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1. Introduction

A parabolic dish concentrator is used to
concentrate solar radiation at one point. This dish
is able to generate a lot of heat flux in its focus.
This heat can be used to generate electricity, heat
refrigerant, desalination plants, etc. These dishes
usually have a solar tracker and absorber as
follows. In the present study, a parabolic
concentrator of solar points (Figure 1) is used
numerically and experimentally in two closed and
open cycles using two different absorbers, the
design and construction idea of which was done in
the same project.

Figure 1. Parabolic Dish Solar Concentrator

2. Modeling and Simulating the System with
COMSOL Software

Many simulation conditions must be specified in
the flow simulation section. First, the analysis
inside the adsorbent path is selected. Water is
selected as the working fluid in this simulation.
Mesh production of this model with emphasis on
improving and modifying cells was created by
SolidWorks software and transferred to COMSOL
software. At the inlet, the mass flow rate of the
inlet water and the uniform temperature were
selected as the boundary condition of the sorbent
inlet and the boundary condition of the outlet, the
static pressure at the sorbent outlet was adjusted
based on the ambient pressure. The last boundary
condition is to determine how heat is transferred
between the external surface of the adsorbent and
the environment. After this step, the level of
reflective radiation was determined as a
symmetrical surface to reflect the sun's rays. To

model the dish, in the library section, COMSOL
software used it for the desired model by changing
the dimensions and size.

In this system, two types of finned plate and
helical tube absorbers were designed and made. In
finned plate absorber (type 1), which is made of
aluminum, a chamber is designed and in which
blades are used for heat transfer. In helical tube
absorber (type 2), 8 mm diameter aluminum tubes
are wound in a coil-like manner (Figure 2).

Figure 2. Absorbents used in solar dish

Closed cycle: In this cycle, the fluid (water)
enters the pump after loading the flow control
valve (with a maximum flow rate of 15 lit/min),
which is located after the 9-liter tank, which is then
pressed with high pressure and, passing through
the fluid transfer pipes, enters the absorber. At this
stage, by absorbing the adsorbent heat and
increasing the temperature, it enters the tank again
and the cycle continues. Open cycle: In this cycle,
a tank that is located at a higher height than the
absorber is used, a flow regulating valve and a
rotameter are installed at the outlet of the tank. The
fluid flow flows from the tank and after passing
through the absorber, is directed to the surrounding
environment. A thermocouple is installed at the
outlet of the absorber.

3. Results

Figure 3 shows the dish modeled in the software
and the heat flux created in its focal plane.

v

Figure 3. The collector and its reflected rays on the focal
plane as well as the heat flux created on the focal plane
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Figure 4. Temperature changes of closed and open cycles
in the adsorbent

Figure 4 shows the trend of temperature
changes of the second type adsorbent for closed
and open cycles. The simulation results for the
closed cycle, like the experimental results, show
that the changes in mass flow rate have little effect
on the temperature changes, the maximum value of
the changes is about 0.5 °C, which is much larger
in the open cycle. Tables 1 and 2 show the
comparison  of  simulation  results  with
experimental results which include outlet
temperature and calculation of collector efficiency
in closed and open cycle at different flow rates,
respectively. The minimum simulation error in
closed cycle is 1/2 and the maximum is 4.9%.
Moreover, the minimum simulation error in the
open cycle is 1.2 and the maximum is 5%. As the
flow rate increases, the output temperature
decreases and the second type adsorbent has better
performance compared to the first type adsorbent
due to the greater absorption of solar energy.
Efficiency also increases with increasing flow rate.

4. Summary

In this research, the solar system of point parabolic
solar concentrators was simulated using COMSOL
software. This system was also designed, made,
and tested on the solar site of Vali-e-Asr
University. Simulations and experiments were
performed in three different discharges with two
helical tubular absorbers and a fin-shaped plate in

two closed and open cycles with water.
Comparison of experimental and simulation
results shows a good agreement. As the flow rate
increases, the output temperature decreases and
also the second type absorber has better
performance compared to the first type due to the
absorption of more solar energy. Moreover, the
collector efficiency increases with increasing flow.
The results show that in the closed cycle, the flow
rate changes do not have much effect on the output
temperature. In the open cycle and the adsorbent
of the first type, the temperature is fixed much
faster than the adsorbent of the second type and in
the open cycle, the performance of the second type
of adsorbent is more suitable than the performance
of the first type of adsorbent. The focal plane
temperature in the open cycle is higher than the
closed cycle, which is the main reason for the low
flow rate in the open cycle.

Table 1. Comparison of results (output temperature and
efficiency) of experimental and numerical for closed cycle
in different discharges

absorbent | flow Tou (°C) Effl((;/loe)ncy
L/min | Exp | Nu [ Exp | Nu
3 292 | 31230 |34
Typel 4 207 [ 302 [ 41 |42
5 325|339 |61 |66
3 348363 |42 |45
Type 2 4 341|356 |53 |57
5 33.7 | 35.3 | 65 71

Table 2. Comparison of results (output temperature and
efficiency) experimental and numerical for closed cycle in
different discharges

absorbent flow Tout (°C) Effl((;/loe)ncy
kg/s | Exp. | Num. | Exp. | Nu

0.0025 | 52.5 | 53.7 | 39 | 40

Type 1 0.0035 | 49 | 49.7 | 49 | 51
0.0045 | 445 | 465 | 56 | 59

0.0025 | 75 | 759 | 55 | 56

Type 2 0.0035 | 56.3 | 485 | 59 | 61
0.0045 | 46.2 | 485 | 62 | 66

38




