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A B S T R A C T 

In present work an approach is made for performance optimization of parabolic concentrating type solar disc collector. performance optimization is done by 

by the variation in emissivity of absorber cavity and a appropriate material is suggested to enhance the performance of the system.  In this work a solar-

Stilling engine is applied to utilize the heat energy gain from solar radiation. The calculation of all parameters were done by using ms-excel and elaborative 

graphs showing the results are produce for explanations. 
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1. Introduction 

CSP technologies all work under a common principle which is collecting sunrays over a large area and concentrate them at a smaller area which 

corresponds to a circular surface for point focus CSP or over the outer surface of a cylinder for line focus CSP. The area used to welcome sunrays is called 

the solar collector and corresponds to a reflecting surface. The concentration point/line is called the foca l point or focal line and it is where the receiver is 

located. The receiver features an absorber which is the medium used to carry the heat. For parabolic dish systems, the receiver comprehends, additionally 

to the absorber, a power conversion unit . Concerning the following work, it will analyze deeply a specific parabolic dish system     which is the Dish 

Stirling engine. 

 

2. Literature Review 

SR.

NO 

 

AUTHOR 

 

AREA OF RESEARCH 

RESULT 

AND APPLICATIONS OF RESEARCH 

 

1. 

 

Hamza Werzgan( 2019) 

Solar Thermal Dish Collector 

Capstone Design 

A CSP sterling dish featuring a solar tracking system to maximize the solar 

irradiance throughout the day. Thermal analysis will be conducted using 

fundamental equations. 
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Fabian Dählera, Michael Wilda, 

Remo Schäppia, Philipp Hauetera, 

Thomas Coopera, Philipp Gooda 

Solar Dish Concentrating Systemfor 

Performing The Twostep 

Thermochemical Redox Splitting 

Of H2o And Co2 

A detailed optical analysis elucidates measures to increase the optical efficiency and 

concentration ratio. 
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Yaseen.h. Mahmood1, rafa y. J. Al-

salih2 

 

Solar dish characteristics and its 

efficiency based on tikrit, iraq 

weather conditions 

The Materials Used In This Research Are Economic, With High Quality To Obtain 

Solar Concentrator, But The Dish Which Is Covered With Pieces Of Mirrors Is 

Better, And It Can Be Used For Water Heatin 
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System Shucheng Wang 1,2,* Id , 

Zhongguang Fu 1,2, Gaoqiang 

Zhang 2 And Tianqing Zhang    

June 2018 

 

 

Integrated solar combined cycle 

system 

In addition, with the increase of solar energy input to the iscc system, the exergy 

destruction of brayton cycle components decreases; however, the exergy destruction 

of rankine cycle components increases. Furthermore, the exergy destruction of solar 

field has a large extended from 14.55 mw to 58.03 mw. Moreover, the heat recovery 

Steam Generator (Hrsg) And The Steam turbines have the largest exergy destruction 

rate of 11.26% and 13.63% at 15:00 p.m. 
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3. Methodology (Sample-Calculation) 

Solar energy data is taken from NASA website (https://power.larc.nasa.gov/data-access-viewer/)Sample data for jan-2020 similarly all month data has 

been taken   

Table 1 Solar energy data (similarly for all month and year) 

DY T2M_MAX T2M_MIN 
 

WS10M Ir DNI 

1 19.42 10.93 292.42 2.63 8.44 8440 

2 20.48 11.98 293.48 3.28 8.86 8860 

3 21.35 11.35 294.35 2.78 8.61 8610 

4 20.86 10.52 293.86 2.37 7.8 7800 

5 20.65 6.98 293.65 2.89 7.31 7310 

 

ESTIMATION OF OPTICAL EFFICIENCY  

ɳ𝑂 = Ɣ𝜌ƏƐ=0.891 

Ɣ=1-Ar/Aa=0.997 

𝜌=0.94 

Ə=0.97 

Ɛ=0.98 

ESTIMATION OF HEAT ENERGY RECEIVE IN RECEIVER 

Qr= ɳ𝑂*DNI*Aa 

Qr =0.891*1089.171*19.63= 19049.95159watt 

ESTIMATION OF THERMAL LOSSES 

Dimensional  parameters  

Table 2 Dimensional Parameters 

 

 

 

 

 

 

 

 

 

 

Conduction heat loss 

Qcond = (Tcav –Tamb)/ln[(dcav/2+δin )/(2 𝜋KinsLcav) 

Tcav= 1670.29  K 

Tamb= 295.8674 

Ɛr=0.86 

At=0.05 m
2 

σ = 5.67*10
-8

w/m
2
k

4
 

 

The Convection Loss 

Qconvection= Htotal. Acav(Tcav -Tamb ) 

H total= hnatural+ hforced 

hforced = 0.1967 . v 
1.849

,
 
    

h𝑛𝑎𝑡𝑢𝑟𝑎𝑙 = 𝑁𝑢. 𝜆/𝑑𝑐  

Nusselt number (NU) =0.88Gr1/3 (Tcav/Ta)0.18 .cos(ɵ)2.4.(dap/dcav) 
-0.982(dap/dcav)+1.12 

Concentrator Parameters  

Diameter (m) 5 

Depth (m) 0.2 

Reflectivity (-) 0.94 

Focal Length (m)   7.81 

Rim Angle (rad)  0.32 

Aperture's Area (m²) 19.63 

Qcond = 

102.61 watt 
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Gr= grasoff number 

ɵ=0.89 rad 

Dap= dia of arpeture 0.25m 

Dcav =0.15 

βair = 1/Tcav   ,      

Tcav= 1670.29  K 

Tamb= 295.8674 

βair= 0.000358 

Lcav=length of cavity 0.1 

ρair=1.125kg/m3 

µ= viscosity of air =1.8110^(-5) kg/m-s 

Gr= 41454542 

Nusselt number   (NU) =0.88Gr1/3 (Tcav/Ta)0.18 .cos(ɵ)2.4.(dap/dcav) 
-0.982(dap/dcav)+1.12 

NU= 10.11976746 

hforced = 0.1967 . v 
1.849

,
 
   

V=wind velocity = 3.67m/s 

hforced= 2.5638 

h𝑛𝑎𝑡𝑢𝑟𝑎𝑙 = 𝑁𝑢. 𝜆/𝑑𝑐  

𝜆=thermal conductivity of air=0.024   

h𝑛𝑎𝑡𝑢𝑟𝑎𝑙= 0.971498 

H total= hnatural+ hforced ,      

Htotal = 3.535297 

Qconvection.= Htotal. Acav(Tcav -Tamb) 

Acav=0.24 

The Radiation Losses 

𝑄𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛= Ɛ𝑒𝑓𝑓. 𝐴𝑐𝑎𝑣. 𝜍. (𝑇𝑐𝑎𝑣
4
- 𝑇𝑎

4
) 

 

 

Ɛc=0.86 

Ɛ𝑒𝑓𝑓=0.786585 

𝐴𝑐𝑎𝑣=0.24,   𝐴a=19.63 

 

Tcav= 1670.29  K 

Tamb= 295.8674 

Total heat loss of system    

QL=Qcond+Qconv+Qrad 

Estimation of the efficiency of the system  

The efficiency of the reciver dicribed its ability to transfer heat from the cavity to absorber of strilling engine is  

Ƞthermal=
𝑸𝒓−𝑸𝑳

𝑸𝒓
 = 0.55 

Ƞo=  Ɣ𝜌ƏƐ= 0.891 

Ɣ=The efficiency due to shading loss is therefore calculated as Ɣ = (1-Aa/Ar) 

Ƞgen=50% 

Ƞengine=70% 

The total efficiency of the system is the multiple of all the efficiencies. 

ȠTotal=Ƞo*Ƞthermal*Ƞgen*Ƞengine 

 

 

 

Qconvection= 117.27 

 
 

ȠTotal = 0.17 

 

QL= 8575.07 

 
 

Qrad=8355.1

9 
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Estimation Power output of the system 

The overall efficiency of the system is the multiple of all the efficiencies multiplied by the efficiency of the power generator. So that the total efficiency 

will give us the amount of Power generated in function of the direct normal solar radiation. It would simply be the product of the total efficiency, the total 

area of the collector 𝐴a and the 𝐷𝑁𝐼. 
 

P= ȠTotal* 𝐴a* 𝐷𝑁𝐼* 

𝐴a=19.63,  𝐷𝑁𝐼= 1089.171w/m
2 

 

4. Result and Discussion 

Emissivity is an important parameter for the evolution of performance of solar parabolic disc collector.  Radiation losses are the major loss in the system. 

So higher emissivity cause the increment in radiations losses and reduce the thermal efficiency and power-output of the system. So lower emissive 

material is a better solution to improve the performance of the system in present work various emissivity materials are tested analytically the emissivity of 

material considered are.- 

 

Table 3 Absorber Materials 

S.No Ɛ MATERIAL 

1 0.12 black NICKEL GLAVNIZED IRON 

2 0.18 hastelloy X 

3 0.86 Stainless steel 

4 0.88 Asphalt 

5 0.91 Concrete 

6 0.93 Quartz glass 

 

And further calculations were made to optimize the performance.The results are elaborated in table and graphs.  

 

Table 4 emissivity v/s performance parameter 

 

 

 

 

 

    

 

 

 

Thermal losses        Overall heat loss 

Condutive and convective losses reduces with increase emissivity but radiative losses increases Overall heat loss is a additive of the all losses : 

Qcond+Qconv+Qrad=QL 

 

 

 

s.n. Ɛ Qr Qcond Qconv Qrad QL 
Ƞthermal Ƞsystem power output 

1 0.12 22993.72115 107.7999 123.9037 10085.63 10317.33 0.55124 0.171904 4436.737 

2 0.18 22993.72115 107.052 123.0228 10209.92 10440 0.545906 0.170241 4393.803 

3 0.86 22993.72115 105.969 121.7478 10402.23 10629.95 0.537647 0.167665 4327.32 

4 0.88 22993.72115 105.2716 120.9267 10534.52 10760.72 0.53196 0.165892 4281.55 

5 0.91 22993.72115 170.241 197.9566 7134.624 7502.822 0.673576 0.210055 5421.815 

6 0.93 22993.72115 190.8251 222.5571 6955.201 7368.583 0.679392 0.211869 5468.798 

Pout= 3666.21 watt 
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Total heat loss from the system increase with increment in emissivity so that material with lesser emissivity should to be consider in design. 

 

 

 

 

 

 

    Thermal efficiency                               Power output  

Thermal efficiency and power output increases during reduction in emissive value of receiver material.  

5. Conclusion 

“Total heat loss from the system increase with increment in emissivity so that material with lesser emissivity(black NICKEL GLAVNIZED IRON) should 

to be consider in design & also the material which can sustain under  higher temperature occurred for the receiver cavity. So considering that material 

having emissivity of 0.18 (hastelloy X)  is better solution because it can sustain under high temperature about 2800 K.”  

 

 

. 
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