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ABSTRACT: 

A numerical study of the performance of a solar 

Parabolic Trough Collector (PTC) has been done 

focusing on its receiver. The receiver consisting of a 

glass-shield enclosing a Heat Collector Element (HCE) 

with vacuum in the annular space has been subjected 

to seasonal and diurnal variations of solar radiation 

along with the concentrated heat flux reflected from 

the parabolic trough mirror for conditions at 

Visakhapatnam, India. Different parameters of the 

system such as receiver tube diameter, material of the 

receiver tube and heat transfer fluid are chosen for the 

study and evaluating the performance of the system. In 

the present work stainless steel with mirror finish is 

taken as the reflecting material for the trough. Stainless 

steel and copper are taken as the material for the 

receiver tubes.  

 

Tubes modeling is done in CATIA V5 R20 and 

Meshing simulation has been done using ANSYS 

FLUENT software. Properties of water and nano fluid 

has been Calculated with equations given On the basis 

of recorded parameters efficiency of the system was 

calculated. Fluid as water and nano fluid (TiO2) are 

taken as medium in the tube, by using these fluids the 

experimental work is proceeded. Overall heat loss 

coefficient (UL) and Heat removal factor (FR) and 

thermal efficiency also calculated. By comparison 

between theoretical and experimental values it was 

concluded that nano fluid (TiO2) performs better  than 

water. 

 

1Solar Spectrum: 

Sun’s radiation is a combination of different layers 

which absorb and emit radiations that differ in 

wavelengths. Harmful portion of these wavelengths i.e. 

is the Gamma and X-rays are filtered out by the 

atmosphere.  

 

About 48% of the sun’s radiation falls in visible 

region, whereas about 45.6% is in the infrared region 

[2] and the rest is in ultraviolet spectrum.  

 

The solar spectrum is shown in the figure 1.1 [2]. 1.2.2  

 

Direct and Diffuse solar radiation: 

The solar energy that reaches the earth is further 

categorized in the form of direct and diffuse radiations. 

 

Diffuse: 

As the white light passes through the sun’s atmosphere 

it gets scattered, reflected and absorbed by various 

elements such as the clouds, pollutants, dust, air 

molecules etc. This radiation is known as diffuse 

radiation. 

 
Figure 1.1: Solar Spectrum 

 

1.3 Sun and Earth angles: 

Various important sun and earth angles are shown in 

the figure 2 below are as follows: 

 

Altitude angle (α):  

Angle formed between a horizontal surface and sun 

rays. 
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Zenith angle (θ):  

Angle formed between a line which is perpendicular to 

the horizontal plane and the sun ray 

 
1 Parabolic Trough Collector 

A parabolic trough collector system consists of a 

reflecting surface which resembles a parabolic shape. 

This reflecting surface is mostly made of reflecting 

mirrors or anodized. Aluminum sheets. The solar 

radiations falling on the reflecting surface is 

concentrated on the focal line of the parabola where a 

receiver tube carrying the heat transfer fluid is placed. 

Absorber tube either painted black or electroplated 

with nickel or chromium in order to increase the 

absorptivity of the tube. The heat transfer fluid picks 

up the heat from the absorber tube which is utilized 

later in the desired way. The temperature in this type 

of system can reach as high as 400
0
c, depending upon 

the type of reflecting surface, absorber tube materials 

and heat transfer fluid.  

 
Figure1.4: Design specification of a reflector 

 

3.1 REFLECTOR: 
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PARAMETERS OF PARABOLIC TROUGH 

COLLECTOR 

TABLE 2 

 

 

EXPERIMENTAL DATA WITH CFD ANALYSIS 

 

5.1 Parameters used for Analysis: 

5.2 Evaluation of water and thermo physical 

Prosperities:   0 015 70WC T C    
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Viscosity of water: 

 
 

Thermal conductivity: 

 
 

Specific heat of water: 

 
5.3 Evaluation of thermo physical properities of 

nano fluid:  

 
 

Experimental data of  inlet temperature of water 

 

Table . 4.Temperature  of water at inlet and exit   

 
 

5.4Temperature profile in absorber tubes at : 

Temperature profiles in absorber tube are analysed 

using ANSYS PACKAGE with inlet temperature of 

water and nano fluids , analysis is general purpose 

software used to simulate fluid dynamics and heat 

transfer aspects for engineers , so anasys , was used to 

simulate tests according to the working conditions , to 

test in virtual environment Inlet temperature of water 

at 35oc we have highest efficiency theoretically ,  
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EFFICIENCY = 202400*mfr*(To-Ti)/Ib 

6.2Over all heat transfer coefficient of water 

 

Table 6 :Over all heat trans fer of water . 

 
6.3 Over all heat transfer coefficienct of nano fluid 

(TiO2) 

 

Table 7: Over all heat transfer rate of nano fluid  
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Conclusion : 

The solar parabolic trough collector system is used for 

generation of power as the system is caple of 

producing high temperature . This system is also 

employed for water heating , process steam  

application and air heating as well , with the estimation 

of data of average global solar radiation at 

visakhapatnam , from this we have done a temperature 

profile are analyzed using ANSYS PACKAGE, from it 

we theoretically calculated the  properities of water 

and nano fluid physical properities 

1. In experimentally study it was concluded that at a 

significant temperature the efficiency of nano fluid 

and water are noted.From that resultant values 

peak efficiency of nano fluid is clearly observed. 

2. In analytical study , the efficiency of nano fluid is 

more compared to water when subjected to same 

experimental temperature. 

3. Fig.7.1 . Efficiency of water and nano fluid (Tio2) 

 

 
Fig.7.1 . Efficiency of water and nano fluid (Tio2 

  

FUTURE SCOPE:  

There is a lots of future investigation that can be 

carried out which are as followes Parametric analysis 

can be performed on the fabrication system with a 

different type of reflecting surface . 

1. Other type of nano fluids also can be used, such as 

aluminium , copper oxide and many other ,  

2. Different absorber coating materials can be tested 

to see their effects on the performance of the 

system. 

3. Different diameter of tube  for experimental 

investigation with various mass flow rates can also 

be employed. 


