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ABSTRACT. In this paper, thermal performance analysis of 4 m2 solar dish collector is presented. The focal image characteristics of the 
solar dish are determined to propose the suitable design of a receiver. A flat plate was used for the receiver to measure flux distribution 
in the focal region. The measurement had been done in the midday. Intercept factor based on this distribution had been calculated and 
was obtained to calculate thermal efficiency after total heat loss was described. From the experiment, total heat loss was formed by 
conductive and radiative in the receiver. The results showed that the increase in total heat loss followed the increase in receiver 
temperature and it caused a decrease in thermal efficiency. On the peak of the measurement or in midday, receiver temperature can 
achieve 138°C and it gave around 1200-Watt heat loss and it was dominated by radiative heat loss for around 80%. The thermal efficiency 
of the system due to flux distribution measurement in the focal region was above 70% and it was classified as high average but we needed 
to cover this flux up so it did not lose a lot of heat. Cavity aperture would keep around 20% total heat loss and it minimized radiative heat 
loss from the flux. The design of cavity aperture was the next discussion to insulate thermal heat reflection of the parabolic dish system 
from high radiative heat loss. ©2020. CBIORE-IJRED. All rights reserved 
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1. Introduction 

Parabolic dish collector is one of the most efficient systems 
for producing high temperatures heat (Reddy et al. 2015). 
Solar parabolic dish collector consists of three components: 
concentrator, cavity receiver/absorber and support 
structure with tracking arrangements. The performance 
of the solar dish collector depends on the accuracy of these 
components. The flux distribution in the focal region of 
solar dish concentrator plays a key role in the design of 
cavity receiver configuration. It can be predicted by optical 
analysis or direct measurement (Garcia et al. 2015 and 
Jamil et al. 2016). 

The optical analysis can be accomplished either by 
analytical method or ray-tracing technique (Cooper et al. 
2011). Some researchers used ray-tracing simulations in 
photovoltaic systems to give better solar position and 
performance (Schüler et al. 2007 and Şahin et al. 2011). 
Solar rays also can be simulated by LED-based optic 
coupler and it described relationships between light 
wavelength and power production by its intensity (Fortes 
et al. 2015). Another method called Bi-directional 
Transmission Distribution Function (BTDF). BTDF has 
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been used to evaluate solar gain and daylight distribution 
through complex windows and shading systems (Andersen 
et al. 2003). This conversed ray-tracing results in BTDF 
values and determined in what angle of ray-tracing that 
gave maximum intensity. The information concerning the 
flux distribution in the focal plane can be used for the 
determination of the intercept factor of the cavity 
aperture. 

In recent years, the use of modified cavity receivers has 
been suggested for application in low-cost dishes of short 
focal length and rather imperfect optics (Kaushika et al. 
2000). The flux distribution in the focal plane may be 
regarded as the composition of two elliptical normal 
distributions. According to the concept of cone optics, the 
solar radiation reflected from each element of the 
parabolic dish would cast an elliptical image in the focal 
plane. Fig. 1 describes the flux mapping due to each 
hemisphere of the dish. There are many studies which 
investigate alternative cavities. Daabo et al. (2016) 
compared cylindrical, conical and spherical receivers 
(Pavlović et al. 2019). According to their results, the 
conical receiver is the best case among the examined. 
Optimization of the absorber profile and geometry is 
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carried out to improve the overall performance of the 
system. There are numerous designs for the absorber 
shape (spiral coils, cavities, tubes, etc.) during the last few 
years. Pavlović et al. presented a mathematical and 
physical model of the new offset type parabolic 
concentrator with a spiral coil absorber for calculating its 
optical performance (Pavlović et al. 2016). It is important 
to state that the coil geometry absorber has an optimum 
design in order to capture a high radiation amount with a 
relatively uniform distribution. Fig. 2 shows the spiral-coil 
absorber. 

 

 
Fig. 1 The focal image of a dish concentrator 

 
 

 
Fig. 2 Spiral-coil absorber 

2. Focal flux distribution of 4 m2 dish collector 

2.1 Configuration of solar dish 

A prototype of a 4 m2 parabolic dish system is built at 
Sepuluh Nopember Institute of Technology (ITS-
Surabaya) Indonesia for low-temperature application. An 
imperfect solar dish concentrator is referred to as a fuzzy 
focal solar dish concentrator. The imperfection of dish 
yields in spreading the focal image size and casting fuzzy 
focal image. The dispersion angle (δA) represents the 
imperfection of the dish. The circular image size (Di) in the 
focal plane of a solar parabolic dish concentrator is given 
by: 

𝐷" =
$% &'()*

+,-./0 -./0
    (1) 

where 𝛿2 = 𝜔4 + Δ𝜔 for a fuzzy focal dish; 𝛿2 = 𝜔4 for a 
perfect optical dish error. 

The amount of the dispersion angle (δA) of the 4 m2 
solar dish at ITS Surabaya is 0.53° and the corresponding 
image diameter is measured 0.22 m at the focal plane. 
This makes the perfect dish because of 𝛿2 = 𝜔4. Fig. 3 

shows the photograph of the 4 m2 solar parabolic dish 
collector system at ITS Surabaya. 

2.2 Flux distribution at the focal plane 

An analytical model is developed to determine the flux 
distribution in the focal region of a solar dish concentrator. 
In this model, the central cones reflected from the two 
opposite halves of the dish intercept and disperse apart. 
The solar radiation reflected from each element of the dish 
would generate an elliptical image in the focal plane (see 
Fig.1). The outer portion of the image has an intensity that 
gradually diminishes to zero beyond the semi-major axis 
of ellipses. 
 

 
Fig. 3 A prototype of 4 m2 parabolic dish collector system 

developed at ITS Surabaya 
 

The local intensity within an ellipse is taken as 
proportional to coverage fraction (CF) and depends on the 
radial distance from the focal point. The coverage fraction 
is the ratio of number ellipses covering the point under 
consideration to the total ellipses of the same dimension 
θ/(π/2). The CF is obtained by using the equation of the 
ellipse and it is unity at any point within the core of any 
image formed by rays reflected from points on the dish. 

The coverage fraction is given by: 

𝐶8 𝑟% = :
;
sin?+ 𝑅% ; 𝑏 ≤ 𝑟% ≤ 𝑎  (2) 

Radial intensity distribution in the focal image of dish 
concentrator can be obtained by: 

𝐼 𝑟% = 𝐾𝐶8 𝑟%     (3) 

The total radiation received at the focal plane is given as: 

𝐼"GHIJ = 𝐾𝐶8 𝑟% 2𝜋𝑟%𝑑𝑟%
H
4   (4) 

Flux distribution of a fuzzy focal paraboloidal dish at 
the focal plane can be obtained with reasonable accuracy 
based on the determination of the optical imperfection of 
the parabolic dish collector in terms of dispersion angle 
(δA). Intercept factor (γ) is the ratio of solar radiation 
intercepted at the absorber to total solar radiation 
reflected from the concentrator. The intercept of the dish 
can be given as: 

𝛾 =
O PQ :;PQRPQ

ST
T

O PQ :;PQRPQ
U
T

    (5) 

The flux distribution is determined by measurement 
on the focal plane of the dish. The measurement results 
are symmetry and it described only in halves portion in 
Fig. 4. In this figure, the atmosphere temperature during 
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the measurement was 34°C so we can know that the dish 
has a 0.11 m focal radius or 0.22 m focal diameter. 

There is an estimation for the intensity distribution of 
20 m2 fuzzy focal dish concentrator in the focal region 
assuming solar intensity 1000 W/m2 and ideal reflecting 
surface (ρ = 1) (Reddy et al. 2015). The variation of 
intensity with dispersion angles (δA) of 2°, 4°, and 6° has 
been estimated. The flux distribution is symmetric; 
therefore, only half a portion of the curve is represented in 
Fig. 5. The maximum intensity of the flux reduces with an 
increase in dispersion angle. The decrease in intensity is 
due to the increase of fuzziness (optical imperfection) in 
the dish. 

 

 
Fig. 4 Comparison of flux distribution at focal plane for different 

concentration ratio (CR) 
 

 
Fig. 5 Variation of the intensity of the focal image for different δA 
(Reddy et al. 2015) 

 
The variation of the intercept factor with radial 

distance from the target center of the dish is shown in Fig. 
6. This variation in the focal region is comparable with 
Kaushika et al (2000) calculation where the plane was 
located at Z0 = 40 mm and a maximum deviation of 3% was 
observed. The receiver had been designed as a flat plate 
that was placed in the focal region also the dish had 4 m2 
in the area. 

As a ratio in Eq. (5), intercept factor gives information 
about how much solar radiation can be obstructed by the 
receiver so it depends on the coverage factor as in Eq. (4). 
The intercept factor determines how much performance of 
the dish system before it will be reduced by some heat 
losses of the receiver as in Eq. (6). This was also indicated 
in Eq. (6) by a reduction of receiver absorptivity from αeff 
to α where the value of αeff is greater than α. We have 
found from NASA reference publication for black copper 
that αeff = 0.98 and α = 0.78 (Henninger 1984). Heat losses 
from the receiver and its impact on thermal efficiency will 
be discussed in the following section. 

 

 
Fig. 6 Variation of intercept factor (focal plane) with radial 
distance 

3. Thermal analysis of receiver 

The receiver is located at the focal region to absorb the 
reflected solar beam radiation from the concentrator and 
converts it to the working fluid as thermal energy for the 
following process. The major feature of a receiver is to 
absorb the maximum amount of energy from the reflected 
solar beam radiation and transfer it to the working fluid 
with minimum heat losses. The schematic of the solar dish 
with a flat plate receiver is shown in Fig. 7. The thermal 
efficiency of the receiver is predicted by calculating the 
total heat losses from the receiver. The thermal efficiency 
of the receiver indicates the capability of the receiver to 
convert available solar energy into useful thermal energy. 

The thermal efficiency can be given as: 

𝜂W = 𝛾𝛼YZZ + 1 − 𝛾 𝛼 − ]^
O_2S`

    (6) 

The total heat loss rate for receiver QL can be expressed 
as: 

𝑄b = 𝑄cd + 𝑄cc + 𝑄eW    (7) 

Where QCK, QCC, and QSR are conductive, convective, and 
radiative heat loss from the receiver respectively. The 
conductive, convective, and radiative heat loss is given as: 

𝑄cd = 𝑘𝐴P 𝑇P − 𝑇H 𝐿    (8) 

𝑄cc = ℎ𝐴P 𝑇P − 𝑇H      (9) 

𝑄eW = 𝜎𝐴 𝑇P$ − 𝑇H$      (10) 

We consider that there is no forced convective heat loss 
through the receiver because there are no significant wind 
velocities during the test at ITS Surabaya (7.29°S, 
111.68°E). Also, from the construction of the parabolic dish 
in Fig. 7, free convective heat loss can be neglected because 
the receiver was in a horizontal position and with this 
position, there was no specific gravity effect that caused 
free convection heat loss to the receiver. The inclination 
angle from perpendicular position (90°) of the receiver was 
30° approximately and this did not give significant length 
to free convection heat transfer occurs. We used silver 
coating to cover the dish surface and from reference, the 
silver coating gives reflectivity ρ = 1. The focal length was 
measured by a vertical pipe as the receiver and we 
searched the peak temperature at f = 0.92 m as the focal 
length of the dish. 
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Fig. 7 Schematic of receiver for solar dish concentrator with 

modes of heat transfer 
 

The measurements of receiver temperature Tr, 
ambient temperature Ta, and solar intensity Is averaged 
over the period of observation are summarized in Table 1. 
Pyranometer and infrared thermometer have been used to 
measure the solar intensity and receiver temperature 
respectively. The period of observations is in the midday. 
This claim is proven by the values of the receiver 
temperature in Table 1 that these values are almost the 
same at 11.00 am and 12.30 pm. The variation of total heat 
losses due to the measurements have been calculated and 
shown in Fig. 8.  

 
Table 1  
The solar intensity and temperature measurement 

Time Solar 
intensity 

(W/m2) 

Receiver 
temp. 
(°C) 

Atm. temp. 
(°C) 

11.00  840 40 34 

11.15 850 127 34 
11.30 860 130 34 
11.45 880 130 34 
12.00 900 105 34 
12.15 940 75 34 
12.30 920 48 34 

 
 
 

 
Fig. 8 Variation of total heat loss due to inclination of the receiver 

 

 
Fig. 9 Variation of the dish collector efficiency with the 

inclination of the receiver 
 
The inclination angle of the receiver is measured from 

the solar position. For example, 90 degrees of receiver 
inclination is for midday where the sun is above our heads. 
From the graphs above, we conclude the higher receiver 
temperature, the higher the total heat loss. But the graph 
of Reddy et al (2015) gave a small slope than our 
experiment because they used cavity aperture to cover the 
receiver and this made better tools to isolate the heat. The 
same result was also shown by the thermal efficiency 
graphs as shown in Fig. 9. 

Fig. 9 described the conclusion from the previous 
charts. The small slope for total heat loss gave a small 
slope for thermal efficiency. From the charts above, cavity 
aperture could reduce total heat loss by up to 800 W and 
thermal efficiency up to 20%. A study about cavity 
aperture was conducted by (Kaushika et al., 2000; 
Blázquez et al., 2016; Reddy et al., 2015; Xiao et al., 2019). 
They investigated the better shape for the cavity aperture 
to minimize heat losses. 

4.   Conclusions 

From the experiment, we can conclude that the better 
solar flux distribution in the focal region of the solar dish 
system due to the better concentrator construction with a 
small dispersion angle. Perfect solar dish system has 
dispersion angle the same as half angle subtended by the 
sun or there is no dispersion angle due to imperfection 
concentrator. We can design the receiver after the 
diameter size of the focal region was determined. We can 
use the spherical shape as a receiver to cover this region. 
The analytical results for the receiver depend on the shape 
of the receiver. 

Based on the measurement, the solar intensity has a 
short time period to achieve a peak. There are just two 
hours averaged per day to measure the experiment data. 
The highest solar intensity makes the highest receiver 
temperature and total heat loss but it gives the lowest 
thermal efficiency. Receiver with cavity aperture presents 
a smaller slope chart than the receiver without cavity 
aperture. 

Nomenclature 
a Length of semi-major axis of ellipse (m) 
A Area (m2) 
b Length of semi-minor axis of ellipse (m) 
CF Coverage fraction 
CR Concentration ratio 
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Di Image size at the focal plane (m) 
f Focal length of the dish concentrator (m) 
h Convective heat transfer coefficient (W/m2.K) 
I Solar radiation (W/m2) 
k Thermal conductivity (W/m.K) 
K Proportionality constant 
L Vertical length of the receiver (m) 
Q Heat loss (W) 
rf Radial distance of the elemental ring (m) 
Rf Ratio of length semi-major to semi-minor axis 
T Temperature (K) 
Z0 Distance from base concentrator 

Greek symbols 
α Absorptivity of the receiver 
β Receiver inclination (°) 
γ Intercept factor 
δA Dispersion angle (°) 
η Efficiency 
ρ Reflectivity of the dish concentrator 
σ Stefan-Boltzmann’s constant (5.67×10-8 W/m2K4) 
ψ Rim angle of the dish (°) 
ω0 Half angle subtended by the sun when viewed 
 from earth (0.53°) 
Δω Dispersion of the half-reflected angle due to 
 imperfection (°) 

Subscripts 
a Atmospheric condition 
CC Convection from receiver 
CK Conduction from receiver 
eff Effective 
r Receiver 
s Solar radiation 
SR Radiation from receiver 
th Thermal 
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