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 Abstract: Development of thermal efficiency of the concentrated solar energy especially 

parabolic trough collector using various nanofluids types has a taken high interest in recent years. 

In this article enhancement thermal performance inside the heating collecting element of trough 

collector type LS-2 was simulated and improved using nanofluid consist of Tungsten Oxide WO3 

inserting in Syltherm 800. Nanofluid effect was examined by solving the energy balance equation 

using MATLAB Software to cover wide range concentration volume 1-5% and inlet temperatures 

ranging from 350-650 K for the turbulent flow. The heat transfer performance and thermal 

efficiency were improved based on the results, and a notable increase was obtained when volume 

concentration had been increased compared with base fluid. 

 
 Keywords: Parabolic trough collector, Solar energy, Nanofluid, Thermal efficiency, 

Enhancement 

1. Introduction 

 Growing attention of the pollutant issues, climate change problems in addition to the 

shortage that occurs on fossil fuel resulted by rising of the consumption contributed to 

accelerating the needed to replace and search on the clean and alternative types of 

energy [1]. Solar energy has gained more interest compared to other renewable energy 

sources like wind energy and biomass energy. Whereas this clean energy plays an 

essential role in the mitigation of the economic burden particularly for the sunny regions 

like Jordan [2]. Study solar intensity effect on various collectors’ types in any region 
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demands deep knowledge on how defined various geometrical variables vary with the 

sun position [3]. Parabolic Trough Collector (PTC) is considered as one of the most 

typical concentrated solar power devices, which is used widely to produce high and 

medium temperatures coinciding with high efficiencies [4]. Developing PTC to be more 

effective and efficient has been reached using various passive and active techniques. 

These techniques aimed to enhance heat transfer and the ability of fluid to carry 

focusing rays and decrease heat loss from the heating collecting of the PTC [5]. 

Recently, inserting metallic and oxides particles that have a small diameter measured in 

nanoscale in various base fluids took high interest as an enhancement technique called 

nanofluid [6]-[8]. The effect of using this technique was examined experimentally and 

numerically using various nanoparticles and base fluids in different scientific 

researches. The founding results of these researches showed a varying enhancement in 

the most researches while few pieces of research did not show an increase in the thermal 

efficiency [9]. Different of the experimental works examined various nanoparticles 

namely (Al2O3, TiO2, Fe2O3, MWCNT, CuO, SiO2, Nano silica, Ag) in various places 

of the world and under various conditions. In addition, these researchers examined the 

mentioned nanoparticles with different base fluids (i.e. water, Ethylene Glycol (EG) and 

oil). Finally, these examined tests were affected by the different volume or weight 

concentrations and variable mass or volume flow-rate [10]-[12]. The numerical side 

took more attention compared to experimental works; for this side defined and solved 

energy equation of the heat collecting element under various conditions, which was 

simulated using different programs like using Computational Fluid Dynamics (CFD) 

[13]. Other simulation programs can be used like engineering equation solver, 

MATLAB, and Solid Works also were used widely to simulate thermal efficiency and 

heat transfer performance resulted by inserting different nanofluids. In Table I the 

researches that used various nanoparticles with oil as a base fluid were presented in 

addition to the main founding enhancement results and main parameters of PTC and the 

receiver pipe [14]-[20]. 

 From Table I the commercial PTC type LS2 has a larger number of researches 

compared to other commercial and domestic types, according to the available 

experimental results data under wide range conditions can be used to validate simulation 

results [21]. Various nanoparticle types were simulated with high interest for that using 

Al2O3 compared to other nanoparticles. Moreover, it showed variable enhance between 

the same nanoparticles and others referred to different aspects like types of the parabola 

and receiver, type of the nanoparticles, concentrations. Finally, most mentioned research 

showed enhancing, except some of them that showed negligibly improve [18], [20]. 

 According to the literature there is no research that examined the effect of using 

Tungsten oxide WO3/Syltherm 800 nanofluid as a heating fluid flow inside the receiver 

of PTC. So this article aimed at examining the ability of this modified fluid to enhance 

the thermal efficiency of the parabola type LS2 by solving the thermal balance energy 

equation using MATLAB code. Moreover, this article aimed at compared thermal 

efficiency, convective heat transfer coefficient, and Nusselt number that resulted by 

various volume concentration ranging 1-5%, and wide inlet temperature ranges from 

350-650 K. Finally, the radiation intensity that was used through this research was taken 

as a constant equal maximum value. This maximum value was produced by presenting 
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the radiation intensity using ASHRAE model for typically sunny day of Jordan under 

geographical location 31.°57'N / 35°55'E. 

Table I 

Thermal performance enhancements of PTC using nanofluid technique 

Ref 

PTC 

Model 

L,W 

do,di 

mm 

Nanofluid   Max, Increase% 

Nanoparticle-base fluid  
φ 

Max 
ηeff h 

[14] 
(2,0.7) 

(28,26) 
MWCNT -Thermal-oil 6%.v 49.58 15% 

[15] LS2 PTC 
Tio2,Al2O3/Hybrid-Syltherm 

800 
3%v 

Mono 0.7% 

Hyb 1.8 % 

Mono 

1.35% 

Hyb 2.4 % 

[16] LS2 PTC 
CuO, Cu,Fe2O3, TiO2,Al2O3, 

SiO2 -Syltherm 800 
6%v Cu 2.2% ~24% -Cu 

[17] LS2 PTC 
CuO,Cu,Ag,Al2O3- 

Syltherm 800 
5%v - 

36% Ag 

 

[18] 
100,5.5 

(-,65) 
Al2O3 -Synthetic-oil 5%v ~0 53.5% 

[19] 
Euro 

Trough 
Al2O3,CuO-Syltherm 800 4%v 

Max CuO 

1.26% 
~45% 

[20] 
(5,1.5) 

(40,65) 

CuO,TiO2,  

Al2O3,SiO2 -mineral oil 
5.5% ~0 - 

2. Model specification  

 To convert concentrated radiation on the heat collecting element of PTC high 

reflective mirrors were designed on a parabola shape as shown in Fig. 1 to enhance the 

temperature of the Thermal Fluid (TF), which leads to enhancement of thermal 

efficiency. The receiver part nowadays is covered with a glass envelope and coated with 

high absorptivity material to minimize heat losses and to improve heat transfer to TF 

flow inside the receiver.  

 

Fig. 1. Conceptual parabolic trough collector  
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 Parabolic trough model type LS2 developed and analyzed under maximum level 

radiation intensity of Jordan as a case study and WO3/ Syltherm 800 nanofluid. The 

heating element of this model was described as a one-dimensional, where the energy 

balance equations solved numerically using MATLAB software. Actually, all the 

dimensions and parameters of this PTC type used in this work were taken as 

summarized in [15], as presented in Table II.  

Table II 

Main parameters and dimensions [15] 

LS-2 Parameter [Symbols] Specifica-

tions 

Parameter [Symbols] Specifica-

tions 

Length of the PTC [L] 7.8 m Emittance of glass cover [εc] 0.9 

Aperture Width of the 

PTC [Wa] 

5 m Incident Angle [θ] 0 

Aperture Area [Aa] 39 m2 Max optical efficiency [ηopt] 74.5% 

Focal length [F] 1.71 m Glass cover absorbance [αc] 0.02 

Concentration ratio [C] 22.74 Glass cover transmittance [τc] 0.95 

Absorber inner diameter 

[dri] 

0.066 m Absorber absorbance [αr] 0.96 

Absorber outer diameter 

[dro] 

0.07 m Concentrator reflectance [ρc] 0.83 

Glass inner diameter [dci] 0.109 m Intercept factor [γ] 0.99 

Glass outer diameter [dco] 0.115 m Emittance of the absorber [εr] 0.2 

2.1. Radiation intensity 

 Estimated radiation intensity was defined basing on 15
th

 of July as a typical sunny 

day of the Jordan, which located under geographical location 31.°57'N/35°55'E using 

the ASHRAE model. Basically, this model was based on the following equations to 

define normal solar beam radiation and diffused radiation in the horizontal surface, 

��� = � × � 	
	


��
	��	  (1) 

�� = � × ���. (2) 

 The factors (A, B, and C) are equal to 1085, 0.207, 0.136, while �� describes zenith 

angel [22]. All the correlations were inserted as subroutine code to define the variation 

of the solar radiation on the PTC. The results showed maximum radiation of 

998.7 W/m
2 
at midday as it is illustrated in Fig. 2.  

2.2. Thermal model 

 The main goal of this section was to describe the thermal model inside the receiver 

tube of the PTC by solving the energy balance equation at different nods by dividing the 

receiver section into different segments. Through this section, the thermal resistance, 

heat loss and heat transfer directions from thermal heating fluid and outside have been 

presented. Study the mode of the heat transfer convection, radiation and conduction at a 
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different point of glass through receiver tube until you reach the TF used to describe the 

heat gained by the system illustrated as it is shown in Fig. 3, which was used to estimate 

the thermal efficiency as expressed in the following equations (3)-(6) [19]. 

���� =
��
�


,  (3) 

�� = �. ��	 � !,#�� $  !,%&'. (4) 

 

Fig. 2. Total radiation intensity on the PTC and horizontal surface 

under radiation intensity of Amman 

 

Fig. 3. Evacuated tube receiver and resistance nods 

 Useful energy (Qu) can be calculated by multiplying the convection heat transfer 

coefficient (h) by the temperatures difference between inlet receiver temperature (Tri), 
and fluid mean temperature (Tfm), as expressed in the following equation, 

�� = 0�1%2 1% $  !34, (5) 

where the sensible heat defined as the amount of intensity beam irradiation Gb captured 

multiplied by the reflected apertures area Aap, where equation (6) expressed that 

�: = �;� . <=	. (6) 
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2.3. Thermal fluid specifications 

 This section summarized the equations and main correlations obtained from 

literature to describe the thermal properties of the nanofluid. For this research, a 

modified nanofluid subscribed by (nf) was obtained by mixing Syltherm-800 as a base 

fluid (bf) and Tungsten oxide WO3 nanoparticle subscribed by (np) to define the density 

(ρ), specific heat capacity (Cp), thermal conductivity (k) and dynamic viscosity (μ) that 

lead enhancement in the thermal efficiency. The effect of using Tungsten oxide 

nanofluid in the thermal efficiency of PTC was analyzed under variable inlet 

temperature 350 K - 650 K, volume fraction φ (1%-5%), and maximum obtained 

radiation attends to the parabola surface, which is equal to 998.78 W/m
2
. The following 

equations from (7) to (10) were used to define various thermal nanofluid properties 

[23]-[26], 

D&! = �1 $ F'D=! + FD&�, (7) 

�H&! =
I

JKL
M�1 $ F'ND=!�H=! + FD&��H&�, (8) 

O&! = O=!M
PKQRSPTLRS�PKQUPTL'�IUV'

WX

PKQRSPTLU�PKQUPTL'�IUV'WX
N, (9) 

Y&! = Y=!
I

�IUX'Z.[
 . (10) 

 Mainly, the correlations that used to cover the thermal properties of Syltherm-800 as 

a base fluid were selected from literature, as mentioned by Mwesigye and Huan [27]. 

While the thermal properties of the nanoparticle presented in Table III were picked, as 

indicated by Sharafeldin and Gróf, in their research [28].  

Table III 

Nanoparticles specifications on the basis of [28] 

Property/Nanoparticles Tungsten oxide nanoparticle WO3 

Specific heat Cpnp (J/kg K) 315.4 

Density ρnp (kg/m3) 7160 

Thermal conductivity knp (W/m K) 16 

 Thermal efficiency improvement using modified nanofluid of WO3/Syltherm 800 

was simulated by solving thermal energy balance using MATLAB code, where the flow 

chart in Fig. 4 used to illustrate the procedure, input, and output that were used in this 

research. 

3. Results and discussions 

 A validation of a thermal model using Syltherm-800 as a base fluid showed high 

accuracy behavior with the experimental results of the same type of PTC; that was 

conducted by Dudley [21]. Various thermal efficiency results were illustrated for 

different conditions as it is shown in Fig. 5 under a mean deviation equal to 1.15%. 
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 As it has been mentioned before, various inputs are taken as a constant parameter 

regarding the main aim of this type of research, which aimed to improve the thermal 

efficiency of PTC using Tungsten oxide nanofluid under variable volume concentration. 

Regarding the radiation intensity, which was taken as a maximum value of 998.7 W/m
2
, 

while the optimum volumetric flow-rate was taken 150 L/min after presenting the 

relationship between the efficiency and volumetric flow-rate at different temperatures as 

it is shown in Fig. 6.  

Start 

Input geographical location, day 
time 

calculate 

declination, 
zenith, Hour,
and  incident

angels

solve radiation Intinsity
Gb(PTC),maximum

Solve Tout,i

Input heat thermal proparaties 
 for base fluid  and nanoparticle 

properties 

input PTC spesification Tamb,Tin,Uw, m

Assume Tgo,i

Calculat qloss-go,i

solve Tgi,i  Tro,i   Tri,i  

Calculat qloss-ro,i

Abs(qloss-go,i - qloss-ro,i)

Solve Qloss,i

Qgain,i 

Total heat Gain and heat 

losses 

Thermal performance outlet 

results ,EFF

 Gb=max 
IAM=1

End

Segment

i=1...N 

Modify
Tgo,i

calculate Nssult number

for base and nanofluid

 

Fig. 4. Simulation model flow chart  

 

Fig. 5. Comparison between present model with previous experimental results 

 that conducted by Dudley [21]   
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Fig. 6. Thermal efficiency attitude versus variable volume flow-rate for different inlet temperature 

 Fig. 7a - Fig. 7d present the description of the thermal conductivity, density, 

specific heat capacity and dynamic viscosity with variable inlet temperature (350-

650 K) and volume concentrations 1-5% for all TFs. Basically, the main results showed 

an increase in the thermal conductivity, viscosity, and density of all nanofluid 

concentrations compared with Syltherm-800. While on another hand, a specific heat 

capacity of the nanofluid concentrations presented opposite effect compared with base 

fluid. Moreover, the nanofluid thermal properties behavior varied between different 

concentrations and showed high variation at high volume concentration.  

 The change in the thermal properties of the nanofluid has a positive attitude 

reflected in the thermal performance of the PTC. Fig. 8 and Fig. 9 illustrate the effect of 

the thermal properties in the dimensionless Nusselt number and convective heat transfer 

coefficient, respectively. 

  Fig. 8 presents the Tungsten oxide nanofluid impact in the dimensionless Nusselt 

number compared with the base fluid. The results showed an increase in Nusselt number 

with increasing inlet temperature and nanofluid volume concentrations. For more 

details, Nusselt number of the base fluid increased from 178.9 up to 620.7 for the 

temperatures range from 350 - 650 K while increased from 187.23 up to 667.798 for the 

WO3 nanofluid at volume concentration equal 5%. This leaded to maximum 

enhancement ratio equal 7.6%. This enhancement can be justified according the thermal 

properties effect in the Nusselt number definition.  

 Fig. 9 illustrates the convective heat transfer coefficient of the Tungsten oxide 

nanofluid as well as Syltherm 800 versus variable inlet temperature and volume 

concentrations. The results showed an increase in the convective coefficient with 

increasing volume concentration and the temperature. The maximum results were 

obtained at temperature approximately equal 575 K. This referred to a decrease of the 

thermal conductivity enhancement rate after this temperature. So the maximum 

convective heat transfer coefficient reached 833 W/m
2
.K for WO3 nanofluid at 5% 

volume concentration while reached 650W/m
2
.K for the base fluid under enhancement 

ratio equal 28.15%. Regarding to this value, the enhancement in the convection 

coefficient is greater than the enhancement in the dimensionless Nusselt number 

referred to the mean definition of this coefficient, which is equal Nu*k/dr,in.  
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a) Thermal conductivity b) Density 

  

c) Specific heat capacity d) Dynamic viscosity 

Fig. 7. Thermal properties trends with variable inlet temperatures and volume concentrations  

 

Fig. 8. Nusselt number versus inlet temperatures for different volume concentrations  

of WO3/ Syltherm 800 nanofluid 
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Fig. 9. Convective heat transfer coefficient versus inlet temperatures for  

different volume concentrations of WO3/Syltherm 800 nanofluid 

 Finally, the enhancement results of the dimensionless Nusselt number and 

convective coefficient lead increase the thermal efficiency and the outlet temperature of 

the nanofluids. So, Fig. 10 illustrates the thermal efficiency results for different volume 

concentration of the WO3 nanoflid with variable inlet temperature. The results showed 

decrease in the thermal efficiency with increasing temperature, while showed increasing 

in the thermal efficiency with the volume concentration. The major results showed 

slightly enhancement at high-level temperature and high volume concentration reached 

0.66%. 

 

Fig. 10. Thermal efficiency versus inlet temperatures for different volume concentrations  

of WO3/Syltherm 800 nanofluid 

4. Conclusion 

 In this paper, inserting WO3/Syltherm-800 as a new modified nanofluid was used to 

improve the thermal performance of commercial PTC type LS2 under variable volume 

concentrations and temperatures. Moreover, this improvement, analyzed under the 

maximum obtained radiation intensity of Amman, was the maximum value 998.7 W/m
2
. 

Finally, the enhancement in the thermal performance of this PTC was presented and 

compared with base fluid, where the obtained results showed high enhancement at high 

volume concentration reached 7.6% and 28.15% for the dimensionless Nusselt number 
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and convective heat transfer coefficient, respectively, while the thermal efficiency 

showed slightly enhancement reached 0.66%.  
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