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Abstract:

An experimental investigation into the performance and reliability of a newly constructed parallel plate solar collector is the goal
for this paper. Many industrial and commercial applications that require fluid temperatures lower than 1000 degrees Celsius use
Parallel Plate Collectors (PPCs). Traditionally, all parallel plate collector absorbers include straight copper or aluminium sheets. It
does, however, limit how much heat can be transferred from the collector to the collector's surface. Traditional collectors have
been commercialised in many forms, but their purchase costs are still high. To overcome this issue, a new low-cost solar collector
is built, with a simple copper box substituting the absorber and copper tube combination. Varied parallel plate collectors are tested
under various operating situations, and data is collected. New and old parallel plate collectors are compared in terms of
temperature output variations in this paper.

Keywords: Parallel Plate Collector (PPC), Solar Energy, solar water heater, Copper Sheets

I.LINTRODUCTION:

The sun is the most cost-effective power source available today. We refer to solar power as a renewable source of energy that is
constantly replenished by sunlight. Plants use the sun's rays to produce food. Coal, oil, and natural gas were produced by the
decomposition of plants millions of years ago. Because of the sun's magnetic field, a steady stream of solar energy is available all
the time. Solar radiation intensity on Earth's orbit is 1367kw/m2. Assuming an equatorial orbit, we can calculate that the Earth
receives 173,000 Terawatts of energy.

These systems are essential for low-temperature applications such as household hot water, central heating and drying as well as
many other industrial uses. Solar water heating systems have been around for a long time because they are the most convenient
method of taking advantage of direct solar radiation. Heat exchangers are used in solar water heating systems. In a solar hot water
system, the collector field is one of the most critical and valuable components. Solar collectors have been at the heart of solar
energy systems for the vast majority of their existence. As a result, the collector absorbs solar radiation from the sun, transforms it
into thermal energy, and then transfers it to a fluid that flows through the collector. Figure 1 depicts the fundamental parts of a
parallel plate. collector.
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Fig.01- Principle layout of conventional parallel plate collector.

Insulation is used in the cover box shown in Fig. 1 to reduce losses [4]. The box used to conceal the opening is typically made of
copper or aluminium. An absorber of dark-colored material and a cover glass are used to transfer the heat from the copper primary
pipe to water. Material that quickly absorbs heat from the sun's rays and quickly transfers that heat to tubes or fins attached in
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some fashion, resulting in an excellent thermal bond is called an absorber plate Because of its high heat conductivity, copper is the
most commonly used material for absorber plates. [5]
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Table.01- Few Solar Energy Conversion Technologies

Solar radiation may be converted into a number of useful forms of energy via a wide range of technologies now under
development. Solar energy conversion, application, and usage methods are shown in Table 1.1. In non-concentrating collectors,
collector area is the same as absorber area. [6] [7] Low-temperature heating (1200C) is the most common application, but they
may also be used for solar air heating in buildings to warm the air within. High reliability, the flexibility to use both diffuse and
beam radiation, the absence of a tracking device, ease of operation, and outstanding dependability are all advantages of non-
concentrating collectors over concentrating collectors. There are several reasons to avoid using a non-concentrating collector for
applications requiring high temperatures, despite their ability to achieve such temperatures

i) The price of an absorber is more than the price of a mirror.
ii) The collector's heat losses are proportional to the absorber area.
iii) Because radiation losses are related to temperature, there is a significant increase in radiation loss as the temperature rises.

Concentrating collectors focus the sun's rays on a smaller area (collector) than they would otherwise (absorber).
Consequently, more energy is lost per unit area on the concentrating surface compared to any other surface. Higher temperatures
can be achieved because of a higher heat input rate per unit area. As a result, point focusing collectors are used in applications
with much higher temperatures.. [8][9][10].

I.LCOMPONENT OF SOLAR WATER HEATING SYSTEM
There are three major parts to solar water heating systems.: a storage tank, a pipe and a solar collector.as shown in figure no 2
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Fig.02- Component of Solar Water Heating System. [27]
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A] Solar collector: Water heating systems rely on the use of a solar collector to convert solar energy into heat energy.. Solar
collectors with associated absorbers capture and convert solar energy into heat energy that may be utilized in a variety of
applications. Because of its great heat conductivity, copper is the ideal material for collectors, but it is also the most costly. The
functioning principle of a solar collector is depicted in Figure 1.

B] Storage tank: The hot water storage tank is built of rolled galvanized steel. From the collection loop, heated water is delivered
to the storage tank. Drainage can be accomplished through a tiny vent in the tank's bottom part.

C] Pipe: Galvanized steel pipes were chosen because of their stiffness and corrosion resistance. This is essential since they store
water for both home and industrial usage.

IHILNEW PARALLELPLATE SOLAR COLLECTOR

New flat-plate solar collectors require less tracking and less maintenance than their predecessors. types [3]. Figure 3 depicts the
real-life use of a novel parallel plate collector.

Fig.03- New parallel plate Heating System

It was possible to alter the layout of the copper tubes in a new type of parallel plate collector by simply inserting a 1100x1100x15
mm copper box into the collector frame. Parallel plate collector’s technical specifications are shown in Table 2. Face-centered
cubic crystal structure: atomic weight 63.54, 29th-most abundant element on Earth.

Particular Specification
Collector dimensions (Length x Width x Thickness) 1.25mx 1.25mx 0.080 m
Collector type parallel plate
Number of glass covers 1
Cover material Low iron glass
Cover thickness 4 mm
Cover transmission 94%
Box dimensions (Length x Width) 1.1mx11m
Thermal conductivity of plate material 386 W/m °C
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Copper sheet thickness 1 mm (22 gauge)
Collector heat absorber area 1.44m2
Insulation material Rockwool
Thermal conductivity of insulating material 0.045 W/m °C
Insulation thickness 30 mm
Sheet Material of collector tray Aluminum

Table.02- TECHNICAL SPECIFICATIONS OF NEW PARALLEL PLATE COLLECTOR

When it comes to noble metals like silver and gold, copper is a transitional element. When it comes to its properties, copper's
elemental origins play a big role. The copper plate is 1 mm thick and 22 gauge. The copper box is placed in a collector's frame and
covered with a transparent cover. On one side of the frame, the water tank’s cold water exits into the copper box, while the hot
water exits out the other. Solar radiation absorbed by the copper box collector causes the water temperature to rise, resulting in
water movement into the storage tank. Figure 4 depicts a copper parallel plate collector in three dimensions. [12] [13] [14]

Fig.04- Actual Experimental setup

IV.EXPERIMENTATION

In addition to the collectors, the test setup includes a collector frame, flowmeter, and thermocouple, as well as a thermometer.
Figure 5 shows a flowchart of the procedure for performing the test.
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Fig.05- Schematic Diagram of Experimental Setup [16]
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As depicted in Figure 5, two digital thermometers with a range of up to 150 degrees Celsius are required for the experiment. There
are two digital thermometers: one in the collector's intake and one at its exit. Both are used to monitor temperature changes as
water passes through the collectors. A flow metre is also installed on the system's input side to monitor the water flow before it
enters the collector. Figure 5 depicts the experiment's set up.[16]

The cold water tank was filled after it had been sufficiently filtered. The valve was opened to allow water to flow into the
circulating pipes. Water flows through the collection at a constant rate throughout the measurements. In order to start a flow, the
absorber plate heats the copper box integrated underneath the absorber plate to a temperature that is lower than the water's density
difference (i.e., the cold water flows down while hot water rises) (thermo-syphon or natural convection). [17] Storage tanks for
hot water are equipped with a valve that allows them to be tapped when needed. Once critical operational parameters have been
measured at a specific location, observations are taken following the established protocol. Throughout the trial, the sun shone
brightly and there was no overcast sky. [18][19][20]
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Fig.06- Temperature vs Days at 2 pm.

For five days in a row from March 11 to 15, 2017, an experiment was carried out at 2 p.m. This can be seen in the diagram in
figure 6. Temperature rises 5% to 6% in the new parallel plate collector when compared to an old parallel plate collector when the
water outflow temperature changes over time. [21] [22] [23] [24]
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Fig.07- Variation in water outlet temperature vs. time 11pm to 5pm
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Figure 7 depicts the change in water outlet temperature over a six-hour period, from 11 a.m. to 5 p.m., as a function of time. There
is a 5%-7% increase in water temperature when comparing a new parallel plate collector to an old parallel plate collector. A new
parallel plate collector shows the highest water exit temperature after a four-hour test period. The new parallel plate collector has a
larger heat transfer area, which results in a higher water exit temperature..
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Fig.08- variation in water outlet temperature vs. time 11pm to 5pm for five days

Figure 8 depicts the change in water outlet temperature over the course of a 5-day period from March 11 to March 15.
Temperature increases by 2 to 4% when new parallel plate collectors are used in place of older parallel plate collector models.
After a six-hour test period, a new parallel plate collector shows the highest water exit temperature around 3:00 pm. [25] [26] [27]

V.CONCLUSIONS

The following conclusions can be made of the current research. The parallel plate solar water heater has been designed effectively,
and experimental research has revealed that increasing the heat transfer area of the parallel plate solar water heater enhances the
heat transfer rate.

1. According to testing data, the water output temperature from the collector rises linearly with the increase in daytime up to a
certain limit..

2. Temperatures peak between 2:00 and 3:00 p.m., according to the data, with a maximum of 73 degrees Fahrenheit of 86° C.

3. For the same collector area as the previous parallel plate collector, We found a high water outlet temperature in the new parallel
plate collector..

4. According to the studies, the temperature rises linearly and then falls linearly as the number of days in the day increases.

5. Experiments show that when compared to conventional parallel plate solar water heaters, there is an increase in heat transfer
rate with regard to time in water heating while keeping other parameters same.
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