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 This paper addresses the issue of heat accumulation and low heat release efficiency at the 

bottom of solid thermal storage electric boilers through experimental and simulation 

studies. A test platform was designed for conducting three sets of comparative experiments. 

A numerical simulation model was established and solved, and the scientific accuracy of 

the research was verified through a comparison of experimental data and simulation results. 

The study shows that as the thermal storage and release processes progress, the temperature 

of the thermal insulation structure at the bottom of the storage body gradually increases, 

with significant heat accumulation. Under the experimental scale, the accumulated heat 

reaches 5.25e5 kJ. Improving ventilation conditions does not enhance the heat utilization 

of this part. Calculations indicate that the thermal energy in the insulation brick layer is 

approximately ten times greater than that of other brick layers, playing a dominant role. 

With three cycles of thermal storage and release, the accumulated heat is substantial, 

offering considerable potential for improvement. 
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1. INTRODUCTION 

 

The "carbon peak and carbon neutrality" policy was firstly 

put forward in the Chinese Central Economic Work 

Conference 2020 which aiming at reducing the carbon 

emission in China. According to this policy, the carbon 

emissions should reach their peak before 2030 and achieve 

neutrality before 2060. For this purpose, the adjustment and 

optimization of industrial and energy structures should be 

accelerated to promote the efficient heating systems. Against 

this backdrop, using clean electricity as a heat source, adding 

energy storage between the electricity and heating systems, 

can reduce the conflict between grid peak shaving and heating 

supply to a certain extent while ensuring electricity supply for 

heating. Solid electric thermal storage technology can convert 

fluctuating electricity from low grid valleys, wind power, and 

other sources into thermal energy, which is used for heating 

during peak electricity demand periods. This is an advanced 

and efficient form of thermal storage, playing a crucial role in 

improving the flexibility of the power grid. 

Domestic and international experts have conducted 

extensive research on solid thermal storage electric boilers 

through numerical simulations and experimental tests, 

focusing on thermal storage and release characteristics, 

economics, operation modes, evaluation indices, and system 

optimization. These efforts have driven the technological 

advancement of solid thermal storage electric boilers [1-5]. 

However, as a new heating method, solid thermal storage 

technology faces many engineering challenges in practical 

applications, and research in related fields is limited. This 

project aims to address the practical operational issues of solid 

thermal storage electric boilers, taking a novel approach with 

innovative aspects. 

At the initial stage of heat release in solid thermal storage 

electric boilers, the temperature of the thermal storage bricks 

reaches 500-700℃, and the heat exchange between the air and 

the thermal storage bricks is efficient, resulting in good 

heating performance. As the heat release process continues, 

the average brick temperature of the thermal storage body 

decreases, significantly reducing energy quality and resulting 

in poor heating performance. In engineering practice, methods 

such as increasing the boiler's thermal storage temperature are 

commonly used to enhance the heat release capacity of the 

thermal storage body. However, this approach consumes large 

amounts of energy, presents challenges to the safe and stable 

operation of the electric heating system, and is economically 

inefficient. Therefore, it is particularly important to improve 

the thermal efficiency of solid thermal storage electric boilers 

based on the existing operating parameters. 

This study mainly analyzes the heat accumulation 

phenomenon at the bottom of solid thermal storage electric 

boilers using experimental and simulation methods. Chapter 1 

introduces the application background and main technical 

issues of solid thermal storage electric boilers. Chapter 2 

presents the experimental study on the heat accumulation 

phenomenon at the bottom of solid thermal storage electric 

boilers. Chapter 3 introduces the numerical simulation study 

on the heat accumulation phenomenon at the bottom of solid 
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thermal storage electric boilers. Chapter 4 compares the 

experimental data with simulation results and evaluates the 

experimental platform and numerical calculation model. 

Chapter 5 presents the research conclusions and suggestions 

for future studies. 

 

 

2. EXPERIMENT 

 

2.1 Working principle of solid thermal storage electric 

boiler 

 

The solid thermal storage electric boiler consists of a 

heating device, thermal storage device, air circulation system, 

water circulation system, control system, and other supporting 

devices. Figure 1 is the workflow diagram of the solid thermal 

storage electric boiler. The thermal storage process involves 

the electric heating wire being powered, generating heat 

through the electric heating effect, and storing it in the MgO-

rich thermal storage bricks. During the heating process, the air 

valve and fan are opened in sequence, and the circulating air 

carries the heat from the thermal storage bricks. This heat is 

transferred to the heating system’s circulating water system 

through the heat exchanger, completing the heating task [6]. 

 

 
 

Figure 1. Workflow diagram of solid thermal storage electric 

boiler 

 

2.2 Discovery of heat accumulation phenomenon 

 

The solid thermal storage electric boiler system is widely 

used in northern China. This study investigates a real 

engineering case located in Wanquan District, Zhangjiakou 

City, China. Due to spatial and system operation safety 

requirements, three measurement points were set vertically 

within the thermal storage body: upper, middle, and lower 

levels. The temperature variation at these measurement points 

was tested during the first and last three hours of one thermal 

release cycle, as shown in Figure 2. 

Through analysis of the figure, it can be observed that 

during the early stage of heat release, the highest temperature 

in the thermal storage body is at the middle, while the upper 

and lower parts have slightly lower temperatures due to heat 

dissipation to the surrounding environment. Looking at the 

overall heat release process, in the first three hours of heat 

release, the average temperature drop at the upper, middle, and 

lower measurement points ranges from 85℃ to 95℃. Since 

the heat released is much greater than the internal heat 

conduction, the heat release within the entire thermal storage 

body is uniform. In the final three hours of heat release, the 

average temperature of the three measurement points drops 

significantly, with temperature changes ranging from 1℃ to 

7℃, and the heat release capability decreases significantly. 

The temperature distribution changes from high to low as the 

upper, middle, and lower points. Within three hours, the 

temperature at the upper measurement point remains almost 

unchanged and shows a downward trend, while the 

temperatures at the middle and lower points gradually increase. 

Internal heat conduction within the thermal storage body takes 

a dominant role, and heat accumulates from the upper part to 

the middle and lower parts. 

 

 
(a) Early stage of heat release 

 

 
(b) End stage of heat release 

 

Figure 2. Average temperature of thermal storage body at 

different depths before and after heat release in solid thermal 

storage electric boiler 

 

2.3 Experimental analysis of bottom heat accumulation 

phenomenon 

 

To further analyze the bottom heat accumulation issue in the 

solid thermal storage electric boiler system, a test platform was 

built. 

 

2.3.1 Test platform introduction 

The experimental testing platform is designed with a 

thermal power of 85 kW, and the heating mode is a fan coil. 

The thermal storage body is mainly composed of eight layers 
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of MgO-based thermal storage bricks, each containing 92% 

MgO. To enhance heat transfer, the thermal storage bricks are 

arranged in rows with gaps facing the wind. Each thermal 

storage brick has three semi-circular grooves with a diameter 

of 0.055 m on one side. Two thermal storage bricks are 

combined to form three circular channels, which are used to 

place spiral resistive heating wires. The bottom of the thermal 

storage body is equipped with support and insulation 

structures. From top to bottom, there are four layers of 

unperforated magnesium oxide bricks, a single layer of clay 

bricks (referred to as clay bricks (1)), and a double layer of 

clay bricks (referred to as clay bricks (2)). Each layer is 

separated by aluminosilicate fiber insulation mats. The top and 

sides of the thermal storage body are insulated with 0.25 m 

thick aluminosilicate fiber insulation cotton, and the entire 

thermal storage body is enclosed in a steel shell. The heat 

exchanger, fan, and water pump are arranged above the 

thermal storage body, with three air inlet channels and one air 

outlet channel. The air vents are located on both sides of the 

thermal storage body, as shown in Figure 3. 

 

 
a) Boiler Appearance 

 
b) Inside of the Boiler 

 

Figure 3. Experimental device 
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Other main equipment parameters are listed in the Table 1 

below: 

 

Table 1. Main equipment list 

 
Equipment 

Name 
Quantity Remarks 

Solid Thermal 

Storage Electric 

Boiler 

1 

Electric heating wire power 85 

kW; thermal storage capacity 

514 kW·h 

Circulating Fan 1 

20 spiral iron-chromium-

aluminum heating wires; 400 

thermal storage bricks (5×8×10) 

Circulating 

Water Pump 
1 

Airflow 5268 m³/h; total 

pressure 1758 Pa; power 3 kW 

Heat Pipe Heat 

Exchanger 
1 

Flow rate 4 m³/h; head 15 m; 

power 0.37 kW 

Fan Coil Heater 6 

Heat exchange area 23.5 m²; 

dimensions: 0.6×0.6×0.56 m; 72 

high-frequency welded carbon 

steel fins 

 

2.3.2 Experimental setup 

To monitor the temperature inside the thermal storage body, 

measurement points were set at three layers along the direction 

of airflow: front (T1X), middle (T2X), and rear (T3X). Each layer 

was evenly distributed with nine measurement points (TX1-

TX9), as shown in Figure 4. 

 

 
 

Figure 4. Distribution of measurement points 

 

Other testing instruments are listed in Table 2 below: 

 

Table 2. Main testing sensors 

 
Instrument 

Type 
Model Range Description 

Temperature 

Sensor 

K-type 

Thermocouple 

0-

1000℃ 

Length: 0.5m, 

0.7m, 1m 

Pressure 

Sensor 
 

0-

0.1MPa 
 

Analog 

Thermometer 
 

0-

1000℃ 
 

Flowmeter  
0-

15m3/h 

Accuracy 0.5 

level, pressure 

range 4.0 MPa 

Pressure 

Gauge 
YE-75 

0-

10kPa 
 

 

To test the basic operational characteristics of the system 

and provide fundamental data for subsequent numerical 

simulations and system modifications, three rounds of 

continuous heat storage and release experiments were 

designed. Temperature and flow velocity data at each 

measurement point were recorded. Specifically: 

(1) The thermal storage system begins operation from room 

temperature, with weak ventilation during the first round of 

heat storage. Heating is stopped when the central temperature 

of the thermal storage body reaches 500℃. The middle air 

inlet is then opened, and the fan power is increased for heat 

release. The heat release duration is 10 hours, constituting the 

first round of heat release. 

(2) After the first round of heat release ends, the electric 

heating is restarted, the fan frequency is reduced, and basic 

ventilation is maintained for the second round of heat storage. 

The process is similar to (1), with heating stopped when the 

thermal storage body center reaches 500℃, and then the 

second round of heat release occurs. 

(3) After the second round of heat release ends, the same 

procedure as (2) is followed for the third round of heat storage. 

All three air inlet channels are opened, and the fan power is 

increased for heat release, with a heat release duration of 10 

hours for the third round of heat release. 

 

 

3. SIMULATION 

 

3.1 Physical model 

 

In order to visually observe and analyze the heat 

accumulation phenomenon at the bottom of the thermal 

storage body, this study builds a model based on the 

experimental setup of the solid thermal storage electric boiler, 

as shown in Figure 5. 

 

 

 
 

Figure 5. 3D view of solid thermal storage electric boiler 

model 

 

3.2 Mathematical model 

 

The fluid flow and heat transfer processes involved in this 

study follow the basic physical laws of mass conservation, 

momentum conservation, and energy conservation. The k-ε 

turbulence model is used for solving [7, 8]. 

(1) Mass conservation—Continuity equation 
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∂ρ

∂t
+

∂(ρu)

∂x
+

∂(ρυ)

∂y
+

∂(ρω)

∂z
= 0 (1) 

 

For incompressible fluids with constant density, the 

continuity equation simplifies to: 

 
∂(u)

∂x
+

∂(υ)

∂y
+

∂(ω)

∂z
= 0 (2) 

 

(2) Momentum conservation law—N-S equations 

 

u
∂(ρu)

∂x
+ v

∂(ρu)

∂y
+ w

∂(ρu)

∂z

= −
∂p

∂x
+

∂

∂x
(μ

∂u

∂x
) +

∂

∂y
(μ

∂u

∂y
)

+
∂

∂z
(μ

∂u

∂z
) 

(3) 

 

u
∂(ρv)

∂x
+ v

∂(ρv)

∂y
+ w

∂(ρv)

∂z

= −
∂p

∂y
+

∂

∂x
(μ

∂v

∂x
) +

∂

∂y
(μ

∂v

∂y
)

+
∂

∂v
(μ

∂v

∂z
) 

(4) 

 

u
∂(ρw)

∂x
+ v

∂(ρw)

∂y
+ w

∂(ρw)

∂z

= −
∂p

∂z
+

∂

∂x
(μ

∂w

∂x
) +

∂

∂y
(μ

∂w

∂y
)

+
∂

∂v
(μ

∂w

∂z
) − ρg 

(5) 

 

(3) Energy conservation equation—Heat transfer 

differential equation 

 
𝜕𝑇

𝜕𝑡
+ 𝛻 ⋅ (𝑢𝑇) = 𝛼𝛻2𝑇 + 𝑄′ (6) 

 

For conditions without internal heat sources and constant 

properties, this simplifies to: 

 
∂(ρT)

∂t
+

∂(ρuT)

∂x
+

∂(ρvT)

∂y
+

∂(ρwT)

∂z

=
∂

∂x
(

λ

CP

∂T

∂x
) +

∂

∂y
(

λ

CP

∂T

∂y
)

+
∂

∂z
(

λ

CP

∂T

∂z
) 

(7) 

 

(4) k-ε equations: 

 
∂(ρk)

∂t
+

∂(ρkui)

∂xi
=

∂

∂xi
[(μ +

μt

σk
)

∂k

∂xj
] + Gk + Gb − ρε

− YM + Sk 

(8) 

 
∂(ρε)

∂t
+

∂(ρεui)

∂xi
=

∂

∂xj
[(μ +

μt

σε
)

∂ε

∂xj
]

+ C1ε

ε

k
(Gk + C3εGb) − C2ερ

ε2

k
+ Sε 

(9) 

 

3.3 Simulation calculation 

 

This study uses ANSYS software for the 3D modeling and 

calculation of the solid thermal storage electric boiler, with the 

Fluent solver calculating temperature and velocity distribution 

of the model. For simplification, reasonable assumptions for 

the solid thermal storage electric boiler model are made as 

follows [9-12]: 

(1) Air is incompressible and viscous, and the flow in the 

air duct is turbulent; 

(2) Radiation heat transfer is not considered in the model; 

(3) The inlet air temperature and flow velocity are constant 

during each heat storage and release stage; 

(4) Relevant system physical parameters are constant; 

(5) The temperature and pressure inside the thermal storage 

body change over time; 

(6) Heat transfer from the thermal storage body to the 

surroundings is ignored. 

When dividing the physical model into meshes, the mesh 

for the thermal storage body insulation structure at the bottom 

is refined. After a mesh independence verification, the total 

mesh number is 3,549,724, with a minimum orthogonality 

quality of 0.2, as shown in Figure 6. 

 

 
 

Figure 6. Physical model mesh division 

 

The material property parameters for the main materials 

involved in the calculation are as follows [13-15] (Table 3). 

 

Table 3. Main material property parameters 

 

Name 

Specific 

Heat Cp 

(J/kg·K) 

Density 

(kg/m³) 

Thermal 

Conductivity 

λ (W/m·K) 

Remarks 

Magnesium 

Oxide 

Brick 

1000 2796 7.27 

Thermal 

storage 

body 

Air 1006.43 1.225 0.0242  

Alumina 

Fiber 
900 128 0.084 

Insulation 

felt 

Clay Brick 960 1800 1.07  

 

Based on the experimental conditions in Section 3.2, the 

simulation process is set with the following inlet wind speed, 

wind temperature, and heat storage/release duration (Table 4). 

 

3.4 Simulation results analysis 

 

This section analyzes the temperature change of the thermal 

storage body and the heat accumulation issue during the three 

rounds of heat storage and release. 

After the first round of heat storage and release, the 

temperature distribution of the solid thermal storage electric 

boiler in the central cross-section parallel to the airflow 

direction is shown in Figure 7. 

As shown in Figure 7(a), during the first round of heat 

storage, the thermal storage body increases from the initial 

temperature (14℃) after 6.5 hours of heating with a small 

amount of ventilation. The highest temperature reaches 503℃, 

and the average temperature of the thermal storage body rises 
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from 14℃ to 366.9℃. The heat storage center is located at the 

top, rear part of the thermal storage body (along the direction 

of airflow). The insulation structure at the bottom of the 

thermal storage body shows a noticeable temperature rise. As 

shown in Figure 7(b), after 10 hours of heat release, the 

average temperature of the thermal storage bricks decreases to 

115.4℃. The internal temperature distribution becomes 

relatively uniform, and the average temperature of the 

insulation structure at the bottom is higher than that of the 

thermal storage body, indicating that heat continues to be 

stored in the insulation structure and should not dissipate. 

 

Table 4. Inlet wind speed and wind temperature settings for each stage 

 

Heat Storage/Release Process 
Inlet Wind Speed 

(m/s) 

Inlet Wind 

Temperature (℃) 
Duration (s) Remarks 

First Round Heat Storage 1.84 24.17 23400 Heat storage temperature is 500℃; 

during the first two rounds of heat 

release, only the middle wind inlet is 

opened. In the third round of heat 

release, all three wind inlets are opened; 

heat release duration is 10 hours. 

First Round Heat Release 5.93 85.47 36000 

Second Round Heat Storage 1.38 32.98 19800 

Second Round Heat Release 5.86 91.74 36000 

Third Round Heat Storage 1.29 37.95 21600 

Third Round Heat Release 6.11 95.84 36000 

 

 
(a) After heat storage 

 
(b) After heat release 

 

Figure 7. Temperature distribution of the boiler center section at the end of the first round of heat storage and heat release 

 

 
 

Figure 8. Temperature and ventilation speed distribution at the furnace center section after the second and third rounds of heat 

storage and release 
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Figure 8 shows the temperature and airflow velocity 

distribution in the central cross-section of the boiler at the end 

of the second and third rounds of heat storage and release. 

From this, we can see that, after the second round of heat 

storage, the highest temperature of the thermal storage body 

reaches 558℃, with an average temperature of 418.5℃, which 

is 51.6℃ higher than the average temperature of the first round 

of heat storage. This indicates that the first round of heat 

storage and release, where only the middle wind inlet was 

opened, resulted in slower airflow in the upper channel of the 

thermal storage body (as shown in Figure 8(c)). As a result, 

heat could not be sufficiently carried away by the air, and heat 

accumulated in the upper rear area of the thermal storage body, 

leading to an increase in the average temperature. The 

temperature distribution of the thermal storage body became 

uneven, causing the heat exchange capacity and heat exchange 

efficiency of certain areas to decrease, reducing the overall 

heat storage and release capacity, lowering the air quality, and 

affecting the system's heat efficiency and economy. During the 

third round of heat storage and release, all three air inlets were 

opened, and as shown in Figure 8(c), the airflow distribution 

inside the air ducts became more uniform. After the third 

round of heat storage, the average temperature of the thermal 

storage bricks reached 367.7℃, and the overall temperature 

distribution of the thermal storage body became more uniform, 

alleviating the heat accumulation phenomenon. The system's 

operational efficiency and economy were improved. 

By comparing the temperature distribution of the insulation 

structure at the bottom of the thermal storage body after the 

three rounds of heat storage and release, it can be concluded 

that, as the heat storage and release cycles proceed, heat is 

transferred from the thermal storage body to the bottom 

insulation structure, causing the temperature of the insulation 

structure to gradually increase. The wind speed and uniformity 

of the air supply during heat storage and release do not 

significantly affect the temperature rise effect. The heat 

accumulation phenomenon is persistent and difficult to 

eliminate. 

In order to further analyze the characteristics of heat 

accumulation in the insulation structure at the bottom of the 

heat storage body, the temperature cloud maps of the cross-

sections of the insulation structure below the heat storage body, 

i.e., the four layers of unperforated MgO bricks, clay bricks 

(1), and clay bricks (2), at the end of the three rounds of heat 

release are summarized, as shown in Figure 9. 

 

 
 

Figure 9. Temperature distribution at different positions at 

the bottom after the heat release of the solid heat storage 

electric boiler 

After completing the three rounds of heat storage and 

release, the overall temperature of the insulation structure at 

the bottom of the heat storage body gradually increases. Heat 

is transmitted from top to bottom in the vertical direction, 

gradually accumulating. By comparing the MgO brick cloud 

maps after the second and third rounds of heat release, it can 

be seen that although improving the air supply uniformity can 

slightly reduce the average temperature of the bricks and 

reduce the temperature gradient of the MgO brick layer, it has 

little effect on alleviating the heat accumulation in the 

insulation structure. Analyzing the temperature cloud maps of 

the three insulation layers after the third heat release, it is 

predicted that if the heat storage and release process continues 

for multiple rounds, the entire insulation structure will be 

gradually heated, with temperatures tending to equalize, and 

the average temperature ( 𝑡̅ ) will exceed 100℃, with the 

highest temperature exceeding 200℃. 

Based on the above simulation results, the conclusion can 

be drawn that after several rounds of heat storage and release, 

a large amount of heat accumulates in the insulation structure 

at the bottom of the heat storage body, and this heat is of higher 

quality, which cannot be easily utilized by changing the 

airflow organization or system operation mode. Adopting 

other improvement measures to utilize this heat is 

economically viable and has research value [16, 17]. 

 

3.5 Calculation of accumulated heat at the bottom of the 

heat storage body 

 

Based on the simulation results, the maximum heat 

generated at the furnace bottom during the three rounds of heat 

storage and release is considered. 

 

∑Qmax = ∑Q1 + ∑Q2 + ∑Q3 (10) 

 

where: 

∑Q1  — Total heat stored in the standard MgO brick layer 

during the three rounds of heat storage and release, kJ 

∑Q2 — Total heat stored in the middle clay insulation brick 

layer during the three rounds of heat storage and release, kJ 

∑Q3 — Total heat stored in the bottom clay insulation brick 

layer during the three rounds of heat storage and release, kJ 

The temperature variation of the three brick layers during 

the three rounds of heat storage and release is obtained from 

the simulation results. By using the physical parameters of 

different brick layers and the brick layer volumes, the mass of 

each part of the bricks is calculated. Then, by utilizing the 

temperature changes of the brick layers every minute, the heat 

stored in the brick layers per minute is obtained. The total heat 

stored in the brick layers at different positions at the bottom of 

the heat storage body during the entire heat storage and release 

process is summed. Taking the heat release of the standard 

MgO brick layer per minute as an example: 

 

Q1 = Cp1M1∆t1 (11) 

 

where: 

Q1 — Heat stored in the standard MgO brick layer per minute, 

kJ 

Cp1  — Specific heat capacity of the standard MgO brick, 

J/(kg·K) 

M1  — Total mass of the standard MgO brick layer, kg 

∆t1 — Average temperature change per minute of the standard 

MgO brick layer, K 
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The calculations for other brick layers are performed 

similarly. Finally, the results obtained are as follows: 

 

∑𝑄1 = 7.26𝑒5𝑘𝐽,  ∑𝑄2 = 6.57𝑒4𝑘𝐽,  ∑𝑄3 = 9.63𝑒4𝑘𝐽 

 

From the calculation results, it can be seen that the heat 

accumulation in the MgO brick layer is the largest, about 10 

times that of the other two brick layers. Therefore, fully 

utilizing the heat stored in the MgO brick layer has a 

significant effect on improving the system's heat efficiency. 

During the three rounds of heat storage and release in the solid 

heat storage electric boiler, the total heat stored in the bottom 

standard brick layer and the clay insulation brick layer is about 

5.25e5 kJ. 

 

 

4. COMPARISON OF EXPERIMENTAL AND 

SIMULATION DATA 

 

To evaluate the operational performance of the 

experimental device and the accuracy of the simulation model, 

the maximum and average temperature data of the heat storage 

body during the three rounds of heat storage and release were 

selected for comparison. The results are shown in Figures 10 

and 11: 

 
 

Figure 10. Maximum brick temperature in three rounds of 

heat storage and release (Experimental vs. Simulation) 

 

 
 

Figure 11. Average brick temperature in three rounds of heat 

storage and release (Experimental vs. Simulation) 

During the experimental process, the heat storage cutoff 

temperature of the solid heat storage electric boiler was set to 

500℃. The first round of heat storage was observed to take 5 

hours and 20 minutes. In the simulation, the first round of heat 

storage was completed in 5 hours and 30 minutes, and the 

maximum temperature of the heat storage body reached 503℃. 

The experimental data and simulation results match well. As 

the heat storage and release process continues, the error 

between the experimental data and simulation results 

gradually increases. The average error of the maximum 

temperature and average temperature during the three rounds 

of heat storage and release is 6.08% and 9.33%, respectively 

[18-20]. 

In conclusion, the system operation characteristics of the 

experimental device can be well described by the simulation, 

and the design of the experimental device meets the research 

needs. The simulation model and results accurately reflect the 

real heat transfer and fluid flow processes, laying the 

foundation for future research on the heat recovery system at 

the bottom of the boiler. 

 

 

5. CONCLUSIONS AND PROSPECTS 

 

This research starts with the working principle of the solid 

heat storage electric boiler and, based on analyzing the 

physical process of heat storage and release, uses experimental 

and simulation methods to study the heat accumulation 

problem at the bottom of the heat storage body. First, a test 

platform was established for the heat accumulation 

phenomenon at the bottom of the solid heat storage boiler, and 

three rounds of experimental testing were conducted. Then, 

using the test platform as a prototype, a physical model and 

mathematical model for numerical simulation were 

established and calculated. Finally, by comparing and 

analyzing the experimental data and simulation results, the 

scientificity and accuracy of the experiments and simulations 

were verified. The main conclusions of this study are: 

(1) Through the analysis of experimental and simulation 

data, the temperature of the heat storage body and the 

insulation structure at the bottom gradually rises as the heat 

storage and release process continues, and heat accumulation 

occurs. Improving the ventilation conditions can optimize the 

temperature distribution of the heat storage body and 

effectively reduce its temperature non-uniformity, but the 

effect of changing ventilation conditions on the heat utilization 

in the insulation structure is minimal. 

(2) Calculations show that the heat accumulation 

phenomenon in the standard heat storage brick layer of the 

boiler's insulation structure is the most serious, one order of 

magnitude higher than in other brick layers. The total heat 

storage in the insulation structure is 5.25e5 kJ. Fully utilizing 

the heat stored in the standard heat storage brick is the most 

effective way to alleviate the heat accumulation phenomenon. 

(3) By comparing the simulation results and experimental 

data, the experimental and simulation data match well. In the 

experiment, it took 5 hours and 20 minutes to heat the solid 

heat storage electric boiler from room temperature to 500℃. 

In the simulation, this heating process was calculated to take 5 

hours and 30 minutes. The average error of the average 

temperature during the three rounds of heat storage and release 

was less than 10%. 

The results of this study show that the heat accumulation 

effect at the bottom of the solid heat storage boiler cannot be 
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effectively alleviated by changing the airflow and operation 

modes. Future research is recommended to design a heat 

recovery system at the bottom, such as setting up a coil heat 

exchanger in the insulation structure at the bottom, which is 

connected to municipal water to carry away the accumulated 

heat, thus effectively improving the system's heat utilization. 

However, the layout of the coils and the application of 

recovered heat still require further research. 
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