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Abstract: Currently, the 1st generation and 2nd generation solar water heating tanks’ design is
unsatisfactory in the current use situation. When hot water is used with the hot water being
consumed, thus cold water will be added into the same tank at the same time, resulting in a significant
drop in the temperature of the hot water in the tank and making it necessary to use an additional
electric heating rod for reheating. To address this shortcoming, a 3rd generation solar water heating
tank was designed to improve the situation. In other words, a “movable dividing disk” is added
inside the tank to completely isolate the hot water from the cold water so that the entire tank of hot
water can be 100% utilized. However, when the hot water is exhausted, the 3rd generation solar
water heating tank must adopt an electric heating rod to reheat the entire tank of water or make
an additional small heating tank. To solve this problem, this article develops the 4th generation
intelligent energy-saving solar water heating tank, in which a “fixed dividing disk” is installed inside
the water heating tank to create a cold-water heating zone of about 10% of the total capacity for local
heating. This allows for an efficient and faster hot water supply, saving about 90% of energy when
the first tank of hot water is used up and a separate electric heating rod is used for heating.

Keywords: solar water heating tank; dividing disk; electric heating rod

1. Introduction

The world’s residential electricity consumption is growing rapidly, mainly for domestic water
heating [1]. It is estimated that domestic water heating accounts for about 15-20% of the total domestic
electricity consumption of an average household in Hong Kong and the United States [2]. With such a
high demand for energy, there has been a growing interest in more efficient installations, especially since
the doubling of oil prices in 2005 led to the increase in electricity rates [3].

Global warming keeps worsening and climate anomalies are occurring increasingly frequently
around the world. After the Kyoto Protocol, which aims to curb the global greenhouse gas emissions,
came into force on 16 February 2005, the innovation of energy technologies and the change of social
behavior for energy conservation will be an effective strategy for carbon dioxide reduction [4]. Due to
the growing influence of global warming and the rapid changes in the ecological environment,
many unusual ecological crises have started to occur all over the world. Therefore, the search for
“Renewable Energy” is a matter of great importance to all governmental and non-governmental
organizations [5,6]. For the U.S., the UK., and China, the goal is for renewable energy to account

Electronics 2020, 9, 1941; doi:10.3390/electronics9111941 www.mdpi.com/journal/electronics


http://www.mdpi.com/journal/electronics
http://www.mdpi.com
https://orcid.org/0000-0001-6207-7853
https://orcid.org/0000-0001-6695-9626
https://orcid.org/0000-0003-3181-4480
http://www.mdpi.com/2079-9292/9/11/1941?type=check_update&version=1
http://dx.doi.org/10.3390/electronics9111941
http://www.mdpi.com/journal/electronics

Electronics 2020, 9, 1941 2 of 15

for at least 20% of total electricity generation by 2020, and it is expected that renewable energy will
contribute more than 50% of total electricity generation in some countries by 2050 [7].

Economic development depends on an adequate supply of energy, and there is an urgent need for
a clean, environmental-friendly and inexhaustible source of renewable energy, and the best choice is
“solar energy”. The sun emits 3.845 x 10%° J of energy per second and the earth receives 1.743 x 1017 |
of energy therefrom per second, which is equivalent to about the heat quantity generated by 6.1 million
tons of coal burning and 16,700 times the global demand [8]. In terms of the conversion and application
of solar radiation, it can be divided into solar water heating systems, solar heater systems, solar air
conditioning and refrigeration systems, solar power generation and so on [9] according to the solar
energy density. For low temperature applications (<100 °C), it is mainly used for water-heating and
warming. For medium temperature applications (100 to 200 °C), it is for industrial heating and air
conditioning. For high-temperature applications (>200 °C), it focuses on solar power generation,
smelting and toxic decomposition [10].

The solar water heating system uses solar collectors (such as flat plate or vacuum tube type) to
convert solar radiation into thermal energy to heat up water. Such products were introduced as early
as 1891, and by 2001 solar collectors had been installed over 70 million square meters worldwide [11].

It is known that water heaters include gas water heater, electric water heater, heat pump water
heater and solar water heater. Of these four types of water heaters, the heat pump water heater and
solar water heater are the most energy efficient and environmentally friendly. The difference in energy
efficiency between these two types of water heaters is not significant and must be determined by the
weather and region. Generally, if the annual average sunshine hours are more than 1/2 of the year,
reaching over 210 sunshine days (daily sunshine hours of more than 4 h), using a solar water heater
will save more energy and money. Conversely, if the number of sunshine days is less than 180 days,
the heat pump hot water system will be more cost-efficient than the solar water heater [12].

Taiwan is a very sunny country, even in the northern part of Taiwan where the latitude is higher,
people can still use solar water heaters. However, one of the most unbelievable solar-related products
commercially available on the market is the solar water heater. Why is there a need to install an electric
heating rod for secondary heating when claimed to be the cleanest and most environmentally friendly
renewable energy? The reason for this is that the design of the water storage tank of the conventional
1st generation water heater was not ideal. The water storage tank was hollow and could not separate
the hot water from the cold water added thereafter. When bathing, with the hot water being consumed,
the temperature of the hot water still in the tank drops significantly because the cold water is being
replenished therein, so it is necessary to use an additional electric heating device to reheat the water,
thus increasing the energy consumption.

Many homes around the world use electric water heaters (EWHs) to generate and store hot water,
and the energy required can be supplied by solar energy using solar panels. For a single tank or
auxiliary tanks (parallel or series connection), an electric heater is the most common heating element
used in water heating storage systems [13]. The only drawback of an electric heating system is that
it consumes a large amount of electrical energy to produce the required hot water. Although these
systems are driven by electrical energy, a disadvantage compared to direct solar water heaters, they are
still widely used due to their practicality and low installation cost [14].

Aviv et al. [15] investigated the results of inputting and mixing cold and hot water in a vertical
water tank. In such a system, the speed of mixing of the hot water produced and the incoming cold
water will affect the thermal performance of the storage tank. The researchers recommended using
a horizontal dividing disk above the vertical inlet at the bottom of the tank, and they found that
the dividing disk would not be needed for a very low flow rate (2-3 L/min) of incoming cold water.
However, for a higher water flow rate (57 L/min), it was found that a single stir was sulfficient to mix
the hot and cold water evenly.

Hegazy [3] stated that thermal stratification is affected by the length-to-width ratio of the inlet
of the incoming cold water and the storage tank. He proposed a new design for an inlet diffuser
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(wedged type) in which the incoming cold water does not interfere with the hot water. It directs the
cold water flow to the bottom of the tank and establishes a cold water pan partition at the bottom of
the tank. This new design reduces the mixing speed of hot and cold water.

Assari et al. [16] investigated the impact of the water inlet and outlet location of the fluid on
thermal performance in a cylindrical storage tank. It was found that location of hot water inlet to
the tank has a high impact on performance enhancement. With the increase in vertical height of the
heating location, better performance was obtained due to less mixing of hot and cold water.

Due to the unsatisfactory design of the storage tank of a conventional solar water heater, in which
while the hot water is being consumed during bathing, the cold water is replenished at the same time,
resulting in a significant drop in the temperature of the hot water in the storage tank, some manufacturers
adopted the above practice of using a horizontal dividing disk (2nd generation solar water heating
tank) near the water inlet. This new design effectively reduces the mixing speed of hot and cold water,
but unfortunately, it can only reduce the “mixing speed of hot and cold water” and eventually the
temperature of the hot water in the tank will still drop.

To address this shortcoming, the 3rd generation solar water heating tank is designed to improve
the situation. It adds a “movable dividing disk” inside the tank to completely isolate the hot water
and cold water, so that the entire storage tank of hot water is 100% utilized. However, there is an
invisible drawback to this new design. For the 3rd generation solar water heating tank, when the hot
water is exhausted and the user wants to continue using hot water, an electric heating rod must be
used to reheat the entire tank of water, or a separate small heating tank needs to be added. To address
this issue, this article proposes the 4th generation intelligent energy-saving solar water heating tank,
in which a “fixed dividing disk” is installed inside the water heating tank to separate a small space for
local heating so that the hot water can be supplied more efficiently and quickly.

2. New Structure of the Solar Water Heating Tank

Figure 1 below is the “natural cycle type of solar water heater”. The water in the solar collector
absorbs the solar radiation heat. When the temperature rises, the density decreases and then rises to
the storage bucket. The colder water in the storage bucket will flow down to the collector, generating a
natural convection cycle and storing it. The water in the bucket is heated. The natural circulation type
is mostly used in the natural circulation of small domestic hot water. This article is mainly aimed at
improving the structure of the “water storage tank”.

Supplementary heater

i 1 Hot water for bath
-
Solar energy
Cold water
> e
Storage tank
Solar collector
v
<}

Figure 1. Natural cycle type of the solar water heater [17].
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2.1. Owverview of Previous Products

Since the design of the conventional solar water heating tank is not ideal, with the problem
of mixing hot and cold water, manufacturers and research teams have proposed various solutions.
The following discusses the differences between the conventional and improved type of water
heating tanks.

2.1.1. 1st Generation of the Solar Water Heating Tank

Why do solar water heaters, which can use sunlight for heating, need to be equipped with an
electric heating rod for secondary heating? In addition to having to use electricity for water heating on
cloudy days, one other reason is that hot water is needed to use with the hot water being consumed,
cold water is filled in, and causes the temperature of the hot water in the storage tank to drop. When it
happens, it becomes necessary to heat the water by electricity. Figure 2 is a cross-sectional view of a
conventional 1st generation solar water heating tank.

- Cold Water
V-1

Pipe 2

5 ~ Electric Heating Rod

Figure 2. Cross-section view of a conventional 1st generation solar water heating tank [18].

The old type of the water storage tank is equipped with an inlet pipe 1 and an outlet pipe 2 at
both ends. When using hot water, hot water will flow out of the outlet pipe 2, while the water source
of cold water will be replenished through the inlet pipe 1 into the tank (some types use pressurized
motors to inject cold water), and then the cold water will be mixed with the hot water stored in the
tank, resulting in a sudden drop in the temperature of the hot water. Therefore, in order to keep the
temperature of the hot water in the storage tank within a predetermined range, an electric heating
rod is usually added to heat the water in the tank. However, due to the large capacity of the tank
(usually 400 L), the heater must consume more electrical energy and longer heating time to heat the
water in the tank. Therefore, to the user, not only does it fail to save energy effectively, it also leads to
the problem of energy wastage.

2.1.2. 2nd Generation of Solar Water Heating Tank

In response to the governmental policy of energy saving and carbon reduction, some manufacturers
have proposed solutions to improve the aforementioned problems of water temperature droppage
in water tanks, higher energy consumption and longer heating time when heating up water using
electricity. The solution is to add a “fixed dividing disk” inside the tank to separate the tank into two
spaces (the left side is the hot water area and the right side is the buffer area), and then uses a pilot
tube to connect the two spaces, so that when the cold water is introduced into the tank, it will first be
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buffered in a separate space before being introduced into the location of lower temperature in another
space, thereby guiding the direction of water flow and slowing down the mixing speed of hot and cold
water, as shown in Figure 3.

From Figure 3, it can be seen that the “fixed dividing disk” separates the tank into two spaces,
the hot water area and the buffer area, and the pilot tube connects the two spaces. The inlet of the pilot
tube at the upper portion of the buffer area and the outlet at the lower portion of the hot water area.
Since the hot water is less dense than the cold water, hot water will be at the top and the cold water
will be concentrated at the bottom in both the hot water area and the buffer area, so such a connection
method will ensure that the water of higher temperature will be used. In the same way, the hot water
outlet of the entire water heating tank is also located at the top, while the cold water inlet is located at
the bottom. Unfortunately, this only reduces the “mixing speed of hot and cold water” and eventually
the temperature of the hot water in the tank will still drop.

P Cold water
Pilot tube
Hot water area
- N - - i g .
Hof\water... & P - -
\3 Bl v £ g A ’ Buffer area
7 7 Fixed dividing disk

Figure 3. Cross-section view of an improved 2nd generation solar water heating tank [19].
2.1.3. 3rd Generation of the Solar Water Heating Tank

Although the above design can reduce the problem of reduced water temperature of the storage
tank, but the fact is that the cold water will still flow through the pilot tube to the hot water area, so it
can only slow down the mixing speed of hot and cold water but cannot achieve a complete isolation
effect. In the 3rd generation solar water heating tank, a movable dividing disk is added inside the tank
to completely separate hot and cold water, so that hot and cold water can be completely isolated and
will not be mixed, as shown in Figure 3.

The “movable dividing disk” of this new design can move left and right. It locates at the far right
end at the beginning. When hot water flows out and cold water fills in, the dividing disk will be slowly
pushed to the left by the water pressure, so the hot and cold water will not be mixed together. Once the
dividing disk hits the far left end, the water motor pump will be activated to fill the cold water from
the right side of the dividing disk to the left side of the disk until the disk returns to the far right end.
The reason of pushing the dividing disk back to the far right end is because the dividing disk must
remain at that position when the sunlight is utilized to heat up the water in the tank the next day, or it
will interfere with the heating action. Figure 4 shows a physical model of the 3rd generation solar
water heating tank. Figure 5 shows a physical model of the 3rd generation solar water heating tank.



Electronics 2020, 9, 1941 6 of 15

The Water Motor Pump

Hot Water

Cold Water

Hot Water Area The Movable Dividing Disk

Figure 4. The 3rd generation solar water heating tank [20].

The Movable Dividing Disk

Figure 5. The physical model of the 3rd generation solar water heating tank.

The material of the dividing disk is high impact polystyrene (HIPS). It is an impact-resistant
polystyrene product produced by adding polybutylene rubber pellets to polystyrene and is the best
choice for the “dividing disks” because of its impact resistance and heat insulation. When making
the dividing disk, be sure to make it fit snugly into the storage tank. It is recommended that the gap
there between should be less than 1 mm so that the dividing disk will not leak when pushed to the left
by water pressure, which can slow down the movement of the disk [21]. Figure 6 shows the moving
process of the dividing disk of the 3rd generation solar water heating tank.

It can be seen from the above figure that when hot water flows out and cold water fills in,
the movable dividing disk will be pushed slowly to the left by water pressure, and the hot water and
cold water are completely separated during the pushing process. Therefore, the design of the 3rd
generation solar water heating tank ensures 100% utilization of hot water. While this product is already
very energy efficient, there remains a problem—when the tank runs out of hot water and the user still
needs to continue using hot water, the whole tank has to be heated by the electric heating rod inside
the tank, which consumes a lot of energy and money.

2.2. Design of the Product

The previous 3rd generation solar water heating tank consumes a lot of energy and money during
secondary heating. Therefore, some manufacturers put an additional small water heating tank to the
existing water storage tank. This way, the secondary heating is conducted on the small tank instead
of the original large storage tank. While this design solves the problem, it has the disadvantages of
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requiring additional piping and wasting the cost of an additional tank, which defies the purpose of
environmental protection and energy conservation.

To solve this problem, this article proposes the 4th generation solar water heating tank, in which a
“fixed dividing disk” is installed inside the 3rd generation solar water heating tank so that a small
space is isolated and can be used as a heating area for local heating. This will result in an efficient and
faster supply of hot water, as shown in Figure 7.

In the above figure, the “fixed dividing disk” and “movable dividing disk” divide the water
storage tank area into a cold-water area, a hot water area and a heating area. The cold-water area and
hot water area together is equivalent to the “3rd generation solar water heating tank”, and the hot
water area is the additional space separated by the “fixed dividing disk”. Therefore, it can retain the
advantages of the “3rd generation solar water heating tank” and has a heating area for local heating,
eliminating the need of additional piping and saving the cost of an additional storage tank. Figure 8
shows the moving process of dividing disks of the 4th generation solar water heating tank.

The Water Motor

Pump o

Water-Heating
Tank

1. As hot water is being used,
cold water is being ¢=---
replenished and filled in "
making the dividing disk
move slowly to the left or

the hot water portion.
Cold

Water

=

The Movable Dividing Disk

Reed Switch

. 2. Once the hot water is completely used

up, the dividing disk is moved until

ek the far left end and hits a magnetic

reed that automatically initiates a
water motor pump.

‘. ]
/ Cold

Reed Switch Wates

The Water Motor Pump
Cold
Water

v

3. When the water motor pump is
initiated, it will pump water from
one end to the other while moving
the dividing disk from the left end
towards the right end bringing it to
its original position.

Figure 6. The moving process of the dividing disk of the 3rd generation solar water heating tank.
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The Movable Dividing Disk

Fixed dividing disk

Cold water area
Hot water area

Pilot tube

Heating area

Figure 7. Cross-section view of 4th generation solar water heating tank.
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Figure 8. The moving process of dividing disks of the 4th generation solar water heating tank.
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From the above figure, it is known that Figure 8 has the same moving principle as that of Figure 6.
Furthermore, Figures 7 and 8 show that the pilot tube of the fixed dividing disk connects the hot
water area and the heating area. Again, since the density of hot water is lower than that of cold water,
the inlet of the pilot tube is put at the top of the hot water area and the outlet thereof at the bottom of
the heating area.

Figure 9 shows the validation prototype of this work. Reed switches must be installed on both
sides of the water storage tank to detect the movable dividing disk’s position. The pumping motor can
be activated to move the movable dividing disk back to its original position, and an automatically
controlled circuit is used in this work.

Control Circuit Water-Heating Tank

Cold Water Inlet

Hot Water Outlet

Water Flow Indicator

Water Outflow Pump Start Switch

Backwaters Pump

Figure 9. The validation prototype of this work.
3. Experiment and Discussion

From Figure 8, it is known that the 4th generation solar water heating tank can be regarded as a
combination of the 3rd generation solar water heating tank and 2nd generation solar water heating
tank. It retains the “movable dividing disk” of the 3rd generation solar water heating tank while
adding the “fixed dividing disk” of the 2nd generation solar water heating tank. Therefore, the impacts
are only studied both “movable dividing disk” and “fixed dividing disk” have on the water heating
efficiency of the storage tank to know the efficiency of the 4th generation solar water heating tank,
and the optimal position of the fixed dividing disk.

An experiment was conduced to verify the effectiveness of the “movable dividing disk” of the 3rd
generation solar water heating tank and to test the optimal position of the “fixed dividing disk” of
the 2nd generation solar water heating tank. Especially for making a storage tank model to test the
changes in water temperature in the 1st generation, 2nd generation and 3rd generation water heating
tanks. The test environment and hypothesis for this experiment were as follows.

e  Water storage tank has a capacity of 400 L; the temperature of hot water is 60 °C.
e  The cold water injected is 20 °C.

e  Bathing for each person consumes 50 L of water.

e  There is a 15-minute interval between the shower of each person.

e  The water temperature will be measured from the water outlet.
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The actual experiment used a smaller 2000 mL tank to simulate a 400 L storage tank, so the water
consumption of 50 L per person for bathing was proportionally reduced to 250 mL. When conducting
experiments with the “fixed dividing disks” of the 2nd generation solar water heating tank, the tank
was then divided into 20 equal parts and we placed the fixed dividing disks in the positions of 1/20, 2/20,
3/20, ... 10/20, etc. to measure the temperature change after each person takes a bath. The Figure 10
shows the dividing disk at the 4/20 position.

4/20 position

ond generation
solar water heating

Figure 10. Photo of “fixed dividing disk” of the 2nd generation solar water heating tank model.

In addjition to the commonly used 400 L water storage tank on the market, there were other sizes
of 100 L, 200 L, 300 L, 400 L, 600 L, 800 L, etc. If you want to use the same 2000 mL small bucket for
simulation, the bath water consumption during simulation must be adjusted accordingly, as shown in
Table 1. Moreover, the list of instruments adopted for this experiment was also provided, as can be
seen in Table 2. Table 3 shows the experimental data obtained by using a 2000 mL tank to simulate a
400 L tank, which mainly measured the change of water temperature after each person takes a bath
using hot water.

Unless it is a particularly enlarged water storage tank, the water storage tank can only bathe
about 5-6 people, so this experiment only set up to 6 people to bathe. When the hot water in the water
storage tank was exhausted for shower 7, 8, 9 and 10, the general practice was to use an electric heating
rod for heating.

Table 3 is the actual experimental data obtained by using a 2000 mL tank to simulate a 400 L tank
but not by calculation. For example, the temperature of the 1st generation tank in the first row was
58.5 °C after 1 person taking a bath (this temperature was the actual measurement). If by calculation,
the temperature would be: (350 x 60 °C + 50 x 20 °C)/400 = 55 °C.

Table 1. The bath water consumption during simulation.

The': S'ize of the Average Bath Proportion Relative Bath Wa'ter Volume
Original Tank  Amount per Person of 2000 mL Experiment Tank
100 L 50L 50.00% 1000.0 mL
200 L 50L 25.00% 500.0 mL
300 L 50L 16.67% 333.3 mL
400 L 50L 12.50% 250.0 mL
600 L 50L 8.33% 166.7 mL

800 L 50 L 6.25% 125.0 mL
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Table 2. List of instruments adopted for this experiment.

Device Name Picture Accuracy Type
Thermometer +0.1°Cor +0.1°F BOSCH GIS 500
~
Feeding Syringe +2CC None

Heating Equipment +0.1°C ZOJIRUSHI CD-WBF40

Table 3. Results of hot water experiments on simulation of various tanks from the 1st to the
3rd generations.

Number of Baths After 1st After 2nd After 3rd After 4th After 5th After 6th

Storage Tank Shower Shower Shower Shower Shower Shower
No d1v1dmg.dlsk 58.5°C 55.3°C 52.0°C 47.5°C 423°C 372°C
(1st generation)
1/20 position 585°C  550°C  530°C  500°C  455°C  410°C
(2nd generation)
%20 position 590°C  570°C  545°C  512°C  463°C  415°C
(2nd generation)
3/20 position 581°C  560°C  523°C  485°C  440°C  395°C
(2nd generation)
4/20 position 585°C  562°C  530°C  485°C  436°C  388°C
(2nd generation)
5/20 position 58.7 °C 55.0 °C 51.0 °C 462°C 40°C 37.0°C
(2nd generation)
6/20 position 59.2°C 56.2°C 51.5°C 46.8°C 42.0°C 37.7°C
(2nd generation)
7/20 position 592°C  563°C  518°C  472°C  423°C  380°C
(2nd generation)
8/20 position 59.1°C 56.5°C 52.0°C 48.0°C 425°C 382°C
(2nd generation)
9/20 position 59.1°C  559°C  519°C  479°C  423°C  385°C
(2nd generation)
10/20 position 590°C  550°C  520°C  480°C  422°C  39.0°C
(2nd generation)
Movable dividing disk 595 °C 58.9 °C 58.5°C 58.0 °C 57.6°C 57.2°C

(3rd generation)

Why was the temperature obtained from the calculation 55 °C but the actual temperature measured
by thermometer was 58.5 °C? That is because after one person took a bath, cold water would fill in
from the right side of the tank, and the hot water outlet is at the far left side (it is where the temperature
was measured during the experiment because the temperature there was the closest to the temperature
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of our bath), so the hot and cold water is not completely and fully mixed. In other words, the water
temperature inside the tank was unevenly distributed, and the condition presented was that the
temperature near the hot water outlet on the left was higher, while that near the cold water injection
outlet on the right was lower. Of course, if the hot and cold water were mixed for several hours,
the measured temperature would be closer to the calculated value (but then the actual temperature
might be lower than 55 °C because of the limited heat retention capacity of the water storage tank).

In Table 3, the temperature of the water storage tank of the no dividing disk (1st generation) after
the 6th shower was 37.2 °C. If the heating rod started to be heated to 60 °C at this time, it will consume
energy at this time: 37,000 x (400/1000) x ((60 — 37.2)/(60 — 23)) = 9120 Kcal (it is mentioned in [9] that
1000 L of cold water needs 37,000 Kcal to be heated from 23 degrees to 60 degrees). The temperature
of the water storage tank of the movable dividing disk (3rd generation) after the 6th shower was
57.2 °C. If the heating rod is turned on at this time to be heated to 60 °C, it will only consume energy at
this time: 37,000 x (400/1000) x ((60 — 57.2)/(60 — 23)) = 1120 Kcal. The energy consumption of the
3rd generation water storage tank was only 12.28% of that of the first-generation water storage tank
(9120/1120 = 0.1228).

The above experiment is the average results of the two experiments. From the data, it is found
that the 3rd generation water heating tank developed by us had the best temperature performance.
After 6 persons taking baths, the temperature of hot water was still at 57.2 °C, with its theoretical
value being 60.0 °C, the temperature still dropped from 60.0 to 57.2 °C, mainly because of the loss of
temperature inside the water storage tank. This is the error caused by poor insulation of the water
storage tank.

In addition, from the experimental data of Table 3, it is known that the 2nd generation water
heating tank had the best temperature performance when the “fixed dividing disk” was placed at
the 2/20 position. The temperature performance was 41.0 °C when the dividing disk was at the
1/20 position, already much better than 37.2 °C without the disk. The temperature performance was
best when the dividing disk was at the 2/20 position, and then slowly dropped to 37.0 °C at the
5/20 position, which was similar to the 37.2 °C without the disk. It means that if the fixed dividing
disk was installed at the 5/20 position; it is about the same as having no dividing disk at all. When its
position was moved back, the temperature would slowly rise again. Since the two sides of the storage
tank were symmetrical, the temperature at the 18/20 position was expected to be similar to that at the
2/20 position.

Since the 2nd generation water heating tank had the best temperature performance when the
“fixed dividing disk” was placed at the 2/20 position, the original temperature of the hot water was
60 °C, and the temperature of hot water was 41.5 °C after 6 persons took baths, which means the
temperature performance was best when the buffer area accounted for about 10% of the entire water
heating tank. As the 4th generation solar water heating tank can be seen as a combination of the 2nd
generation and 3rd generation solar water heating tank, the “heating area” of the 4th generation water
heating tank was also proposed to take up about 10% of the whole water heating tank, as shown
in Figure 11.

When the first tank of hot water is used up and a secondary heating with an electric heating rod is
required, as the “heating area” takes up only 10% of the entire water heating tank, there is no need to
reheat the entire tank of water, and about 90% of the energy can be saved in that instance.
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|
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The Movable Dividing Disk

\ |

Fixed dividing disk
Figure 11. Proportional location of the fixed dividing disk of the 4th generation water heating tank.

Since the 4th generation solar water heating tank is an evolutionary version of the 3rd generation
solar water heating tank, the advantages and disadvantages are summarized as Table 4:

Table 4. Comparison of 3rd and 4th generation solar water heating tanks.

Solar Water Heating Tank 3rd Generation 4th Generation

It can completely separate the hot and
It can completely separate hot and cold water. When the first tank of hot
Advantage cold water so that hot and cold water is used up, only partial reheating is
water do not mix up. required, rather than having to reheat the
entire tank.

When the first tank of hot water is
used up, the entire tank must be There is an extra dividing disk for the
reheated or an additional small establishment of cold-water heating area.
water heating tank is required.

Disadvantage

Finally, the 4th generation water heating tank can be regarded as a combination of the 2nd
generation and 3rd generation water heating tank. It has the advantages of 100% hot water use in
the 3rd generation water heating tank. When the water is depleted, the 2nd generation water heating
tank can also play the role of blocking, only for local heating of small areas, so this hot water tank can
be regarded as the best solution at present. Moreover, the cost of a general hot water tank is about
US$125. The 4th generation water heating tank adds the movable dividing disk, fixed dividing disk
and pumping motor, so the total cost will increase about US$31.25, which is about 25% of the total cost.

4. Conclusions

In the era of environmental awareness, the application of renewable energy and the development
of green energy technology are gradually being emphasized. Many products around the world have
been developed with the aspirations of energy saving, environmental protection and cherishing the
Earth’s resources. This study successfully developed the 3rd generation solar water heating tank,
and designing a “mobile dividing disk” to avoid the issue of mixing of hot and cold water that occurred
in the 1st and 2nd generation solar water heating tanks. As a result, the hot and cold water could be
completed separated, moreover the whole tank of hot water could be 100% utilized.
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However, there is still an invisible drawback to that new design. When the hot water runs out
and a secondary heating is required, the whole tank must be heated with an electric heating rod,
or an additional small storage tank must be added for reheating. To address this problem, the 4th
generation solar water heating tank was developed in this article. An additional “fixed dividing disk”
is designed to be added inside the tank, and the separated heating area uses an electric heating rod
for secondary heating, which saves 90% of energy and electricity cost in that instance compared to
heating the entire tank of water, while eliminating the cost of making a small additional heating tank,
thus saving energy and reducing carbon emissions. This improvement was the most important feature
of this work, making this work more suitable for living needs and more convenient.

The 4th generation water heating tank proposed in this article can not only be used in solar
water heaters, in fact, it can be used as long as it needs to store hot water in a water tank, such as gas
water heaters, power heaters, heat pump water heaters, etc., are all applicable. Therefore, if this 4th
generation water heating tank can be commercialized, thus it will greatly contribute to energy saving
and carbon reduction. Furthermore, the cost of a general hot water tank is about US$125. The 4th
generation water heating tank adds a movable dividing disk, fixed dividing disk and pumping motor,
so the total cost will increase to about US$31.25, which is about 25% of the total cost.
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