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The heat transfer capacity of ground and soil energy sources is the key factor that 
affects the performance of the ground source heat exchanger. The heat storage 
capacity of soil is related to various factors. The author proposes a multi-com-
ponent heat pump system which combines solar energy, waste heat, and air, and 
designs a new type of dual channel finned tube evaporator for defrosting. Based 
on different weather conditions, the operation mode of the system was provided, 
and performance tests were conducted on the system under no light conditions and 
with or without waste heat utilization. The results show that the seepage speed of 
buried tube ground source heat pump system geographic tube heat exchanger and 
soil heat transfer influence is larger, the groundwater seepage speed of 15 m per 
annual, running 3-4 years later, the heat transfer well area of the soil temperature 
field will be stable, which can judge in the groundwater seepage is sufficient area, 
the buried tube ground source heat pump conditional soil winter and summer heat 
balance.
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Introduction 

The properties and variation characteristics of cold and heat sources in air conditioning 
systems are the basis for HVAC design. Currently, there has been extensive research on the heat 
transfer laws of the most widely used air-cooled air conditioning in the air, and corresponding 
environmental climate design indicators have been determined. The core of ground source heat 
pump technology is to use shallow geothermal energy to understand and master the temperature 
change and energy change law of underground rock and soil layer, provide basis for design, 
development, and implementation. At present, there is more research on ground heat transfer 
law of ground source heat pump, while there is little research on ground source heat transfer and 
energy dissipation law of ground source heat pump [1, 2]. After the operation of the ground-
water surface heat pump, a power supply is generated above and below the ground, affecting 
the balance of the original groundwater temperature,and the ground temperature is no longer a 
constant value at the design time. Under the influence of injected energy, a certain underground 
space begins to change, this change occurs relatively quickly and violently due to the direct 
and rapid migration of flowing groundwater between pumping wells and recharge wells. Due 
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to the significant impact of underground heat storage, thermal conductivity, diffusion, range 
of influence, long-term and short-term changes and balance of ground temperature on the un-
derground environment, system energy efficiency, and sustainable operation, it is necessary to 
study the laws of underground energy transfer and diffusion [3]. As an important component of 
underground power equipment, underground power equipment plays an important role in the 
reliable operation of underground power equipment. The pipe-line buried heat exchanger uses 
the steady temperature field of ground to cool and heat the building by changing the temperature 
with ground-water. Therefore, during the operation of underground heat exchanger, the dynamic 
characteristics of underground heat exchanger in the geothermal exchanger area have an im-
portant effect on the heat transfer performance of the heat exchanger, thus affecting the power 
of the whole heat pump system. However, in the practical engineering application of ground 
source heat pump, the monitoring of the temperature field in the heat exchange area of buried 
pipes, especially the continuous monitoring for more than one year, is still insufficient, which 
is extremely incompatible with the high speed promotion and development of Ground source 
heat pump [4]. Many scholars at home and abroad have studied the heat transfer of underground 
heat pump and underground environment, provided reference for the design and operation of 
underground heat pump and solved many problems in design and operation. Ground pump is an 
efficient and energy-saving air conditioning system which can utilize low temperature ground 
source for air conditioning and heating treatment. Its working principle is to use ground source 
heat pump to extract ground heat for building heating, or release heat energy from building un-
derground to achieve building cooling [5, 6]. In summer, the thermal energy in the building can 
be stored on the ground for use in winter, during winter, the additional cold and hot energy can 
be stored on the ground for use in summer. The thermal energy in the building can be stored on 
the ground for use in summer. In this way, the energy exchange between buildings and the envi-
ronment is achieved by using the thermal properties of the strata themselves. Ground source heat 
pumps convert low temperature thermal energy to high temperature heat through small inputs 
of high energy sources (such as electricity). In theory, a ground source heat pump uses 1 kW of 
electric power, and users can get more than 4 kW of heat or cooling capacity. Compared with 
electric boiler heating, it saves more than 2/3. Compared to oil heater, the energy saving rate is 
more than 1/2. Because of the temperature of ground source heat pump throughout the year, the 
temperature in Changsha is generally around 16.8 ℃, and its cooling and heating coefficients 
can reach 3.5-4.4%, which is about 40% higher than that of traditional air source heat pump. 
The Committee notes with appreciation that, inter alia, the Committee notes with appreciation 
the state party’s efforts to strengthen its efforts to ensure that States parties are fully committed 
to the implementation of the Convention on the Privileges and Immunities for the Eli Therefore, 
in recent years, the Chinese government has promulgated policies to promote underground heat 
pumps, and underground heat pumps have achieved rapid development. Ground source heat 
pump is divided into ground source heat pump, ground source heat pump, and surface water 
pump. The development and application of ground source heat exchanger mainly depends on the 
accurate and reliable design methods and calculationols. The long-term research of groundwater 
heat exchanger is an important part of the system. The influence of groundwater source heat 
exchanger on groundwater temperature needs further study.

 The heat transfer capacity between the ground heat exchanger and the soil is an im-
portant factor affecting the operation of the ground source heat pump system. The heat storage 
capacity of soil is related to many influencing factors, such as solar radiant intensity intensi-
ty, geographical location, soil thermophysical parameters (including soil thermal conductivi-
ty, etc.), soil porosity and groundwater seepage. Based on the numerical simulation software 
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FLUENT and the ground source heat pump itself of a sports venue, the author proposes a set 
of medium and long-term simulation scheme for the buried ground source heat pump, which is 
suitable for the project and can be extended, to simulate and predict the operation of the project 
in the future.

Long term numerical simulation methods

 The underground-water supply pipe-line is responsible for the winter heating and 
summer cooling of the stadium. In summer, underground pipe-lines release heat to the ground, 
which collects heat. After a short transient period, underground pipe-lines in winter suspend 
heat stored in the ground during summer, providing heat to the building. After a period of 
summer fluctuations, the next summer will continue to release heat to the ground through un-
derground pipe-lines. If the heat released from underground pipe-lines the ground source heat 
pump for soil in summer is equal to the heat absorbed by soil in winter, that is, thermal equi-
librium in winter and summer, the ground heat transfer will deteriorate after the heat transfer 
cycle. In general, this is not the case. Because of the imbalance of heat output and absorption 
in winter and summer, after a thousand cycles of heat transfer, the price fluctuation of soil will 
lead to a decrease.

Simulation assumptions 

 There are many factors that affect the heat transfer mechanism of buried pipe-lines 
and soils. Considering the complexity of the actual situation, in order to save the calculation time 
and cost, the following assumptions are made for the calculation models and models, given that 
the accuracy of the simulated results is permitted: the accuracy, the cooling time and the heat 
transfer of different natural years. In order to simplify the calculation, the start and end times of 
the cooling season, the heating season, and the changing season in the simulation results are the 
cooling season is from June 1 to September 30, a total of 122 days. The heating season starts on 
november 15 and ends on march 15 annually, totaling 122 days [7]. The transitional seasons are 
from October 1st to November 14th (45 days), and from March 16th to May 31st (77 days). Due to 
the several years involved in this simulation calculation, in order to save computational time and 
cost, a time step of 1 day was set in the non-stationary simulation calculation. Due to the fact that 
most of the buried heat exchangers are located on 
both sides of the runway within the stadium, and a 
few are located under the podium stands, the ob-
struction of buildings above ground level is ignored 
to simplify the model. There are 312 heat exchange 
wells in the underground pipe ground source heat 
pump project. In order to simplify the model, the 
location of heat exchange wells is divided into 
three areas, fig. 1. In the numerical simulation, three 
internal heat sources are assumed. The direction of 
groundwater seepage is from east to west, and the 
seepage velocity is assumed to be within the range 
of 15-50 m per annual. 

Simulation calculation method 

 In the selection of calculation area, in order to meet the requirements of calculation 
accuracy, the length and width directions are roughly set to three times the buried pipe area 

Figure 1. Schematic diagram of heat 
exchange well zoning



Chen, D.: Numerical Simulation of Ground Temperature Field Change ... 
1248 THERMAL SCIENCE: Year 2024, Vol. 28, No. 2B, pp. 1245-1251

(400 m × 300 m). In the height direction, considering the actual situation of the sports venue 
buried pipe ground source heat pump project, the horizontal pipe is buried 5 m underground, 
the U-shaped pipe is 70 m long, and the soil calculation area extends 125 m downward. The 
total height is 200 m. Structured grids are used in the whole calculation area. Dense grids are 
distributed near the internal heat source (A, B, and C areas), and sparse grids are distributed 
at the edge of the calculation area. According to the description of the project site thermal 
response test report in the project case data Construction Scheme for Ground Source Heat 
Pump Air conditioning Buried Pipe Heat Exchange System of Stadium Project described by the 
author, the soil static temperature in this project is 14.6 °C, and the soil thermal conductivity 
coefficient is 2.32 W/mK. After reviewing the relevant geological data of the city, it is deter-
mined that the soil density in this area is about 2000 kg/m3, and the specific heat capacity is 
1010 J/kJK. Based on the annual dynamic load calculation results of DeST, the unit value of the 
internal heat source in the heat exchange well area is calculated. The relevant geological data 
of the city shows that the groundwater seepage velocity in the urban area is roughly between  
15 m per annual and 50 per annual, therefore, in the three working conditions of 15 m per annual,  
30 m per annual, and 50 m per annual, the direction of groundwater seepage is proposed to be 
from east to west, and the soil porosity is 0.35. 

Simulation results

 Due to the fact that the total air temperature of summer parks is higher than the total 
heat load of winter, without considering the groundwater level, the temperature of heat field 
shows an increasing trend year by year. With the extension of time, the radius of internal heat 
resources continues to expand. After 10 years, the calculated radius of internal heat resources 
in the area is nearly 250 m in the east-west and nearly 300 m in the north-south. The soil tem-
perature in the calculation area increased rapidly, and after 10 years, the soil temperature even 
10 ℃ was higher than the first stage [8]. 

 Due to the influence of groundwater seepage from east to west (the direction in the 
fig. 1 is from top to bottom), the heat in the three areas where the heat exchange well is located 
will migrate with the direction of groundwater seepage, and different seepage velocities will 
lead to different heat migrations. When the groundwater seepage velocity is 30 m per annual, 
the speed of heat transfer is significantly higher than that when the groundwater seepage ve-
locity is 15 m per annual. After the buried pipe ground source heat pump runs to the fifth year, 
the temperature field in the calculation area and the thermal action radius of the internal heat 
source basically do not change every year. This situation also occurs under the condition of 
groundwater seepage velocity of 50 m per annual, and due to the higher seepage velocity, the 
temperature field stability is advanced to the end of the third year. After the third year, the tem-
perature field within the calculation area will no longer change. The temperature field of soil 
varies significantly after several years under different seepage velocities. Under the influence of 
groundwater seepage at a higher velocity of 50 m per annual, the radius of thermal action of the 
soil’s internal heat source is smaller than that of 30 m per annual. Similarly, under the influence 
of groundwater seepage velocity of 15 m per annual, the thermal action radius of its internal 
heat source is 3.2, and the temperature changes year by year. 

As shown in fig. 2,  the annual variation of soil temperature at running time 0  m per  
annual.  As shown in fig. 3, the annual variation of soil temperature at the running time of 15 m per 
 annual. As shown in fig. 4, the annual variation of soil tperature at running time 30  m per annual. 
As shownin  fig. 5, the annual variation of soil temperature at running time 50 m per annual. As 
shown in fig. 6, the soil temperature changes annually at running time 0 m per annual. As shown in  
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Figure 2. Yearly variation of soil 
temperature: 0 m per annual

Figure 3. Yearly variation of soil 
temperature: 15 m per annual

Figure 4. Yearly variation of soil  
temperature: 30 m per annual

Figure 5. Yearly variation of soil  
temperature: 50 m per annual

Figure 6. Annual average soil temperature  
in Areas A, B, and C: 0 m per annual 

Figure 7. Annual average soil temperature  
in Areas A, B, and C: 15 m per annual

fig. 7, the annual variation of soil temperature at the running time of 15 m per annual. As shown 
in fig. 8, the annual variation of soil temperature at running time 30 m per annual. As shown in 
fig. 9, the annual variation of soil temperature at running time 50 m per annual, it can be seen 
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that, without considering the influence of groundwater seepage, due to the similar area, shape, 
size, and unit value of internal heat sources in Areas A and B, which are roughly symmetrical-
ly located on both sides of the east-west central axis of the stadium, the average temperature 
change of the temperature field is basically the same, with a temperature rise of about 1.8 ℃ in 
the first year. Due to the heat accumulation effect, the annual temperature rise decreases year 
by year [9]. In 10 years, the average annual soil temperature in Zones A and B will be 26-27 ℃. 
Zone C is located on the east side of the sports stadium’s podium, with a small area and a shape 
of approximately a long strip. The unit value of the internal heat source is slightly smaller than 
Zones A and B, and the temperature rise in the first year is about 1.2. In 10 years, the average 
annual soil temperature in Zone C will be around 23 ° C. After 10 years, the three regions have 
a significant temperature rise, which limits the ability of the buried pipe Ground source heat 
pump to continue to heat the soil in summer. 

 Introducing the influencing factors of groundwater seepage, when the seepage ve-
locity is 15 m per annual, the annual average temperature in Zones A and B has been stable at 
16.5  °C and 16.4 ℃, respectively, since the third year, while the annual average temperature in 
Zone C has been stable at 16.7 °C since the fourth year. When the seepage velocity is 30 m per  
annual, the annual average temperatures of Zones A and B have been stable at 15.55 ℃ and 
15.50 °C, respectively, since the second year, while the annual average temperature of  Zone C 
has been stable at 15.6 ℃ since the third year [10].

Conclusion 

 Taking a stadium as an example, the medium and long term working models of under-
ground pipe-lines in underground space heat exchanger were established, and the experimental 
work has been carried out for 10 years. The results show that the seepage velocity has great 
influence on the area of tube heat exchanger and the soil heat transfer of buried tube in ground 
source heat exchanger. When the groundwater enters the ground is 15 m per annual, the soil 
temperature in the area where the heat transfer is good will remain stable after 3 to 4 years of 
operation. Therefore, in the area with enough groundwater input, the ground pump with buried 
pipe-lines can achieve the soil Thermal balance in winter and summer.

Figure 8. Annual average soil temperature  
in Areas A, B, and C: 30 m per annual 

Figure 9. Annual average soil temperature  
in Areas A, B, and C: 50 m per annual
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