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I. INTRODUCTION 
 

Solar Concentrators, such as that used in CSP, can be 

used to concentrate sunlight to be used either in a 

Photovoltaic system or a solar thermal system. 

Though these two technologies essentially use 

focused solar light to produce electricity, they differ 

in the way sunlight is converted to electricity. In this 

study, the tube with pin fin arrays inserting was 

introduced as the absorber tube of PTR (PFAI-PTR) to 

increase the overall heat transfer performance and 

decrease the temperature gradient of absorber tube. 

The MCRT and FVM combined method was 

developed to study the heat transfer performance 

and flow characteristic of tube receiver for parabolic 

trough solar collector system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

II. METHODOLOGY 

Tube receiver with pin fin arrays inserting was 

introduced as the absorber tube of parabolic trough 

receiver to increase the overall heat transfer 

performance of tube receiver for parabolic trough 

solar collector system. The Monte Carlo ray tracing 

method (MCRT) coupled with Finite Volume Method 

(FVM) was adopted to investigate the heat transfer 

performance and flow characteristics of tube receiver 

for parabolic trough solar collector system. 

The incoming sunlight from the sun is concentrated 

on the bottom periphery of PTR by the PTC, while the 

top periphery of PTR) is subjected to the non-

concentrated solar irradiation. The cross section 

sketch of the PTR. The absorber tube, made of 

stainless steel, is coated with selective coatings (blue 

area) to increase the solar spectrum absorption and 

minimize the infrared spectrum emittance. Glass 

cover with selective coatings which can increase the 
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transmissivity of solar spectrum and minimize the 

transmissivity of infrared spectrum surrounds the 

absorber tube to minimize heat losses. There is a 

vacuum gap between the absorber tube and glass 

cover to minimize the convective heat losses and 

increase the solar irradiation transmission. 

The boundary conditions of CFD analyses are defined 

as: 

 Fluid inlet: Vx = Vinlet, Tf = Tin =300 K 

 Wall boundary condition 

No-slip conditions exist at the inside surface of the 

absorber tube. Top half periphery of absorber tube: 

Subjected to the uniform heat flux: 

Qt = 1000 x 0.96 x 0.95 = 912 W/m
2
 (R = Ro, 0°, 0 ) 

where the solar irradiance is 1000 W/m
2
, the 

transmissivity of glass cover is 0.96 and the 

absorptive of absorber tube is 0.95. 

Bottom periphery of the absorber tube: Subjected to 

the concentrated solar irradiation calculated by the 

MCRT method. 

 Fluid outlet: fully developed conditions. 

The geometry was constructed in Ansys workbench. 

Firstly, an outline of the geometry without ribs was 

created in x-y plane with appropriate dimensions (in 

mm) and then surface was generated from the “built 

sketches” option. Then another sketch that involved 

the interface between absorber plate and fluid was 

developed. The surface initially created was split into 

two faces with the help of “face-split” option by 

choosing the second sketch as the tool geometry.  

The face-splitting option was followed by the 

generation of surfaces from the faces with the help of 

“create surface from faces” option. Finally, all the 

edges and surfaces were named accordingly. Pressure 

Velocity coupling selected as SIMPLEC. Skewness 

correction was set at 0. In Spatial Discretization zone 

Gradient was set as “Least square cell based” 

.Pressure was “standard” .Momentum was “First order 

Upwind”. Turbulent Kinetic energy was set as “First 

order Upwind”. Energy was also set as “First order 

Upwind”. Solution initialization was “standard 

method” and solution was initializing from inlet. For 

our simulation work we select above boundary 

condition and initialize our solution from inlet and 

simulation was set for 100 iterations. 

 

 

 

III. RESULT ANALYSIS DIAGRAMS 

 HEAT FLUX 

 

(a) Re = 1979.5 

 

(b) Re = 2985.9 

 

(c) Re = 4001.7 

 

(d) Re = 5020.9 

 

(e) Re = 7063.2 
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(f) Re = 9107.2 

 

(g) Re = 11151.6 

Figure 1: Heat flux 

 
Figure 2: Variation of heat flux with Reynolds number 

 
Figure 3: Variation of heat flux with mass flow rate 

 

 

 

 TEMPERATURE CONTOURS 

 

(a) Re = 1979.5 

 

(b) Re = 2985.9 

 

(c) Re = 4001.7 
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(d) Re = 5020.9 

 

(e) Re = 7063.2 

 
(f) Re = 9107.2 

 

(g) Re = 11151.6 

Figure 4: Temperature distribution at different 

Reynolds number for smooth tube 

 
Figure 5: Variation of temperature with increase in 

Reynolds number 

 TURBULENCE KINETIC ENERGY 

 
(a) Re = 1979.5 

 

(b) Re = 2985.9 

 

(c) Re = 4001.7 

 

(d) Re = 5020.9 
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(e) Re = 7063.2 

 

(f) Re = 9107.2 

 

(g) Re = 11151.6 

Figure 6: TKE distribution contours of absorber tube 

of PTR with different Reynolds numbers 

 
Figure 7: Variation of temperature with increase in 

Reynolds number for smooth tube 

It can be seen that the magnitude of TKE has very 

small fluctuations along the fluid flow direction for 

the same Reynolds number but varies significantly 

along the radial direction. With the increase of 

Reynolds number, the magnitude of TKE increases. 

 
Figure 8: Effect of ribs on heat transfer coefficient 

Fig. 8 exhibits the variation of heat transfer coefficient 

with the increase of Reynolds number (Re) for PFAI-

PTR. The PFAI-PTR with ribs 9 indicates that the 

overall heat transfer performance of PFAI-PTR is 

better than that of conventional PTR. Generally, the 

heat transfer coefficient of PFAI-PTR increases with 

the increase of Reynolds number. 

 
Figure 9: Effect of different number of ribs on 

Nusselt number 

Fig. 9 illustrates the Nusselt number variation in the 

absorber tube of PFAI-PTR with the increase of 

Reynolds number at different number of ribs. As seen 

in this figure, due to the strong vortices generated by 

pin fin arrays inserting, the Nusselt number in the 

absorber tube of PFAI-PTR is always higher than that 

in the absorber tube of conventional PTR at the same 

Reynolds number for different number of ribs. 

 

 
Figure 10: Effect of different number of ribs on 

pressure drop 
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Fig. 10 illustrates the variation of pressure drop (DP) 

in the absorber tube with the increase of Reynolds 

number at different number of ribs inserting in 

absorber tube. As seen in this figure, the pressure 

drop in the absorber tube of PFAI-PTR with different 

numbers of pin fin arrays inserting in one section are 

always higher than that in the absorber tube of PTR, 

and the pressure drop in the absorber tube of PFAI-

PTR increases with the increase of number of ribs. 

However, the sacrifice of pressure drop in the 

absorber tube of PTR is very limited with the 

introduction of more pin fin arrays inserting.  

 

 

(g) Re = 11151.6 

Figure 11: Temperature distribution contours of 

PFAI-PTR for 9 ribs 

 
 

 
Figure 12: Temperature distribution contours of 

PFAI-PTR for 5 ribs 

 
Figure 13: Nusselt number enhancement factor (δNu) 

variation with the increase of 

Reynolds number. 

Fig. 13 illustrates the Nusselt number enhancement 

factor (δNu) variation with the increase of Reynolds 

number with different number of ribs. As seen in Fig. 

13, the Nusselt number enhancement factor (δNu) 

increases with the increase of Reynolds number 
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firstly. The Nusselt number enhancement factor 

reaches its maximum value at Re = 2985.9 for all the 

conditions with different number of ribs. 

 
Figure 14: Nusselt number ratio variation with the 

increase ofReynolds number  

 

It is important to state that the Nusselt number ratio 

increase leads to higher thermal efficiency 

enhancement for all the cases from rib1 to rib 9. It is 

essential to state that the thermal enhancement is 

greater for operation at 9 ribs.  

 

IV. CONCLUSION 

1. Comparing the six contours, it is obvious that the 

higher Reynolds number is, the more uniform 

temperature distribution on the absorber tube 

along the flow direction can be obtained. The 

thickness of thermal boundary layer on the near 

wall side can be reduced by the turbulence 

intensity enhancing with the increase of Reynolds 

number. 

2. It is observed that the temperature decreases 

sharply with the increase of Reynolds number and 

mass flow rate which is benefit to decrease the 

thermal stress on the absorber tube.  

3. With the increase of Reynolds number, the 

magnitude of TKE increases at the same cross 

section of PTR. 

4. The PFAI-PTR with ribs 9 indicates that the overall 

heat transfer performance of PFAI-PTR is better 

than that of conventional PTR. 

5. , due to the strong vortices generated by pin fin 

arrays inserting, the Nusselt number in the 

absorber tube of PFAI-PTR is always higher than 

that in the absorber tube of conventional PTR at 

the same Reynolds number for different number 

of ribs. 

6. Pressure drop (DP) in the absorber tube with the 

increase of Reynolds number at different number 

of ribs inserting in absorber tube. 

7. Nusselt number enhancement factor (δNu) increases 

with the increase of Reynolds number firstly. The 

Nusselt number enhancement factor reaches its 

maximum value at Re = 2985.9 for all the 

conditions with different number of ribs. The 

maximum Nusselt number enhancement factor is 

23.0 at Re = 2985.9 when number of rib is 9. The 

Nusselt number enhancement factor decreases 

sharply with the increase of Reynolds number when 

the Reynolds number is larger than 2985.9. 
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