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Introduction 

        Today the Renewable sources of energy is playing a vital 

role in the generation of electricity in them the solar energy is the 

most important form of energy which can be easily be obtained. 

Many devices are there which absorbs the radiations of the sun 

by which we get the high temperature then it converts to another 

form of energy. In them solar parabolic trough are one of the 

most mature technology for large scale exploitation of solar 

energy. Parabolic-trough collectors use highly reflecting surfaces 

curved in a linearly extended parabolic shape to focus sunlight 

on a dark surfaced absorber  tube running the length of the 

trough. There is considerable potential for using these 

technologies at Federal facilities in the South western United 

States or other areas with high direct-beam solar radiation. A 

parabolic trough is a type of solar thermal collector that is 

straight in one dimension and curved as a parabola in the other 

two, lined with a polished metal mirror. The energy of sunlight 

which enters the mirror parallel to its plane of symmetry is 

focused along the focal line, where objects are positioned that are 

intended to be heated. For example, food may be placed at the 

focal line of a trough, which causes the food to be cooked when 

the trough is aimed so the Sun is in its plane of symmetry. 

Further information on the use of parabolic troughs for cooking 

can be found in the article about solar cookers. 

Principal 

Solar parabolic trough based on the principal of Reflecting 

Theory of light. In this principal light comes from an object 

attracts to the mirror and meet it into the focal point .In this 

mechanism the light comes from the sun and reflects from the 

reflecting surface and absorbs in the absorber tube or receiver 

which consist a fluid which absorbs heat energy of the sun and 

later on it is used for further cases. 

Modified Solar Parabolic Trough 

       In this article there is an experimental work on designing of 

closed parabolic trough which is fully covered by transparent 

thin glass and side by side there is a use of composite material by 

plating or covering it by reflecting material usually here it is used 

as aluminum foil because it is easily available in the market. 

       Firstly there is a use of aluminum foil in its reflective part 

then after testing it in the presence of sunlight we found that due 

to rough surface we losses some radiations of the sun  later on it 

is replaced by nickel plated stainless steel sheet which replaced 

these losses. Both cases are tested in front of the sunlight in same 

weather conditions (which is done in the month of April) and we 

found some fluctuating results which are described later. 

As we all know that there is very much difference in the 

result of proto type model compared to the plant set up. Mini 

parabolic trough does not gives as much temperature variations 

like plant set up it only gives maximum temperature range of 60-

70 degree Celsius. But we can compare its efficiency for large 

plant set up. 

Benefits of Implementation 

       Normally the parabolic trough is not covered by anything it 

is opened in the atmosphere in front of the sunlight after 

covering it by side covers and thin transparent glass it shows 

beneficial effect over normal parabolic trough. Some of its 

benefits are as follows. 

Produce Oven Effect 

       Modified Parabolic Trough produces oven effect which can 

be increased the backup capacity of the whole plant because at 

the time of sun set the intensity of the sun radiations goes on 

decreasing so due to its oven effect it creates a range of 

temperature in that time also which increases the backup 

capacity of the plant. 
 

Figure 1. Non- Oven and Oven Condition of a Parabolic 

Trough
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Prevent Heat Loss during winter and windy Day 

     During winter seasons and windy season there is very much 

fluctuations of weather which creates maximum loses in the 

results so if we cover it by glass plate we found it very much 

effective over these problems. 

Increase temperature of flowing liquid 

    The liquid which is placed in the absorber tube (in this project 

water is used) shows increased temperature compared to the 

normal parabolic trough this is the main and important benefit 

for this implementation which shows increased efficiency of the 

whole plant. This can be possible due to the oven effect created. 

Increase working time a day 

    As we discussed above it creates oven effect which maintain 

some temperature range inside the parabolic trough after the sun 

set also so it increases working time of the day which also 

increases the backup capacity of the plant.  

It protect parabolic trough surface from dust 

    A Modified Parabolic Trough is covered by thin transparent 

glass so it protects it from dust. Dust particles in the reflecting 

part is also responsible in the loses. 

Designing Of Modified Parabolic Trough 

 For this article there is design of the closed parabolic trough 

proto-type model. 

 

Figure 2. Side View Of the Proto-type Model 

Here are some of the parameters which are used in the proto-

type model they are 

Effective Length of trough-360mm 

Diameter-270mm 

Height-30.8mm 
Surface area- 360*446 mm square 

Reflective material- Nickel plated stainless steel plate 

Insulating shield- 5mm  

Copper tube-  length-24 inch 

                       Diameter-12.7mm 

                       Thickness-.64mm 

Glass thickness -1.2mm 

The total efficiency of the parabolic trough is, 

                                                                    (1)                                                                                                   

Where η is the total efficiency of the parabolic trough, 

is the optical efficiency 

 is the thermal loss efficiency 

η is also can be written as, 

                                                                             (2)                                                                                                 

Where N is the number of collectors used in the whole plant set 

up 

Is the heat losses 

Is the incident radiation of the sun where experiment is 

analysed 

 Represents area of collector 

                                                                       (3)                                                                         

Where m is the mass flow rate of fluid (23ml) 

 is the specific heat capacity of the fluid 

⧍T is the change in temperature of the fluid 

                                                                          (4)                     

Where  is the efficiency of radiative losses 

 is the efficiency of convective losses 

Similarly, in parabolic trough total heat losses is due convective 

and radiative losses i.e. 

=  +                                                                                (5)                                                               

Where  is the convective heat losses 

 is the radiative heat losses 

 ( )                                       (6)                                                        

Where H, is the convective heat transfer coefficient 

 is the temperature of the absorber tube 

 is the temperature of surrounding of the absorber tube 

After placing glass cover plate the ambient temperature is much 

reduced so there is a less difference which automatically 

decreases the value of .This experiment is based on the solar 

radiation of the sun the value of the incident radiation is same 

but its deflection angle will be changed.  

Proto-Type Model 

   
Figure 3. Proto Type Model made for experiment 
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Results and Discussion 

It was found that during experimental procedure of proto-

type parabolic trough there is the variation in the temperature in 

both of the cases that is temperature in without covered 

transparent glass plate and with covered transparent glass plate. 

The following experimental results are shown below on the table 

when there is a use of nickel plated stainless steel as a reflecting 

surface. All the temperatures are on degree centigrade (
o
C): 

Table 1. Experimental results in the case of nickel plated 

stainless steel as a reflecting surface 

Time 

Temperature 

(Atmosphere) 

Temperature 

( Water 

With Glass) 

Temperature 

(Water without 

Glass) 

7:00 28.88 22 22 

7:30 28.88 30 29 

8:00 31.67 37 33 

8:30 32.78 42 36 

9:00 33.89 45 40 

9:30 34.44 50 42 

10:00 36.11 52 45 

10:30 36.67 55 48 

11:00 37.78 58 50 

11:30 37.78 60 52 

12:00 38.89 64 54 

12:30 40.56 65 54.5 

13:00 41.67 65 55 

13:30 40 69 56 

14:00 39.44 64 53.4 

14:30 39.44 65 52 

15:00 38.88 63 49 

15:30 39.44 63 47.8 

16:00 38.33 61 47.5 

16:30 36.67 58 43 

17:00 36.67 50 39 

17:30 35 45 38.1 

18:00 33.88 42 35 

18:30 31.78 40 33 

19:00 29 40 31.6 

The chart shows the temperature variation of the parabolic 

trough which is also represented in graph. 
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Figure 4. Graph represents variation in temperature of 

atmosphere, water in with glass condition and water in 

without glass condition in case of nickel plated stainless steel 

plate. 

Table 2. Variation of Sun incident Radiation and Heat loss 

at the time of the experiment 

Time 

Incident Radiation  (KJ 

hr/m²) Heat Loss (KJ) 

7:00 36 1.44 

8:00 40 2.214 

9:00 45 2.89 

10:00 50 3.466 

11:00 52 4.043 

12:00 53 4.139 

13:00 49 4.043 

14:00 46 3.95 

15:00 43 3.75 

16:00 39 2.695 

17:00 36 1.925 

18:00 32 1.733 

The value of heat loss is found from equation (3) by putting the 

value of Cp is 1.008 for water as fluid. 

Figure 5. Graph represents variation in incident radiation of 

sun and heat loss during the experiment. 

As on putting all the values in equation (2) we get the value of 

efficiency of the parabolic trough in both cases as shown on the 

table. 
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Table 3. Efficiency of the trough in both cases 

Time η (with glass) η (without glass) 

7:00 41.15% 30.26% 

8:00 56.94% 44.57% 

9:00 66.07% 50.61% 

10:00 71.31% 55.45% 

11:00 79.98% 60.93% 

12:00 80.34% 61.67% 

13:00 79.98% 68.72% 

14:00 88.34% 67.61% 

15:00 89.72% 62.18% 

16:00 71.10% 64.76% 

17:00 55% 46.75% 

18:00 55.71% 40.21% 

The chart shows the variation in efficiency of the parabolic 

trough in with glass condition and without glass condition which 

is represented in graph as shown. 

 
Figure 6. Graph represent the variation in efficiency of the 

parabolic trough. 

Table 4. Variation in Heat loss at the time of the experiment 

In both cases 

Time 

heat loss (KJ) with 

glass 

heat loss(KJ) Without 

glass 

7:00 1.44 1.059 

8:00 2.214 1.733 

9:00 2.89 2.214 

10:00 3.466 2.695 

11:00 4.043 3.08 

12:00 4.139 3.177 

13:00 4.043 3.273 

14:00 3.95 3.023 

15:00 3.75 2.599 

16:00 2.695 2.455 

17:00 1.925 1.636 

18:00 1.733 1.251 

As on the data of the above table the graph can be made as 

shown. 

 
Figure 7. The graph represents the variation in heat loss in 

both the condition 
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