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Abstract. The energy crisis occurs because of the high level of dependence on fossil energy sources.
The solution to overcome this problem is by utilizing alternative energy. One of the uses of solar
energy is the use of solar collectors to heat water. The purpose of this study was to determine the
performance of the solar water heater collector. This study used a double cover collector, with
variations in glass thickness of 3 mm and 5 mm and a tilt angle of 20° and 30°. The study was
conducted from 10:00 Banjarmasin Time to 16:00 Banjarmasin time. In this study, the best results
were produced by solar collectors with a variation of glass thickness of 5 mm and an angle of
30%btained average energy of 129.3 Watt and average efficiency of 48.1% at an average intensity of
solar radiation of 497.6 W m™. The performance results of 5 mm thickness glass are better than 3
mm thickness glass. In this study, glass with a thickness of 5 mm is more optimal for transmitting
received solar radiation and isolating the heat coming out of the collector into the environment.
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1. Introduction
One of the uses of the solar collector is the water heater solar collector, as seen in Figure 1. The
solar collector generally consists of an absorbent plate that has good heat conductivity, where the
absorbent plate is connected to pipes that drain the fluid, and one or more covers see-through at
the top. Solar radiation energy is converted into heat by an absorbent plate in which the bottom
and sides of the collector are isolated. The heat received by the absorbent plate is then transferred
to the pipe which carries the liquid. Several attempts were made to improve the performance of
solar water heaters, especially on some collector components that affect the collector
performance. The effect of glass distance to the absorbent plate has an effect on the plate
temperature, which is the warmest received. The use of clear glass with a thickness of 3 mm with a
glass distance to the absorbent plate of 20 mm will cause the plate temperature to be higher [1].
The highest efficiency is produced with a plate thickness of 1.2 mm and a distance between the
pipelines of 73.6 mm [2].

The effect of radiation absorption on the single and double cover glass on the solar collector on
the heat transfer coefficient results in the absorption of solar radiation on the single cover glass
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which can increase the temperature by 60C. And for collectors with double cover glass can
increase the absorption of solar radiation by 110C [3]. The variation of the collector tilt angle of
100, 200, and 300 results in the highest collector waste water temperature occurring at the
collector tilt angle of 300, namely 42.8 oC for 1 cover glass, while for 2 cover glass the temperature
is 44.8 oC [4].
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Figure 1. A flat-plate collectors and absorber details [5]

From several previous studies that have been carried out, it is necessary to research other
variations of the flat plate solar collector with the use of double collector cover glass (3 mm and 5
mm). The purpose of the double cover glass is so that the heat received from solar radiation is
more isolated and does not easily escape into the environment. Besides, there are variations of
the collector tilt angle of 20° and 30°, to determine the optimal angle that produces the best
collector performance for solar water heater.

1.1 Analysis of heat transfer at solar water heater

Figures 2 (a) and 2 (b) show the differences in heat transfer systems that occur in the two types of
solar collectors. The fundamental difference that occurs is in Figure 2b, where the use of a double
cover glass will insulate heat leading to the environment better when compared to a collector with
a single cover glass.
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Figure 2. Heat network solar water heater with (a) single cover (b) double cover [5]
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Steady-state conditions, heat transfer from the absorber plate to the coverslip equals the energy
lost from the cover glass to the environment. Upward heat transfer movement involving the
absorber plate and cover glass, occurs by natural convection (h¢p-¢) and occurs in radiation (hyp.g)
to the inner surface of the cover glass. Furthermore, the heat from the inner surface of the cover
glass is conducted to the outer surface of the cover glass, which is then transferred to the outside
atmosphere by convection (hcg-a) through the wind blowing around the collector and radiation
(hrg-a). This heat transfer involving the top of the collector is called the top loss (Uy). In a collector
with a well-designed heat transfer system, the bottom loss (Uy) and the edge loss (Ue) are small, so
the value can be neglected. [5]

1.2 Useful energy in solar water heater

When solar radiation hits the collector surface, most of it will be absorbed and delivered to the
fluid stream and is the energy used to heat the fluid flow. As shown in Figure 3 (a), the absorption
of solar radiation corresponds to the value G¢(ta).
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Figure 3. (a) Incoming radiation and heat loss from flat plate collectors [5] (b) Heat transfer
process from collector to fluids [6]

Solar radiation that hits the cover glass is forwarded to the absorber plate by convection. The heat
absorbed by the absorber plate transfers conduction to the pipeline which is used as useful energy
to increase the temperature of the heated water, as seen in Figure 3 (b).

2. Method and material

This study aims to analyze the performance of the collector of solar water heaters with double cover
glass (3 mm and 5 mm), as well as variations in the collector's tilt angle of 20° and 30°. The
dependent variable is useful energy (Qy), energy loss (Qioss), and collector efficiency (n). Figure 4
shows the Collector’s position on this study.
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Figure 4. Collector’s position
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The test begins by placing the solar water heater collector under direct solar radiation, and
positioning it according to the direction of the sun for the Banjarbaru area with a position of 7.95°
South Latitude and 112.06° East Longitude for April 1, 2019, to May 1, 2019). The position of the sun
will tend to be in the north latitude so that the collector is positioned facing north-south. Data was
collected in sunny weather conditions, starting at 10.00 WITA until 16.00 WITA with time intervals
every 20 minutes until the data collection time was met for each day. Measured sensor points,
among others ambient temperature (T,), glass cover temperature 1 (Tg1), glass cover temperature 2
(Tg2), water inlet temperature (Ti,), absorber plate temperature (Tp), water outlet temperature
(Tout), and wind speed (v) that measured with anemometer.

3. Result and discussion

Figure 5 shows that the intensity of solar radiation is irregular or fluctuating. This is influenced by
several factors including the angle of incidence of the sun. The straighter the incoming sunlight, the
higher the total solar radiation received. Besides, the total solar radiation is also affected by
atmospheric conditions. Some of the radiation emitted by the sun will be absorbed by the clouds,
dust, water vapor, and these gases, and also reflects some of the sun's energy so that it will reduce
the amount of energy reaching the earth's surface.
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Figure 5. Solar radiation intensity

From Figure 6a and Figure 6b for testing with an angle of 30°, it shows that the total solar radiation
recorded by the pyranometer during the test varies considerably, as well as the ambient
temperature, glass cover temperature 1, glass cover temperature 2, absorber plate temperature,
water inlet temperature. and water outlet temperature. The average solar radiation intensity has
the same trendline as the average observed temperature. This means that the amount of energy
absorbed by the solar water heater collector corresponds to its energy source, namely solar energy.
In testing the variation of glass thickness of 5 mm with an angle of 30° the average maximum
temperature for glass cover 1 (59.66 °C), glass cover 2 (65.4 °C), absorber plate (70.31 °C), water
inlet (46.81 °C) and water outlet (53.69 °C). Then in testing the variation of glass thickness 3 mm
with an angle of 30°, the average maximum temperature of the observation for glass cover 1 (58.27
°C), glass cover 2 (68.51 °C), absorber plate (63.99 °C), water inlet (47.75 °C) and water outlet (52.77
°C).
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Figure 6. The relationship between average temperature and solar radiation intensity at angle of
30° (a) 5 mm glass; (b) 3 mm glass

From Figure 7a and Figure 7b for testing with an angle of 20°, it shows that the total solar radiation
recorded by the pyranometer during the test varies considerably, as well as the ambient
temperature, glass cover temperature 1, glass cover temperature 2, absorber plate temperature,
water inlet temperature. and water outlet temperature. Figure 7 also shows that the solar water
heater collector can absorb all solar energy properly. In testing the thickness of the glass 5 mm with
an angle of 20° the average maximum temperature for glass cover 1 (57.69 °C), glass cover 2 (65.02
°C), absorber plate (70.58 °C), water inlet (48.66 °C) and water outlet (58.47 °C). Then in testing the
thickness of the glass 3 mm with an angle of 20°, the average maximum temperature for glass cover
1 (58, 43.9 °C), glass cover 2 (68, 93 °C), absorber plate (69.21 °C), water inlet ( 49.14 °C) and water
outlet (53.41 °C).
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Figure 7. The relationship between average temperature and solar radiation intensity at angle of
20° (a) 5 mm glass; (b) 3 mm glass

Figure 8a and Figure 8b show increasing the intensity of solar radiation is also followed by an
increase in collector energy losses. In Figure 8a, with a variation of the thickness of the glass of 5
mm, the average loss of collector energy is the highest, which is 70.5 Watt with an average total
solar radiation of 532 W m™. Whereas in the thickness variation of 3 mm glass, the highest average
collector energy loss is 77.78 Watt, with an average total solar radiation of 523.83 W m2. In Figure 8
(b), the variation of glass thickness is 5 mm, the highest average collector energy loss is 78.43 Watt,
with an average total solar radiation of 518.6 W m™%. Whereas in the thickness variation of 3 mm

glass, the hzighest average collector energy loss is 83 Watt at an average total solar radiation of
5186 Wm™.
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This shows that the relationship is directly proportional to the energy loss (Qjoss) and the intensity of
solar radiation. The energy losses that occur in the solar water heater cannot be separated from the
heat loss that occurs at the top of the collector (Uy). For heat loss at the top of the collector, the
involvement of each component of the collector (cover glass temperature and absorber plate
temperature) and factors from the environment around the collector (ambient temperature, wind
speed, and solar radiation intensity) are the cause of large or small energy loss from the collector.
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Figure 8. The relationship between average Qjoss and solar radiation intensity of 5 mm glass and 3
mm (a) angle of 30°% (b) angle of 20°

Figure 9a shows in the test using an angle of 30°, and a varlatlon of glass with a thickness of 5 mm,
the highest average useful energy is 146 31 Watt at 532 W m™ solar radiation intensity, and 3 mm
thick glass 89.33 Watt at 523.83 W m’ 2 solar radiation intensity. In Figure 9 (b) it can be seen the
relationship between the average useful energy of the solar collector (Quse) and the intensity of the
sun's radiation in the glass thickness variation test of 5 mm and 3 mm with an angle of 20°. The test
uses an angle of 20°, and variations of glass with a thickness of 5 mm obtained by the highest
average useful energy are 104.5 Watt and 3 mm thick glass is 98.8 Watt at a solar irradiation
intensity of 518.6 W m™. It can be noted that the trendline is directly proportional to the u energy
and the intensity of soIar irradiation, where the higher the intensity of the sun's radiation, the
higher the energy value of the benefits obtained.
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Figure 9. The relationship between average Qs and solar radiation intensity of 5 mm glass and 3
mm (a) angle of 30°% (b) angle of 20°

In Figure 10a the trendline shows the relationship between the average efficiency of the solar
collector (n) and the intensity of solar radiation on the glass thickness variation test of 5 mm and 3
mm with an angle of 30°. In the test using an angle of 30°, and a variation of glass with a thlckness of
5 mm, the highest average efficiency is 51% at the intensity of solar radiation of 532 W m % and 3
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mm thick glass produces the highest average efficiency of 31.5% in intensity solar radiation 523.83
W m™. Figure 10 (b) shows the relationship between the average solar collector efficiency (n) and
the intensity of solar radiation in the glass thickness variation test of 5 mm and 3 mm with an angle
of 20°. In the test using an angle of 20° and a variation of glass with a thickness of 5 mm, the
highest average efficiency is 37.3%, and 3 mm glass produces the highest average efficiency of
35.2% at the solar radiation intensity of 518.6 W m .
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Figure 10. The relationship between average efficiency (n) and solar radiation intensity of 5 mm
glass and 3 mm (a) angle of 30°%; (b) angle of 20°

The trendline shows the solar collector efficiency (n) from all tests which is directly proportional to
the value of solar radiation intensity. The greater the value of solar radiation intensity, the greater
the efficiency value. In addition, the value of useful energy (Quse) also affects efficiency. The greater
the value of useful energy (Quse), the greater the resulting efficiency.

4. Conclusion

The best collector performance is obtained at an angle of 30° with a thickness of 5 mm with an
average useful energy of 129.3 Watt and an average efficiency of 48.1% at an average solar
radiation intensity of 497.6 W m2. This is better than 3 mm thickness 2glass with the highest useful
energy of 78.7 Watt and an average efficiency of 29.1% at 497.6 W m’*, solar radiation intensity. In
this research, the angle 30° produces a better efficiency when compared to the angle of 20°. And
the glass cover with a thickness of 5 mm is more optimal in transmitting received solar radiation and
isolating the heat coming out of the collector to the environment compared to glass cover with a
thickness of 3 mm.
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