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Abstract— A large amount of energy is available from sun. 

The sun energy is transferred to earth in form of radiation, 

its more than that is used by us. Research is continuously 

being done to capture more and more energy from sun. The 

device which is used to collect heat from the sun in the form 

of radiation and transfer this heat energy to the working 

fluid is known as collector. There are two main types of 

collector 1) flat plate collector 2) concentrating collector. 

The concentrating collectors are sub divided into two types 

a) focusing/imaging type b) non- focusing/non-imaging 

type. CPC consist of two parabolic reflectors at left and right 

side of absorber plate. Function of reflector is to reflect the 

incident solar radiation towards the absorber plate. Absorber 

plate is painted with black coating in order to maximize the 

absorption of solar radiation. In this study a truncated CPC 

with flat plate absorber is design as a modification of 

conventional CPC concentrator. The design is intended to 

reduce height of reflectors thus in terms to reduce the weight 

and cost of the system. The design criteria, mathematical 

formulation as well as construction is presented in this 

study. 
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I. INTRODUCTION 

Solar concentrators are one of the devices used for 

concentrating and using solar energy for various purposes 

including water heating, distillation, steam generation, 

power generation etc. Focusing collector is advice to collect 

solar energy with high intensity of solar radiation on the 

energy absorbing surface. Such collectors use optical system 

in the form of reflectors or refractors. A focusing collector is 

a special form of a flat plate collector modified by 

introducing a reflecting (or reflecting) surface (concentrator) 

between the solar radiations and the absorber.  One type of 

focusing collectors is a compound parabolic collector (CPC) 

figure (1). Although the sun ray falling on the absorber is 

not focused, there is considerable concentration of sun ray 

concentration that can be attained with a CPC design. The 

right and left half belong to different parabolas. Each 

parabola is passing through the focus of the other parabola. 

The distance between two focuses is the absorber. The CPC 

can be used in non-tracking mode can provide concentration 

ratios in the range of (3-10). Flat plate collectors have been 

widely used for applications that demand below 90◦C and 

large amount of research efforts are already made. In this 

paper  a compound parabolic concentrator(CPC) is designed 

and studies theoretically. The dimensions of the designed 

model of CPC with flat plate absorber be calculated by the 

using the equations which are explained later and the 

specifications of it will be selected. The theoretical 

temperatures of aperture surface ,reflector surface ,absorber 

surface and theoretical outlet temperature of water  are 

calculated in this paper with the help of MS EXCEL. 

II. CONSTRUCTION OF CPC 

CPCs consist basically of three elements[1]: 

1) Absorber: The absorber should have the highest 

absorptance for solar radiation as possible and must be 

constructed with high‐conductivity metals in order to 

conduct efficiently the absorbed heat into the heat 

transfer fluid. Most receiver materials do not have a 

very high absorptance, and they need to be covered with 

special solar selective surface coatings. A commercial 

selective surface for applications in solar energy made 

from a silicon polymer, with an emissivity from 0.28 to 

0.49 and absorptance values from 0.88 to 0.94 applied 

on the surface of  receiver. 

2) Cover: The ideal cover is a transparent insulation that 

allows the passage of solar radiation to the reflector and 

receiver, having a high transmittance of solar radiation, 

and a low transmittance of the thermal radiation from 

the 

3) receiver; also, it must have high durability and low cost. 

The cover used was a tempered glass with a thickness 

of 5 mm. 

4) Reflector: Reflectors for solar concentrators should 

have the highest reflectance as possible. Its function is 

to focus beam‐solar radiation onto the receiver, which is 

located at the focus of the system. Polished GI sheet 

segments with a reflectance of 0.87 were used to 

construct the reflector sides. In order to achieve the best 

CPC performance, each material component was 

carefully selected. The general Concentration Ratio for 

a CPC is around 3 –10. 

 
Fig.1,Geometry of CPC 
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The angle between the axis of the CPC and the line 

connecting the focus of one of the parabolas with the 

opposite edge of the aperture is the acceptance half angle 

(θc). The reflector profile is designed and fabricated for a 

half acceptance angle (θc= 11.54°). Angle 2θc is the 

acceptance angle of CPC. The distance between AD and BC 

is the full height of CPC. The absorber BC is flat and 

parallel to aperture AD. Some rays directly fall on the 

absorber and some fall on the absorber after reflection from 

the reflector[5],[10]. 

Aperture Area, Aa = D* L    (1) 

Absorber Area , Aabs= d* L   (2) 

Concentration Ratio                            

C =D/d        (3) 

The second law of thermodynamics requires the 

maximum possible concentration for a given acceptance half 

angle to be Concentration Ratio 

C =1/sinθc    (4) 

Sr. 

No. 
Part Material Dimension 

1 Receiver Glass 
1*1.2 m(5mm 

thick) 

2 Reflector Polished GI sheet 
Arc length 1.1 

m 

3 Absorber 
Copper plate with 

black coating 
0.2*1.2 m 

Table 1: Parameters to carry out mathematical calculations 

III. MATHEMATICAL CALCULATION 

A two dimensional CPC as shown in fig.(2) consist of two 

different  parabola placed in such a manner that the focus of 

one parabola placed on the other. The axes of two parabola 

are oriented away from the CPC axis by the acceptance 

angle θmax. 

The high of concentrator of CPC[6]: 

H =
D(1+sin  Ɵmax)

2tan Ɵmax
   (5) 

Rabl has shown that the area of the concentrator or 

reflector, Acon , is related with the area of the apertures Aa 

, as [3] 

  (6) 

Rabl has also shown that the average number of 

reflection ,n, passing through a CPC inside is acceptance 

angle is given as,The effective transmissivity of CPC,τCPC, 

accounting for reflection loss inside the CPC depends on the 

specular reflectivity, ρ, of CPC wall and the average number 

of reflections ,n, and is given as[4]:      

  τCPC= ρn           (7) 

The useful energy Qu can be calculated as was 

done earlier if we know the absorbed energy Ia and UL. 

Ia=    (8) 

 

                  (9) 

The absorber or receiver can be of any shape but 

generally tubes are used which are selectively coated and 

attached to the bottom. The expression for the rate of useful 

energy collection is given as[6] 

       (10) 

The heat removal efficiency factor is given as:[7] 

   (11) 

The collector efficiency factor is given as[6] 

   (12) 

By using the giving equation hci as[6]: 

   (13) 

The outlet fluid temperature is calculated from equation 

as:[7] 

   (14) 

    (15) 

   (16) 

IV. RESULT 

Following result are obtained with conventional CPC with 

flat plate absorber. 

 
Fig. 2: Water Outlet Temp. With Conventional CPC 

Above figure2 shows that outlet temperature of 

water increases from morning 10 AM to 3 PM and highest 

temperature is obtained between 2 PM and 3 PM. 

Figure 3 shows the outlet temperature of water 

variations with truncated reflectors. 
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Fig. 3: Water Outlet Temp. With Truncated CPC 

From figure 2 and figure 3 we can clearly see that 

the outlet temperature of water are nearly same. 

 
Fig. 4: Water Outlet Temp. Conventional CPC Vs Truncated 

CPC 

V. CONCLUSION 

The results obtained with conventional and truncated CPC 

with flat plate absorber are nearly same. Thus there is 

truncation save large amount of reflector materials as well as 

cost and weight of the system. 

The design and development of non-imaging type 

CPC with flat plate absorber and having two parabolic 

reflectors is attempted. It seems to be far better than flat 

plate collector and the focusing type collector like simple 

parabolic concentrator. 

There are many practical applications where 

moderate temperature (not very high or low) is required. 

Such applications are water heating, steam generation, 

industrial process heating, pumping of ground water, power 

generation and many more. The temperature needed for such 

purpose. 

Focusing type simple parabolic concentrator needs 

a continuous tracking of the sun, so the costly arrangement 

for tracking device is required, whereas for CPC, no 

continuous tracking is needed. It requires only a few tilt 

adjustments per year. 

The increase in the solar radiation leads to increase 

in the useful energy and the increased of the mass flow rate 

leads to a decrease in the useful energy. 
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