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ciency of the system amounted to 68%, and the optical loss was approximately
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1. Introduction

Linear Fresnel systems are among the most promising technologies used for
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energy generation from concentrated sun radiation. In such plants, a linear fixed
receiver is suspended above a solar field which comprises strips of mirrors, flat
or slightly concentrating; each strip rotates on a fixed horizontal axis for the
purpose reflecting the sun radiation towards the receiver [1] [2]. Linear Fresnel
[3] [4] solar concentrating heat collection system, for its own compact structure,
ease of manufacture, low price and other associated benefits in the field of solar
energy, is put to a widespread use. The arrangement of linear Fresnel mirror
field poses an enormous impact on its optical efficiency as well as heat source

temperature. Currently, local and international scholars ied out the

analysis of the arrangement of linear Fresnel mirror field.

ming accurate analysis on the influence of latitude for the receiver surface
en distribution of the linear Fresnel system, this paper, at first, made use of
thé TracePro software in order to model the linear Fresnel mirror field. It com-
bined with the latitude of the cold region to change the solar elevation angle, and
then analyzed the changes of the optical efficiency of the system subjected to va-
ried angles of incidence. Contrast latitude 0° and latitude 40.8°, the absorber
tube circumferential and length direction energy density distribution changes, as
well as the linear Fresnel experimental system were experimented, and the ther-
mal transfer factor was introduced to perform the analysis of thermal efficiency

of the system.

2. Optical Modeling of the Linear Fresnel Solar Field
2.1. Optical-Geometrical Model

In this paper, the linear Fresnel mirror field has been presented in Figure 1(a),

primarily by mirrors, CPC, glass-metal vacuum tube and tracking device. The
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(®)

Figure 1. (a) Photo of the experimental linear Fresnel system; (b) Schematic diagram of a
linear Fresnel system.

linear Fresnel solar concentrator presented in Figure 1(b) comprises series of
linear mirror strips that tracks the sun in a single axis, in addition to concen-
trating the solar radiation on the receiver cavity mounted on the horizontal
tower. Each mirror element is titled in such a way that usually incident solar ra-
diation, subsequent to the reflection from the mirror element, impinges on the
absorber tube as positioned along the length of the focal zone of the concentra-
tor. The LFR system consists of an array of long parallel mirrors (termed prima-
ry mirrors) that reflects the solar rays on an absorber tube, with the possibility of

including secondary reflectors in order to elevate the concentration ratio.
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2.2. Plane Angle of Incidence

The angle between the mirror element and the ground was the inclination angle
of the mirror element S, The inclination angle of the mirror in the mirror field
exerts an enormous impact on the system heat collection efficiency. In accor-
dance with the geometric relationship between mirrors of the system structure
parameters and optical parameters were presented in Table 1.

When the mirror field and the sun shared the same side of the receiver, Equa-

tion (1) was utilized in order to calculate:

H
tan(a-28,)=— (1)
Q,
When the mirror field and the sun were positio de, Equa-
tion (2) was put use in order to calculate:
tan (180 -2 (2)

tracing approach, the Linear Fresnel solar

been modeled as an optical-geometrical system

shapes: heliostats, absorber tube and secondary reflector. Each
ent is modeled in accordance with its appropriate parametric equation.
cal interactions between sun rays and components of the solar field are
modeled through calculation of their intersection points, in addition to deter-
mining the new coordinates of the resulting ray [15]. In the TracePro software,

the mirror field, CPC and absorption tube model were established. The mirror

Table 1. System structure parameters and optical parameters.

Project Value Project Value Project Value
Height of
Mi 10 Mi flectivit, 91 3000
irror number n irror reflectivity 0.9 absorber tube H/mm
Mirror width W/mm 300 Widthof CPC/mm 400  Outer tube radius r/mm 50
Absorptivi
Mirror length L/mm 1820 Reflectivity of CPC  0.91 sorptivity 0.92
of absorption tube
Mirror wheelbase Sn/mm 490
DOI: 10.4236/epe.2017.910039 558 Energy and Power Engineering
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substance was set to ultra white glass whereas the surface property was set to sil-
ver, and the CPC surface material together with the same characteristics was set
as the mirror field; and the absorption tube material was set to aluminum. The
DNI was set to 800 w/m?, 500 x 500 of the lattice light source density. Further-
more, the ray trace pattern was presented in Figure 2.

In order to analyze the influence of latitude on the optical effectiveness of the
linear Fresnel system, the numerical measurement was carried out with the

similarity of the numerical measurement. With the latitude of 40.8°, adjustment

of the position of the mirror field was made in accordanceg he regional

3,20 F
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Incident angle/°

Figure 3. Variation of optical efficiency at different latitudes.
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15°, the optical efficiency amounted to be the lowest, and the loss of light in the
mirror element gap was large as well, together with the formation of shadow by
the CPC in the mirror element of the primary mirror field, resulting in the opti-
cal efficiency less than the efficiency of light’s vertical incidence of light. As the
incident angle of the light increase, it leads to the occlusion and shadow loss;
when the incident angle augments to a specific degree, CPC did not generate a
shadow in a mirror field. The optical loss was resulted by the gap between the
mirror, and the optical efficiency of the system observed an increase. When the

latitude was 40.8°, the optical efficiency of the system amou 0 be less than

the influence of latitude
analysis of the energy flu
tude 0 and 40.8 degrees is

. As evident from the figure, representing

e receiving surface are symmetrical tubular re-

ccording to the analysis at latitude of 0°, the absorption
direction energy density distribution does not appear to be

some areas of incompetent flow distribution, part of the regional
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Figure 4. The receiver irradiance figure analysis at latitude 0° region.
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Figure 5. The receiver irradiance figure analysis at latitude 40.8° region.
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is that the
desirable distortions, in addition to damaging of the receiver, particularly as

ge thermal stress resulted by the temperature gradient may lead to

th
latitudinal 0° region is symmetrical and color distribution on the receiver does

cuated tube put to use [17]. As evident from Figure 4 and Figure 5, the

not have uniformity and the receiver is intermittent. The focus width amounted
to be approximately 3 mm.

Figure 6(a) displayed the energy flux density distribution in the circumferen-
tial direction of the absorption tube. As suggested by the figure the distribution
of the energy flow density of the collector tube at latitude of 40.8° mounted to be
large and the energy flux density distribution was uniform, but the overall en-
ergy flux density was less than latitudinal area. Figure 6(b) represented the di-
rection of the longitudinal distribution of the absorber tube; the latitude of
0°when the longitudinal direction of the absorber tube could be distributed
evenly being approximately 12,000 w/m’. The high latitude area with the end of
the loss for the absorber tube, at 1800 - 2000 mm incompetent energy flux density
distribution, with the increase in tube length, energy flux density exhibited de-

creasing trend.
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igure 6. Energy flux density distribution of the absorber wall.

4. Thermal Performance Experiment of the System

4.1. Heat Transfer Factor of Collector

The thermal efficiency of the collector was subjected to the steady state or quasi-
steady state condition, the collector energy at a specific time the effective energy
income and the condenser effective area and at the same time, in order to receive

the effective area of the condenser on the amount of solar radiation:

_ Qn _ Cqm (tout _tin) (3)
I-A, I-A,

In accordance with the energy balance equation of the absorber:

Qn _ Qtotal B Qloss o U L (tr B tenv)

1A 1A " TIA,

7,

4)

7,
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Q.o SUggested the total heat of the suction absorber tube, Q,,, indicated the heat
loss of the absorber tube, U, represented the heat loss coefficient, ¢, implied the
absorber tube surface temperature, t.,, depicted the ambient temperature.

The absorber constituted of a CPC and a vacuum heat collector, together with
being was higher than the reflector 4 m. The surface temperature was not easily
calculated. Moreover, the inlet and outlet temperature of the working fluid could
be attained with the help of the temperature sensor. That is the reason that the
heat transfer factor Fy was introduced for the purpose of representing the heat

Collector surface temperature for the working fluid inlet tem e when the

heat ratio, and the instantaneous collector efficiency exy

as:

approximation, that made
the purpose of estimating tical efficiency. Furthermore, the slope

o estimate the total heat loss coefficient of the collector.

: ' I of System Instantaneous Heat Collection

I'nner Mongolia Hohhot (111°E, 40.8°N) outdoors. The weather

ts showed clear, with no continuous wind direction, and the working fluid

periment

as 0.2 m/s. The pipeline cycle heat collection experiment, was performed
for’the purpose of precisely analyzing the system instantaneous thermal effi-
ciency of the system with the normalized temperature difference (7°) through
the selection of 11: 30-13: 30 data for analysis, measured data has been presented

in Figure 7.

T - env (6)

According to the above mentioned method of calculation, the experimental
data processing from Figure 8 revealed that the refrigerant inlet temperature was
60°C, 70°C and 73°C, in correspondence with the instantaneous thermal efficiency
of 58%, 56% and 49%. In accordance with the empirical data, the instantaneous

thermal efficiency equation of the collector by the least squares fitting was:

17, =0.68-3.16T" (7)
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Figure 8. The efficient curve of collecting system.

The key factors that exert impact on the efficiency of the linear Fresnel collec-
tor include the inlet temperature, ambient temperature and direct solar irradi-
ance. The inlet and outlet temperature of the working fluid is slowly and steadily
elevated all through the experiment, and the temperature difference between the
inlet and outlet amounts to be 5°C - 8°C. All through the test, the oil pump was
in stable running state, and its mass flow rate was maintained at 0.22 kg/s. A
prediction is made here that the temperature of the outlet heat transfer oil gen-
erated by the autumn will embrace great improvement because of the improve-
ment of collector optical efficiency together with the enhancement of direct ra-
diation. As evident from in Equation (7), we can observe an intercepted effi-
ciency of 68%, with the data selected in this article for the period of no end loss.
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As suggested by the change trend of the system heat collection efficiency in
Figure 7, it can be observed that the smaller the difference between the inlet
temperature and the ambient temperature, the greater the direct solar irradiance,
and the higher the collector efficiency. Figure 8 revealed that the total optical
loss of the system accounted for 32% of total solar radiation, which enhanced the
performance of the absorber at the same time. The system structure was opti-
mized, decreased for the spacing of the mirror, and reduced in the optical loss.
While a heat loss of the system showed a reduction with the improvement in the

inlet temperature of working fluid, so the system thermal efficieney was reduced.

ficiency changes;
1) The optical

The optical loss of the system accounts for 32% of the total solar radiation,
which could bring for a basis for the subsequent optimization of the system
structure.

In conclusion, the LFR system simulation analysis as well as experimental test
principle in different latitudes is both correct and reliable that provides a good
reference for the optimal arrangement of linear Fresnel collector system in the
cold region. TracePro software is capable of simulating and analyzing the optical
performance of the collector system in different latitudes. Furthermore, there is
the feedback to the system parameter design that provides some theoretical
guidance for the application of LFR system in the cold region.
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