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Abstract 

In the current numerical simulation study, a special configuration of geothermal heat exchangers 

called U-tube borehole heat exchangers was analyzed by using computational fluid dynamics 

(CFD) method. This system is made of a U-shaped pipe, where the water flow enters from one 

side and exits from the other side after exchanging thermal energy. These heat exchangers are 

used for heating and cooling applications. The studied system is for cooling the working fluid. The 

U-shaped pipe inside the borehole, which has a depth equal to the height of the pipe, is embedded 

in dense materials such as cement. The type of materials used as backfill for heat exchange is very 

important because their physical and thermal properties are effective in the process of heat transfer 

between the soil and the working fluid inside the heat exchanger. Based on the CFD results, it was 

determined that grout improves heat transfer and system efficiency due to its thermal conductivity. 

Also, the inlet mass flow rate, which is effective on the working fluid velocity, Reynolds number 

and pressure drop, was evaluated and it was found that with the increase of the inlet mass flow 

rate, the performance of the system improves, meaning that a mass flow rate of 0.5 (kg/s) caused 

a further increase in the borehole wall temperature, which indicates more reduction in working 

fluid temperature over the time. 
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Nomenclature 

Symbols  Subscript  

Cp Specific heat capacity (J/kg.K) m Porous medium 

P Pressure (Pa) s Solid pipe wall 

T Water outlet temperature (K) w Water 

R Thermal resistance (m.K/W) g Groundwater 

h 
convective heat transfer coefficient of the 

circulating fluid (W/m2K) 
i Inner pipe 

k Hydraulic conductivity (lit/s) o Outer pipe 

Vf Darcy velocity (m/d) f Fluid 

H Hydraulic head (m)  p Particle of nanofluid 

ṁ Mass flow rate (kg/s) nf Nanofluid 

U Effective velocity (m/s) bf Base fluid 

Re Reynolds number of the circulating fluid Abbreviations  

Pr Prandtl number TRT Thermal response test  

t Time (hour) BHE Borehole heat exchanger 

Greek  GSHP Ground source heat pump 

θ Porosity RANS Reynolds averaged Naiver Stokes  

α Thermal diffusivity (m2/s) HDPE High-density polyethylene 

λ Thermal conductivity (W/m.K) PVC Polyvinyl chloride PVC 

ρ Density (Kg/m3) CFD Computational fluid dynamics 

φ Volume fraction(%)   

µ Dynamic viscosity(Kg/m.s)   

1. Introduction 

Increasing concerns about global warming and environmental pollution, as well as deficiency and 

limitation in fossil energy, increased interest in renewable energy. Clean fuel resources such as 

https://www.google.com/search?sxsrf=APq-WBtmkyLLeV4kjX6JHPpFnxlPNB3XZA:1646580809972&q=computational+fluid+dynamics&spell=1&sa=X&ved=2ahUKEwjNs5bC57H2AhUIO8AKHaBBB2AQirwEKAB6BAgBEC8
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wind, solar, hydroelectric power, geothermal and biomass are reliable alternatives to fossil fuels 

[1]. Geothermal energy can be one of the appropriate alternative options. This energy is essentially 

free from NOx and SO2 release and other destructive environmental enclosures. Geothermal 

energy is economical in areas with suitable geographical features and over 50,000 GWh of 

electricity is generated by this method[2]. In recent years, one of the ways to use geothermal 

energy is a ground source heat pump (GSHP), which has been considered by many researchers[3]. 

Borehole heat exchangers (BHE) are one of the most important components of geothermal heat 

pumps, which are now widely used to protect energy in the heating and cooling of buildings[4]. 

Geothermal power plants and heat pumps can work in combination with solar power plants to 

generate adequate electricity power[5]. Recently, this technology and energy source has been used 

in hydrogen production cycles and the results showed that it was economically viable[6]. Also, 

heat pumps have been widely used for the ventilation of classrooms and buildings due to their 

good efficiency in heat recovery cycles[7]. Different geometries are used for the borehole heat 

exchanger. One or two U-tubes may be placed in a vertical borehole. This type of heat exchanger 

has been widely used due to its ease of installation as well as low maintenance costs[8]. Other 

different designs that have coaxial pipe geometries or geometries involving several pipes around 

an internal pipe have been designed and operated industrially[9]. Also, helical geometries have 

been of special interest due to their lower drilling depth and consequently lower cost [10]. In Iran, 

the study of geothermal heat exchangers has recently become popular. Old abandoned oil and gas 

wells can be used as geothermal sources to extract energy. In recent years, a simulation of a coaxial 

geothermal heat exchanger has been performed on two abandoned oil wells with specific 

temperatures in Ahvaz[11]. The most important advantage of U-tube-shaped heat exchangers over 

coaxial and helical types is their higher heat exchange surface[12]. In general, the space between 
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the soil and the system pipes is often filled with grout. One of the effective ways to improve the 

performance of these energy storage systems has been to change the type of grout around the pipes 

to play the role of thermal insulation in a more effective way[13]. To achieve this goal, the thermal 

and physical properties of the grout, such as thermal conductivity, specific heat capacity and 

porosity, are changed[14]. There are different approaches to study thermal behaviour inside and 

around U-tube borehole heat exchangers, including experiments, numerical simulations, and 

analytical models. In the field of experimental studies, the thermal response test (TRT) method 

for estimating soil thermal performance and investigating soil thermal parameters in the design of 

borehole heat exchangers has been considered[15]. In addition to research applications, this test 

is also considered to determine the appropriate location for the installation of heat exchangers[16]. 

This method determines the heat transfer properties of borehole heat exchangers according to the 

difference between inlet and outlet temperatures. This experiment has been performed by many 

researchers to investigate the temperature distribution along the pipe[17]. Since the initial cost of 

experimental studies with borehole heat exchangers has been very high, many researchers have 

turned to software analysis and computational fluid dynamics (CFD) analysis for heat transfer 

analysis[18]. Various methods have been proposed to improve performance and increase the 

temperature during geothermal heat exchangers. To achieve this goal, it is possible to make 

changes in the geometry of the pipes, change the type and speed of the working fluid and use the 

appropriate material to insulate around the heat exchanger pipes[19]. One of the common changes 

in the geometry of the pipes is the addition of fins to increase the contact surface and thus increase 

the heat transfer level and ultimately improve the efficiency of the system[20]. Also, the thermal 

efficiency of the system was evaluated by applying changes to the diameter and thickness of the 

inlet pipe[21]. Also, the distance between the inlet and outlet sections of the U-tube BHE was 
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changed and by performing a TRT test on it, the appropriate distance between the inlet and outlet 

sections was obtained[22]. Since the material of pipes and their thermal properties have a 

significant role in thermal efficiency, the effect of different materials on thermal efficiency was 

investigated and the results showed that High-density polyethylene (HDPE) and Polyvinyl 

chloride (PVC) can be a suitable choice for design BHEs[23]. In some cases, to increase the 

efficiency, two or more U-tube pipes are buried together in the soil. In this case, the distance 

between the pipes has been very important[24]. As mentioned, working fluid plays a very 

important role in the thermal performance of BHEs. Therefore, to investigate this issue, the inlet 

fluid was sent into the inlet pipe with different velocities or mass flow rates[25]. Similarly, the 

duration of fluid presence in BHE was changed. This numerical simulation was performed by 

Transient method [26]. The results showed that with increasing velocity, the working fluid is 

exposed to geothermal energy for a shorter time, thus it leads to a drop in the rate of increase of 

working fluid temperature along the pipe[27]. On the other hand, the type of working fluid and its 

physical and thermal properties have a significant effect on thermal efficiency, so to increase the 

efficiency of the system, nanofluids are used instead of pure water[28]. In addition to geometric 

parameters and selection of optimal operating conditions for the appropriate working fluid, soil 

conditions around the system also play a vital role in system efficiency[29]. Studies have shown 

that the presence of groundwater, which is a natural and unavoidable phenomenon, and its seepage 

into the soil of the area and the contact of BHE pipes with groundwater flow significantly reduces 

the efficiency[30].  

In this study, a sample of U-shaped BHEs was evaluated by CFD. The operation of this heat 

exchanger is based on heat transfer between a liquid working fluid such as water with a higher 

temperature than the surrounding soil. Hot water enters from one side of the U-tube and with the 
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passage of time, it is placed near the soil with a lower temperature, and finally, by losing its thermal 

energy, it leaves with a lower temperature. Effective parameters such as the effect of the inlet mass 

flow rate on the process of heat transfer and pressure drop inside the pipe and the effect of the 

backfill material on improving the heat transfer are investigated by observing the increase in the 

borehole wall temperature. 

2. Physical model and geometry 

In the present study, a U-tube BHE is considered as the prototype. The working method of this 

geothermal heat exchanger is that the operating fluid with a certain temperature and mass flow rate 

enters from the inlet section of the U-tube pipe and after passing the path of the U-shaped pipe, it 

leaves the outlet edge. Obviously, during the fluid flow inside the heat exchanger, heat transfer 

takes place between the working fluid and the surrounding soil. In the hot seasons when the 

surrounding soil temperature is higher than the working fluid, the system is used for water heating. 

In cold seasons, this operation is reversed and this system is used for water cooling. BHE system 

consists of a big cylindrical model as the surrounding soil, a smaller cylinder as the borehole drilled 

in the soil which is often filled with cement, and a U-shaped pipe in which the working fluid flows. 

The dimensions of the soil layers in a front view are shown in Figure 1 and the dimensions of other 

components of the BHE system are also given in Table 1. These dimensions have been used 

before by Kim et al[31]. 
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Figure 1 BHE front view  

 

 

 

 

 

 

In the studied BHE system, HDPE is considered a U-tube pipe material. Also, the inside of the 

borehole space is filled with grout. These properties have been selected according to the study of 

Kim et al[31]. The physical and thermal properties of the BHE system components are given in 

Table 2. 

Table 1  Geometrical parameters 

 Quantity Value 

1 Borehole diameter 0.110(m) 

2 Soil diameter 6.000(m) 

3 External U-tube diameter 0.032(m) 

4 U-tube distance (center to center) 0.060(m) 

5 Borehole length 5.000(m) 

6 U-tube length 5.000(m) 

7 Soil domain length 5.000(m) 
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3. Mathematical model 

3.1. Fluid mechanic and turbulent flow equations 

For numerical simulation, Ansys Fluent analytical software is used, which drives Reynolds 

averaged Naiver Stokes (RANs) equations to analyze fluid flow. The general form of these 

equations is as follows: 
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
 [32] 
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i i
j i j
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u u u
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[32] 

(2) 

Table 2 Thermal and physical properties of materials 

 
Quantity Value 

1 Water density  998.2(kg/m3) 

2 Water specific heat 4182(J/kg.K) 

3 Water thermal conductivity 0.6(W/m.K) 

4 Pipe density 940(kg/m3) 

5 Pipe specific heat 2000(J/kg.K) 

6 Pipe thermal conductivity 0.48(W/m.K) 

7 Soil density 2650(kg/m3) 

8 Soil specific heat 815(J/kg.K) 

9 Soil thermal conductivity 3.5(W/m.K) 

10 Backfill density                 2400 (kg/m3) 

11 Backfill specific heat                 1627 (J/kg.K)   

12 Backfill thermal conductivity                   1.3 (W/m.K) 
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(3) 

Also, the basic general equation of transport, which describes the principle of mass, momentum, 

and energy conservation, is written as follows: 
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(7) 

In the above equations, ( )t   is the foreign exchange rate, ( . )jx U    is flow of 

convection, ( ( ))j jx x      is flow of diffusion and S is the source term. 

Due to the geometry of the pipe and the velocity of the inlet fluid, the Reynolds number has been 

greater than 2000; therefore, turbulent flow in the U-shaped pipe is considered. The RNG k-ε 

turbulence model is used to simulate the turbulent flow because this model has acceptable accuracy 

and also it can increase numerical solution speed. Also in order to model turbulent flow at low 
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velocities and Reynolds numbers, model RNG k-ε offers a differential equation based on an 

analytical solution for effective viscosity, thus mentioned model is shown more accuracy than k-ε 

standard and k-ω turbulence models [34]. The equations of turbulent kinetic energy transport (k) 

and the rate of dissipation (ε) are as follows: 
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(9) 

where Sk, Sε are  the source terms, Gk represents the generation of turbulence kinetic 

energy due to the mean velocity gradients, Gb is the generation of turbulence kinetic energy due 

to buoyancy, σk  and σε are Prandtl number of k and ε respectively and t is turbulent viscosity 

defined by the following equation. 

2

t

k
C  


 [35] 

(10) 

C1, C2 and C3 are empirical constants which are given in Table 3. 

Table 3 values and constants RNG k-ε model 

C   1C  2C  3C  k    

0.09 1.44 1.92 1.44 1 1.3 

3.2. Boundary and initial conditions 

To determine the boundary and initial conditions in Fluent analytical software, first, the physical 

properties of Table 2 were applied and then the boundary conditions governing the problem were 
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obtained from Kim et al[31]. The values for the boundary conditions are shown in Table 4. It is 

noteworthy that in this simulation, the soil temperature is assumed to be constant and an unsteady 

(transient) solution is presented to solve the problem. Also, the velocity and pressure terms of the 

momentum equations are discretized by the SIMPLE algorithm. 

3.3. Meshing 

A free split tetrahedral mesh was established as illustrated in Figure 2. The mesh on the inlet and 

outlet edges of the U-shaped pipe and the edges of the borehole are encrypted separately to achieve 

a mesh skewness of less than 0.8. Also, using this method, in addition to increasing the accuracy 

of the values obtained for changes in the velocity of working fluid inside the pipe and also changes 

in heat flux and temperature inside the pipe and on the borehole wall, the number of grids around 

the pipe can be changed to check the grid independence. In addition, in order to prevent a sudden 

increase in fluid velocity and temperature, a boundary layer mesh is considered inside the pipe and 

in the vicinity of the working fluid. 

Table 4  Geometrical parameters 

 Quantity Value 

1 Initial soil temperature 283.15(K) 

2 Constant flux density in each pipe 300(W/m) 

3 Inlet fluid temperature 300(K) 

4 Fluid mass flow rate 0.30(kg/s) 
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Figure 2 Mesh of the model 

4. Validation and grid independence  

For numerical simulations, validation and grid independence have been integral steps. Therefore, 

for validation after applying the initial and boundary conditions and completing the numerical 

simulation, to ensure the accuracy of the results, temperature changes on the borehole wall were 

compared with the results of the analytical solution of Kim et al[31]. The results comparison is 

given in Figure 3. 
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Figure 3 Borehole wall temperature changes comparison between the present study and Kim et. 

al [31] analytical results. 

Comparison of the results obtained from the current CFD solution and the analytical solution 

performed by Kim et al.[31] showed acceptable agreement and the error between the obtained 

results and the results of the analytical solution was about 0.6%, which indicates the accuracy of 

the present numerical solution. In the next step, the grid independence was performed thus, the 

mesh around the U-tube pipe and borehole wall, which has a significant effect on the results, was 

gradually made smaller and the temperature at the end of the borehole wall was compared as a 

specific point. Three different cases were considered to study grid independence. In the first case, 

the total number of grids was 2 million, in the second case 2.5 million and in the third case 3 

million grids were adopted. Temperature values at the end of the borough wall are given in Table 

5. 

What can be seen from Table 5 is that the temperature values for an identical point did not change 

remarkably with the change in the number of grids. Also, the temperature at the end of the borehole 

wall values had a suitable agreement with the values obtained in the study by Kim et al[31]. As a 

result, the grid independence solution has shown the accuracy of numerical simulation. 

Table 5  Grid independence analysis 

 Quantity Value 

1 Case 1 293.68(K) 

2 Case 2 292.93(K) 

3 Case 3 293.86(K) 

4 Analytical results[31] 294.03(K) 
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5. Performance evaluation method 

5.1. Heat Load 

The heat load value of the BHE system represents the thermal energy released by the water flow 

through the buried U-shaped pipe and the pipe wall to the surrounding soil or backfill. Thermal 

performance can be defined by the distribution of thermal load[23], which is directly related to 

temperature changes at two specific points in the fluid path, for example, the inlet and outlet 

temperatures can be considered as two points. The heat load is also directly related to the mass 

flow rate, which is as follows: 

( )p in outQ C m T T     [26] (11) 

Where Cp is specific heat capacity (J/kg.K), Q is assumed as heat load (W), m is the mass flow 

rate of water (kg/s) and inT , outT is the inlet and outlet temperature of the water. It is noteworthy 

that since the radius of the U-shaped pipe compare to the surrounding soil is negligible, only the 

temperature changes of the working fluid inside the pipe along the depth of the pipe (i.e. y 

direction) were considered[36]. Since the flow regime is turbulent and turbulence intensity affects 

the forced convection heat transfer, the relation between turbulence intensity and forced 

convection heat transfer was simulated by the following equations[37]. 
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5.2.Backfill properties  

The backfill physical and thermal properties such as thermal conductivity and density have a 

significant effect on the thermal performance of BHE. In order to the insulation of BHE to offset 

the negative impact of groundwater, a compressed material, which is industrially known as grout, 

is used to fill the backfill zone. Borehole is considered and designed around the U-shaped pipes. 

Grout materials can have porosity such as sand, gravel, silt, or clay, but by compacting those 

materials, the porosity reaches a small negligible amount. As a result, groundwater seepage will 

be eliminated in this non-porous area. It should be noted, the thermal and physical properties of 

the grout materials play an important role in the thermal efficiency of BHE[38]. The heat transfer 

process is launched in impermeable soil by a dry portion of soil and in undrained saturated soil 

thus, heat transfer is happened by passing of groundwater through this phase. The wet portion of 

soil will be changed by the fluctuation of weather temperature, and those alterations have consisted 

of feezing or steaming groundwater [38]. However, in order to simplify the simulation those 

unforeseeable changes were overlooked. As surrounded soil is involved with thermal resistance, it 

has an impact on the efficiency of BHE. In this simulation thermal resistance of all effective parts 

of the system is derived from TRT. As the U-shape pipe is located in the soil domain and backfill 

has covered it, the thermal resistance of the system is a sum of all thermal resistances together.  

The total resistance equation is written below. 

total f s groutR R R R    [38] (15) 
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Where Rtotal (m.K/W) is the overall thermal resistance for the entire domain regarding the thermal 

resistance of the working fluid which is illustrated as fR (m.K/W), heat resistance of the solid wall 

of the pipe is shown as sR (m.K/W) and Rgrout (m.K/W) is the heat resistance of the filler material 

of borehole. As well rp is the U-shaped pipe radius and also req is the equivalent pipe radius 

calculated as 2 pr [32]. Superscripts i and o illustrate the inner and outer parts of pipe/equivalent 

pipe, respectively, and finally, h is the convective heat transfer coefficient of the operating fluid, 

which is determined using the Reynolds and Prandtl numbers[38], [39]. 

6. Results and discussions 

6.1. Effect of inlet mass flow rate 

In this section, the effect of inlet mass flow rate in order to study the effect of this parameter on 

thermal energy storage of the ground were investigated. To achieve this aim, three mass flow rates 

of 0.1(kg/s), 0.3(kg/s) and 0.5(kg/s) were examined. The effective velocity and the Reynolds 

number increase with increasing inlet mass flow rate. The initial required values for each analysis 
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stage are given in Table 6. The results of the effect of different mass flow rates on the increase of 

borehole wall temperature are shown in Figure 4. 

Table 6  Specifications of the inlet fluid flow 

Reynolds number Inlet velocity(m/s) Inlet mass flow rate(kg/s) Quantity(unit) 

3330 0.14 0.1 1 

9990 0.44 0.3 2 

16650 0.73 0.5 3 

 

 

Figure 4 Borehole wall temperature for different mass flow rates 

Regarding the details of Table 6, the growth of the mass flow rate was directly related to the inlet 

velocity. Also, the Reynolds number increased significantly with rising the inlet velocity. 

According to Equation 24, increasing the Reynolds number leads to an increase in the Nusselt 

number and the convection heat transfer coefficient. As a result, the phenomenon of forced 

convection heat transfer inside the U-shaped BHE system has increased, which means more 
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thermal energy is transferred between the pipe wall and circulating fluid by forced convection. 

Subsequently, heat is transferred from the pipe wall to the borehole wall through conduction heat 

transfer. Also, the temperature contours for different mass flow rates at the depth of 2.5 m are 

shown in Figure 5. 

 

Figure 5 Temperature contours for different mass flow rates 

As depicted in Figure 5, it was observed that with the selection of larger mass flow rates, the 

temperature changes of the borehole wall have increased. This principle indicates that the energy 

storage performance of the soil is better, and the efficiency of the system is increased. However, 

it is essential to note that in the early hours, the increase in temperature changes on the borehole 

wall was not tangible, and over time, where the fluid velocity has increased sufficiently, and the 

flow is fully developed, these changes have been observed. While studying the effect of inlet mass 

flow rate on BHE performance, an important issue is the pressure drop in the pipe, which should 

be investigated. Pressure drop is related to flow velocity and Reynolds number. The pressure drop 

inside the pipe is calculated from the Darcy-Weissbach equation which is given below. 
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In the above equations ΔP (kPa) is considered as the pressure drop along the pipe, F is the friction 

factor and Re is the Reynolds number. Reynolds number values for different inlet mass flow rate 

values are listed in Table 6.  Pressure drop and Reynolds number as a function of mass flow rate 

are illustrated in Figure 6. 

 

Figure 6 Variations of the pressure drop and Reynolds number as a function of mass flow rate. 

Based on the details, when mass flow rate and subsequently inlet velocity increased, Reynolds 

number and pressure drop along the pipe grew. This unfavorable pressure drop along the pipe can 

cause a reduction in BHE performance.  However, it should be noted that increasing the working 
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fluid velocity over time can compensate for the negative impact of local friction and pressure drop 

along the pipe. Also, in order to clarify the pressure and flow field along the whole computational 

domain, pressure drop and Reynolds number variations along the pipe is calculated. The results 

are presented in Table 7 

 

Regarding the information in Table 7 in general there was an upward trend in both pressure drop 

and Reynolds number along pipe depth. Increasing Reynolds number values and consequently 

working fluid velocity growth along pipe depth enhance the efficiency of the system while pressure 

drop values along pipe depth cause a reduction in system performance, however; the positive effect 

of Reynolds number increase is more than the pressure drop negative effect. Reynolds number and 

pressure drop changes at �̇�=0.5(kg/s) was more remarkable than other situations, the results of 

pressure drop and Reynolds number variations are illustrated in Figure 7. 

Table 7 Variations of the pressure drop and the Reynolds number along the pipe. 

  �̇�=0.1(kg/s) �̇�=0.3(kg/s) �̇�=0.5(kg/s) 

 L(m) Re ΔP(MPa) Re ΔP(MPa) Re ΔP(MPa) 

1 0 3330.09 0 9990.27 0 16650.45 0 

2 -0.6 4484.714 8.335 13189.41 56.99 22008.93 139.34 

3 -1.1 4514.715 28.065 12834.98 185.36 20564.54 454.12 

4 -1.7 4512.602 42.591 12609.09 265.09 20114.29 604.89 

5 -2.2 4514.272 56.742 12432.78 342.65 19636.15 775.87 

6 -2.8 4516.469 70.973 12293.80 417.89 19195.64 929.85 

7 -3.3 4518.731 85.24 12178.19 491.69 18879.47 1072.38 

8 -3.9 4521.103 99.534 12079.59 564.24 18654.17 1215.27 

9 -4.4 4523.662 113.858 11999.53 635.73 18484.66 1360.01 

10 -5 4488.443 128.217 11826.52 706.93 18201.69 1505.76 
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Figure 7 Pressure drop and Reynolds number change along pipe depth. 

As for the information in Figure 6 pressure drop and Reynolds number variation along the pipe, 

are plotted. The Reynolds number increases from the inlet to near the depth of 1 m. From a depth 

of 1 m to 5 m, the water temperature decreases gradually, resulting in increasing dynamic viscosity 

of water and a decrease in Reynolds number. The pressure drop has a constant slope as a function 

of depth. However the pressure drop for each section of the pipe (𝑃𝑙) is a strong function of fluid 

velocity and has similar changes. 

6.2. Effect of backfill material 

The thermal properties of the backfill can play an influential role in the performance of BHE. 

Therefore, the five commonly used materials for the borehole filling were evaluated and compared, 

which are given in Table 8. 
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The effect of these materials on borehole wall temperature was examined; the results are shown in 

Figure 8. 

 

Figure 8 Borehole wall temperature for different backfill materials 
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Table 8 Thermal properties of different backfill  materials  

 

 
Quantity Value 

1 Grout specific heat 1627(J/kg.K) 

2 Grout thermal conductivity 0.8(W/m.K) 

3 Sand specific heat 800(J/kg.K) 

4 Sand thermal conductivity 1.3(W/m.K) 

5 Bentonite specific heat 1627(J/kg.K) 

6 Bentonite thermal conductivity 1.3(W/m.K) 

7 Clay soil specific heat 2200(J/kg.K) 

8 Clay soil thermal conductivity 1.6(W/m.K) 

9 Graval specific heat 1627(J/kg.K) 

10 Graval thermal conductivity 2.3(W/m.K) 
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It was claimed that the best filling of these five types was grout. The remarkable growth in borehole 

wall temperature compared to other materials as filling indicates that more heat exchange has taken 

place between the working fluid and the borehole around the pipe. For better illustration, the 

temperature contours of different backfill materials at the depth of 2.5 m can be observed in Figure 

9. 

 

Figure 9 Temperature contours for different backfill materials 

As shown in Figure 8, the borehole and the backfill temperature for grout are much higher than 

other materials due to their lower thermal conductivity which according to the law of heat 

conduction, for constant heat as thermal conductivity decreases the temperature gradient increases. 
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Also, the gravel backfill has the lowest temperature gradient around the pipes among the backfill 

material. 

7. Conclusion  

Using the CFD method, a U-tube BHE system whose main application was cooling was 

numerically evaluated. Numerical results showed that the inlet mass flow rate is effective in 

reducing the temperature of the working fluid. The results showed that the more the inlet mass 

flow rate increases, the more the temperature of the borehole wall increases, which a mass flow 

rate of 0.5 (kg/s) indicating more heat exchange between the backfill around the system and the 

working fluid, as a result, it brings more water temperature reduction. On the other hand, with the 

passage of time and the increase in the mass flow rate, the pressure drop at the end of the pipe 

increased, which is an unfavorable phenomenon for the efficiency of the system, however; the 

positive effect of the increase in the Reynolds number was more than the negative effect of the 

pressure drop. Also, by examining the type of backfill material with different physical and thermal 

properties, it was determined that grout is the best material for filling the borehole, and in this case, 

the temperature of the borehole wall increases the most over time. 
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