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1. Introduction

Nowadays, with depletion of fossil fuels and greenhouse effect, the utilization of

solar energy has attracted increasing attention owing to the distinct advantages,
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including clean, sustainability, inexhaustibility, etc. For parabolic trough solar
collector system, the condenser optical surface that was exposed to the environ-
ment would accumulate dust and dirt or otherwise degrade. The effects of this
reflective degradation need to be included in any realistic prediction method.
Also, suspended dust, whether fine or large in the atmosphere eventually would
settle on the trough collectors and cover their surfaces and therefore reduce their
efficiencies.

Mirror polluted and reflectance measurements were the most common activi-

ties and had a remarkable impact on the leveraged cost of enexg fraction of

st deposition by the comparison of experimental results [4] [5]

h numerous studies have been performed to study dust accumula-

tionship between the dust deposition and sunlight reflectance of the condenser
optical surface. This study focus on the optical surface of dust deposition affect-

ing reflectance of the parabolic trough collector.

2. Methodology

2.1. Consider the Existence of Convergent Ray Equation for the
Thickness of the Condenser Mirror

After concentrating solar trough system by adjusting the tracking device, solar
rays reached the mirror, would undergo infinite reflection, refraction and trans-
mission. But the actual trough solar concentrating system mirror was curved cy-
lindrical, the upper and lower surfaces of thin curved mirror equidistant from
each other. The main path through which the sunlight reached the mirror is given

in Figure 1.

DOI: 10.4236/jpee.2017.59004

47 Journal of Power and Energy Engineering


https://doi.org/10.4236/jpee.2017.59004

Z.Changetal.

Incidence beam light
N

Reflected light 64
G

B9

enser mirror caused the convergent light to

he longitudinal offset AY =1 —f, and where

allel light concentrating solar trough system had been calculated, the
as shown in Figure 2. When the condenser mirror thickness 4.6 mm, the
distance from the optical axis incident light was 200 mm, AY could reach 0.85
mm; when the incident light rays from a distance of 2000 mm optical axis, AY

was 1.46 mm. This was due to the presence of the condenser mirror glass thick-
ness results converge shifted light direction, converging at a certain thickness of
the mirrors, the incident light away from the optical axis, the larger the edge an-
gle, the greater the optical path, and light converging more focal lengths deviate
from the optical axis intercept. While converging the light at the focal position of
the absorber, the same thickness glass mirror, the incident light from the farther
from the optical axis, the larger lateral defocus offset AX . When the distance
from the optical axis of the incident light incident ray of 200 mm, AX was 0.19
mm; distance from the optical axis of the incident light 2000 mm, AX could
reach 7.73 mm. This was because the thickness of the condenser mirror leads
light from reaching the convergence deviation occurs in the optical axis when

the focal position of the receiver, and the farther the distance from the optical
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dust deposition cy of the solar concentrator and energy

flux distribution etal tube. The optical efficiency of the solar concentra-

able to simulate the actual problem simplification, assumed a
tribution of dust, shown in Figure 3.
Dust depesition would not only result in the role of light shielding, but change
eflected light paths. Based on the theoretical study on the influence of dust
on the optical performance of trough solar concentrator, the dust particles were
simplified to the sphere, the physical properties were SiO, and the equivalent
particle size of dust was 1 mm. In the Solidworks software, a three-dimensional
model of the parabolic trough condenser was established and the 3D model with
dust accumulation was imported into the TracePro software. The main parame-
ters of the geometric model were shown in Table 1. Ray tracing was specified to
rasterize the ray tracing mode, using the Monte Carlo method to trace all the
light reflected by the condenser and the metal tube until the light overflows the
condensing system or was completely absorbed and then tracks the next beam of
light screening function, the total number of light was determined to 1 x 10°.
Figure 4(a) was the establishment of the trough solar condenser dust in the
three-dimensional model. Figure 4(b) was shown in the condenser mirror dust
conditions, the metal tube wall along the circumferential energy flux distribution,

where the peak was between the dust of the overlap caused by the light of the
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Figure 3. The photograph of the actual dust accumulation distfib d the ar-
rangement of spheres when a whole for ( b).
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Figure 4. Three-dimensional model of the concentrator
for (a) and circumferential energy flux distribution of the
metal tube for (b).

Table 1. Main parameters of trough concentrating system.

Condenser parameters Absorber parameters Optical properties
Aperture width /m 5.000 Glass tube outside /m 0.115 Reflectivity 0.930
Focal length /m 1.840 Metal tube outside /m 0.110  Transmissivity of glass ~ 0.950
Length /m 7.800  Metal tube inside /m 0.070 Absorptivity of metal tube 0.960
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point of aggregation. The light paths under the dust accumulation were shown
in Figure 5. Figure 6 was a metal tube wall along the circumferential direction
of the energy flux value, compared the side of the half dust deposition and the
whole dust deposition directly responded the influence of dust. In the cleaning
condition, the energy flux density of the bottom of a metal tube was about 5 x
10* W/m?, and the maximum energy flux density of a metal tube was about 1.2 x
10* W/m” in the whole dust accumulation condition.

In order to analyze the effect of dust accumulation on the energy flux value,

Figure 7 was shown that the energy flux distribution of a metalgtube under the

re 5. Optical simulation of TracePro in dust deposition condition of the condenser
mi (a) and the absorber (b).
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Figure 6. Circumferential energy flux distribution of the
metal tube wall.
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Figure 7. Energy flux distribution of the circ

e mirror, which increased at the upper edge of the mirror.

was more at longer wavelengths, which were related to

Dust accumulation effected for the decreased reflectivity and reflected light paths
changing with different thickness of reflector mirror had been examined expe-
rimentally. The theoretical analysis had been done for the solar parabolic trough
system whose focal length was 1097 mm, and the refractive index of glass of the
reflector was 1.5. For 4.6 mm thickness of the reflector, when the distance from
the optical axis of the incident sun light was 200 mm and 2000 mm respectively,
AX was 0.19 mm and 7.73 mm respectively, AY was 0.85 mm and 1.46 mm
respectively. The optical efficiency of the solar concentrator was analyzed theo-
retically and dust accumulation condition was simulated. The result showed that
the dust accumulated condition effected obviously the direction of reflected paths
and the energy flux density of the receiver surface. In the cleaning condition, the
energy flux density of the bottom of the receiver was about 5 x 10* W/m?, and
the maximum energy flux density of the receiver was about 1.2 X 10* W/m” in the

whole dust accumulation condition.
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ame time, the distribution of energy flux density of the receiver on

t dust conditions with a thickness of 1, 2, and 3 mm was analyzed. It could
be @btained that the distribution trend and the density value were almost the same
for 2 mm and 3 mm of dust amounts thickness. With the more thin dust accumu-
lation layer on the surface of the concentrator, the reflection path of the sun light
had changed obviously, resulting in the density value fluctuation for 1 mm of
dust deposition thickness. This decrease in light reflectance was not the same for

all wavelengths in the measured region.
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