Teknomekanik

Vol.4, No.1, May 2021, pp. 1~7

e-ISSN: 2621-8720 p-ISSN: 2621-9980 a

Performance Analysis of Water Heating System by Using
Double Glazed Flat Plate Solar Water Heater

Andika Putra, Arwizet K, Yolli Fernannda and Delima Yanti Sari

Department of Mechanical Engineering, Faculty of Engineering, Universitas Negeri Padang, Padang 25131, Indonesia

Article Info

ABSTRACT

Article history:

Received Nov 05%, 2020
Revised Jan 17, 2021

Nowadays, the use of solar energy is incredibly important to be increased
since solar energy is renewable energy and also does not cause pollution.
To harness solar energy, a solar collector device is needed to convert

solar energy into heat energy. This study aimed to analyze the heat
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transfer in the flat plate solar collector which is used as a source of

thermal energy in the water heating process for bathing. A double-glazed
solar collector was used to absorb solar thermal energy and then
transferred it to a water pipe. The pipe material used copper which has a
very high conductivity value with an outer diameter of 15.7 mm. The plate
collector used aluminum plates because they have high thermal
conductivity. The dimensions of the collector frame were 150 cm long, 80
cm wide and 80 cm high. The collector frame was made of wood and
covered with an insulator from coconut fiber with a thickness of 8 cm, with
a tilt angle of 15°. Based on the experimental process, the collector
temperature was taken by using a thermocouple to heat the water which
the inlet temperature in a bucket was 28°C and the outlet water
temperature during the experiment was 40 °C.
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1. INTRODUCTION

Solar energy is radiation energy that is produced by the sun which is incredibly important with an
enormous heat potential to do various things so that it can be harnessed by Indonesian people generally [1].
One of the technologies for collecting and storing solar energy is utilizing solar thermal energy as alternative
energy [2]. Solar thermal energy is beneficial to heat the water that people use for bathing purposes with the
help of Solar Water Heater [3]. Solar thermal is the utilization of energy obtained from shortwave solar
radiation [4], which is then transferred to the heat carrier medium through a solar collector [5]. Solar thermal
energy can also be utilized on a larger scale, such as high-temperature water for steam production and
electricity generation [6]. In general, types of solar thermal collectors can be categorized into 4 types, namely
concentrated solar collectors, evacuated tube solar collectors, passive solar collectors, flat plate solar
collectors [7]. Flat plate solar collectors are most commonly employed in solar water heating systems in
residential buildings for indoor space heating and hot water production [8]. In this research, a flat plate solar
collector made of aluminium was made corrugated and painted in black so that the absorption of solar
radiation emitted by the sun obtained great heat results [9]. Flat plate solar collector is one of the types that is
often used to heat water since it gained maximum heat results [10]. A flat plate solar collector can be
harnessed to capture solar thermal energy and the heat is transmitted to pipes filled with water so that the
temperature of the water in the pipe increases [11]. A cover glass is needed as a medium for receiving direct
radiation rays from the sun, an absorber is used as a medium to absorb heat that has been received by the
cover glass, and an insulator as a medium is useful for holding back the waste of heat that has accumulated in
the heating collector [12].

The component of a flat plate solar collector consists of a black surface as an absorber of solar radiation
energy which is then transferred to a copper pipe [13]. Glass cover plays the role to reduce radiation effects
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and convection losses to the atmosphere [14]. The pipes are used to drain the fluid to be heated and insulation
to reduce conduction losses to the environment [15]. Collector performance is stated by energy balance
which describes the distribution of incoming solar energy to useful energy and energy loss [16]. The working
principle of a solar water heater using a flat plate is water which enters the collector through a distributor
pipe will be heated through direct solar radiation or convection [17]. It occurs because the solar radiation
energy in the collector is limited by transparent glass, resulting in heat transfer to the distributor pipes which
causes the temperature of the water in the pipe to increase directly and this also results in density differences
[18]. High-temperature water and low-temperature water have an inversely proportional density in which
high-temperature water has a lower density which causes it tends to flow to a higher direction while low-
temperature water has a higher density so it tends to move downward causing natural convection [19]. In
general, the flat plate solar collector consists of the main parts, namely absorber plate, copper pipes,
transparent glass cover, thermal insulation and frame assembly.

The material used to transfer the heat is copper pipes. Copper pipe can drain water with a larger volume
so that it facilitates contractors to install pipes on a double glazed solar water heater [20]. Moreover, the
copper pipe can bend and requires fewer collectors and fasteners, thus saving installation costs. Therefore,
the copper pipe was chosen as a material due to its advantages as follows: 1) Strong so that it is resistant to
vibration, pressure, and vacuum; 2) Leak-proof and rust-resistant; 3) Durable; 4) Weatherproof and
ultraviolet rays resistant, so it can be adapted for outdoor applications; 5) Easy to replace and repair if there is
damage [21]. The purpose of this study was to design a heat transfer device as an effort to improve solar
thermal efficiency using flat plate solar thermal and to determine the effect of solar radiation intensity on
useful energy and energy losses generated by solar water heating collectors with double glazed flat plate solar
water heater, as well as convection heat transfer coefficient between absorber plate and water.

2. METHODS

The research method used in this study was experimental research by utilizing solar thermal energy as a
means of heating water through a heat transfer device installed on a solar collector. This device was called a
thermal collector which was used to heat water when it received heat energy from the sun [22]. The design of
the thermal collector used a flat plate measuring 100 mm x 80 mm. The thermal collector pipe used copper
material with a diameter of 12.7 mm and a diameter of 15.7 mm. The temperature readings in this device
used a HUATO S220-T8 thermocouple sensor and Dekko Corporation Korea Thermocouple sensor cable
[23]. The steps of the research process can be seen in Figure 1 [24].

v
Device Designing
v
Preparation of Tools and Materials
v
Component
v
Assembly

v
Examination

v
Testing Data Analysis

Figure 1 : The steps of the Research Process

The result of the manufacture was in the form of device design dimensions of the Double Glazed Flat
Plate Solar Water Heater in which the overall length of 150 cm, the height of the front surface of 30 cm and
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the rear surface of 80 cm, the width of 80 cm, the thickness of the glass 5 cm, the distance between the pipes
of 10 cm, and the tilt angle of the device of 15° can be seen in Figure 2.

The bucket for initial
reservoir

Water pump hose
for water cycling

Pipe Diameter 15,7
mm, the place for
initial water

Collector cover glass

Zig-zag grooved

Water pump and Dipe

pipe with a diameter
of 12.7mm, where
the water comes out Double glazed plate
solar water heater

framework

Figure 2 : Double Glazed Plate Solar Water Heater

This research focused on the ratio of the temperature rise (Tin) and (Touw) in the double glazed solar
water heater, which can be seen that the power of the heat-conducting medium absorbed the heat temperature
from the solar thermal collector to heat water in copper pipes. To obtain the hot temperature, the temperature
reading was placed in some points namely at T out, T in, and under the plate. The first step, the researcher
prepared the device by placing it under the sun, thermocouple, and laptop. The second step each
thermocouple sensor was placed at a predetermined temperature reading point. Then, the researcher opened
the water tap and paid attention to the temperature rise on the laptop every 10 minutes for 4 hours from 11
am until 2 pm. The same steps were carried out for the three days of the experiment. The useful energy gain
for heating the fluid through the collector (Q,) can be determined by multiplying the mass flow rate of fluid
(m), the specific heat of the fluid (C,) and the difference of the outlet temperature with the inlet temperature
(Equation 1). After the fluid heat value was obtained, the next step was to measure the value of collector
efficiency (n) which defines as the useful energy gain of the fluid passing through the collector (Q,,) divided
by the radiation energy at the collector area (Q4,s) multiplied by 100% [25].
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3. RESULTS AND DISCUSSION

The data taken in the research of solar collector testing on double glazed solar water heaters contain
some data consisting of solar radiation intensity (lo), inlet water temperature (T1), outlet water temperature
(T2), absorber plate temperature (Ts) and ambient temperature (Ts). The data were taken using a
thermocouple sensor temperature reader. Data recording was carried out every 10 minutes. From the data of
the test results, the data obtained can be made a graph of the intensity of solar radiation during the test data

collection in Figure 3.
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Figure 3 : The Graph of Daily Solar Radiation Intensity against Data Collection Time
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In Figure 3, it was shown more specifically that the maximum data value was obtained during the
research period on 23 and 26 November 2020 at 12.00 to 13.00 with the maximum value of solar radiation
was 1050.82 Watt/m2. Whereas, the minimum results of research data recording on the first day due to the
weather was a bit cloudy with a maximum value of only 900.43 Watt/m2. Daily solar radiation recorded with
lux meter data during testing was quite varied. The first data recording was taken at 11.00 until 14.00. Data
were taken every 10 minutes and each solar radiation had the same pattern, namely, it was low at the
beginning and changed in increasing gradually until it reached the maximum point. Then the intensity of
solar radiation began to decline nearing the minimum point at the end of the research. It was caused by the
rotation of the earth on its axis or the rotation of the earth on its axis caused each region to experience a day
and night cycle. The relationship between the inlet water temperature and the outlet water temperature with
time can be seen in figure 4.
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Figure 4 : The graph of the relationship between Time and Temperature of Inlet Water and Outlet Water on
Double Grazed Plate Solar Heater Testing

From graph 4, it was seen that the temperature of the inlet and outlet water followed the solar radiation
pattern according to the data collection time. As in general conditions, the temperature of the solar collector
was measured by using a thermocouple for 6 days. Measurements were carried out every 10 minutes for 3
hours starting at 11.00 until 14.00. This temperature measurement was conducted to determine the extent of
the temperature distribution obtained on the solar collector plate so that it could be seen the heat capacity
possessed by the solar collector to transfer heat to the copper pipe with a water cycle. Based on the graphic,
the temperature distribution in the first experiment was that the temperature circulates by having an increase
in the initial temperature of the water temperature in the bucket 28°c at 11.00 with solar radiation intensity
800 w/m2 then at 10 minutes the water temperature started to rise with the outlet water temperature of 34.1 °c
as solar radiation also increased. At 12.00 to 13.00 the inlet water temperature was 36.9 °c and the outlet
water temperature was 46.8 °c. This temperature rise occurred due to the intensity of the sun at that hour rised
high with solar radiation values range from 950 w/m2 to 973 w/m2. In the next hour, solar radiation began to
fall, at which time the temperature of the outlet water started to decline (42.5 °c) along with the end of the
research data collection. The form of temperature produced in the condition of sunny weather and average
total radiation intensity in research data collection was on 27 and 30 October 2020.
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Figure 5 : Graph of the Average Intensity of Solar Radiation and Temperature obtained in the condition of
Sunny Weather

The maximum average temperature in the condition of sunny weather was obtained in the research on
27 and 30 October 2020. The average temperature values were; total solar radiation intensity 1080 Watt/m2,
initial temperature or temperature of water in a bucket (Tin) 39.1°C, outlet water temperature (Tou) 46.8°C,
the temperature in the glass plate (T3) 59.6°C and ambient temperature (Ts) 36°C. The effect of the initial
temperature variation can be seen in Figure 4.4 which in the first hour of taking research data, the inlet water
temperature in the bucket was 29.5°C with a solar energy intensity value of 815 Watt/m2. Ten minutes later
the hot weather gradually began to rise until it reached the intensity of the solar energy 825 Watt/m°c with
the outlet water temperature or Tout 36.9°C, ambient temperature 37.5°C and temperature in the glass plate
64.1°C. The maximum temperature obtained at 12.00 to 13.10 with the intensity of solar radiation was from
920 Watt8/6n2 to 1080 Watt/m2, Ti, temperature 32.7°C and Toyu 44.1°C.
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Figure 6 : Graph of the Average Intensity of Solar Radiation and Temperature obtained in the condition of
Partly Cloudy Weather
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On the experiment day on 23 and 28 October 2020, the condition was partly cloudy weather which can
be seen in graph 6. The initial value of the intensity of solar radiation was 800 Watt/m2, and the form of the
research results was not much different in sunny weather conditions on graph 5 where the research was low
at the beginning and gradually the temperature began to rise along with the increase in solar radiation at
12.00 until 13.20 then the temperature started to decline at 13.40 with the value of the intensity of solar
radiation only 860 Watt/m2.
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Figure 7 : Graph of the Average Intensity of Solar Radiation and Temperature obtained in the condition of
Cloudy Weather
The last experiment was done with cloudy weather conditions on October 15 and 26, 2020, the resulting
values; the maximum intensity of solar radiation only reached 960 Watt/m2 at 12.30 and the temperature of
the outlet water was 38.3°c. Then the minimum value reached 900 Watt/m2 at the end of data collection, it
was because the weather was cloudy or the sun was covered by clouds, as we can see the results with Figure
7 above.

4. CONCLUSION

Based on the results of the research, it can be concluded that the water heater using the solar water
heating system has been stated to be effective because radiation from sun rays to heat water has resulted in an
average outlet water temperature of 40°c. The result of the research in sunny weather condition was 46.8°c
then the result of the research in the partly cloudy weather condition produced an outlet water temperature of
44.3°c and finally the result of data collection in the condition of cloudy weather was very different from the
other two results, sunny or partly cloudy, which result obtained was 38.3°C.
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