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OPTICAL SIMULATION OF A SOLAR PARABOLIC COLLECTOR AND CAVITY
RECEIVERS USING RAY-TRACING SOFTWARE TRACEPRO WITH NATIVE
CONDITIONS OF IRAN FOR SOLAR DRYERS
/

D8 a i edldin] L oddidings (530S 5 8) ) sl (sla 0aniS il )3 Al 4y (MBS 5SS (5 ) 55 (5 s A
TRACEPRO w2 53 (sl S s/ o )yl (o 90 i) i

Hosseinzadeh J. Y, Mohhebi A*Y, Loni R.2 !
Y Urmia University, Department of Mechanical Engineering of Biosystems / Iran;

2 Tarbiat Modarres University, Department of Mechanical Engineering of Biosystems / Tehran

Tel: +98 914 441 2042; E-mail: arash.mech@gmail.com, a.mohebbi@urmia.ac.ir
DOI: https://doi.org/10.35633/inmateh-59-22

Keywords: Parabolic dish collector, ray-tracing simulation, TracePro software, Monte Carlo method

ABSTRACT
This paper proposes the design and optical evaluation of a solar dish collector with changeable
structure using TracePro software with native conditions of Iran for solar dryers. The designed dish
concentrator has a diameter of 1.5m. TracePro's goal is to design and evaluate complex optical systems.
Modeling a parabolic concentrator in TracePro can be achieved using several methods. All segments of dish
collectors are made of glass (perfect parabolic mirror with a reflection coefficient of 95%). In the ray-tracing
simulations, the two cavity receiver model (cylindrical and semi-sphere) is added to study the influence of
physical parameters of the cavity. The simulation result shows that semi-spherical receiver is better and it
has got better optical performance. Thereby it is highly recommended for various types of solar dryers such
as direct drying (solar box dryer), or indirect drying (solar cabinet dryer).
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INTRODUCTION

As the primary source of energy, solar energy is one of the best alternatives to fossil fuels because it
is green, it is environmentally-friendly and it can be used in systems requiring minimal maintenance and
operating costs. Solar energy use is critical to tackle recent energy problems such as global warming, the
fossil fuel depletion and high electricity prices (Stijepovic M.Z., Papadopoulos A.l. et al., 2017). The
abundance is the key advantages of solar energy (Jamil and Akhtar, 2017) and possibility of direct heat
conversion (Kasaeian A., Daneshazarian R. et al., 2017). The production of solar thermal energy can be
carried out with concentrating technologies such as parabolic trough collectors, linear Fresnel reflectors,
solar plates and solar towers (Kaushika N. and Reddy K., 2000).

In tropical and semi-tropical areas, the use of solar energy for thermal applications such as cooking,
heating and drying is well established (Bal L.M., Satya S. et al., 2010). In Iran, conventionally, open sun
drying (OSD) is used to dry agricultural products. The disadvantage of OSD is the uncontrolled heat transfer
to the product and slow drying rate. As a result, the quality of the products is very poor and they aren’t able
to compete on the international market.

! Hosseinzadeh J., Ph.D. Stud. Eng.; Mohhebi A., Lect. Ph.D. Eng.; Loni R., Lect. Ph.D.

197


mailto:arash.mech@gmail.com
mailto:a.mohebbi@urmia.ac.ir

Vol. 59, No. 3/2019 INMATEH — icultural

To improve the product quality, drying should be performed in controlled conditions in order to
maintain a constant temperature and a low relative humidity. It can be done by means of hot air (produced
either using electric energy or biomass), or by means of infrared radiation.

Such methods, however, require a lot of investment and also consume a lot of energy. One of the
cleanest and simplest options is to dry using renewable energy sources.

Karthikeyan and Murugavelh have developed a solar tunnel dryer for turmeric drying integrated with a
solar flat plate collector. They conducted drying kinetics experiments and found that the Verma model is best
suited to represent the drying behaviour of turmeric (Karthikeyan A. and Murugavelh S., 2018).

José Vasquez et al., proposed a novel solar dryer for agricultural products with thermal energy storage
system. The dryer's mathematical model included three stages: a solar panel, a solar accumulator and a
drying chamber (Vasquez J, Reyes R. et al.,, 2019). Kumar et al. modeled a greenhouse dryer with
modifications to define temperature distribution with wind speed variability. They reported a better drying rate
for forced circulation compared to natural convection in accordance with the available experimental results
(Kumar R., Gupta V. et al. 2017). Compared to linear technologies, solar dishes have high concentration
ratios and are therefore promising for high-temperature applications. In recent years, substantial theoretical
and experimental work has been carried out on solar dish concentrators for a wide range of industrial
applications (Reddy K. and Kumar N.S., 2009; Wang M. and Siddiqui K., 2010; Wu Xiao et al., 2010; Wu
Xiao et al., 2010; Wu Z., Caliot C et al., 2010; Li Tang et al., 2011; Lovegrove K., Burgess G. et al., 2011). In
solar collectors, the receiver plays the most important role in improving the efficiency of the solar system and
it must be designed to result in high optical efficiency and low heat loss.

In the literature, the shape and dimensions of the receivers have been investigated to achieve a
design that absorbs as much solar energy as possible while having a low external area to reduce heat loss.
In past years, a lot of research has centered on solar collectors as compact technologies that can generate
heat at high temperatures and also different absorber shapes, such as conical, cylindrical and rectangular,
have been investigated. Roux et al. designed a rectangular absorber for solar thermal Brayton cycle in which
the air was used as working fluid. They suggested a method for determining temperatures of the receiver
surface and performance of various cavity receiver (Le Roux W.G., Bello-Ochende T. et al. 2014).
Thirunavukkarasu and Venkatachalam performed an experimental analysis on the thermal efficiency of the
cavity receiver with specific aspect ratios. They found that the temperature of the receiver's surface was
decreased by increasing the aspect ratio (Venkatachalam T. and Cheralathan M., 2019).

Evangelos Bellos et al. investigated different cavity receivers (cylindrical, rectangular, spherical,
conical and cylindrical-conical) under different operating temperature levels. They reported that cylindrical-
conical shape receiver has the best optical, thermal and exergy efficiency (Bellos E., Bousi E. et al., 2019).
Song Yang et al. suggested a new model of a heat-pipe cavity receiver for a two-stage dish concentrator.
They found that improved dish concentrator configuration shows superior performance compared to the
conventional one, especially in terms of compact structure, flux and temperature distribution uniformity, and
solar to thermal efficiency. Moreover they stated that there are fewer scale limitations such as weight and
volume on the new receiver with overlapped configuration (Yang S., Wang J. et al., 2018).

ZhouSi-Quan et al., created a three-dimensional model to investigate the spherical cavity receiver's
optical and thermodynamic performance. They found that when the spherical receiver moves away either
positively or negatively from the focal plane, the distribution of the radiation flux is more uniform (Si-Quan Z.,
Xin-Feng L. et al.,, 2019). Sara Soltani et al. experimentally and theoretically studied a helically baffled
cylindrical cavity receiver and they investigated the effect of certain mathematical, structural and functional
parameters on the thermal performance of the system. Their results showed that the optimal selection of the
above parameters could improve the system's thermal performance by up to 65% (Soltani S., Bonyadi M. et
al. 2019). Huang et al., suggested a novel method to optimize the system to provide maximum solar energy
for net heat output under typical conditions for specific optical errors (Huang W., Huang F. et al. 2013).

A revised hybrid computational approach was proposed by Li Zhang et al. to investigate the thermal
performance of the steady-state three-dimensional molten salt cavity models. They found that when only the
lengths of the back walls next to the side walls were raised, the thermal efficiency first decreased and then
increased as the depth decreased (Zhang L., Fang J. et al., 2017).

Huairui Li et al. suggested an experimental approach for predicting the performance of a solar
concentrator with a cavity receiver. They found that a non-window cavity receiver is favoured if the optical
error is less than 4 mrad and the ideal geometric concentration ratio is more than 3000 and if the optical error
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is larger than 4 mrad, a windowed cavity receiver with an optimal geometric concentration below 1200 is
preferred (Li H, Huang W. et al. 2013).

Steinfeld and Schubnell described a semi-empirical method for determining the optimum aperture size
and the optimum operating temperature of a solar cavity receiver with maximum energy conversion efficiency
(Steinfeld A. and Schubnell M., 1993). Wu et al. performed a three-dimensional numerical analysis to
determine the cumulative heat loss from the cavity receiver under various inclinations of the receiver. Results
showed that natural convection heat loss Nusselt number is sensitive to the tilt angle and aperture size,
except at 90° tilt angle, no matter how other parameters change at this point, the natural convection heat
loss Nusselt number always fluctuates in a small value (Wu S., Guo et al., 2014).

Qiu et al., studied numerically and experimentally a cavity receiver dish collector. They found that the
cavity receiver's performance is better with up-flows than down-flows (Qiu K., Yan L. et al. 2015). The
rectangular and cylindrical cavity receivers were investigated as the heat source of the organic cycle of the
Rankine by Loni et al. The various parameters of the cavity receivers are designed to achieve higher
collector performance and higher overall thermal efficiency (Loni R., Kasaeian A. et al. 2016, Loni R,
Kasaeian A. et al. 2016). The thermal performance of the Fuzzy Focal Solar Parabolic Dish Concentrator
with modified cavity receiver was experimentally and theoretically analyzed by Reddy et al., for different
operating conditions. It has been found that the collector's performance has been improved by increasing
volume flow rates (Reddy K., Natarajan S.K. et al. 2015).

MATERIALS AND METHODS
MODEL DESIGN AND METHODOLOGY

The factors that contribute to the receiver wall's temperature profile and net heat transfer rate can be
divided into two components: geometry-dependent factors and temperature-dependent factors. The
geometry-dependent factors include: tracking error, reflectance, spillage and shadowing (Loni R., Kasaeian
A. et al., 2016).

TracePro software can measure the effects of geometry-dependent factors. Temperature-dependent
factors include external radiation heat loss, inner cavity wall irradiation, convection heat loss, and heat loss
from conduction. These factors depend on the different parts of the receiver's surface temperatures (Le Roux
W.G., Bello-Ochende T. et al., 2014).

The present parabolic collector was entirely designed in SolidWorks 2016 SP5 Premium and to
optimize the solar energy output from the reflective surfaces to the heat collecting component, the mirrors on
a parabolic concentrator need to be precisely aligned. To achieve maximum efficiency, multiple parameters
of system can be varied, including the mirror and receiver positions. A major parameter of the dish solar
collector system is the solar flux distribution on the absorber. In order to know above mentioned parameters,
the flux peaks and the local slope errors must be introduced in the ray tracing code, not the total
concentration error. Then the behaviour of each of these light rays is determined, taking into consideration
multiple factors that reduce the total energy entering the receiver. Atmospheric attenuation causes a ray's
power to decrease as it passes through air and is modeled by a mathematical function in this simulation. In
this paper, two important factors have been added to the existing model, which affect the efficiency of a solar
parabolic collector. The first was the shape of the sun, referring to the fact that the sun is not a point source
and does not emit parallel light rays. In this method, the shape of the sun was determined by a Gaussian
function describing the possibility of a ray coming from a certain position on the sun and thus having a
certain angle usual with the curved surface. Optical error was the second factor considered in this paper.
This can be broken down into two parts: slope and specular error. Slope error is associated with the
parabolic mirror's macroscopic shape and occurs when the reflective mirror is not perfectly parabolic, but
slightly rough with small parabolic mirror surface imperfections. Specular error is related to the heliostat
surfaces microscopic roughness, surface parabolic reflectors, parabolic troughs, etc.

The following equation was used to integrate the two sources of error:

— 2 2 2
Otot = \/aslope + o-specular + Osun (1)

Where the Oia Was then used to describe a single Gaussian distribution representing the probability of a
reflected ray leaving a surface mirror with a certain angle of deviation from the predicted light (Pavlovic S.,
Stefanovic V. et al., 2014).
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FOCAL RECEIVER
The modeling of the open-cavity receivers is shown in Fig.1.

Aperture-diameter-for-both-cavity receivers-considered-50-mmY

height: 104 mm angle: 0

pitch: 8 mm height: 140 mm
s pitch: 8.1 mm
RevOlUthf.\- 18 side Revolution: 18

Front Rev: 4 Front Rev: 4

Back Rev: 7

Fig. 1 - A rectangular open-cavity solar receiver and optimized semi-spherical cavity receiver

In a subsequent step, the focal absorber absorbs the concentrated solar radiation and converts it into
thermal energy (Kaushika N. and Reddy K., 2000). A receiver's basic feature is to absorb the maximum
amount of solar energy reflected and transfer it to the working fluid as heat, with minimal losses. To achieve
this purpose, a cavity receiver is used. The position of the cavity receiver should be varying to achieve the
preferred performance of collector in different setups. The receiver is covered with insulation (Fig. 2).

Fig. 2 - Insulated cavity receiver

BASIC FEATURES OF THE CONCENTRATING SOL
AR COLLECTOR

In this part, the design of the solar collector is viewed with an emphasis on the design of the reflector.
This design dramatically reduces the cost of the system, while allowing high concentration ratios for medium
and high temperature applications. Table 1 shows the design parameters of the Solar Parabolic Dish
Concentrator (SPDC). The table gives the values of different parameters because the built model has many
geometric features.
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Changeable characteristics of the SDC and achieved results

Concentrator diameter (m)

Focal distance (mm)

Paraboloid rim angle

Collector aperture area (mz)

Cavity tube outer diameter (mm)

Cavity tube inner diameter (mm)

Number of tube coils

Cylindrical Cavity inner diameter, Din (m)

Cylindrical Cavity outer diameter, Dout (m)
Semi-spherical cavity receiver inner diameter, Din (m)
Semi-spherical cavity receiver outer diameter, Dout (m)
Height of the cavity receiver, h (m)

Solar beam irradiations, Isun(W/m?

Average wind speed (m/s)

Ambient temperature (°C)

Volumetric flow rate, V (ml/s

Working fluid (Water/Oil)

Reflectivity of segments

CRg

Number of mirrors

Fs/Diam

15

tural

Table 1

1004.46
25.25
1.767146
8
6
18
0.13
0.14
0.13
0.14
0.18
700
5
22
100
water
95%.
114.8542
200

00.67

A common SPDC consists mainly of a parabola with an absorber placed at the focal position by

some arms.

A reflector in a nacelle can be rotated around two axes: the horizontal axis (angle of elevation) of the

mast support and the vertical axis (angle of azimuth) of the mast support.

The SPDC is placed on the ground and is made from small elementary square mirrors. Its novelty is

the changeable characteristics of the SPDC (dish opening diameter, dish depth, and Focal distance).

Such ranges are adequate for comprehensive applications such as research on heat and electricity

generation, etc.

In Fig.3, a pilot model of the assembled SPDC illustrates the arrangement of 200 mirrors on main
frame with 1500 mm dish aperture diameter, 1004.46 mm focal distance and 150 mm dish depth.
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Fig. 3 - Pilot model of changeable collector
(Feizolahzadeh M., Motlagh A.M. et al. 2017)

1-optical unit; 2-main frame; 3-aluminium profile; 4-receiver joints

The dimensions of the reflective surfaces in the solar dish concentrator are determined by the desired
power at the maximum insolation and collector conversion efficiency levels.

The parabolic concentrator's mathematical representation is a paraboloid that can be represented as a
surface obtained by rotating parabola around the axis shown in Fig.4.

Y

Light ray

F
Vertex ez >

wrim

Focal
lenght

Fig. 4 - Ideal shape of parabolic solar concentrator
(Pavlovic S., Stefanovic V. et al. 2014)

Parabolic dish solar mathematical equations: the ratio of geometric concentration can be defined as

the area of the collector aperture Ay, divided by the receiver surface area Ay and it can be calculated by
Eq.(2):

CR, = (sin0,) ™" = A A7 =5 )

The geometric concentration ratio of the designed solar parabolic concentrator is CR = 114.8542.
The solar parabolic concentrator's mechanical model is designed in SolidWorks 2016 SP5 Premium.
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For selected points, the parabolic shape of the solar concentrator is obtained by entering X and Y
coordinates. Parabola Calculator 2.0 is used to calculate the necessary points that define parabola. Table.2

shows the calculated coordinates (X and Y) for the designed parabola.

Table 2
Coordinates of designed parabola
X(mm)  Y(mm)  X(mm)  Y(mm) X(mm) Y(mm) X(mm)  Y(mm) X(mm)  Y(mm)  X(mm)  Y(mm)
-750 140 -525 68.6 -300 224 -75 14 150 5.6 375 35
-7425 137214 -5175 66.654 -292.5 21.294 67.5 1.134 157.5 6.174 382.5 36.414
-735 134.456 -510 64.736 -285 20.216 -60 0.896 165 6.776 390 37.856
-71275 131726 -502.5 62.846 277.5 19.166 -52.5 0.686 172.5 7.406 397.5 39.326
-720 129.024 -495 60.984 270 18.144 -45 0.504 180 8.064 405 40.824
-7112.5 126.35 -487.5 59.15 -262.5 17.15 -375 0.35 187.5 8.75 4125 42.35
-705 123.704 -480 57.344 -255 16.184 -30 0.224 195 9.464 420 43.904
6975  121.086  -472.5 55.566 2475 15.246 -22.5 0.126 202.5 10.206 427.5 45.486
-690 118.496 -465 53.816 -240 14.336 -15 0.056 210 10.976 435 47.096
6825 115934 4575 52.094 -232.5 13.454 7.5 0.014 2175 11.774 442.5 48.734
-675 1134 -450 50.4 -225 12.6 0 0 225 12.6 450 50.4
667.5  110.894  -4425 48.734 2175 11.774 75 0.014 2325 13.454 457.5 52.094
-660 108.416 -435 47.096 -210 10.976 15 0.056 240 14.336 465 53.816
65625 105966  -427.5 45.486 -202.5 10.206 22.5 0.126 2475 15.246 472.5 55.566
-645 103.544 -420 43.904 -195 9.464 30 0.224 255 16.184 480 57.344
-637.5 101.15 4125 42.35 -187.5 8.75 37.5 0.35 262.5 17.15 487.5 59.15
-630 98.784 -405 40.824 -180 8.064 45 0.504 270 18.144 495 60.984
622.5 96.446 -397.5 39.326 -172.5 7.406 52.5 0.686 2715 19.166 502.5 62.846
-615 94.136 -390 37.856 -165 6.776 60 0.896 285 20.216 510 64.736
-607.5 91.854 -382.5 36.414 -157.5 6.174 67.5 1.134 2925 21.294 517.5 66.654
-600 89.6 -375 35 -150 5.6 75 1.4 300 224 525 68.6
-592.5 87.374 -367.5 33.614 -142.5 5.054 82.5 1.694 307.5 23.534 532.5 70.574
-585 85.176 -360 32.256 -135 4.536 90 2.016 315 24.696 540 72.576
5775 83.006 -352.5 30.926 1275 4.046 97.5 2.366 322.5 25.886 547.5 74.606
-570 80.864 -345 29.624 -120 3.584 105 2.744 330 27.104 555 76.664
-562.5 78.75 -337.5 28.35 -112.5 3.15 1125 3.15 3375 28.35 562.5 78.75
-555 76.664 -330 27.104 -105 2.744 120 3.584 345 29.624 570 80.864
-547.5 74.606 -322.5 25.886 97.5 2.366 1275 4.046 352.5 30.926 577.5 83.006
-540 72.576 -315 24.696 -90 2.016 135 4.536 360 32.256 585 85.176
-532.5 70.574 -307.5 23.534 -82.5 1.694 142.5 5.054 367.5 33.614 592.5 87.374
600 89.6 630 98.784 660 108.416 690 118.496 720 129.024 750 140
607.5 91.854 637.5 101.15 667.5 110.894 697.5 121.086 7275 131.726
615 94.136 645 103.544 675 1134 705 123.704 735 134.456
622.5 96.446 652.5 105.966 682.5 115.934 712.5 126.35 742.5 137.214
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EXPERIMENTAL SETUP

The parabolic dish collector system's changeable parameters are as follows: focal length of the dish
(), aperture diameter of dish (D), dish rim angle (¢), area of the receiver (A) and concentration ratio (C). The
Experimental SPDC's main components are: the solar concentrator, the cavity receiver, the solar heat
exchanger, the drying chamber, as shown in Fig.5.

Modified Cavity Receiver

Drying Chamber

p—

W/
{

Thermocouple »

Azimuth
Motor-Gearbox

> // 3
o ‘ / 1Y
4"" / .
L /
o -
LA Control Unit
O ~_// & /mm
Data Logger | |/ |©7@°
/ i N

Flowmeter

® Heat Exchanger
&

Flow Laminator

$

=

¥
C—’ . Plate Heat

Exchanger
9 Blower

Fig. 5 - Schematic of experimental setup of a solar drying apparatus with changeable solar dish collector

SIMULATION OF THE MODEL

TracePro software, Lamda Research Corporation, USA, is used for optical analysis of the solar
parabolic thermal concentrator. All material properties are assigned in TracePro. Concentrator segments are
defined as standard reflective-coated mirrors with the reflection coefficient of 95%.

Cavity receivers have been placed in different distances from vertex of dish concentrator (At the
concentrator’s focal point and below the focal length). The internal surface of the cavity receiver was
considered to be a perfect absorber.

The source of radiation was considered to be circular with a diameter equal to the parabolic dish
diameter (1,500 mm).

The radiation source was placed 4,000 mm from the vertex of the parabolic dish and had a circular
grid pattern for Monte Carlo ray tracing to generate 120,000 rays.

The spatial profile of the rays produced was random and solar radiation was the angular profile.

According to experiential value, the solar irradiation for the city of Urmia in Iran is between 450 W/m?
and 950 W/m®.

Then for optical analysis, the solar irradiance was considered 750 W/m?.
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Fig.6 shows the optical system for the traced-ray solar parabolic concentrator.

The process of optical concentration consists of three objects: solar parabolic dish reflector, radiation
source and cavity receiver (at the concentrator's focal point and below the focal length).

Optical analyses are performed by generating and calculating Monte Carlo ray trace for 120,000 rays.

Fig. 6 - Optical system of solar parabolic concentrator with cylindrical and semi-spherical receivers

Based on simulation results for cylindrical cavity receiver from all emitted rays 113,251 rays reached
the absorber surface, which is 94.37% of the rays emitted. Total map of irradiance for absorbed flux on
receiver is shown in Fig.7.

The total cavity receiver flux was 990.23 W. It can be seen from Fig.7 that calculated values for total
irradiance are in compliance with the theoretical values. The irradiance in the receiver ranges from 5.177x
10® W/m? to 2.917x 10°W/m” and at the receiver periphery the irradiance varies from 6.012 to 3.88 x 10*
W/m?. The maximum irradiance occurs in a circle with diameter of 40 mm (from -20 mm to 20 mm).

Total - Irradiance Map for Absorbed Flux
hemisphrical Surface 0 Local Coordinates

Wimz 50 40 30 20 10 0 -0 -20 -30 -40 -50
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0.316228 3
01 £ -
: z 3.162E-005}--
0.0316228 = |, 1E-005--
3.162E-006}--
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1E-007
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Min-4.0378e-008, Max 9319.3, Ave: 78976.8
Total Flux:1262.718 W, Flux’Emitted Flux:0.049479, 113989 Incident Rays

Fig. 7 - Irradiance Map for absorbed flux on cylindrical receiver

For semi-spherical cavity receiver from all emitted rays 113,989 rays reached the absorber surface,
which is 94.9% of the rays emitted. Total map of irradiance for absorbed flux on receiver is shown in Fig. 8.
The total cavity receiver flux was 1262.718 W. It can be seen from Fig.8 that the calculated values for total
irradiance match to the theoretical values. The irradiance in the receiver ranges from 4.037x 10-8 wW/m? to
3.162x105 W/m? and at the receiver periphery the irradiance varies from 264.6 to 2.025 x 104 W/m?. The
maximum irradiance occurs in a circle with diameter of 50 mm (from -25 mm to 25 mm).
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Fig. 8 - Irradiance Map for absorbed flux on semi-spherical receiver

Considering the total area of the receivers, this assessment can be made: the uniformity of irradiance
in semi-spherical receiver is better and it has got better optical performance.

APPLICATION OF SOLAR ENERGY TO DRY CROPS AND GRAINS

During the conventional open-air drying process, a large percentage of agricultural produce is spoiled.
Using the solar drying process, crops will dry faster than open sun drying in the field with the added
advantage of protecting against birds, insects and worms. Sun drying is still the most common method used
to preserve agricultural products in most of Iran. Temperature required for drying is 60°- 70°C. Solar
concentrating parabolic dish collector is used to get this temperature.

The temperature at receiver is up to 125°C; the receiver has water as working fluid and a circulating
pump passes it through the heat exchanger. Heat from hot fluid is extracted by supplying cold air through
heat exchanger. Then the hot air is blown by a pump inside the cabin where crops are placed as shown in
Fig.9.

Fig. 9 - Schematic diagram of drying chamber

The objective of this work is to simulate and optimize Solar Parabolic Collector and cavity receivers
which can be used in a solar drying apparatus and increase the performance of the solar drying apparatus.
The result shows that semi-spherical receiver is better and it has got better optical performance. Thereby, it
is highly recommended for different types of solar dryers, such as direct drying (solar box dryer), or indirect
drying (solar cabinet dryer).
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As shown in Fig.9, the drying cabinet temperature with a width of 0.55 m and a length of 0.65 m,
equipped with 3 drying trays mounted inside the drying cabinet, can be controlled using the designed
collector. Fresh air flows into the heat exchanger via the air inlet and the heated air exits the heat exchanger.
Then the heat exchanger's heated air is passed over the drying material that is horizontally stacked on the 3
thin layers. As simulation results show, the temperature obtained through the semi-spherical receiver is
higher than through the cylindrical receiver. So, the designed Solar Parabolic Collector and cavity receivers
need less time for drying compared to other collectors.

CONCLUSIONS

This paper presents optical simulations of an innovative solar dish reflector and cavity receivers using
the ray-tracing software. In the ray-tracing simulations, a receiver model is introduced to test the effect of
physical parameters of the cavity. This type of cavity enables a homogeneous distribution of solar flux on the
absorber and increases the efficiency of the cavity receiver. The advantage of TracePro software is that
when sufficient rays are used, the Monte Carlo method gives reliable results. In many applications, this solar
collector can be used, from domestic hot water applications to industrial processes. The model is designed in
SolidWorks 2016 SP5 Premium and then analyzed optically. This method of optimization will enable optimum
geometric and optical parameters to be found for the different types of solar parabolic dish concentrators as
well as for the geometric, optical and thermal parameters of the cavity receivers. The result shows that semi-
spherical receiver is better and it has got better optical performance. Therefore, it can be recommended for
different types of solar dryers, such as direct drying (solar box dryer), or indirect drying (solar cabinet dryer).
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