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1. Introduction

Solar energy utilization is vital for achieving the sus-
tainability and facing severe problems as the climate 
change and fossil fuel depletion [1, 2]. There are nu-
merous kinds of solar collectors which can be sepa-
rated in fl at and concentrating technologies. The fi rst 
category includes the fl at plate collectors [3] and the 
evacuated tube collectors [4], while in the second 
there are the compound parabolic collectors [5], the 
parabolic trough collectors [6], the Fresnel collectors 
[7] and the solar dish concentrators [8–10].

The fl at technologies are suitable for low temper-
ature levels up to 100 °C, while concentrating tech-
nologies are the only solution in higher temperature 
levels. Among the presented concentrating solar col-
lectors, parabolic trough collectors (PTC) is the most 
mature and widespread technology. This technology 
has been commercially developed some decades be-
fore and year by year new and innovative ideas are ex-
amined in order to enhance the collector performance 
[11, 12].

The objective of this study is to determine the op-
timum geometric characteristic of a parabolic trough 
collector for maximizing the thermal effi ciency. The 
concentrator width and the receiver diameter are the 
optimization parameters which are examined in great 

ranges. The results are evaluated in optical, thermal 
and exergetic terms in order to perform a multilat-
eral study. The simulation tool is SOLIDWORKS 
FLOW SIMULATION and the analysis is performed 
in steady-state conditions [13].

2. Mathematical modelling

The main mathematical equations which described the 
present problem are given below.

The thermal effi ciency (ηth) of the collector is 
equal to the ratio of the useful heat (Qu ) to the availa-
ble solar energy (Qs ):

 ηth = Qu  / Qs . (1)

The optical effi ciency is the product of the refl ec-
tance (ρ), of the intercept factor (γ), of the transmit-
tance (τ) and of the absorbance (α):

 ηopt = ρ γ (τ α) . (2)

The concentration ratio is the ratio of the collector 
aperture (Aa ) to the receiver outer surface (Aro ):

 C = Aa /Aro , (3)
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The useful heat production can be calculated by 
using the energy balance in the fl uid volume. More 
specifi cally, the inlet temperature (Tout), the outlet tem-
perature (Tout), the specifi c heat capacity (cp) and the 
mass fl ow rate (m) have to be used in this calculation.

 Qu = m cp (Tout – Tout) . (4)

The exergetic effi ciency of the solar collector can 
be calculated as:
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The sun temperature (Tsun ) can be taken equal to 
5770 K and the ambient temperature is symbolized as 
(Tam ).

3. The examined model

The LS-2 PTC is the examined model which is de-
signed in SOLIDWORKS. Figure 1 shows this model. 

The working fl uid is Therminol VP-1, usual thermal 
oil for parabolic trough collectors. Table 1 includes the 
main model dimensions and the simulation parameters 
of this analysis.

4. Methodology

In the present study, the thermal and the optical per-
formance of the collector are examined together in 
order to determine the optimum design. The focal 
length (  f  ) has been selected equal to 1840 mm, and 
the width has been examined from 2000 mm to 8000 
mm, while the receiver outer diameter (Dro) from 25 
to 90 mm. The optical and the thermal analysis have 
been performed in SOLIDWORKS FLOW SIMU-
LATION, with a  validated methodology which has 
presented in other literature studies [3–9].

In Section 5.1, the optical performance with the 
intercept factor presentation is given. In Section 5.2, 
the impact of the geometric characteristics on the 
thermal performance is given. This analysis includes 
a sensitivity analysis for determining the optimum 
mass fl ow rate in the collector.

Table 1. The main simulation parameters and the model dimensions

Simulation parameters Values Model dimensions Values

Receiver emittance 0.1 Width (W) 5000 m
Cover emittance 0.9 Length (L) 7800 m
Solar beam irradiation 1000 W/m2 f 1840 m
Reflectance 0.93 Aa 39.0 m2

Absorbance 0.92 C 22.74
Transmittance 0.94 Dri 66 mm
Tsun 5770 K Dro 70 mm
Tam 293 K Dci 110 mm
Heat convection with ambient 10 W/m2K Dco 115 mm

Fig. 1. The model of LS-2 PTC
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5. Results

5.1. Optical analysis

In this section, the results for the optical analysis are 
presented. Figure 2 illustrates the intercept factor for 

the examined cases. More specifi cally, the intercept 
factor is calculated for various combinations of widths 
and receiver diameters. It is obvious that greater val-
ues of receiver diameter leads to higher intercept fac-
tor. Moreover, greater width needs higher diameter for 
achieving maximum intercept factor.
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Fig. 2. Intercept factor for the examined cases
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Fig. 3. Intercept factor for the examined concentration ratios
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Fig. 4. Thermal effi ciency curves for various mass fl ow rates
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Figure 3 is similar to Fig. 2 but it expresses the 
intercept factor with the concentration ratio. It is ob-
vious that collectors with concentration ratios up to 
30 can operate with maximum intercept factor.

5.2. Thermal and exergetic optimization

In this section, the impact of the geometric character-
istics of the collector on the thermal and exergetic per-

Table 2. Results for optimum operation

W
(m)

Dro
(mm)

γ
(–)

ηth
(–)

Qu
(W)

Tout
(°C)

ηex
(–)

C
(–)

2000 35.0 0.7805 0.7805 12176 476.0 0.3370 18.19

3000 42.5 0.7819 0.7819 18297 477.5 0.3384 22.47

4000 50.0 0.7812 0.7812 24374 478.9 0.3389 25.46

5000 60.0 0.7802 0.7802 30428 480.4 0.3392 26.53

6000 67.5 0.7801 0.7801 36511 481.9 0.3399 28.29

7000 77.5 0.7789 0.7789 42528 483.3 0.3401 28.75

8000 87.5 0.7773 0.7773 48501 484.8 0.3401 29.10
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Fig. 5a. Thermal effi ciency for inlet temperature equal to 200 °C and mass fl ow 
rate equal to 2 kg/s for all the examined cases
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Fig. 5b. Exergetic effi ciency for inlet temperature equal to 200 °C and mass 
fl ow rate equal to 2 kg/s for all the examined cases
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formance are given. Figure 4 exhibits the thermal per-
formance of the initial LS-3 PTC for various temper-
ature levels and mass fl ow rates. It is clear that higher 
mass fl ow rates leads to higher thermal effi ciency. The 
mass fl ow rate of 2 kg/s leads to satisfying results and 
for this reason it is selected as the proper value.

For the optimum mass fl ow rate of 2 kg/s and for 
inlet temperature of 200 °C, which is a usual value for 
many applications, the thermal effi ciency of the so-
lar collector is given for all the examined PTC con-
fi gurations. It is obvious that the thermal effi ciency is 
maximized for a specifi c value of the receiver diame-
ter for every collector width, according to the Fig. 5a. 
Moreover, Fig. 5b shows that in the same values of the 
diameter, the exergetic effi ciency is also maximized.

Table 2 includes the results for the optimum op-
eration. These results are taken for the diameter which 
leads to the highest thermal performance. It is obvi-
ous that greater width needs greater receiver diameter. 
Also, higher width leads to higher concentration ratio 
for optimum operation.

Figure 6 depicts the optimum operating points 
which are given also in Table 2. It is clear that the 
global maximum thermal effi ciency is achiever for 
42.5 mm receiver delimiter and for 3000 mm width. 
Thus, this design is the optimum one and the PTC with 
focal length 1840 have to be designed with these di-
mensions, if they have to operate close to 200 °C with 
thermal oil.

6. Conclusions

In this study, the design of parabolic trough collec-
tors with optical, thermal and exergetic criteria is ex-
amined. The commercial LS-3 PTC is examined with 
SOLIDWORKS FLOW SIMULATION. The follow-
ing conclusions have been found:

a) Higher width needs higher receiver diameter for 
maximum optical performance.

b) The optimum mass fl ow rate is about 2 kg/s.
c) The thermal effi ciency and the exergetic effi cien-

cy are maximized for a specifi c receiver diame-
ter which is fully connected with the width of the 
collector.

d) For operation at 200 °C with Therminol VP-1, the 
optimum width is about 3000 mm and the opti-
mum receiver diameter is 42.5 mm.

The results of this study can be extended in more 
operating conditions in order to examine deeper the 
impact of geometrical/optical design in the thermal ef-
fi ciency of the parabolic trough collector.
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