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Abstract— A Parabolic dish type of concentrator which is one 

of the widely used effective energy conversion technologies in 

concentrated solar power for various thermal application. 

Parabolic dish is meant for point focus concentration but in this 

paper the approach is to use it for linear focus. A cylindrical 

External Receiver design is modelled for such concentrator, then 

it is focused by solar radiation under condition of both point 

focus and linear focus on horizontally placed receiver body by 

adjusting the focal length between concentrator and receiver. 

And the steady state thermal analysis is done by simulation 

source so that the heat transfer properties like heat flux and 

temperature distribution of such receiver material can be studied 

for further improvement in the existing design of the system. 

Keywords—Concentrated Solar Power, Parabolic Dish, 

External Receiver, Point Focus, Linear Focus 

I.  INTRODUCTION  

India is located in the equatorial sun belt of the earth which 
is empowered with abundant solar energy with the capability 
of generating about 5,000 trillion kilowatts of clean energy 
with around 250- 300 days of clear sun days annually with 4-7 
KWh per m² per day. So it this energy is used effectively, then 
it can reduce the energy deficit condition and also the low 
carbon emission.  

There are two type of technologies used in utilization of 
solar energy to produce electricity – PV and CSP, where CSP 
leading on PV for utility-scale power generation, because of 
its maturity and relative cost. CSP, a commercially available 
technology utilize direct sunlight and mirrors to boil water 
instead of a fossil fuel as a heat source for producing steam 
and drive conventional steam turbines. The are various of 
advantages there on CSP over PV like CSP units can be 
constructed with an integral thermal energy storage system, 
thereby providing the capability of generating electricity into 
the evening hours and also solar thermal plants can be 
equipped with auxiliary burners in order to produce electricity 
when sunlight is unavailable. Other considerations are that of 
thermodynamic efficiency and cost of energy per unit area. 
The converting solar heat into electricity correspond to an 
efficiency of about 42% against 15% of PV systems but also, 
to produce the same energy. 

The Concentrated solar power systems namely parabolic 
trough, linear Fresnel reflector, power tower and parabolic 
dish are capable of producing thermal power. Among the CSP 

technologies, parabolic dish collector is recognized as the 
most efficient system for energy conversion. It consists of 
mirrors arranged in the shape of parabola and concentrates the 
incident beam irradiation onto a small region called focal point 
where the receiver needs to be located. The concentrated solar 
irradiation is absorbed by the receiver and transferred to the 
working fluid that flows through the receiver. 

The receiver of the parabolic dish concentrator has to be 
well designed such that it can achieve high temperatures with 
minimal heat losses. Basically there are two types of receiver 
design widely used: external receiver and cavity receiver. 
External receiver are basically a cylindrical shape with length 
to diameter ratio is 1 and the heat flux will be directly incident 
of the receiver system which contains working fluid. 

      The external receiver will be preferred over cavity receiver 
for some application due to following reasons: 

 Receiver has a wide acceptance angle but cavity receiver 
has maximum half acceptance angle of 60 degree 

 Cavity receiver is supported on the external surface while 
external receiver is supported internally which make it 
structure easy and light 

 Easy to repair the external receiver  

 Easy to design minimal constraint support and structure for 
external receiver panel 

 Easy to operate external receiver 

II. DESIGN OF EXTERNAL RECEIVER 

      The receiver is the part of the system that converts solar 

radiation to heat energy in a working fluid. The receiver 

consists of an absorber, heat exchanger and possibly heat 

storage. The absorber is the impinging surface for reflected 

solar radiation to strike. Radiation is absorbed into the 

absorber material as heat. The heat exchanger transfers the 

energy to a working fluid that carries the energy out of the 

receiver. 

      So a simple cylindrical external receiver is designed in 

which multiple annular tube of same diameter is done to 

increase the surface area which act as the heat exchanger 

for effective heat transfer. And design is also included with 

flanges to couple the multi annular pipe into one pipe for 

easy usage. Fig. 1 below shows the Conceptual Design of 
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Fig. 1 Conceptual Design 

 

the receiver which is designed using the modelling software 

SOLIDWORKS. 

 

III. Thermal Analysis on the Receiver 

      The requirement of thermal analysis in the receiver design 

is to check whether the design can withstand thermal stress 

that act on the receiver when temperature applied on the 

surface. The thermal output from the parabolic dish can be 

applied in two way i.e. point focus and line focus. So the 

model is tested using ANSYS in both the condition to know 

the thermal stress that taken place in both total heat flux and 

temperature distribution. Total thermal flux is the rate of 

heat energy transfer through a given surface. 

      Assumption done for Receiver model to do thermal 

analysis: 

 No Fluid flow in the Receiver 

 No heat loss by convection and radiation 

 Length of the receiver             = 1 m 

 Inner radius of the receiver           =  0.25 m 

 Outer radius of the receiver          = 0.50 m 

 Material Used for receiver            = Steel 

 Temperature act on the receiver   = 200 ⁰C 

 
A. Point Focus on the Receiver 
      In this simulation, the thermal output from the parabolic 
dish is incident toward all over a single point at the midpoint 
of the receiver by adjusting the focal length between the dish 
and receiver and the following result are obtained. Fig. 2 
shows the Point focus on the Receiver, Fig. 3 shows the Total 
Heat Flux act on the receiver by uniform Focus and Fig. 4 
shows the Temperature Distribution on the receiver by 
Uniform Focus. 

 

Fig. 2 Point Focus 

 

 
 

Fig.  3 Total Heat Flux by point Focus 

 

 
 

Fig. 4 Thermal Distribution by Point Focus 

B. Linear Focus on the Receiver 

       In this simulation, the thermal output from the parabolic 

dish is incident toward all over the upper surface of the 

receiver by adjusting the focal length between the dish and 

receiver and the following result are obtained. Fig. 5 shows 

the Linear focus on the Receiver, Fig. 6 shows the Total Heat 

Flux act on the receiver by Linear Focus and Fig. 7 shows the 

Temperature Distribution on the receiver by Linear Focus. 

 

 
 

Fig. 5 Linear Focus 
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Fig. 6 Total Heat Flux by linear focus 

 

 

 
Fig. 7 Thermal Distribution by linear Focus 

 

IV. RESULT 

      By the Thermal analysis on the Surface of the receiver 

various result has been observed: 

 From Fig. 3 and Fig. 4 we found that Point Focus of about 

200 ⁰C on the center of the receiver result in heat flux 

about 2.0506* 10⁵ W/m² on the focusing Receiver body  

and there is no thermal stress in the flange joints. And 

also there will be no loss in heat by conduction of heat to 

the flange joints. 

 From Fig. 6 and Fig. 7 Linear Focus of about 200 ⁰C  on 

the upper surface of the receiver result in formation of 

about 3.8045*10⁵ W/m² thermal stress and Temperature 

of about 90 ⁰C to 126 ⁰C act on the flange joints which 

result in degradation of the receiver material by thermal 

stress act on the joints and heat loss. 

 

V. CONCLUSION 

      A Cylindrical External Receiver is designed for parabolic 

dish concentrator. Heat flux and thermal Distribution 

phenomenon which act on the receiver body by concentrating 

the solar radiation by both point focus and linear focus 

through analysis software ANSYS. And it is observed that 

using of Point Focus concentration will be more advantages 

than linear focus concentration because of the degradation of 

the receiver body by thermal stress which act on the flange 

joints which leads in heat loss and reduction of receiver life 

cycle. 
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