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Abstract:

The Evacuated tube solar heater (EVH) consists of parallel tubes made of reinforced glass (transparent)
which are installed inside steel frame and connected to a collector (manifold). These tubes are two
concentric tubes with vacuum clearance between each other to avoid the heat loss. The absorber plate
is connected to the inner heater tube in order to increase and concentrate the sun radiation on the inner
tube to increase the heat transfer. The absorber plate can be made of aluminum, copper, silver, or nickel.
The experimental setup consisted of 20 parallel evacuated tubes, connected to horizontal tank. It is
required to heat the domestic water. The tests were carried out from February to September and the
water outlet temperature was measured at different days and times and comparisons were applied for
each absorber plate material. Finally, it was concluded that the copper absorber plate has higher
efficiency, satisfied water outlet temperature, and reasonable cost.
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1. Introduction

The Evacuated tube solar heater (EVH) consists of parallel tubes made of reinforced glass (transparent)
which are installed inside steel frame and connected to a collector or tank (manifold) as shown in figure
1.1. The tubes are two concentric pipes. The outer tube has a transparent thick glass and the inner tube
are connected to high thermally conductive metal rod to allow higher heat transfer and high heater
efficiency as shown in figure 1.2.

The outer tubes are commonly made of borosilicate material, which has higher strength, resistant to
high temperatures and has a high transmittance for solar irradiation. The EVH do not heat the water
through the pipes directly. There is vacuum space between two concentric tubes which decrease the
heat loss and increase solar efficiency. The absorber plate that connected to the inner heater tube is used
to increase and concentrate the sun radiation on the inner tube to increase the heat transfer. Moreover,
it is storing the energy inside during the night time. The absorber plate can made of aluminum, copper,
silver, or nickel. It is depend on the required heat duty, collector area, and tank volume.
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. Figure 1.1. Evacuated tube solar heater

There are several advantages of the evacuated tube solar heaters. These glass tubes have cylindrical
shape. So, the angle of the sun ray is always normal to the tubes which make the solar heater reliable
during cloudy weather or evening. ETH are very useful in cold or cloudy weathers.
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. Figure 1.2. Evacuated tube solar heater parts

In this research, an experimental investigation was carried out to study the effect of different absorber
plate materials on the solar heater performance and heat transfer represented in the medium outlet
temperature.

2. Materials Preparation and Methodology

In order to investigate the effect of absorber plate material on the solar heater performance; evacuated
solar heater was fabricated with different absorber plate materials; silver, copper, nickel, or aluminum.
It was required to heat the domestic water. Generally, the measured data were recorded from February
to September to check the absorber material effect in winter, spring, and summer. The average daily
water consumption is ~ 65 Liter / hr.

The performance will be measured in respect of the following parameters for four selected materials
mentioned above:

e Water temperatures difference between inlet and outlet at random selected days in summer and
winter.

e Water temperatures difference between inlet and outlet starting from sunrise to sunset in certain
day with the same ambient temperature.

e Performance evaluation of the solar heater represented in efficiency calculations.
2.1. Experimental setup

The evacuated solar heater was fabricated with the following specifications as shown in figure 2.1:
e No of tubes: 20
e Tube length: 1.7m (end to end)
e Quter tube diameter: 1.5" (38 mm)
e Inner tube diameter: 1" (25 mm)
e Tank volume: 140 Liter
e Medium: domestic water
e Inclination angle: 42°

e Tracking mechanism: No

2.2. Instruments used

Several instruments were used to record the parameters as below:

e Temperature indicators: used to measure the ambient, inlet, and outlet temperatures. Its range
is from 0° to 100° C with 2° step increment (brand: Rototherm)



e Solar power meter: used to measure the solar radiation flux (W/m?2). Its range is up to 2000
W/m? (brand: Subitek SM-206)

e Floating flow meter: used to measure the water flow rate. Its range is from 0 to 10 L/m with 0.2
L/m accuracy (brand: Apure)

. Figure 2.1. Fabricated evacuated solar heater

2.3. Efficiency calculations for solar heater

To calculate the solar heater efficiency; the following parameters have to be calculated in respect of the
following equations:

First, the transmitted solar power must be calculated. It was calculated from equation (1) as below:
(O = - Y- — (1)

Where:

Q: Transmitted solar energy (Q)

R: Solar radiation flux incident (R)

Ac: Solar heater surface area (Ac)

Secondly, the useful heat gain to storage (Qc) has to be calculated from equation (2) as below:
Qe=mCp (To=Tin)  -m-m-m-mmmmmmmmm- (2)

Where:



m: Mass flow rate (Kg/sec)

Cp: Water specific heat (4150 J/g°C for water)

To: Outlet temperature (°C)

Ti: Inlet temperature (°C)

Thus, the heater efficiency (1) could be determined from equation (3) as follows:

N=(Qc/Q) x100% ----------m-mmm- 3)

3. Results and Discussion

3.1. Monthly water temperatures difference for 4 absorber materials

Both inlet and outlet temperatures were recorded at the first days of each month starting from February
2023 to September 2023 for 4 absorber materials. The temperatures difference were calculated to avoid
misleading of ambient temperature changes between summer and winter.

Comparison were carried out between four absorber materials as shown in figure 3.1 and 3.2.

It is shown that the silver absorber material have the highest temperature difference between water inlet
and outlet. Meaning that, it has the highest heat transfer. The second one was found the copper material,
the third one is Aluminum. Finally, the least outlet temperature is Nickel absorber plat.
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Figure 3.1. Temperature Difference comparison in Feb, March, and April months for 4
absorber material
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Figure 3.2. Temperature Difference comparison in May, June, July and Sept. months for 4
absorber material

This is expected because silver material has higher conductivity coefficient than other materials.
Generally, the material that has higher thermal conductivity coefficient, will produce much heat
transferred to water through the inner tube.

3.2. Water temperatures difference between inlet and outlet starting from sunrise to sunset.

Both of inlet and outlet temperatures were recorded from 20" May to 23" May 2023 with the constant
ambient temperature, starting from 8:00 am to 11:00 pm. The temperature difference were calculated.
Comparison were carried out between four absorber materials as shown in figure 3.3.

It is shown that the highest stable heat transfer; especially in evening, is the copper absorber plate.
However, the silver absorber plate has lower stability compared with copper. So, the silver absorber
plate gain much heat but it lose it in short time, while copper has more stability in its heat transferring
behavior. Still, the nickel absorber plate has the worst heat transfer and hear storage relatively.
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Figure 3.3. Temperature Difference along one day for 4 absorber material

3.3. Performance evaluation of the solar heater represented in efficiency calculations.

Both of inlet and outlet temperatures were recorded in June, July and August. The test was implemented
four times for four absorber material in each month. The temperature difference were calculated in each
case. The efficiency was calculated in respect of equations 1, 2, and 3 each month for each material.

The following parameters were substituted in equations 1, 2, and 3:

e Water volume flow rate was 65 Lit/hr

e Measured solar flux was 1400, 1440, 1490 W/m2 for June, July and August respectively
e Water density was estimated 1000 Kg/m3,

e Heater Area was calculated by timing solar heater length and width as in paragraph 2.1.

Thus comparison was implemented as shown in figure 3.4. It is shown that the higher solar heater
efficiency was in silver absorber plate for June and July but both of silver and copper absorber plates
were equal in August. This is back to the same reasons mentioned in 3.1 paragraph. On the other hand,
aluminum and nickel were not efficient compared with copper or silver.

So, copper was considered the best suitable material for absorber plate due to its reasonable cost and
satisfied heat transfer behavior.
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Figure 3.4. Efficiency Comparison for 4 absorber materials at summer months

4. Conclusion

Finally and after completion the experimental setup and testing for 8 months; it was concluded that
generally, the highest absorber plate material is silver followed by the copper in respect of the outlet
temperature and calculated solar heater efficiency. However, the copper plate material have the
advantage of storing energy from day to night more than silver and aluminum. Moreover and respect
of cost wise, copper is more favorable compared with the silver material.
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