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Abstract— In recent years, lack of energy is becoming the 

major problem for social and economic development of 

country because of limited amount of fossil fuels. This 

project focuses on design and analysis of truncated cone 

shaped helical coiled receiver made up of copper located at 

the focal point of parabolic solar dish collector. Parabolic 

collector concentrates solar energy at a single focal point. It 

focuses all the sunlight which strikes on it to a single focal 

point and receiver captures this light and transferred the heat 

to the working fluid. The modeling of truncated cone shaped 

helical coiled receiver was done by using 3D modeling 

software Solid Works. And the CFD analysis is also done to 

determine the outlet fluid temperature by using analysis 

software Ansys Fluent. Finally, the comparison between the 

two models of the truncated cone shaped helical coiled 

receiver and the existing normal cylindrical shaped helical 

coiled receiver is done. Those two shapes of receiver were 

analyzed and the effect on the temperature distribution of 

fluid was obtained as increased in modified receiver. This 

working fluid can be utilized for direct or indirect 

applications. 
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I. INTRODUCTION 

Solar energy is the energy that comes from the sun to the 

earth and every day the sun radiates an enormous amount of 

energy. Some matter is lost during nuclear fusion and the 

lost matter is emitted into space as radiant energy. The solar 

energy reached to the earth at a speed about 186,000 miles 

per second and the speed of light and a small portion of the 

energy radiated by the sun into space strikes the earth about 

one part in two billion.  Still this amount of energy is 

enormous and some amount of the solar energy that strikes 

the earth is get back into space. A solar thermal collector is 

meant to collect heat by absorbing sunlight. A collector is a 

device for capturing solar radiation. Solar radiation is the 

energy which is in the form of electromagnetic radiation 

from the infrared (long) to the ultraviolet (short) 

wavelengths. Parabolic dish is called as point focusing 

collectors and it is used for the applications where 

temperature requirements are very high like in steam 

generation. Solar dishes use a parabolic aluminum sheet to 

concentrate solar energy at it’s focal point. Then a receiver 

mounted at the focal point and converts the energy of the 

sun’s rays into heat. Energy from the sunlight which enters 

the mirror parallel to its plane of symmetry is focused to the 

focal point where objects are positioned that is intended to 

be heated. The Parabolic dish collector applications can be 

divided into two main groups, the first and most important is 

Concentrated Solar Power (CSP) plants where temperature 

requirements of 300 to 400°C and second being for the 

Industrial Process Heat (IPH) where temperature 

requirements of 100 to 250°C. The present study focuses on 

analyzing the heat transfer of the receiver tube by modeling 

using finite volume based CFD code of ANSYS FLUENT 

15.0. Modeling of receiver is done by using SOLIDWORKS 

11.0. 

II. METHODOLOGY 

A. Design Considerations  

Concentrator is the part of the collector that directs the 

radiation onto the receiver of the parabolic dish. 

Concentration ratio C is the ratio of the area of aperture of 

the parabolic dish collector to the area of the receiver. The 

flux concentration ratio is defined as the ratio between the 

average energy flux absorbed on the receiver to that on the 

aperture. Modelling starts with the describing of the 

boundary and initial conditions for the dominion and leads 

to modelling of the entire system. Finally it is followed by 

the analysis of the results conclusions and discussions. 

The schematic view of parabolic solar dish type 

collector with the truncated cone shaped helical coiled 

receiver is drawn by using 3D modeling software of 

SOLIDWORKS 11.0 and shown in fig 1. The reflected rays 

from the dish collector concentrated on a small area, the 

focal point, where the receiver is located. 

 
Fig. 1: 3D view of parabolic dish collector 

 
Fig. 2: Modeling of cylindrical receiver 

Coil Parameters Values 

Outer diameter of the coil 250 mm 

Inner tube diameter 12 mm 

Outer tube diameter 20 mm 

Thickness 4 mm 

Length 375 mm 

Pitch 25 mm 

Table 1: Specifications of Cylindrical Shaped Helical Coiled 

Receiver 



Design and Analysis of Receiver for a Parabolic Solar Dish Collector 

 (IJSRD/Vol. 4/Issue 02/2016/521) 

 

 All rights reserved by www.ijsrd.com 1874 

 
Fig. 3: Modeling of conical receiver 

Parameters Values 

Outer diameter of the coil at bottom 250 mm 

Outer diameter of the coil at top 25 mm 

Tube inner diameter 12 mm 

Tube outer diameter 20 mm 

Pitch 25 mm 

Thickness 4 mm 

Table 2: Specification of Truncated Conical Shaped Helical 

Coiled Receiver 

III. THEORETICAL EVALUATION 

Theoretical evaluation starts with collection of operational 

and metro logical parameters and the specification of the 

parabolic dish was used to evaluate the performance of the 

collector by using the formulas, the useful energy delivered 

from the concentrator can be given by Equations (3.1) and 

(3.2), 

qu   =  mcp(To – Tin)                                        (3.1) 

qu  =  Aa * FR * S                                           (3.2) 

Location & Latitude Coimbatore  11o 00’ N 

Date April 15 

Time 1230h(LAT) 

Beam radiation 1100 W/m2 

Ambient temperature 25 oC 

Mass flow rate of water 0.011 kg/s 

Inlet temperature 27 oC 

Table 3: Operational and Metrological Parameters 

Where, qu is the useful energy delivered from the 

concentrator (W); m, mass flow rate(kg/s); To, outlet fluid 

temperature (°C); Tin, inlet fluid temperature (°C); Cp, 

specific heat of water (kJ/kg°C); C, concentration ratio; S, 

incident solar flux absorbed in the absorber plate (W/m2); 

Ul, overall heat loss coefficient (W/m2°C); Ta, ambient 

temperature (°C); F', collector efficiency factor; Do, outer 

diameter of the tube (m); Aa is the aperture area of the 

concentrator (m2); S, solar flux absorbed by the collector 

(W/m2); Ib,  solar irradiance of the sun light; and FR is the 

collector heat removal factor. 

F’   =   1/Ul[(1/Ul)+(Do/Dihf)]                                         (3.3) 

Heat removal factor is given by equation (3.4), 

FR = {(mCp/ArUL) [1- (e-(ArUo/mCp))]}                       (3.4) 

Solar flux absorbed by the collector is given by using 

equation (3.5), 

S = Ib * αγρ                                                                  (3.5) 

Useful heat gain is calculated by using equation of (3.6), 

qu = Aa * FR * S                                                           (3.6) 

Instantaneous efficiency of the collector calculated using 

equations (3.7),  

ηi  =  qu/IbrbA                                                                (3.7) 

Based on the parabolic dish specification, 

operational and metro logical parameters the calculations 

were made and the results were obtained. 

Parameters Values 

Solar flux absorbed (S) 676.75 W/m2 

Heat transfer coefficient (hf) 202.24 W/m2k 

Collector efficiency facto (F’) 0.9333 

Collector heat removal factor (FR) 0.8613 

Useful heat gain (qu ) 6393.9W 

Inlet temperature (Tin) 300K 

Fluid outlet temperature (To) 435K 

Table 4: Analytical Results 

IV. CFD ANALYSIS 

The three dimensional computational domain is modeled 

using (Tetra/Hydro) mesh as shown in Figures shown 

below. Then after making model by using ANSYS Work 

beach 15.0 Export to Influent CFD with extension (ANSYS 

ICEM CFD tetrahedrons) after that, import to Influent 

makes boundary mane inlet tube (inlet water) outlet tube to 

(out water). 

 
Nodes 25220 

Elements  22274 

Mesh Metric None 

Fig. 4: Cylindrical receiver tube after meshing 

 
Statistics 

Nodes 38912 

Elements 35955 

Mesh Metric None 

Fig. 5: Conical receiver tube after meshing 

Boundary conditions are used according to the 

practical situation. The inlet and outlet conditions are 

defined as velocity inlet and pressure outlet. After 

completing the mesh by CFD fluent 15.0 imported the mesh 

to CFD Work bench 15.0 to inter the boundary condition 

inter the inlet condition water properties at 300K 

Density = 990.9Kg/m3, Specific Heat = 4180J/JgK, 

Thermal conductivity = 0.6W/m-K, Thermal expansion 

coefficient = 0.00021 J/K  included from the library. After 

this the properties of copper, Density = 8.96 g/cc, Specific 
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heat = 0.385 j/goC, Thermal conductivity = 401 w/m.k are 

included.  

A. Results and Discussion 

This system operates on the principle of concentrating the 

incident solar radiation into small enclosures via dish 

collector. The solar receiver or the enclosure is located at the 

focal point or focal line of the dish collector. Detailed 

description of the analysis and results which were obtained 

for the concentrating solar energy was contained in this 

paper. Starts with an overview of the solar calculations 

needed for the solar concentrator to get the heat flux solar 

energy. An analysis to get the results for the receiver of 

solar concentrator in CFD fluent to get the temperature of 

steam from outlet of receiver. its performance and increase 

the heat transfer rate in the case of conical shaped helical 

coiled receiver. 

CFD simulation has performed on the receiver 

solar collector with and without coating on the  absorber 

tube and the heat transfer rate is increased when it has a 

ceramic metal coating and also  performance of  the receiver 

is increased. A graphical representation of the temperature 

compared in K for both of the absorber tube with and 

without coating along the length of the heating tube is 

shown in figure, 

 
Fig. 6: Temperature distribution of cylindrical 

Shaped helical coiled receiver 

 
Fig. 7: Temperature distribution of conical shaped helical 

coiled receiver 

Parameters Theoretical Analytical 

Inlet fluid  temperature 300K 300K 

Outlet fluid temperature 435K 432K 

Table 5: Comparison of Results of Theoretical and 

Analytical 

Receiver Parameter 
Analytical 

Value 

Cylindrical shaped 

receiver 

1.Outlet 

temperature 

2.Temperature 

difference 

409K 

109K 

Truncated conical 

shaped receiver 

1.Outlet 

temperature 

2.Temperature 

difference 

432K 

132K 

Table 6: Comparison of Results between Cylindrical and 

Conical Receiver 

V. CONCLUSION 

In the case of cylindrical shaped helical tube receiver fluid 

analysis, the water has the maximum static temperature 

obtained on the tube is 446K. By the area weighted average, 

inlet static temperature is 300 K and the outlet static 

temperature is 409 K and the net static temperature is 354K. 

Truncated conical shaped helical tube receiver has the 

maximum static temperature    obtained on the tube is 553 

K. By the area weighted average, inlet static temperature is 

300 K and the outlet static temperature is 432 K and the net 

static temperature is 366 K. From this analysis, Truncated 

conical shaped helical coiled receiver has 21.1% more 

efficient than conventional type of cylindrical shaped helical 

tube receiver.  
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