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__________________________________________________________________________________________ 

Abstract: In recent years, the cold weather in the south has become a normal state, and the 

demand for heating is increasing. We designed a new type of heating system. At the heat source 

side, paraffin wax and foam metal composites were used to phase change and heat storage to 

convert the electricity used in the troughs to heat for storage. During the peak period, the water 

flowing through the wax was introduced into the capillary network system laid under the floor 

using a circulation pump, and the heat was radiated from the bottom to the top to heat the 

indoor air. The paraffin foam metal composite material is used for heat storage in the system, 

which can improve the temperature uniformity in the energy storage device and the use 

efficiency of the phase change material, thereby improving the overall thermal performance of 

the energy storage device. At the end of the heating, a capillary network is used to provide low-

temperature hot water heating. Its thermal comfort is obviously better than air-conditioning 

heating, and the design value of the indoor temperature can be reduced to reduce the heating 

load of the room. The entire heating system can effectively fill the gap between peaks and 

valleys, but also provide users with a new type of environmentally friendly heating. 

Keywords: Phase change heat storage, peak and valley electricity utilization, capillary network 

radiant heating system, paraffin/foam metal composite. 

__________________________________________________________________________________________ 

1. RESEARCH BACKGROUND AND SIGNIFICANCE 

In recent years, the cold weather in the south has become a normal state, and people’s demand 

for heating is increasing. Southern cities generally use air conditioners and electric heaters to 

spend the winter. In the construction and energy consumption, HVAC energy consumption 

accounts for about 60%. This decentralized heating method not only consumes a lot of 

electricity, but also there are many hidden dangers. . Therefore, there is an urgent need to adopt 

a clean, environmentally friendly, safe and friendly device to alleviate this symptom. From the 

market point of view, the demand for heating in the south is still showing a rising trend, and 

the potential is huge. 
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According to our data, we have found that there has been a large drop in power peaks and 

valleys in our country. The excess production capacity of power plants has caused a great deal 

of energy wastage. We have designed a new type of energy storage device that uses paraffin 

wax and foam metal composite phase change heat storage methods to convert low-end 

electricity into heat for storage. Capillary nets replace radiators to dissipate heat during the 

daytime. When used at the peak, it can effectively fill the gap between the peaks and valleys, 

and can provide users with a new type of environmentally friendly heating. 

2. DESIGN PRINCIPLE 

Our project is mainly to design a paraffin/foam metal phase change thermal storage device 

capable of time-sharing and connecting it to the indoor capillary network to form a radiant 

heating system. When electricity is used at night, the foamed metal ball is heated by a heating 

rod to melt the paraffin in the ball. During the peak hours of electricity consumption during the 

day, the heat stored in the paraffin was released through the water flow, and the pump was 

connected to the outdoor capillary network to heat the room. 

 

Fig.1 Schematic diagram of capillary network radiant enhanced heating system based on 

paraffin/foam metal composite phase change heat storage 

Note:  

1. High-porosity foam metals can not only improve the effective thermal conductivity of phase 

change materials, enhance heat transfer characteristics, but also rely on the capillary force and 

surface tension of the foam metal itself, making the heat storage system less prone to leakage, 

and at the same time, the phase change. The addition of foamed metal to the heat storage 

material can make the melting and solidification process more balanced and reduce the time 

required for melting and solidification. 
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2. The capillary network heating end can save some heat consumption compared to the 

conventional heating end, and the capillary network can use low-temperature hot water heating, 

which can improve the energy efficiency ratio of the unit, so the capillary network can be more 

energy-efficient than the conventional heating end. [1] 

3. The device is especially suitable for those towns and villages in the south without heating, 

which can effectively relieve the winter cold stress in these rural areas and even solve the winter 

cold problem. 

3. DESIGN PLAN 

3.1 System Overview 

A phase change thermal storage device with a volume of approximately 0.65 m3 was installed 

in a room with a building area of 90 m3, a capillary network was laid under the interior floor, 

and the phase change thermal storage module was connected to the capillary network by means 

of a pump. The device is roughly barrel-shaped. During the low electricity hours at night, the 

device heats the phase change composite paraffin/foam metal ball with a heating tube to melt 

the paraffin wax absorbed in the foam metal ball into a liquid state. Due to the good adsorption 

of the foam metal, paraffin does not overflow the sphere. In the peak hours of the day, the water 

pump is turned on and the water is injected into the top of the device. The water flushes a 

number of paraffin/foam metal balls from the upper part of the barrel and exchanges heat with 

the molten paraffin. The paraffin wax undergoes phase change and heat regains its solid state. 

The water temperature rises and flows through the bottom of the barrel into the pipeline. The 

water pump sends hot water to the capillary network heating terminal system for indoor 

circulation to create a comfortable indoor environment. 

3.2.1 pressure regulating pump 

We plan to use the most commercially-available eco-funded industrial water pumps to achieve 

speed control. To ensure that the device is not broken at different times due to the difference 

in the amount of heat emitted will result in the weakening of the overall device heating 

performance. 

        

Fig.2 Circulating water pump top view           Fig.3 Circulating water pump perspective 

3.2.2 customs clearance electric heating rod and foam metal ball tree device 

According to experimental studies, the foam metal has enhanced heat transfer characteristics. 
[2] The foam metal as a whole exhibits a porous media structure, and paraffin molecules can be 

embedded between the pores of the foamed metal. When the heating pipe heats the paraffin to 

the molten state, the paraffin does not overflow the sphere because the foam metal itself has 
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good adsorption. When the water scours the sphere, the water will be quickly heated to our 

desired temperature due to the special nature of the foam metal. 

In order to strengthen our heat transfer process, we have carefully designed and arranged 

paraffin/foam metal balls into a layered structure of graphite. Each layer has 6 spheres. The 

spheres and the spheres are connected by heating resistance wires. Insert the heating tube in 

the middle of the edge. The heating tube is connected to six spheres with a resistance wire. 

 

Fig.4 Paraffin / foam metal ball heat transfer tree structure 

 

Fig.5 Schematic diagram of the paraffin foam metal phase change thermal storage module  

 

3.2.3 Design Style 

We designed two identical devices that occupy different floor space; for users with common 

heat requirements; such as individual floors, residential houses, etc., we design and recommend 

device 1; users with intense heat demand, such as: factory buildings, large companies And so 

on, we will provide larger capacity, higher power devices to meet the demand. 

 

Fig.6 Device 1                               Fig.7 Device 2 
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4. CALCULATION AND ANALYSIS 

4.1 Feasibility Analysis 

At night when the electricity is used, turn on the equipment, and the cumulative power 

consumption is 0.845kwh for an hour. Assume that the equipment stays in working condition 

during the low-hour period, and the power consumption is 

0.845*10=8.45kwh 

Calculation shows that 8.45kwh is equivalent to stored energy 

8.45*1000*3600=34740000J 

According to the data, the melting point at 47°C~64°C is about 0.9g/cm3, the specific heat 

capacity is 2.14~2.9J·g–1·K–1, and the heat of fusion is 200~220J·g–1. According to the 

formula 

 

The paraffin volume m=58792.995g, V=0.65m3 can be found. 

The temperature of the hot water entering the end of the capillary network heating is 35°C, and 

the temperature required to maintain the room is about 18°C. The amount of heat emitted by 

90 m2 of indoor heating at the end of a one-hour capillary network heating network was 

2580000 J. 

Calculations show that the heat stored by night paraffin foam metal composites can provide 

heat for more than 13 hours during the day. It can be seen that paraffin wax phase change heat 

storage system can be used for night time storage, make full use of the electricity at the time of 

low power consumption at night, improve energy efficiency, and can effectively fill the gap 

between peaks and valleys. 

4.2 Energy Analysis 

In the Henan area, the heating period of general heating greenhouses is from late November to 

mid-March, which lasts for 4 months (120 days). 

Taking a building area of 90 square meters as an example, the daily calculation time is 24 hours, 

and the use of air conditioning in winter takes 4 months (120 days) as an example. The working 

experience time is about 40%~50% of the use time. If using the MCC-025 heating and cooling 

home central air conditioner, the heating capacity is 6800W, and the power is 2500W, the 

power consumption is in the entire heating season. 

120*24*45%*2500/1000=3240kwh 

During the one-year heating season using this heating system, the power consumed by the 

phase change thermal storage module and the daytime water pump work is 

0.845*10*120+14*120*0.9=2526kwh 

In contrast, such as air-conditioning heating, for urban residents this will undoubtedly increase 

people's investment in heating. 

The use of paraffin phase change thermal storage circulatory system can save energy 714kwh 

for single-family homes. Therefore, the use of a paraffin phase change heat storage water 
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circulation system can reduce the consumption of electricity during the heating period and 

alleviate the peak-to-valley drop. 

4.3 Economic benefits 

When investigating the practicality and feasibility of the paraffin wax phase change heat 

storage water circulation system, first consider setting the system to increase the investment 

recovery rate, the total cost of the equipment is 4680 yuan. 

Henan peak hours: 8:00-22:00; low hours: 22:00-8:00. Peak time electricity price: 0.5769 yuan, 

low price 0.3469 yuan. 

If you use air-conditioning heating, the entire heating season costs 

10*0.5769*1.125*120+14*0.3469*1.125*120=1434.46元 

Such as the use of paraffin phase change heat storage water circulation system, the entire 

heating season needs to spend 

10*0.3469*0.845*120+0.9*120*14*0.5769=1224.03元 

It can be seen from the above equation that the cost of using a paraffin phase change thermal 

storage circulation system in a heating season will be reduced by 210.43 yuan. Although the 

one-time investment of the equipment is relatively large, in the long run, the cost of each 

heating season can be offset by the initial investment, and its useful life can be as long as 

several decades. Therefore, the recovery period is relatively low. As technology advances and 

the system matures, investment costs will be greatly reduced. This system has certain 

promotional value. 

5. INNOVATION AND ENERGY SAVING 

1. We have utilized peak-to-valley electricity differentials to make better use of energy, which 

has reduced the user's electricity bills and has also played a catalytic role in peak shaving. 

2. Adding a small amount of foam metal in the phase change material can significantly increase 

the effective thermal conductivity of the phase change material and achieve the purpose of 

enhancing heat exchange. Because the foam metal has the same thermal conductivity in any 

direction, adding the foam metal can improve the temperature uniformity in the energy storage 

device and the use efficiency of the phase change material, thereby improving the overall 

thermal performance of the energy storage device. 

3. The heat dissipation area of the capillary network is about 3 times that of traditional warming. 

Because of its unique structure, the capillary network radiant heating system requires only 35°C 

hot water to achieve the same heating effect as a 45°C hot water in an ordinary heating system.[3] 

4. Capillary network heating end can save some heat consumption compared to conventional 

heating end, and capillary network can use low-temperature hot water heating, which can 

improve the energy efficiency ratio of the unit, so the capillary network can be more energy-

efficient than the conventional heating end. 

5. The end of the capillary network heating eliminates the indoor cooling load through direct 

radiation or indirect convection heat exchange, gently radiating energy to the room. In the same 

indoor temperature conditions, the person's actual temperature is 2°C~4°C higher than the 
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convective heat transfer, and the thermal comfort is obviously better than the air-conditioning 

heating mode, and the design value of the indoor temperature can be reduced, and the heating 

load of the room can be reduced. 

6. MEANING 

The new heating system uses paraffin wax and foam metal composite phase change heat storage 

methods to convert electricity from the low trough to heat for storage. During the peak period, 

it was introduced into a capillary network system laid under the floor to dissipate heat and heat 

the indoor air. The use of Valley Power to supplement the peak power has greatly subtly eased 

the pressure on the city's power supply. At the same time, the use of paraffin foam metal 

composite materials for heat storage improves the uniformity of temperature within the energy 

storage device and the efficiency of the use of phase change materials, and improves the overall 

thermal performance of the energy storage device. As a result, the thermal comfort of the entire 

heating device is significantly better than the air-conditioning heating method, which reduces 

the consumption of building heat energy in the southern winter and provides users with a new 

type of environmentally friendly heating method. 
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