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Abstract— The Parabolic Trough Collector (PTC) with central receiver is one of the most suitable systems for solar power 
generation. The main element of the plant is the collectors. In this research, the heat flux of parabolic trough collector is 
analyzed by theoretically and numerically in hourly for 21st December. Here, incidence angle, solar declination, solar zenith 
angle, and solar constant are considered for Mandalay, Myanmar. Position of axis for parabolic trough collector is considered 
for both of east-west and north-south axis. Parabolic Trough Collector, LS-2 type is selected. Glass and steel tube are used for 
absorber and glass envelope. From this research, useful information is provided to construct parabolic trough collector for 
thermal power plant. 
 
Index Terms—beam radiation, heat flux, parabolic trough collector, receiver 
 
I. INTRODUCTION 
 
As the price of carbon fuel increase and as the cost of 
pollution is factored into conventional generation, it is 
expected that renewable energy sources become more 
viable. Solar energy is permanent, none polluting and 
low running cost source of energy. Many industrials 
require high solar energy levels in temperature ranges 
more than 100C̊, which can be obtained by using 
concentrators. Power plants with solar concentrators 
are one of the main renewable energy alternatives for 
the production of electricity. Parabolic trough power 
plants use parabolic trough collectors to concentrate 
the direct solar radiation onto a tubular receiver. 
Concentrated solar power plants are one of the most 
promising and mature renewable options for electric 
generation. PTCs are composed of parabolic 
trough-shaped mirrors, which reflect the incident 
radiation from the sun on the solar receiver tube. 
Parabolic trough collectors (PTC) are the most proven, 
widespread and commercially tested technology 
available for solar honessing. Dudley et al. performed 
tests at Sandia National Laboratories to determine the 
thermal losses and thermal efficiency of the PTC used 
in LS-2 Solar Thermal Electric Generation System 
(SEGS). Solar concentrators increase the amount of 
incident energy on the absorber surface as compared to 
that the concentrator aperture. In 1985, Faik A. Hamad 
studies experimentally the parabolic trough colletor 
consists of a reflector.  
The incident solar-radiation falling on the collector is 
utilized for pipe heating. Inside the pipe, the thermal 
fluid flows and its temperature increases due to the 
incoming radiation. A vacuum was created around the 
pipe and a thermal insulate was placed at its rear. By 
exporting the direct solar radiation, clear day, the heat 
flux of parabolic trough collector is compared by using 
Soltrace. In order to deliver high temperature with 
good efficiency, a high performance solar collector is 
required. In 1994 Vernon E. Dudley and Gregory J. 
Kolb in Sandia National Laboratory study  

 
theoretically and experimentally the parabolic trough 
collector to determine the collector efficiency and 
thermal losses with two types of receiver selective 
coatings combined with three different receiver 
configurations; glass envelope with either vacuum or 
air in the receiver annulus, and glass envelope 
removed from the receiver. Jeter presented a 
mathematically formulation based on based on the 
Gaussian function to calculate the solar flux density 
and the optical behavior of a PTC.    
 
II. MATERIALS AND METHOD 
 
It was not possible to determine the heat flux without 
first defining the angle of incidence. Some solar 
collectors track the sun by moving in the ways to 
minimize the angle of incidence of beam radiation on 
their surfaces and maximize the incidence beam 
radiation. The angles of incidence and the surface 
azimuth angles are needed for these collectors. Single 
axis trackers have one degree of freedom that acts as 
an axis of rotation. Single axis solar tracking systems 
are normally follow the sun’s trajectory by only 
changing the azimuth angle, while the title angle is 
constant [12]. The typical tracking errors are 0.1-̊0.3̊ 
(Helwa et al., 2000), 0.2̊ (Brooks, 2005), 0.4̊ (Naidoo 
and Van Nieakerk, 2011), 0.6-̊0.7̊ (Chong and Wong, 
2009) found the error due to wind loading is also a 
measurable quantity [12]. The concentrator has to 
reflect the sun’s ray onto the receiver. For a solar 
concentrator, good reflectance and specula reflection 
of the entire terrestrial solar spectrum is important [12]. 
According to Stine and Harrigan, aluminum is a good 
candidate. The reflectance of aluminum foil is listed 
differently by various sources, ranging from less than 
79% to 86%. Polished aluminum is also identified as a 
good material with its 91% specula reflectance. The 
three different levels of slope errors are 1.75 mrad, 3 
mrad, 5 mrad. Stine and Harrigan mentions typical 
errors as slpoe error (2.5 mrad), tracking error (4 
mrad), receiver alignment error (2 mrad), specularity 
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error (0.25 mrad) and an error on the sun’s width (2,8 
mrad). 
 
A. Beam Radiation 
The equation of beam radiation under clear sky 
conditions, 

 1
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Effective solar constant varies with the time of year 
according to the formula, 
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The incidence angle for aperture tracking about 
horizontal east-west axis, 

   3tancoscoscos 2
122  

The incidence angle for aperture tracking about 
horizontal north-south axis, 

   )4(sintancoscossincoscos 2
122  

The solar zenith angle between the vertical axis of the 
collector and the sun’s ray direction can be calculated 
as, 

)5(coscoscossinsincos  z
 For the previous equation to be calculate, it is 
necessary to define the hour angle, 

)6(360 t
day
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The local solar time is the time of day measured from 
solar noon. 

   74 eLLSTLSoT locst   
The equation of time correlation can be determined 

from the equation, 
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Besides the hour angle to complete the equation (1), it 
is necessary to determine the declination. Declination 
is the angle between the line joining the centers of the 
sun and earth. It is due to the rotation of earth and can 
be defined as, 

   10284
365
360sin45.23 



  n  

The ratio of beam radiation falling on an inclined 
surface to that falling on a horizontal surface is termed 
tilt factor for beam radiation. It is represented by, 
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The coefficients are, 
a0 = r0a0

*, a1 = r1a1
*, k = rkk* 

The constant a0
*,a1

* and k* are, 

 
The effective irradiance on aperture is directly 
proportional to the beam radiation and the angle of 
incidence of the sun on the aperture, 

 
 
B. Heat Flux   
The solar flux can be calculated, 

 
For the previous equation transmissivity-absorptivity 
is necessary, 

     14
11 
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The specification and typical diagram for parabolic 
trough collector (LS 2) type are shown in Table I and 
Fig.1. 

 
Table I. Solar Parabolic Trough Collector 
Specification Used in the Model Validation 

 
 

 
Fig. 1 Parabolic trough collector (LS2) [14] 
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III. RESULTS AND DISCUSSION 
 
A. Theoretical Result  
For the present study, the heat flux of parabolic trough 
collector is evaluated. These results are conducted in 
Microsoft Excel. The required parameters can be 
estimated taken from mathematical model by using the 
data from Table I. The design condition is based on the 
location of Mandalay, Upper Myanmar that has 
tropical climate. The 21st December is considered for 
studying the system performance as clear day. The 
beam radiation and heat flux are observed in this 
present study. The parabolic trough collector’s axis is 
considered for both of east-west and north-south axis. 
The maximum effective radiation for north-south axis 
is 758.071 W/m2 and for east-west axis is 532.4237 
W/m2 at noon. According to this study, north-south 
orientation is more effective than east-west 
orientation. The maximum beam radiation and heat 
flux occur at noon.  

 

 
Fig. 2 Beam radiation 

 

 
Fig. 3 Effective irradiance on North-South axis                             

 

 
Fig. 4 Effective irradiance on East-West axis 

 

 
Fig. 5 Heat Flux 

B. Numerical Result  
Theoretical result is compared with numerical result 
by using Soltrace. Soltrace is a software tool 
developed at the National Renewable Energy 
Laboratory (NREL) to model concentrating solar 
power optical systems and analyze their performance. 
Fig. 6 shows the number of rays’ intersection on the 
receiver tube. It can be clearly seen the rays is focus or 
not. Therefore, this simulation is especially intended 
to the concentrating collector. The reflected rays of 
parabolic trough collector are reflected to the receiver 
tube as shown in Fig. 6. The peak flux is also occurred 
at noon by using Soltrace.  
 

Fig. 6 Intersection plot for a parabolic trough collector 
 

 
Fig. 7 Contour plot for a parabolic trough collector on the 

receiver tube 
 

The contour plot heat flux for parabolic trough 
collector is shown in Fig. 7. This figure shows flux 
intensity on the receiver tube by using Soltrace 
simulation on December 21, 2013. X-axis represents 
working time (hr) for this application and Y-axis 
represents the value of heat flux. Intercepted heat 
transfer rates, peak fluxes and surface temperatures of 
receivers are found for different tracking errors and 
optical errors of a parabolic trough assembly, using 
Soltrace Software 
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Fig. 8 Comparison of Heat Flux 

 
The comparison between Theory and Simulation of heat 
flux for December 21 is shown in Fig. 9. The simulation 
of heat flux is more than Theory. It is considered the 
number of rays intersection, sunshape profile, radiation, 
diffusivity factor and losses of beam radiation. 
 
CONCLUSION 
 
In this paper, the heat flux of parabolic trough 
collector is investigated by theoretically and 
numerically. For normal operation December 21st at 
12 noon is chosen as design point. At this hour, beam 
radiation and heat flux are 758.4407 W/m2 and 
909.6674 W/m2. These values are evaluated on hourly 
basis. According to the December, the value of 
effective beam radiation on the absorber tube is 947.83 
W/m2 in Soltrace and it is 909.6674 W/m2 in Theory at 
noon. Some improvement should be made by better 
tracking as well as more cleaning of the mirror and 
glass tube cover. A simulation model based on the 
Soltrace was developed to simulate the heat flux of the 
collector. From this paper, technical specification is 
provided to manufacture parabolic trough collector for 
industrial application. 
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