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Abstract: 

The heating system in winter is very necessary, especially in cold areas, and there are 

several ways, including the use of fuel, and because of the increase in the use of fossil fuel 

energy and the high cost, and the risks of toxic gases resulting from fuel combustion, and 

this negatively affects human health. Where a heating system was designed based on the 

domestic heater instead of a boiler and the use of a radiator heat exchanger, a fan that 

enhances the air temperature distribution system in the room, and a water pump to push 

water into the system with an electronic control, a system equipped with digital sensors to 

measure the temperature. After operating the system, the temperature of the hot water 

ranged from 80°C to 90°C, and the atmosphere inside the test room ranged from 17°C, the 

finding are good from where of energy consumption and heating in a record time at an 

average of 25.8°C. 
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1.  INTRODUCTION 

In the past decades, the theme of the exploitation of many efforts in the world to 

research cleaner air, and thus to limit the emissions of greenhouse gases. The use of fossil 

fuels has put a lot of pressure on the environment, therefore, scientists all over the world 

are looking for new environmentally friendly technologies that are suitable for the energy 

system, (Goričanec et al., 2020) ; (Zhuang et al., 2009). The effect of water heating during 

the maximum cost periods and changes in energy prices for each period must be analyzed. 

Electric water heaters, especially electric water heaters, due to their high efficiency, these 

systems are introduced to reduce energy costs (Hohne et.al., 2018). The buildings contain 

different types of movable goods that require different control strategies, such as heating 

and cooling the spaces, hot water, etc. The topic of several studies on energy flexibility in 

buildings, all of them focus on one or more of the above-mentioned building loads(Marszal-

Pomianowska et al., 2016) ; (Peeters et al., 2008).  The ability to adapt residential equipment 

to respond to heat demand using the data of an experimental test, it is possible to use hot 

water systems in the home in several thermal energy storage systems (Heier et al., 2015). 

The goal is to present a new point of view about the importance of  water heating structures 

with electricity and respecting the environment and the economic savings that can be 

achieved (Joubert et al., 2016). The theme of implementation of the demand side 

management approach to control the heating of the room in the built environment through 

the use of energy efficiency technology: heat pump and heat storage for heating equipment. 

The explanation of the thermal response of the building with the electric heating system in 

the case of reference set in an ordinary residence in (UK), (Arteconi et al., 2013). 

Nomenclature     

𝐴            Area (𝑚2)                   

𝐶𝑃         Specific heat capacity (𝑘𝐽/𝑘𝑔 𝐾) 

𝑑            Diameter, (mm) 

𝑀           Mass of water (litter)  

𝑚 ̇           Mass flow rate (𝑘𝑔/𝑠)  

𝑇            Temperature (◦C)  

𝑈           Heat transfer coefficient (𝑘𝑊/𝑚2 𝐾) 

𝑣            Volume of water heater (𝑚3) 

Greek symbols 

𝜌   Density, 𝑘𝑔/𝑚3 

Abbreviations 

ASHRAE  American Society of Heating, Refrigerating and Air-Conditioning Engineers 

HVAC   Heating ventilation and air conditioning 

 

“Reduce CO2 emissions can be reduced by up to 94%, resulting in better and higher 

energy performance ratings despite the required heat, savings are achieved in all the cases 

studied with a significant reduction in energy costs” (Las-Heras-Casas, 2018). “The best 

heating systems for residential buildings have an object heating temperature gap of 25-30°C 

in future district heating-networks and the heating return temperature in the area can be in 

the reach of 30-40°C” (Østergaard et al., 2021). Space heating connections are carried out 

and household hot   water is prepared centrally in hot water tanks or heat exchange 

providing thermal comfort for space occupants as well as reducing energy consumption 

(Huang et al., 2020) ; (Averfalk, 2021). The first aim of this study was to describe the 

exploitation of the domestic heater for heating instead of fossil fuels or electricity, and one of 

its advantages is rapid heating, getting rid of moisture, high efficiency, economical and 

inexpensive, simplicity in installation and uncomplicated. The results of this study are as 
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follows, the use of hot- water from the domestic heater for the purpose of heating shows the 

lowest energy consumption and reduces dependence on fossil fuels. 

 

2.  SCOPE OF WORK 

The heating system available in all countries is either heating with electrical appliances or 

by appliances that use fuel, and there are many problems in both cases, so we turned to the 

work of this system, which depends in its work on hot water supplied by the domestic 

heater and transferring water through pipes to the exchanger Thermal The internal part in 

the room (radiant) and after conducting the test in one of the houses in a room of 

dimensions (7 m x 4 m), the system was turned on and readings were taken at different 

times in the winter of 2022. Figure 1 shows an illustrative diagram of the designed and 

implementation heating system. 

Figure 1 

Schematic view of a hot water heating system 

 

3.  METHOD AND MATERIALS 

The methodologies, which have been applied in this study, are as follows; design and 

implementation of a hot water heating system. Gathering ,data by doing measurements and 

field, study in the propose household to gather (room temperature, humidity and pipe 

temperature). A heating ventilation and air conditioning system (HVAC) consists, of many 

equipment and components, that are aranged in a sequential system to remove moisture, 

cool, purify, clean and transfer conditioned outside air and recirculated air to the 

conditioned space, and all measurements were made in the room. As well as the basic steps 

to perform design shown in Figure 2. 
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Figure 2 

Flowchart of Methodology 

 

 

 

3.1  Physical Parameters Measurement 

Physical parameters measurment has been carried out in order to consider room 

temperature, pipe temperature and relative humidity.  The measuring devices and materials 

used in this study are: Room thermo + hygrometer (FILIPS)  , water heater thermometer, 

electric heater  , heat exchanger (radiant) ,the liquid used is water  , digital sensors  , electric 

pump and copper connection tubes with a diameter of 5 mm.  Figure 3 illustrate data 

collection for the implemented heating system. 
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Figure 3 

Data collection for the implemented heating system 

 

The heat exchanger system calculates the compressor, evaporator, and condenser 

performance iteratively using the air conditions as input, and supplies the compressor with 

the air-on temperature based on those air conditions. The experiment is then carried out 

using those air conditions. This experiment is continuedو throughout the winter 2022. The 

room temperature is calculated from energy  according to the following Equations, from (1)-

(6). 

 

𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑒𝑛𝑒𝑟𝑔𝑦, 𝐸 = 𝑚 ∗  𝐶𝑝 ∗ 𝛥𝑇                                                                                  (1) 

𝑚 = 𝐸/ (𝐶𝑝 ∗ 𝛥𝑇)                                                                                                               (2) 

𝑉 = 𝑚 ⁄ 𝜌  = 𝜋 ∗ 𝐷2 ⁄ 4 ∗ 𝐻                                                                                                  (3) 

𝑄ℎ𝑒𝑎𝑡𝑖𝑛𝑔 = 𝑚̇ 𝑐𝑝(𝑇𝑟𝑜𝑜𝑚 − 𝑇𝑤𝑎𝑡𝑒𝑟 ℎ𝑒𝑎𝑡𝑒𝑟)                                                                                    (4) 

𝑄ℎ𝑒𝑎𝑡𝑖𝑛𝑔 = 𝐴𝑈𝑜𝑓𝑓𝑖𝑐𝑒(𝑇𝑎𝑚𝑏𝑖𝑒𝑛𝑡 − 𝑇𝑟𝑜𝑜𝑚)                                                                                     (5) 

𝑇𝑟𝑜𝑜𝑚 =  
𝐴𝑈𝑇𝑎𝑚𝑏𝑖𝑒𝑛𝑡+𝑚 𝑐𝑝 𝑇𝑤𝑎𝑡𝑒𝑟 ℎ𝑒𝑎𝑡𝑒𝑟+𝑄𝑙𝑜𝑎𝑑

𝑚 𝑐𝑝+𝐴𝑈
                                                                                 (6) 

 

4.  RESULT AND DISCUSSION 

4.1  ROOM TEMPERATURE 

The heat source for the heating system is hot water from the domestic water heater, 

and after the test was conducted in one of the domestic houses, the system was turned on 

and readings were taken at different times in the winter season, The results obtained from 

this experiment on January 1, 2022, the room temperature before heating was (3 °C) and 
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the humidity was (53%). After nine minutes of turning on the heating system, the 

temperature stabilized, with an average (25.14 °C) and relative humidity (33.5%), which is a 

good result as shown in Tables 1. 

 

Table 1. 

Operation results of daytime stage operation 

  

No daytime 

stage 

operation 

Time 

hr:min (am) 

External Pipe 

Temperature °C 

Room 

Temperature °C 

Relative 

Humidity % 

1 2022/1/1  11:48 71 23 34 

2 2022/1/1  11:50 68.3 24 30 

3 2022/1/1  11:52 57.2 25 30 

4 2022/1/1  11:54 52.1 25 30 

5 2022/1/1  11:56 50.6 26 30 

6 2022/1/1  11:58 46.6 26 30 

7 2022/1/1  11:59 46.3 27 29 

 

Also the results obtained from this experiment on January 15, 2022, the room temperature 

before heating was (5 °C) and the humidity was (50%). After nine minutes of turning on the 

heating system, the temperature stabilized, with an average (26.8°C) and relative humidity 

(30%), which is a good result as shown in Tables 2. 

 

Table 2. 

Operation results of daytime stage operation 

  

No daytime 

stage 

operation 

Time 

hr:min (am) 

 

External Pipe 

Temperature °C 

Room 

Temperature °C 

Relative 

Humidity % 

1 2022/1/15  11:48 71 20 34 

2 2022/1/15  11:50 68.3 25 34 

3 2022/1/15  11:52 60.4 25 33 

4 2022/1/15  11:54 58 29 32 

5 2022/1/15  11:56 53.1 29 32 

6 2022/1/15  11:58 51.9 30 32 

7 2022/1/15  11:59 46.6 30 31 

 

However the results obtained from this experiment on February 1, 2022, the room 

temperature before heating was (10 °C) and the humidity was (50%). After nine minutes of 

turning on the heating system, the temperature stabilized, with an average (27.4°C) and 

relative humidity 32.4%, which is a good result as shown in Tables 3. 
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Table 3. 

Operation results of daytime stage operation 

  

No daytime 

stage 

operation 

Time 

hr:min (am) 

External Pipe 

Temperature °C 

Room 

Temperature °C 

Relative 

Humidity % 

1 2022/2/1  11:48 70 22 46 

2 2022/2/1  11:50 69.3 25 36 

3 2022/2/1  11:52 66.8 26 32 

4 2022/2/1  11:54 64 27 30 

5 2022/2/1  11:56 64.2 29 30 

6 2022/2/1  11:58 59.2 31 30 

7 2022/2/1  11:59 55.1 32 30 

 

4.2  INDOOR AND OUTDOOR TEMERATURES 

The thermal properties of different temperatures of the designed air conditioner were 

studied and according to the results shown in Tables 1-3 the internal temperature was 

(25.8°C, 26.8°C, 27.4°C) and these results are within ASHRAE recommends. Where the 

indoor temperature was stable and almost constant after nine minutes of operating the 

heating system as illustrated in Figure 4, while the outside temperature, varies. The outside 

temperature fluctuated-around 3°C in the first test period, while it was 5°C in the second 

test period and finally recorded 10°C in the third test period. 

Figure 4 

Indoor and outdoor temperatures with turned on a heating system 

 

4.3  AIR CONDITIONER POWER CONSUMPTION 

While the exterior temperature varied depending on the surrounding climate, the 

average inside temperature was maintained at 25.8°C. While the heating system cycled on 

and off to maintain a consistent interior temperature, Figure 5's variance of the air 

conditioner's power usage changed significantly. Hence, over a 24-hour period, the heating 

system's energy use averaged 3.5 kW. 
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Figure 5 

“Indoor and outdoor temperatures with” power consumption 

 

5.  CONCLUSIONS 

This study evaluated the implementation of  the heating system for the winter of 

2022, which depends in its work on hot water supplied from the domestic heater and 

transfer of water through pipes to the heat exchanger, and provides feedback for this design. 

The first goal was to describe the exploitation of the domestic heater for heating instead of 

fossil fuels or electricity, and one of its advantages is rapid heating, getting rid of moisture, 

high efficiency, economical and inexpensive, simplicity in installation and uncomplicated. 

The results of this study are as follows: The use of hot, water, from the domestic heater for 

the purpose of heating, shows the lowest energy consumption and reduces dependence on 

fossil fuels. 
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