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Abstract; This paper presents a study on the energy 

performance of an earth-air heat exchanger (EAHE), In 

order to check the temperature factor in their effect on 

heat exchangers, the aim of this paper is to influence the 

ambient temperature on the performance of EAHE 

systems in arid and semi-arid climatic zones. So, our use 

CFD modeling techniques were used to assess the impacts 

of the parameters of dimensioning on the performance of 

earth-to-air heat exchanger (EAHE). Assume that 

exchangers are made (polyvinyl chloride–PVC) As its 

length a 50 m conduct length, 80 mm diameter and 3 m 

burial depth). The simulation results were validated by 

comparison with experimental results, Results show that 

the specific heat exchange is used to cool in an arid zone 

(south-east of Algeria). When the ambient temperature 

varies between 36°C and 40 °C, the cooling temperature 

varies between 25°C and 28 °C. Temperature difference 

inlet and outlet air exchanger 12°C, these values are quite 

acceptable with minimal consumption of electrical energy 

Keywords— CFD modeling, performance, Heat Exchanger, 

Geothermal energy, 

 

 

1 . Introduction  

Energy consumption in arid areas is very high due to the high 

temperature in the summer and the low temperature in the   winter. 

The local cooling necessities a considerable consumption of 

electric energy, which costs very expensive. The warm-up also 

consumes energy (city gas or other fossil fuels). The utilization of 

geothermal energy to reduce heating and cooling needs in 

buildings has received increasing attention during the last several 

years. An Earth Air Tunnel Heat Exchanger (EATHE) consists of 

a long underground metal or plastic pipe through which air is 

drawn. As air travels through the pipe, it gives up or receives some 

of its heat to/from the surrounding soil and enters the room as 

conditioned air during the cooling and heating period. Recently, 

many numerical and experimental studies have investigated the 

heat transfer mechanisms of the various types of HGHE Several 

research works have dealt with the exploitation of soil thermal 

potential for heating and cooling applications [1,2]. Two principal 

types of ground heat exchangers are usually exploited: Horizontal 

[3–4] and vertical heat exchangers [5–6].Congedo et al. [7] 

investigated the configuration effect of HGHE on the heat fluxes 

transferred to and from the ground. Various parameters such as the 

velocity of the fluid, installation depth, the thermal conductivity 

of the ground, and pitch size were considered in an investigation 

of the influence of heat fluxes in linear, spiral coil, and slinky-type 

HGHEs. These researchers determined that the depth of the 

HGHE installation does not play an important role in the system 

performance. In addition, they noted that the spiral coil-type 

HGHE exhibits higher heat transfer performance than line and 

slinky-type HGHEs.  A. Atia et al [8]. Has been studied aims to 

give an overview of the implementation of the ground heat 

exchanger (GHE) for passive air conditioning As used the soil as 

a source of heat; These factors have the greatest influence on the 

performance of GHE, which must be considered from the thermal 

properties of the soil to the piping materials. In addition, a review 

of the literature on major scientific research implemented in low 

temperature geothermal energy such as the Algerian climate, to 

reduce energy needs and greenhouse gas emissions. In addition, a 

review of the literature on major scientific research implemented 

in low temperature geothermal energy such as the Algerian 

climate, to reduce energy needs and greenhouse gas emissions. 

PV. Kabashnikov et al [9] developed a mathematical model for 

calculating the temperature of the soil and air in a soil heat 

exchanger for ventilation systems. N. Moummi et al [10] have 

established theoretical and experimental study on refreshing by 

geothermal energy in Biskra area. M. Benhammou et al [11] 

presented study on simulation and characterization of a 

geothermal air exchanger for refreshing buildings operating in the 

climatic conditions of southern Algeria (Adrar) A. Trombe et al. 

[12] proposed a numerical model to evaluate the performance of 

this system when it is coupled with an individual house; the results 

were compared with experimental model. They also proved that 

this system can be used to save 10% of house energy consumption 

by preheating fresh air in winter, and to improve comfort 

conditions in summer. Several experimental and numerical 

studies, which deal with EAHE system, have been done to predict 

the airflow behavior inside the buildings. P. Hollmuller et al [13]   

developed an analytical model and a 3D model in finite elements 

of air-to ground exchanger. The analytical model is intended to 

dimension and provide a better understanding of air-to-ground 

exchangers, but is not very flexible to represent systems with 
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complex geometry.G. Mihalakakou et al. [14] proposed a 

parametrical model in order to evaluate the impact of design 

parameters (pipe length, pipe radius, the velocity of the air inside 

the tube and depth of the buried pipe below earth surface) on the 

performance of the EPAHE. P.Cui et al [15] addressed the ground 

heat exchanger for ground coupled heat pump applications in 

alternative operation modes over a short time period. They 

developed a finite element numerical model to simulate the 

ground heat exchanger. V. Bansal et al [16, 17] developed a CFD 

model to determine the effect of air velocity and buried pipe 

material on the performance of EAHE system. M. Bojic et al [18] 

presented a technical and economic studies of an EAHE coupled 

to the system for heating or cooling of a building. An analytical 

model was compared with the experimental results and the use of 

a spiral heat exchanger form. The numerical results were obtained 

with the Fluent program. There is a good agreement between the 

analytical results and the experimental results. The numerical 

results show that there is a significant difference in temperature 

between the ambient temperature obtained at the outlet of the 

exchanger. Heat in all cases studied, which offers the possibility 

of planting this system in desert areas in Algeria [20]. The 

objective of the present paper is to influence extern temperature 

on earth air heat exchangers in summer. This work aims to 

demonstrate that a simple pipe placed underground and connected 

to a building can significantly regulate indoor thermal comfort and 

thus help in energy savings in hot arid climate conditions. The 

modeling on heat Exchanger study was conducted in the summer, 

in which the highest cooling demand and the climatic conditions 

were those of the region of El Oued in the Algerian Sahara. 

2. Modeling Of The Soil Temperature  

An earth air heat exchanger (EAHE) consists mainly of a PVC 

(polyvinyl chloride) pipe buried in the ground. The geometric 

parameters of the buried pipe used in the thermal analysis are: 

length, inside diameter and thickness which is usually 4 mm. The 

principle of operation of an earth-air heat exchanger (EAHE) is 

such that the hot outdoor air is pumped into the underground 

buried pipe with the help of an adequate fan. The air is cooled by 

transferring heat to the soil which is at a lower temperature (Fig. 

1). The cooled air is then injected into the building. The thermal 

and physical properties of air, soil and pipe used in this simulation 

are represented in Table1, while the parameters of the earth air 

heat exchanger are summarized in Table 2. Then configuration 

described above can be further simplified by considering a 

uniform airflow inside the pipe. The surrounding soil is considered 

to have uniform and constant thermal properties, the dimensions 

and physical properties of the pipe are considered constant. The 

monthly maximum and minimum temperatures used in the 

simulation of the site under study are shown in Fig.2 [21]. 

 

 

Fig.1 diagram representing an Exchanger (EAHE) 

 

 

Table 1. Thermal and physical properties of air 

Density 
Heat 

capacity 

Thermal 

conductivity 

(kg/m3) (J/kg. K) (W/m. K) 

1.225 1006.43 0.0242 

Table 2. Parameters of the earth air heat exchanger used 

in the simulation. 

Parameter  Reference valuer  

Pipe depth 3 m 

Pipe Length (L) 45 m 

Air velocity (V) 10 m/s 

Pipe thickness € 4 mm 

Pipe Diameter  80 mm 
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Fig.2; Maximum average and minimum annual temperature 

3. Modeling The System 

To select the optimal dimensions of a heat exchanger Which is 

able to cool the buildings of the indoor environment in Summer 

Climate to the wadi, the soil temperature of different depths and 

the outside temperature were measured in May 2018 in the city of 

el Oued using a thermocouple type K. These measured 

temperatures were used as input data for simulation model. Figure 

2 shows the variation of the average soil temperature as a function 

of depth. The results show that soil temperature decreases as one 

moves away from the soil surface. This study concerns southeast 

regions located in southeastern Algeria. It is one of the arid regions 

(Saharan) that are characterized by the hot and dry climate. This 

region is characterized by long periods of overheating and thermal 

discomfort is felt strongly. The climate of El Oued is one of the 

hardest in the northeastern Sahara. The simplified method of 

analysis was applied for the climatic conditions of regions in 

regions mean annual temperature is 16 °C, with 36°C for warmer 

months (July) and 12°C for the colder month (January). The 

highest temperature ignited 49.6 ° C on July 15.  
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Fig 3; Soil temperature as a function of depth 

 

4. Mathematical Procedures 

A. Computational domain 

hows the physical domain configuration considered in this study. 

The EAHE system contains four parts with a total length of 45 m. 

It has tubes inner diameter of 80 mm. The assembly is fixed at a 

depth of 2.5 m at a slope of 2%, while the tubes are arranged and 

spaced from each other by a center distance of 50cm.Table2 shows 

some other important physical properties of PVC tube. The 

physical description of EAHE system becomes very complicated. 

Figure 3 shows the schematic diagram of the EAHE system. 

Therefore, it is appropriate to make a number of assumptions for 

arriving at a correct calculation time and also without losing too 

much information. The choice was therefore focused on a two-

dimensional field and the assumptions used in this work are; 

B. Hypothesis  

The physical description of EAHE system becomes very 

complicated. Therefore, it is appropriate to make a number of 

assumptions for arriving at a correct calculation time and without 

losing too much information. The choice was therefore focused 

on a two dimensional field, and the assumptions used in this 

work are: 

 Soil is considered homogeneous; 

 A uniform temperature is assumed along the 

perimeter of the face of pipe; 

 The temperature of the inlet air exchanger is the 

temperature of the outside air; 

 The fluid is assumed viscous "and Newtonian; 

 The flow in steady state. 

A CFD (Computational Fluid Dynamics) model was used to 

simulate the studied phenomena. The choice of the required mesh 

is based on the geometry of the study domain. The cylindrical co-

ordinates with two-dimensional flow seem to be the best choice 

for our study. We present the results of the numerical simulation 

obtained by the code FLUENT; considering the following thermo-

physical properties of air[20]; 

 

 
Fig 3: Schematic of the EAHE system. 

 



 

On the one hand, the Fluent CFD was used to bring us the 

influence of the length and position of the exchanger in the 

ground, on the efficiency of our system. the speed is set at 10 m / 

s. on the other hand, real experience has been established to 

validate this study. 

5. Results And Discussion 

Figure1 shows the relationship between the outlet temperature 

(°C) as a function of the length of the exchanger (m). Each time 

the length increases, the output temperature decreases. Note that 

this temperature is constant when the length exceeds 45 meters. 

Figure 2 shows the spiral shape of the exchanger made by CFD 

Fluent. Figure 5 shows the relationship between the outlet 

temperatures (°C) as a function of the length of the exchanger (m) 
with a constant speed of 10 m / s. the result obtained is validated 

by real experience. We note that the two graphs are almost the 

same. Which have 45 m long and at velocity of 10 m/s shows as 

described in resultant. We chose a summer simulation period in 

June to compare the temperature of buried pipes. The pipe has the 

same engineering characteristics. Note that the effect of the 

ambient temperature in the summer ranges between 35 and 45, the 

air temperature at the exit outlet of the buried pipes is between 24 

°C and 27 °C (Fig. 6). Low average temperature is about 11 °C. 

For ambient temperature in the valley ranging from 35 °C to 45 

°C, the air temperature in the air outlet tube ranges between 27 °C 

and 25 °C. (Fig.5) The air temperature in the exchange port 

develops as a function of the length, We found that the differences 

in the corresponding temperature between the ambient air and the 

cooled air at the exchanger outlet to the temperature of the air 

inside of 42 ° C and 33.4 ° C. Are respectively 13.9 ° C and 7.6 ° 

C. This is due to the fact that when the ambient air temperature is 

greater than that in the exchange port, this confirms simulations 

have shown that the energy supplied by the cooling exchanger 

(EAHE) is more significant in the south of the country than in the 

north. 
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Fig 4. Variation of the air temperature versus 

 
 

Fig 5. Temperature distribution in the exchanger the exchanger length 

and velocity 10m/s.  
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Fig 6. Validation With the experience. 

 

 

 



6. Conclusion 

Based on our work, we should not exceed the length of 50 meters 

for the exchanger and not to exceed the depth of 3 meters in the 

ground. The simulations resultant carried out on this CBGHE, The 

recommendations can be recapitulation as follows: 

1) The length of the well must be between 40 and 45 m. 

Below 40 m, the exchanger it is not possible for the exchanger 

to obtain an outlet temperature close to that of the ground, 

because the general conclusion exchange efficiency is average ; 

beyond 45 m, the yield no longer increases significantly; 

2) The diameter of the pipe and the air flow are related to 

the speed of the air flowing through the well; The diameter is 

between 16 and 25 cm; 

3)  The outlet temperature is directly related to the soil 

temperature. Its amplitude decreases sharply with depth. For 

example, we obtained a temperature drop of 9.5°C to 2.5 m and 

from 6°C to 1 m. As a result, the well must be buried as deeply 

as possible, so as to best benefit from the inertia of the soil. 

4) This simulations have shown that the energy supplied by 

the cooling exchanger (EAHE) is more significant in the south 

of the country than in the north. 
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