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Abstract– In this study, thermal performance of a proposed point-focus solar collector for low 
power applications was estimated under different operating variables. For this purpose, theoretical 
analysis was employed with varying relevant parameters, using a set of thermodynamics and 
energy equations, i.e., ambient temperature, beam solar insolation, wind speed, wind incidence 
angle and wall temperature of the absorber. The results show decreasing trend of the wind 
incidence angle along with increasing the convective heat loss coefficient as the highest related 
values obtained under head-on wind flow, but the wall temperature of the absorber exerts 
negligible influence. The maximum thermal efficiency of 79.68% was obtained in August with the 
side-on wind flow of 4.9 ⁄  and an ambient temperature of 29.2  when the absorber wall 
temperature has a minimum value of 150 .           
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1. INTRODUCTION 
 

Solar energy is the most interesting and promising source that plays a vital role in meeting the increasing 

energy demand and saving the depleting fossil fuel resources. The rapid consumption of fossil fuels to 

meet the increasing energy demand leads to environmental pollution and lack of fossil fuels is prompting 

the search for alternative energy resources to achieve sustainable development [1]. Concentrating Solar 

Power (CSP) systems namely parabolic trough, linear Fresnel reflector, power tower and parabolic dish 

can be used effectively to convert solar energy into heat [2]. Solar dish systems can provide an economical 

source of power and become a key source of renewable energies in the coming years [3]. In general, there 

are two different designs of receivers in solar dish systems; external and cavity designs. External receivers 

which are usually spherical absorbing radiation coming from different directions while cavity receivers 

have an aperture through which the radiation passes [4]. The external receiver could be interesting for low 

power applications. In a cavity receiver, on the other hand, a large part of the emitted radiation remains 

inside the cavity and is absorbed again so that the total radiative heat loss is lower [5]. 

Since very few studies have considered simulations using actual meteorological data, the focus of this 

study is to conduct monthly performance of a proposed steam generating point-focus solar collector for 

use in low power applications under typical weather conditions of Tehran, the capital city of Iran. The 

monthly thermal performance of the system is estimated under varying different operating parameters 

such as, wind angle incidence and wall temperature of the absorber (receiver). For this purpose, 

thermodynamics and energy balance equations are employed. At the end, the best month with the most 

advantageous of parameters is presented. 

                                                           
Received by the editors October 20, 2013; Accepted January 20, 2014. 
Corresponding author 
 
 



IJST, Transac

264

2. 
 
Figure 1 pre
reflector, a 
maximum a
absorber is 
rectangular 
 

 
a) Thermal
 

The th
delivered to

Consider th
sun, as show
insolation p

 
Under stead
absorbed by
minus the d

ctions of Mech

DESCRIPT

esents the sc
cylindrical a

amount of co
covered wit
high reflecti

l efficiency of

hermal efficie
o the energy i

hat the concen
wn in Fig. 2

per unit of co

dy state cond
y the heat tra
direct or indir

anical Enginee

TION OF TH

chematic of t
absorber and 
oncentrated s
th black chro
ive mirror sh

Fig. 1

of the collect

ency of the 
incident on t

ntrator has a
2. The net so
ollector area 

Fig. 2.

ditions, the u
ansfer fluid, w
rect heat loss

Sh

ering, Volume 3

HE PROPO

the proposed
a tracking sy

solar energy 
ome to increa
heet segments

1. The schema

tor   

collector (d
the concentra

an aperture ar
olar heat tran

 [7]: 

 Schematic of

useful heat d
which is dete
ses from the 

h. Gorjian et al.
 

38, Number M

OSED POIN

d point-focus
ystem. The a
and transfer
ase the abso
s with 1mm 

atic of the poin

dish/absorber
ator aperture

   

rea  and 
nsferred 

f the collector 

delivered by 
ermined by th
absorber to t

. 

M1+                     

NT-FOCUS S

s solar collec
absorber loca
rs it to therm
orptivity. The
thickness. 

nt-focus collec

r) is defined 
[6]: 

                   

receives sola
is proportion

                   

thermal mode

a solar colle
he radiant so
the surround

                       

SOLAR CO

ctor consistin
ated at the fo

mal energy. T
e reflector su

ctor 

as the ratio

                    

ar radiation a
nal to , 

                   

eling 

ctor system 
olar energy fa
ings [7]: 

                        

OLLECTOR

ng of a parab
ocal point re
The bottom s
urface is cov

 

o of the usef

                   

at the rate 
and the dire

                   

 

is equal to t
falling on the

  May 2014 

R 

bolic dish 
ceives the 

side of the 
vered with 

ful energy 

           (1) 

 from the 
ect normal 

           (2)   

he energy 
 absorber, 



Thermal performance evaluation of a proposed… 
 

May 2014                                                                      IJST, Transactions of Mechanical Engineering, Volume 38, Number M1+   

265

                                                                        (3) 

The optical efficiency could be obtained using Eq. (5), where  is the concentrated solar radiation 
intercepted by the absorber [8–10]: 

                                                                         (4) 

The absorber efficiency  is also defined as the ratio of the useful energy delivered to the energy falling 
on the absorber [6]: 

                                                                        (5) 

b) Optical efficiency of the collector   
 

The optical efficiency depends on the optical properties of the materials involved, the geometry of the 
collector, and the various imperfections arising from the construction of the collector. The following 
equation can be used to approximate the optical efficiency [6]: 

cos                                                                (6) 

Where  is the un-shading factor,  is dish reflectance,  is transmittance-absorptance product,  is the 
intercept factor of the absorber, which is defined as the ratio of the energy intercepted by the absorber to 
the energy reflected by the parabolic dish and  is the angle of incidence.  
 
c) Total heat loss rate of the absorber    
 

The total heat loss rate of the absorber, , includes three contributions: (i) conductive heat loss from 
, (ii) convection heat loss, , and (iii) radiation heat loss, . The total heat loss rate  can be 

expressed as [6]: 

                                                            (7) 

Therefore, heat transfer coefficient, , for laminar fluid flow on a circular flat plate with diameter of  is 
expressed as follows: 

0.664 . . ⁄ 										 	 5 10                                    (8) 

Kendoush [11]  proposed an equation to predict the convection heat loss coefficient in the case of the 
head-on and oblique fluid flow over a flat plate with specific temperature: 

0.848 ⁄ . 2⁄ .                                           (9) 

All thermo-physical properties of air are calculated in film temperature, 2⁄ . The 
following equation is used to evaluate the radiation loss from the absorber [12-13]: 

                                                             (10) 
where 

                                                      (11) 

where 
 0.0552 .                                                                   (12) 

Therefore the useful energy gained, , can be expressed in mathematical form as:  

                                                  (13) 
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where 

 	                                                                     (14) 
 

3. RESULTS AND DISCUSSIONS 
 
a) Variation of forced convection and radiation heat loss with related parameters  
 
In order to evaluate the thermal performance of the system, heat loss mechanism associated with the 
absorber must be determined with sufficient accuracy. Convection and radiation heat loss of the absorber 
are estimated under windy environments. Figures 3-5 present the variation of , with  and  for 
different values of  and . Head-on and side-on wind flows of each month in conjunction with 
receiver tilt angles of 0°, 30°, 60°, and 90° are considered. As evident from the figures,  increases with 
increasing  but investigating the effect of wind direction requires further deliberation. As can be seen 
from Fig. 3, in the case of 150 , the highest value of 22.79	 .⁄  is obtained under head-
on wind flow 0°  in May which has the highest value of 7.2 ⁄  and the lowest value of 

15.88 ⁄  is obtained under side-on wind flow 90°  in January with the lowest value of 
3.5 ⁄ . In addition, the estimated values of  at 30° are larger than the values of 60° and 

smaller than values obtained under head-on wind flow ( 90°). Figures 4 and 5 show similar trends in 
the case of 200  and 250  respectively. As a result, decreasing the incidence angle of the wind 
causes the convection heat loss coefficients to increase. Therefore it is concluded that no significant 
relevance exists between  and . 
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Fig. 3. Variation of  with different   for the case of  
150      
 

Fig. 4. Variation of  with different   for the case of  
200      

Fig. 5. Variation of  with different   for the case of 
  250
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b) Evaluation of thermal efficiency of the collector under different operating conditions 
 

In order to demonstrate the effect of varying parameters on the total efficiency of the point-focus 
solar collector, the values of  are plotted as a function of  (Fig. 6 and 7). As expected, apart from the 
effect of wind direction, the largest values of  are obtained in the smallest values of . As shown in 
Fig. 6,   reaches the highest average value of 76.33% when 150  and the lowest average value 
of 70.82% when 250  under side-on wind flow.  
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  Fig. 6. Variation of  with different  
          under side-on wind flow 

Fig. 7. Variation of  with different  
under head-on wind flow 

 
Based on the estimated results, the influence of  on  becomes more considerable along with 

increasing of  .  
 

4. CONCLUSION 
 
The monthly thermal performance of the proposed point-focus steam generating solar collector is 
estimated under weather condition of Tehran. In the case of 150 , the highest value of 
22.79	 .⁄  is obtained in May under head-on wind flow and consequently the lowest value of 

15.88 .⁄  is obtained in January under side-on wind flow 90° . It is evident from the 
obtained results that  increases with increasing . The lowest 48.87% is obtained when 0°, 
while the  reaches the highest value of 79.68% when 90°. It is found that  also increases 
evidently with decreasing  and reaches the largest average value of 76.33% when 150  and the 
smallest average of 70.82% when 250  under side-on wind flow. The use of typical meteorological 
data is essential for comparative studies of the performance of thermal devices.  
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