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Abstract 

 
The unspecified heat flux around the receiver's boundary produces a higher 

gradient temperature. Advanced heat transfer methods were also used to 

lower the pipe temperatures. This study includes a numerical simulation with 

a conical pin-fin arrangement for turbulent flow in parabolic trough tubes. 

Fins were found to enhance single-tube performance. This also investigated 

the effect of varying fin height. Increased height, reduced heat, and pressure. 

It was found that thermal enhancement index which used to compare finned 

tube performance working under the same conditions gain an average 

enhancement rate of 56.2% for a fin height range varies between (2 to 12 

mm). This passive enhancement was obtained through using of solar 

collector LS-2 module with receiver tube of inner diameter and length of 

0.066 m and 1000 mm respectively. 
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1 Introduction 
 

Developing countries have met energy demands beyond comprehension 

by rising the global population and industrialization. Besides increasing 

energy supply, energy harnessing, and energy utilization resources affect the 

atmosphere and cause a lot of sustainability, such as air pollution, water 

climate change, deforestation, and global heating, etc. It cannot give up on 

any energy already available sources. We need to make the necessary 

changes to reduce them. The impact on the environment and the new 

energies must be added, those mostly renewable. The two currently are 

concentrated solar and photovoltaic power. The main technologies for 

utilizing solar energy, solar power concentration (CSP) technologies use 

different mirror configurations to concentrate sunlight on and convert the 

receiver into heat. Heat can be used for hot water production or steam 

generation to drive turbines to generate electrical power. Thermal power has 

been restored to integrated systems for solar power concentrator plants used 

to generate electricity during cloudy weather or hours before or after sunset. 

The thermal energy of sunlight is low when sunlight is diffused. But when 

concentrated, it can reach high temperatures. Essentially, 4 types of CSP 

technology are used to focus on the sun. They are linear Fresnel reflector, the 

solar tower, and a collector of parabolic dish. Uses collector parabolic trough 

large, parabolic-shaped mirrors linked in long distances Lines for tracking 

the motion of the sun throughout the day. When sunlight hits the parabolic 

mirror, it gets the mirror reflected, and the curved shape is mostly sent out 

filled onto the receiver pipe with heat from the sunlight. Transferring liquid. 

The lower reception tube area is concentrated rays, reflected in the parabolic 

mirror, receiver's top part undergoes direct sunshine. 

 

2   Literature Review 

 
Solar energy flux distributed around the periphery of a PTC was 

determined using the ray tracing of Monte Carlo (MCRT) algorithm [1], [2]. 

They found that the solar energy distribution concentrated around the highly 

non uniform tube. The underside of the tube has greater temperature than 

bottom surface of tube. This results in temperature gradient related to non-

uniform heat flux along the periphery surface of the receiver pipe. This 

gradient of temperature can lead to thermal stress, and hence the thermal 

deformation receiver tube and glass wrap around the tube and may cause 

glass cover to rupture [3]. Heat transfer improvement methods were used to 

lower the gradient temperature. Improvement methods include the use of 

nanofluids and fin inserts, etc.. They studied the transfer of heat numerically 

improvement of twisting tape inserts in a receiver tube with parabolic 

troughs. Maximum heat transfer rise was observed at circumferential 

temperature with 236% and reduced by 67% compared to a single receiver 

tube. Growth in the friction  
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factor was 21.8 times the plain's receiver tube. Approach to produce results 

more accurately than a single-phase approach [4]. 

Nanoparticles are the ones that induce a transfer of energy and increase 

of Al2O3 concentration of 4%, the higher performance of recipients by 

approximately 10%. [5], [6] investigated the characteristics of a concentrated 

solar transfer parabolic. Three rings for the receiver. Here, he was an 

analytical simulation of a specific period of four axes of the section, with 3 

checks that the segmental tubular rings support the Nusselt number and 

performance of the system. By minimizing the four-segment ring diameters, 

the Nusselt number in all increases, even if the thermal pressure is low, the 

cut yields. [7], [8] were numbered and checked. Heat transfer to the 

longitudinal PTC receiving tube wings, nanofluid, and Nusselt, the number is 

of nano-particular forms used. Nanoparticles of metal the goodness of heat 

transfer is higher than that of other nanoparticles. Transfer of heat can be 

enhanced by nanofluids attached to the fins [9]. It carried out numerical 

analysis to determine the acceptable number of samples. Ribs founded on the 

Internal PTC tube surface. Well, the waves are 10 mm wide, rectangular, and 

2 mm long. Specific fins have been identified at different locations of 

evaluation and effectiveness of the receiver pipe considering the increase in 

number and friction at Nusselt number. Higher fins and fins allow for a fair 

outcome if the receiver shaft is mounted on the rim when the temperature is 

higher. Bring the fins to the upper part of the receiver channel contains no 

observable value enhancing efficiency. Gong et al. [4] the effect of the pin 

fins on the PTC receiver pipe has been observed. In the Nusselt, the average 

number increased to 9%. The total output of the heat transfer factor was 

increased to 12 % for simple tubing. The addition of fins is one of the most 

appropriate procedures; this improves the heat transfer by increasing surface 

area connected to the flow of fluids and the active conductivity of the fluid, 

thereby reducing the conductivity. This helps to improve the thermal 

efficiency of Gatherer's performance. It only required a limited amount of 

work fixed pin fins to the receiver tube PTC simple way to supply periodic 

pin fin arrays. Rises and volatility send sunshine. An addition of pin fins 

number leads to a relatively higher energy loss and more friction factor, 

which results in a higher requirement for pumping power. Thus, the increase 

in heat transfer with the addition of heat fins can only be obtained by a higher 

penalty lost pressure, man. So, it evaluated the performance of the finned 

tube in light of the increase in both the transfer of heat and the drop in 

pressure. The purpose of this investigation is to assess the thermohydraulic 

quality of a PTC absorber tube with a pin. Fins are arranged in an amazed 

manner. 
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3 Problem Description  
 

The solar collector selected for this study was the LS-2 module. Table 1 

shows that parameters of the collector’s geometry that used here. The 

receiver’s tube of inner diameter (D) of 0.066m and 1000mm length is 

selected, and it is made of stainless steel. Geometric modeling of the tube 

was done using the ANSYS Design Modeler. The receiver tube was modified 

with internal pin fin arrays. The pin fins are placed on the higher-temperature 

part. So, the pin fins are limited only to the inner lower circumference of the 

tube. The pin fins are cylindrical with a diameter (d) of 0.004 and height (h) 

of 0.002, all dimensions in a meter. Figure1 demonstrates schematic of the 

pin finned absorber tube simulated are shown in Figure 1. The geometrical 

dimensions illustrated are the inner and outer diameters of the absorber tubes 

are 66 mm and 70 mm, the axial distance between two pin fins (p), pin fin 

height (h), and pin fin diameter (d). The parameter that varies in this analysis 

is fin height. The fin diameter is 4 mm, and the axial distance between the 

fines p = 0.5D. The study was carried out with a total of 8 geometries (plain 

tube (PT), pin fine h= n d, where n may be 0.5, 1, 1.5, 2, 2.5, and 3. 

 
Table 1 LS-2 PTC module with Geometrical parameters 

 

Parameter Values 

Length(L) 5.0m 

Width (W) 5.0m 

Focal length (F) 1.84m 

Concentrated ratio 22.74 

Area of aperture 39m
2
 

outer diameter of tube 140mm 

inner diameter of tube 132mm 

Cover outer radius 115mm 

Cover inner radius 109mm 
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Figure1 Modeling design of tube with internal conical fins. 

 

 
4 Governing Equations 
 

Using ANSYS FLUENT 2019R1 to analyze the present cases with 

specified flow conditions and heat transfer governing equations, these 

assumptions were used: a steady, incompressible, and turbulent flow with 

constant thermophysical properties for water [10].  

 

Continuity equation 

(∇.V) = 0                                                                   (1) 

Momentum equation 

 ρ (∇.V)V= -∇P+ μ∇2V                                               (2) 

Energy equation 

 ρC(V.∇) T=k∇2T                                                        (3) 
Mahmoud Sh. Mahmoud et al 
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The useful heat is calculated by the temperature of the outlet (To) from 

the simulation, the temperature at the inlet (Ti), mass flow specific heat 

capacity (Cp), and speed rates. 

Qu= ṁ Cp (To-Ti)                                                       (4) 

The solar irradiation available at PTC, (Qa) defined as solar beam 

irradiation product (Gb) by the aperture area for the collector (Ac). 

Qa= Gb.Ac                                                              (5) 

The coefficient of the convective heat transfer (h) between the receiver 

tube and the heat transfer fluid (HTF) is founded by using useful heating 

energy, collector dimensions, average bulk temperature (Tf), and mean 

receiver temperature (Tr). 

  
  

            
                                              (6) 

The bulk temperature as average value for the HTF (Tf) can be evaluated: 

   
     

 
                                                      (7) 

Therefore, Nusselt number can be obtained: 

    
  

 
                 (7a) 

The friction factor is estimated by the pressure drop (AP) simulation, the 

fluid density, the length of the tube (L), the average fluid velocity (V), and 

the entire diameter of the heating tube (D). 

  
    

    
                                                          (8) 

Using the following equation, calculate the friction factor. It is reasonable 

only for smooth tubing and can only validate the model [10]. 

                                                (9) 

   
 

 
     

          
 

 
       

 
    

                         (10) 

The thermal enhancement index was used to compare the finned tube 

performance working under the same conditions of operation. The thermal 

development criterion is given as the performance evaluation criteria (PEC). 

The index assesses the various cases that work under the same pumping. The 

performance evaluation criteria can be shown as 

    
        

      
                                                    (11) 

The (Nu/Nu0) and (f/f0) terms can be represented as the ratio between 

the numbers of Nusselt and friction numbers according to the studied cases 

and smooth tubes, respectively. 

 

5. Boundary Conditions 
 

The heat flux is small at the peak periphery, and it was higher at the 

bottom periphery of receiver tube. The pattern of it around the tube is shown 

in  
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Figure2. The LCR is identified around the tube by using Monte Carlo ray 

tracing model. The radiation profile was taken from [1]. The solar beam 

irradiation (Gb) was estimated to be 1000 W/m2. At the inlet temperature, 

the heat transfer fluid (water) was taken to 300 K. The inlet condition is 

taken velocity of inlet and outlet pressure. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Heat flux profile around receiver tube 

 

5.1 Numerical Analyses  
 

The designed models in the CFD program, Fluent, were simulated. Fluent 

can perform both flow and thermal analyses simultaneously. The finite 

volume method (FVM) discretizes the governing equations. Among the 

various turbulence models available for analysis, it is found that the shear 

stress transport k- ɷ model (SST k- ɷ) gives better results for this fixed 

problem. The coupling of pressure to speed is based on the SIMPLEC 

algorithm [11]. momentum and energy equations had been discretized using 

the second upwind scheme. 

 

5.2 Independent Mesh and Grid Generation 

   
A polyhedral mesh was generated all around the model as shown in 

Figure3. Six different grid sizes were examined for grid independence: 

528066, 1057741, 1626452, 2141631, 2367517, and 2640726, to distinguish 

the whole domain of the receiving tube. The Nusselt number was obtained 

for each case, as shown in Table 2. When the cell count was increased from 

2.3 to  
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2.64 million, the change in Nusselt number was 1.56471, and it was clear that 

if the cell count was further increased, there were no output effects and that 

the computational time was increased. The 2640726-cell grid system was 

selected for the study to conserve computer resources and ensure a balance 

between prediction accuracy and calculation economy. 

 
 

 
 
 
 
 
 
 
 

 

 

 
Figure 3 Schematic diagram of integral mesh used in this study. 

 
Table 2 Analysis of the Nusselt number for different grids. 

Mesh 

No. 

528066 1057741 1.63E+06 2.14E+06 2.37E+06 2.64E+06 

Nu 278.92647 285.75994 287.65203 298.16112 305.83672 304.27201 

    - 6.83347 1.89209 10.50909 7.6756 1.56471 

 

5.3 Validation 
 

For validation, a constant heat flux applied around absorber tube 

boundary. Inlet temperature, outlet temperature, boundary temperature, and 

drop in pressure were obtained from the analysis. Using these values, these 

values were then compared to the theoretical value of the Petukhov equation. 

Figs. 4 and 5 show a comparison of the results of the CFD with the results of 

the correlation. The results of the CFD are in fine coincidence with the 

results of the correlations [5]. 
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Figure 4 Nusselt number Validation. Figure 5 Validation of the model for friction 

factor 

 

6 Results and discussion 
 

6.1 Nusselt Number and Friction Factor Behavior  

 
The heat transfer coefficient will also be low when the flow rate is low, 

i.e. when the Reynolds number is low, and temperature for receiver noted to 

be high as a result. Therefore, thermal losses are going to be high. The 

receiver tubes are therefore operated at higher temperatures to achieve better 

thermal performance. The Reynolds (Re) and Nusselt numbers (Nu) were 

used to assess the thermal performance [8]. 

 
 

Figure 6 Nusselt number for different fin heights. 
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Figure 6 shows the Nusselt number change in terms of raising of 

Reynolds number. The graph shows very clearly that by adding the fins, the 

nude number is increased. Each fine acts as a turbulent vortex generator. 

Owing to the vortex produced inside the receiver tube. The fine height 

increases the Nusselt number, and the limit is 3d per h. As the fin height 

increases, the contact surface for fluid near to internal surface tube decreases. 

This increased area results from and increases the heat transfer from the hot 

recipient tube to the hot recipient tube. There is plenty of fluid there. 

Although h=3d has more heat transfer area, the effective heat transfer area is 

nearly the same for h=2.5d and h=3d. Therefore, the difference between 

Nusselt for h = 2.5d and h = 3d is almost negligible. A high mass flow rate or 

high Reynolds number indicates a high mass flow rate. Thermal performance 

and high-pressure decrease, this is the change in the friction factor with the 

Reynolds number shown in Figure7. The friction factor decreases as friction 

increases. This is the Reynolds number. The addition of the fin acts as a flow 

barrier, resulting in a substantial decrease in pressure. As the fin altitude 

increases, the pressure loss increases. Increased pressure losses and increased 

pressure losses contribute to increased friction. Therefore, the friction factor 

is high at h = 3d. Increased pressure reduction leads to an increase in 

pumping power pressure and results in high consumption of electrical power 

during PTC operation [4]. 

 
 Figure 7 Effect of pin height on friction factor. 
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6.2 Nusselt Number Ratio and Friction Factor Ratio 
 

Figure 8 is the Nusselt number ratio variance with Re. For several 

Reynolds of 30000, the pipe with h = 3.5d has the highest number of Nusselt, 

and the Nusselt number is 2.29 times higher than the level tube. The Nusselt 

figure is approximately 129 percent higher. At a Reynolds lower, the superior 

nature of the finned pipe with h = 3d is visible, and the difference for pipes 

with h = 2.5d and h = 3d will be minimal as the Reynolds number increases. 

For h = 0.5d, the friction factor ratio is nearly constant. This means that 

the fine height is low at h = 0.5d so that the fine turbulence and the flux 

obstructer are low. The pressure drops are low owing to the reduction in flow 

obstruction; therefore, the friction factor is also low [12]. However, with h 

increasing flow obstruction and turbulence, a friction factor ratio of h = 3d is 

higher. The increase in the pipe friction factor by h = 2.5d and h = 3d is 

245% and 294% for the Reynolds 30,000. Figure 9 shows Friction factor 

ratio for different fin heights. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8 Nusselt number ratio for different heights   
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Figure 9 Friction factor ratio for different fin heights. 

 
6.3 Performance Evaluation Criteria 

 
Figure 10 Displays PEC versus Reynolds variation for various h values. 

At lower Reynolds, the performance is high, as the heat transfer increase in 

the section of exit for a tube is high and the pressure decrease is low 

compared to a single tube. But the pressure effect decreases as the Reynolds 

number increases [13][14]. The rise in heat transfer will be high compared to 

the increase. Consequently, the PEC value decreases with increasing 

Reynolds number, and the finned pipe with h = 3d has the maximum PEC at 

a lower Reynolds number. Owing to the increase in heat transfer, the 

pressure drop is higher than that of the flat tube. But the finned pipe with h = 

3d has the highest PEC value when the Reynolds number is above 10000. 

The Nusselt number for h = 2.5d and h = 3d is almost the same for higher 

Reynolds, but the friction for the finned pipe is higher for h = 3d. This means 

that the PEC value of the finned pipe with h = 3d is higher at higher 

Reynolds. 
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Figure 10 Effect of fin height on PEC. 

  

7 Conclusion 
 

Numerical simulation of turbulent flow through a PTC receiver tube with 

staggered pin fins was performed. The results indicated that the inclusion of 

fins on the receiver tube enhanced the transfer of heat. As the fin height 

grew, the area of contact between the tube's fluid and the tube's inner wall 

increased. This heightened area resulted in heat transfer from the hot receiver 

tube to the bulk of the fluid. But when the value of h increases from 2.5d to 

3d, the difference in heat transfer increases is found to be minimal. The tube's 

friction factor with a value of h =3d is also higher, so fin with (h = 3d) 

performs the best. 
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