Latest 
developments in boiling critical heat flux using nanofluids: A concise review." International Communications in Heat 
and Mass Transfer 98 (2018): 59-66. https://doi.org/10.1016/j.icheatmasstransfer.2018.08.009 

[4] Ibrahim, Zainab Ali, Qusay Kamil Jasim and Adnan Mohammed Hussein. "The impact of alumina nanoparticles 
suspended in water flowing in a flat solar collector." Journal of Advanced Research in Fluid Mechanics and Thermal 
Sciences 65, no. 1 (2020): 1-12. 

0

25

50

75

100

8 10 12 14 16

Ef
fi

ci
en

cy
 (

%
)

Time (hr)

Theoritical efficiency

Experimental efficiency

https://doi.org/10.32852/iqjfmme.v20i2.493
https://doi.org/10.1016/j.icheatmasstransfer.2018.08.009


Journal of Advanced Research in Micro and Nano Engineering 

Volume 27, Issue 1 (2025) 88-99 

98 
 

[5] Ahmed, Sabah Tarik and Hussein Hayder Mohammed Ali. "Experimental investigation of new design of solar water 
distillation coupled with flat plate solar water collector." The Iraqi Journal for Mechanical and Materials 
Engineering 20, no. 3 (2020): 193-207. https://doi.org/10.32852/iqjfmme.v20i3.512 

[6] Ahmed, Sabah T. "Physical and chemical characteristics comparison of the drinking water and water produced from 
the conventional and modification solar water distillery." Engineering and Technology Journal 37, no. 06 Part A 
(2019). https://doi.org/10.30684/etj.37.6A.5 

[7] Danook, Suad Hassan, Khamis Joir Jassim and Adnan Mohammed Hussein. "The impact of humidity on performance 
of wind turbine." Case Studies in Thermal Engineering 14 (2019): 100456. 
https://doi.org/10.1016/j.csite.2019.100456 

[8] Hussein, Adnan M., Omar Sadoon Khaleell and Suad H. Danook. "Enhancement of double-pipe heat exchanger 
effectiveness by using water-CuO." NTU Journal of Engineering and Technology 1, no. 2 (2022): 18-22. 
https://doi.org/10.56286/ntujet.v1i2.59 

[9] Hussein, Adnan M., Rosli Abu Bakar, Kumaran Kadirgama and K. V. Sharma. "Experimental measurements of 
nanofluids thermal properties." International Journal of Automotive and Mechanical Engineering 7 (2013): 850-
863. https://doi.org/10.15282/ijame.7.2012.5.0070 

[10] Hussein, Adnan Mohammed. "Thermal performance and thermal properties of hybrid nanofluid laminar flow in a 
double pipe heat exchanger." Experimental Thermal and Fluid Science 88 (2017): 37-45. 
https://doi.org/10.1016/j.expthermflusci.2017.05.015 

[11] Hussein, A. M., K. Kadirgama and M. M. Noor. "Nanoparticles suspended in ethylene glycol thermal properties and 
applications: An overview." Renewable and Sustainable Energy Reviews 69 (2017): 1324-1330. 
https://doi.org/10.1016/j.rser.2016.12.047 

[12] Faizal, M. S. R. M. S., Rahman Saidur, Saad Mekhilef, A. Hepbasli and I. M. Mahbubul. "Energy, economic and 
environmental analysis of a flat-plate solar collector operated with SiO 2 nanofluid." Clean Technologies and 
Environmental Policy 17 (2015): 1457-1473. https://doi.org/10.1007/s10098-014-0870-0 

[13] Ahmed, Hamdi E., Mirghani Ishak Ahmed and Mohd Zamri Yusoff. "Heat transfer enhancement in a triangular duct 
using compound nanofluids and turbulators." Applied Thermal Engineering 91 (2015): 191-201. 
https://doi.org/10.1016/j.applthermaleng.2015.07.061 

[14] Cheng, Z. D., Y. L. He, Jie Xiao, Y. B. Tao and R. J. Xu. "Three-dimensional numerical study of heat transfer 
characteristics in the receiver tube of parabolic trough solar collector." International Communications in Heat and 
Mass Transfer 37, no. 7 (2010): 782-787. https://doi.org/10.1016/j.icheatmasstransfer.2010.05.002 

[15] Goudarzi, K., E. Shojaeizadeh and F. Nejati. "An experimental investigation on the simultaneous effect of CuO–H2O 
nanofluid and receiver helical pipe on the thermal efficiency of a cylindrical solar collector." Applied Thermal 
Engineering 73, no. 1 (2014): 1236-1243. https://doi.org/10.1016/j.applthermaleng.2014.07.067 

[16] Flores, Vicente and Rafael Almanza. "Behavior of the compound wall copper–steel receiver with stratified two-
phase flow regimen in transient states when solar irradiance is arriving on one side of receiver." Solar Energy 76, 
no. 1-3 (2004): 195-198. https://doi.org/10.1016/j.solener.2003.08.015 

[17] Lei, Dongqiang, Zhifeng Wang and Jian Li. "The calculation and analysis of glass-to-metal sealing stress in solar 
absorber tube." Renewable Energy 35, no. 2 (2010): 405-411. https://doi.org/10.1016/j.renene.2009.05.021 

[18] Lei, Dongqiang, Zhifeng Wang and Jian Li. "The analysis of residual stress in glass-to-metal seals for solar receiver 
tube." Materials & Design 31, no. 4 (2010): 1813-1820. https://doi.org/10.1016/j.matdes.2009.11.012 

[19] Lei, Dongqiang, Zhifeng Wang, Jian Li, Jianbin Li and Zhijian Wang. "Experimental study of glass to metal seals for 
parabolic trough receivers." Renewable Energy 48 (2012): 85-91. https://doi.org/10.1016/j.renene.2012.04.033 

[20] Muñoz, Javier and Alberto Abánades. "Analysis of internal helically finned tubes for parabolic trough design by CFD 
tools." Applied energy 88, no. 11 (2011): 4139-4149. https://doi.org/10.1016/j.apenergy.2011.04.026 

[21] Wang, Pusci, D. Y. Liu and C. Xu. "Numerical study of heat transfer enhancement in the receiver tube of direct steam 
generation with parabolic trough by inserting metal foams." Applied energy 102 (2013): 449-460. 
https://doi.org/10.1016/j.apenergy.2012.07.026 

[22] Ebrahimnia-Bajestan, Ehsan, Mohammad Charjouei Moghadam, Hamid Niazmand, Weerapun Daungthongsuk and 
Somchai Wongwises. "Experimental and numerical investigation of nanofluids heat transfer characteristics for 
application in solar heat exchangers." International Journal of Heat and Mass Transfer 92 (2016): 1041-1052. 
https://doi.org/10.1016/j.ijheatmasstransfer.2015.08.107 

[23] Ramachandran, Kaaliarasan, A. M. Hussein, K. Kadirgama, D. Ramasamy, W. H. Azmi, F. Tarlochan and G. Kadirgama. 
"Thermophysical properties measurement of nano cellulose in ethylene glycol/water." Applied Thermal 
Engineering 123 (2017): 1158-1165. https://doi.org/10.1016/j.applthermaleng.2017.05.067 

[24] Jasim, Qusay Kamel, Noah Mohammed Saleh and Adnan Mohammed Hussein. "Improving thermal performance 
using Al2O3-water nanofluid in a double pipe heat exchanger filling with porous medium." Thermal Science 24, no. 
6 Part B (2020): 4267-4275. https://doi.org/10.2298/TSCI190602056J 

https://doi.org/10.32852/iqjfmme.v20i3.512
https://doi.org/10.30684/etj.37.6A.5
https://doi.org/10.1016/j.csite.2019.100456
https://doi.org/10.56286/ntujet.v1i2.59
https://doi.org/10.15282/ijame.7.2012.5.0070
https://doi.org/10.1016/j.expthermflusci.2017.05.015
https://doi.org/10.1016/j.rser.2016.12.047
https://doi.org/10.1007/s10098-014-0870-0
https://doi.org/10.1016/j.applthermaleng.2015.07.061
https://doi.org/10.1016/j.icheatmasstransfer.2010.05.002
https://doi.org/10.1016/j.applthermaleng.2014.07.067
https://doi.org/10.1016/j.solener.2003.08.015
https://doi.org/10.1016/j.renene.2009.05.021
https://doi.org/10.1016/j.matdes.2009.11.012
https://doi.org/10.1016/j.renene.2012.04.033
https://doi.org/10.1016/j.apenergy.2011.04.026
https://doi.org/10.1016/j.apenergy.2012.07.026
https://doi.org/10.1016/j.ijheatmasstransfer.2015.08.107
https://doi.org/10.1016/j.applthermaleng.2017.05.067
https://doi.org/10.2298/TSCI190602056J


Journal of Advanced Research in Micro and Nano Engineering 

Volume 27, Issue 1 (2025) 88-99 

99 
 

[25] Khan, Muhammad Sajid, Mi Yan, Hafiz Muhammad Ali, Khuram Pervez Amber, Muhammad Anser Bashir, Bilal Akbar 
and Samina Javed. "Comparative performance assessment of different absorber tube geometries for parabolic 
trough solar collector using nanofluid." Journal of Thermal Analysis and Calorimetry 142 (2020): 2227-2241. 
https://doi.org/10.1007/s10973-020-09590-2 

[26] Jamshed, Wasim and Kottakkaran Sooppy Nisar. "Computational single‐phase comparative study of a Williamson 
nanofluid in a parabolic trough solar collector via the Keller box method." International Journal of Energy 
Research 45, no. 7 (2021): 10696-10718. https://doi.org/10.1002/er.6554 

[27] Heyhat, M. M., M. Valizade, Sh Abdolahzade and M. Maerefat. "Thermal efficiency enhancement of direct 
absorption parabolic trough solar collector (DAPTSC) by using nanofluid and metal foam." Energy 192 (2020): 
116662. https://doi.org/10.1016/j.energy.2019.116662 

[28] Bellos, Evangelos, Christos Tzivanidis and Zafar Said. "A systematic parametric thermal analysis of nanofluid-based 
parabolic trough solar collectors." Sustainable Energy Technologies and Assessments 39 (2020): 100714. 
https://doi.org/10.1016/j.seta.2020.100714 

[29] Qader, Firas F., Adnan M. Hussein, Suad H. Danook, Barhm Mohamad and Omar S. Khaleel. "Enhancement of 
double-pipe heat exchanger effectiveness by using porous media and TiO2 water." CFD Letters 15, no. 4 (2023): 31-
42. https://doi.org/10.37934/cfdl.15.4.3142. 

https://doi.org/10.1007/s10973-020-09590-2
https://doi.org/10.1002/er.6554
https://doi.org/10.1016/j.energy.2019.116662
https://doi.org/10.1016/j.seta.2020.100714
https://doi.org/10.37934/cfdl.15.4.3142

