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ABSTRACT 
Major  problem  in  operation of  earth  air  tunnel  heat  exchangers  (EATHE)  is  the  gain/discharge   of heat  from  

buried  pipe  to  surrounding soil layer because this heat exchange disturbs  the  steady state temperature of sub soil and 

deteriorates the thermal performance of EATHE system. This phenomenon is more pronounced for soil having poor 

thermal conductivity. A CFD simulation using ANSYS 15.0 has been carried out to investigate the transient effects of soil 

thermal conductivity and continuous & intermittent modes of operation of EATHE system on the temperature of soil 

layer surrounding the EATHE pipe during winter season. Thermal response of soil surrounding the EATHE pipe is 

evaluated in terms of drop in soil layer temperature obtained during continuous & intermittent modes of operation. 

Results of the CFD model were validated by the experimental observation and same have been used to investigate the 

dynamic interaction of earth air tunnel heat exchanger with surrounding soil. The importance of dynamic interactions 

between the heat exchanger and soil is illustrated from the comparison of the change in soil layer temperature during 

continuous and intermittent operation in heating seasons. It is shown that intermittent mode of operation of EATHE 

system improves the heating potential of EATHE. 

Keywords: Earth Air Tunnel Heat Exchanger, Soil Thermal Conductivity, Intermittent Operation, Dynamic 

Interaction 

 

1. Introduction 

As the energy demand of new office buildings has been reduced during the last few years, there is a rising 

interest for heating and cooling systems based on renewable sources of energy. Because of the high thermal 

inertia of the soil, the temperature fluctuations at the ground surface are attenuated deeper in the ground. 

Further, a time lag occurs between the temperature fluctuations at the surface and in the ground. Therefore, at 

a sufficient depth, the ground temperature is lower than the outside temperature in summer and higher in 

winter. When ambient air is drawn through buried pipes, the air is cooled in summer and heated in winter, 

before it is used for ventilation. Thus, earth-to-air heat exchangers (EAHXs) can fulfil both purposes 

demanded above: (pre-) heating in winter and (pre-)cooling in summer. The main advantages of the system 

are its simplicity, high cooling and pre-heating potential, low operational and maintenance costs, saving of 

fossil fuels and related emissions. Pre-heated fresh air supports a heat recovery system and reduces the space 

heating demand in winter. Yuehong Bi et al. [1] simulated two dimensional symmetry model of a vertical 

spiral coil ground heat exchanger by using volume control method. Simulated results and experimental results 

showed good agreement for ground heat exchanger. Kumar et al. [2] presented numerical model and 

developed passive thermal performance of building. This model showing scope of finite difference and FFT 

(MATLAB). Pafafferott et al. [3] decided to design an earth to air heat exchanger to characterized general 

efficiency in terms of temperature variation over time, Energy gained and parametric model. Presented work 

suggested that thermal efficiency should be defined by both dynamics temperature and energy performance. 

Ghosal et al. [4] developed analytical model to study earth-air tunnel heat exchanger coupled with a 

greenhouse. Analysis reported that coupling earth-air tunnel heat exchanger with greenhouse is beneficial 

during summer and winter season. Ajmi et al. [5] presented theoretical mode of EATHE system in arid 



  
 
 
 

334 Rohit Misra
 
, Abhishek Agarwal, Vikas Bansal, Doraj Kamal Jamuwa 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4, Issue 3 

March  2017       

climate and reported low cooling energy demand by 30%. Shukla et al. [6] incorporate different thermal 

performance of inner thermal curtain of green house, EATHE and geothermal heating for different zones of 

greenhouse. The analysis of thermal performance reported that EATHE is good alternative choice for green 

housing heating in absence of geothermal heating. Silva et al. [7] incorporated an array of buried pipes 

together with a solar chimney and studied the heating fractions due to the solar chimney and to the buried 

pipes. Results shown that coupling of earth to air heat exchanger  lowers  the thermal  amplitude  of  the  air  

entering  the  building and suggested that this  system  is particularly  suitable  for  regions  with  high  annual 

thermal  amplitude  of  the  air. Lee et al. [8] carried out the effect of pipe radius, pipe length and pipe depth 

and air flow velocity. Parametric analysis reveals that pipe length and pipe depth affects overall performance 

of earth tube system while pipe radius and air flow velocity affects only inlet air temperature. Tiwari et al. [9] 

adopted integrated approach of EATHE with adobe building for New Delhi composite climate. Presented 

approach reveals performance of EATHE integrate with adobe building is better than previous model of 

EATHE and having low life cost also. Zawada et al. [10] used heat accumulating potential of ground which 

allows in pre-heating or pre-cooling of building. The research work presented air-ground heat exchanger on 

based of quasi 3D finite elements method and reported wide range of parameter which affects the performance 

of air-ground heat exchanger. Bansal et al. [11] investigate underground temperature characteristics of the soil 

surrounding the EATHE pipe and the effect of duration of operation of EATHE on its thermal performance. 

Observation suggested that thickness of soil annulus surrounding the pipe up to which the thermal influence is 

observed depends on the thermal conductivity of the soil and period of continuous running of EATHE system. 

This paper aims to analyse the transient effects of soil thermal conductivity and continuous & intermittent 

modes of operation of EATHE system on the temperature of soil layer surrounding the EATHE pipe during 

winter season. Thermal response of soil surrounding the EATHE pipe is evaluated in terms of drop in soil 

layer temperature obtained during continuous & intermittent modes of operation. Results of the CFD model 

which were validated by the experimental observation have been used to investigate the dynamic interaction 

of earth air tunnel heat exchanger with surrounding soil. 

 

2. DESCRIPTION OF CFD MODEL 

Computational Fluid Dynamics (CFD) tools are well known for their capability to carry out in-depth 

analysis of fluid flow, heat transfer, mass transfer and several other problems. They provide 

numerical solutions of partial differential equations governing fluid flow and heat transfer in a 

discretized form. CFD employs a very simple principle of resolving the entire system in small cells 

or grids and applying governing equations on these discrete elements to find numerical solutions 

regarding pressure distribution, temperature gradients and flow parameters in a shorter time at a 

lower cost. To examine the complicated airflow and heat transfer processes in an EATHE system, 

CFD software ANSYS 15.0 was used in this study. In the present analysis, CFD simulations have 

been performed using an unstructured grid. CFD software has been employed to resolve the transient 

temperature field around the horizontal buried pipe of EATHE. The element type and the grid 

density were selected to be variable because the temperature changes more sharply around the pipe 

wall therefore the grid was designed to be more dense in that area, while it was more sparse farther 

away from the pipe wall. In the present study it has been assumed that air is incompressible and the 

soil is homogeneous and its physical properties are constant. It was also assumed that the thermos-

physical properties of pipe and soil do not change with temperature and engineering materials used 

in the CFD model are isotropic and homogeneous. It has also been assumed that thermal conductivity of the 

soil remains constant. The fundamental equations of fluid flow and heat transfer have been used in the 

analysis. The geometric modeling and meshing have been prepared using DESIGNMODELER as shown in 

Fig. 1. The thermo-physical parameters of materials used in the simulation are listed in Table 1. The CFD 

model of EATHE system was validated using an experimental set up having pipe diameter of 0.1 m and pipe 

length of 60 m, as shown in Fig. 2. 
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Table 1: Thermo-physical parameters used in simulation 

Material 
Density 

(kg m
-3

) 

Specific heat capacity 

(J kg
-1

 K
-1

) 

Thermal conductivity 

(W m
-1

 K
-1

) 

Air 1.225 1006 0.0242 

Soil (S1) 2050 1840 0.52 

Soil (S2) 2050 1840 2.0 

Soil (S3) 2050 1840 4.0 

PVC 1380 900 1.16 

 

 
Fig.1 Four different views of CFD model of EATHE 

Fig.2 Schematic of the numerical model of EATHE used for CFD simulation 
 

2.1 Governing equations 
The governing transport equations in 3D Cartesian coordinates for the fluid flow, heat and mass 

transfer are given below 

Continuity equation: 
𝜕𝑢

𝜕𝑥
+
𝜕𝑣

𝜕𝑥
+
𝜕𝑤

𝜕𝑥
= 0  

X-Momentum Equation: 

[𝑢 
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
+𝑤

𝜕𝑢

𝜕𝑧
] = −

1

𝜌

𝜕𝑝

𝜕𝑥
+ ʋ[

𝜕2𝑢

𝜕𝑥 2 +
𝜕2𝑢

𝜕𝑦 2 +
𝜕2𝑢

𝜕𝑧 2 ]  

Y-Momentum Equation: 

[𝑢 
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
+𝑤
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𝜕𝑥 2 +
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𝜕𝑧 2]  

Z-Momentum Equation: 

[ 𝑢 
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
+𝑤
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] = −

1

𝜌
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𝜕𝑧 2 ] 

Energy Equation  

[𝑢 
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
+𝑤

𝜕𝑇

𝜕𝑧
] = 𝛼[

𝜕2𝑇

𝜕𝑥 2 +
𝜕2𝑇

𝜕𝑦 2 +
𝜕2𝑇

𝜕𝑧 2 ]  

In the above equations, u, v and w are the velocity components in x, y and z directions, p and T are the 

pressure and temperature of the flowing air. 

Transport equations for the Realizable k–Є model 
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𝜕(𝜌𝑘 )

𝜕𝑡
+
𝜕(𝜌𝑘𝑢 𝑗 )

𝜕𝑥𝑗
=

𝜕𝑇

𝜕𝑥𝑗
[(𝜇 +

𝜇𝑡

𝜎𝑡
)
𝜕𝑘

𝜕𝑥𝑗
] + Gk + Gb – ρЄ - YM + Sk 

𝜕(𝜌Є)

𝜕𝑡
+
𝜕(𝜌Є𝑢𝑗 )

𝜕𝑥𝑗
=

𝜕𝑇

𝜕𝑥𝑗
[(𝜇 +

𝜇𝑡

𝜎𝑡
)
𝜕Є

𝜕𝑥𝑗
] + ρC1SЄ- ρC2 (

𝜖2

𝑘+ 𝑣𝜖
 ) + C1 

𝜖

𝑘
 C3ЄCb+SЄ 

Where 

C1= max [0.43, 
𝜂

𝜂+1
], 𝜂 =

𝑠𝑘

Є
, S= 2𝑆𝑖𝑗 𝑆𝑖𝑗  

In these equations, 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, YM represents 

the contribution of the fluctuating dilatation in compressible turbulence to the overall dissipation 
rate, C2 and C1Є are constants. σk and σЄ are the turbulent Prandtl numbers for k and Є, respectively. 

Sk and SЄ are user-defined source terms. 

The eddy viscosity is computed from 

 μ = ρCμ

𝐾2

Є
  

The model constant are C1Є = 1.444, C2 = 1.9, σЄ = 1.2  

 

2.2 Boundary conditions 
 

(a) Inlet boundary: At the inlet of EATHE uniform velocity is used and the direction is normal 

to the opening at inlet, velocity along the x-axis was taken as 5 m/s. Turbulence parameters at 

the inlet are defined using turbulence intensity (assuming 5%) and inlet characteristic length 

(hydraulic diameter) as 0.1 m. 

(b) Far boundary of the soil: Outer surface of the soil cylinder (10 times the pipe diameter) 

surrounding the EATHE pipe was assumed to be at constant temperature of 300.2 K. 

(c)  Inlet and exit faces:  At inlet and exit faces of EATHE, heat flux was taken to be zero. 

(d)   Soil pipe interface:  At soil pipe interface coupled heat transfer condition was taken.  No-slip 

conditions for velocity and steady temperatures are applied at the duct surfaces.  Zero diffusion flux of all 

flow variables in the direction normal to the outlet is used. 

 

2.3 Solution Techniques  

This study used a fully unstructured finite-volume CFD solver, ANSYS15.0, for simulation.  The SIMPLE 

algorithm is applied for the pressure–velocity coupling in the segregated solver.  A second order upwind 

scheme is adopted for the discretization of the governing equations.  The convergence criteria for all variables 

were set to be 10
-6

. 

 

2.4 Description of test facility and test unit of EATHE system 

The schematic diagram of room integrated EATHE is shown in Fig.3. Experimental set up comprises of 60 m 

long horizontal PVC pipe of inner diameter 0.10 m, buried in flat land and dry soil at a depth of 3.7 m.  Inlet 

end of EATHE pipe is connected through a vertical pipe to a 0.75 kW, single phase, variable speed motorized 

blower (maximum flow rate of 0.0945 m
3
/s and maximum speed of 2800 RPM). Ambient air was forced 

through the earth air pipe system with the help of blower and air flow velocity was changed with help of an 

auto transformer (single phase, 0–270 V, 2 A maximum current, with a least count of 1 V). Seven RTD 

(resistance temperature detector) temperature sensors viz.  T0 and T6 were mounted at a depth of 0m, 

0.62m,1.24 m, 1.86 m, 2.48 m, 3.10 m and 3.7 m, respectively, from the ground surface on inlet vertical pipe 

to measure soil temperatures at different depths. One additional temperature sensor was inserted at a distance 

of 10m away from the EATHE system at a depth of 3.7 m in the ground to measure the undisturbed soil 

temperature. Nine RTD (Pt-100) temperature sensors viz. T7 to T15 were also inserted at the centre of EATHE 

pipe along the length at a horizontal distance of 0.2m, 1.7m, 4.7m, 9.3m, 15.1 m, 24.2 m, 34.0 m, 44.4 m and 

60.0 m, respectively, from the upstream end to measure air temperature.  A group of four RTD (Pt-100) 
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Fig. 3 Schematic of room integrated EATHE 

system 
 

temperature sensor at axial distance of 6.4 m, 27.4m and 48.8m from 48.8 m from the inlet of EATHE 

were also provided to measure the temperature of pipe–soil interface, temperature of soil at a 

distance of 0.2 m, 0.4 m and 0.6 m from pipe surface, respectively.  

 

Fig. 4 Experimental set up of EATHE 

Properly calibrated, digital temperature display devices (accuracy of ±0.1◦C and resolution 0.1◦C) have 

been used. Dry bulb temperature of ambient air was recorded hourly using RTD (Pt-100) temperature 

sensor and capacitive transducer mounted on weather station. Air flow velocity is measured with the help of 

a vane probe type anemometer (make- Lutron, model-AM-4201, range- 0.4 to 30.0 m/s and least count of 

0.1m/s). Electrical energy consumed by the centrifugal blower was measured with the help of calibrated 

digital energy meter (make- Power tech measurement system, type- PTS-01, least count of 0.1 kWh and an 

accuracy of ±0.1 kWh). Dimensions of research room are 4.3 m X 3.8 m X 3.05 m, having two windows 

(1.52 m X 1.22m each, located on east and north facing walls respectively) and a door (1.82 m X 0.91 m, 

located on west facing wall). 

 

2.5  Validation  of  simulation  model 

Performance  of  EATHE  system  was  monitored  by  operating  it round  the  year  and  the  

experimental  data  were  used  to  validate the  CFD  simulation  model  and  CFD  simulations  were  

carried  out for  evaluating  the  thermal  performance  of  EATHE  system  operating  under  transient  

conditions. CFD model for transient analysis of EATHE  system  has  been  validated  for  summer  

weather  conditions by  taking  observations  on  a  full  scale  experimental  set-up  as  shown in  Fig.  4 

for the month of  June,  2011  at  Ajmer  (Western  India).  In this validation exercise, inlet condition of 
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air in CFD  simulation  was kept  same  as  measured  at  the  experimental  set-up. For validation of  

EATHE  model,  pipe  diameter  of  0.1  m  and  pipe  length  of  60  m was  prepared. In  the  present  

study  it  has  been  assumed  that  air  is  incompressible  and  the  soil  is  homogeneous  and  its  

physical  properties  are 

 
Fig. 5 Grid Independence Test: Simulated air 

temperature along pipe length for fine and coarse 

mesh 

 

 

constant. It was also assumed that the property of the pipes and ground materials do not change with 

temperature and engineering materials used in the CFD model are isotropic and homogeneous. The 

fundamental equations of fluid flow and heat transfer have been used in the analysis. The geometric 

modeling and meshing have been prepared using DESIGNMODELER. In the present analysis, CFD 

simulations have been performed using an unstructured grid. A grid-independency test was carried out 

to check the effect of mesh size on the accuracy of the solution as shown in Fig.5. Mesh size varies 

from 0.015 m to 0.075 m from pipe surface to soil outer layer. The independent grid size was 

determined by successive refinements, increasing the number of elements from 16,37,732 (Coarse 

mesh) to 30,37,768 (Fine mesh). The soil region was discretized with 21,03,761 tetrahedral volumes 

and the region of EATHE pipe with 9,34,007 tetrahedral volumes, totaling 30, 37,768 finite volumes. 

The outer diameter of the soil cylinder surrounding the EATHE pipe has been taken as ten times the 

pipe diameter. To make this assumption, a simulation trial was carried out on EATHE model having 5 

m pipe length and 0.1 m pipe diameter. Radius of soil surrounding the pipe was taken to be 20 times the 

pipe radius and it was observed that penetration of heat at the inlet section was not beyond 8 times the 

pipe diameter. Hence, in further simulation on large scale model outer diameter of the soil cylinder 

surrounding the EATHE pipe was taken as ten times the pipe diameter to save the iteration time. Soil 

layers surrounding the pipe have also been simulated to study the transient effects of thermal 

conductivity of soil on the thermal performance of EATHE system by using three different types of soil 

SL1, SL2 and SL3. Comparison of simulated and experimental results of air temperature along the 

length of EATHE pipe is summarized for air velocity of 5 m/s for EATHE buried into soil SL1 is 

shown in Fig.6. It is observed from Fig.6 that there is a difference of 3.4–8.0% between the 

experimental and simulated data for dry bulb temperature of air at the center of pipe. Thus, the model 

was considered to be usable to carry our detailed analysis. 
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Fig.6 Validation of CFD results with experimental results 

 

5. TRANSIENT THERMAL PERFORMANCE OF EATHE SYSTEM 
Soil layers surrounding the EATHE PIPE at a distance of 0.025m away from pipe surface has been simulated 

to study the transient effects of thermal conductivity of soil on the thermal performance of EATHE system by 

using three different types of soil SL1, SL2 and SL3. Undisturbed soil temperature was experimentally 

determined as 300.2 K. In order to observe the extent up to which the thermal performance of EATHE system 

changes under continuous and intermittent modes of operation, the lowest ambient air temperature of 280.6 K 

(7.2 ºC) recorded during winter season (Nov. 2015 to Feb. 2016) at Ajmer (India) was taken as the condition 

of air at the inlet of EATHE in simulation. Comparison of simulated and experimental values of soil layer 

temperature along the length of EATHE pipe is analysed at air flow velocity of 5 m/s. Following modes of 

operation of EATHE system under transient conditions have been investigated. 

Mode-1 (M1): In this mode EATHE system has been put into use continuously for 24 hours.  

Mode-2 (M2): In this mode EATHE system has been used intermittently. It is used continuously for 3 hours 

and then kept OFF for next 3 hours making an ON-OFF cycle of 6 hours duration. For the use of EATHE in 

such a manner four cycles of intermittent operation (each cycle of 6 hours duration) shall be obtained. 

Temperature of soil layer at a distance of 0.025m away from pipe surface along the length of EATHE pipe has 

been analyzed after every 6 hours (i.e. after 6
th
 hour, 12

th
 hour, 18

th
 hour and 24

th
 hour) and same has been 

compared with that obtained during Mode-1. 

 

6. RESULTS AND DISCUSSION: 

6.1 Comparison of thermal behaviour of soil during continuous and intermittent modes  

Fig. 7 shows the variation in soil layer temperature at a distance of 0.025m away from pipe surface along the 

length of EATHE pipe buried in soil SL1, SL2 and SL3 after different hours of operation during continuous 

and intermittent modes of operation. Temperature of soil layer obtained after 6 hours, 12 hours, 18 hours and 

24 hours of operation during intermittent mode (Mode-2) has been compared with that obtained during 

continuous operation (Mode-1). 

 
(a) 

300

302

304

306

308

310

312

314

316

318

320

0 10 20 30 40 50 60

T
em

pe
ra

tu
re

 o
f a

ir
 in

 p
ip

e 
(K

)

Length of pipe (m)

Simulated temperature after 1 hour Experimental temperature after 1 hour

Simulated temperature after 4 hour Experimental temperature after 4 hour

Simulated temperature after 7 hour Experimental temperature after 7 hour



  
 
 
 

340 Rohit Misra
 
, Abhishek Agarwal, Vikas Bansal, Doraj Kamal Jamuwa 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4, Issue 3 

March  2017       

 
(b) 

 
(c)   

Figure 7: Temperature of soil layer at a distance of 0.025m away from pipe 

surface along the length of pipe after 6 hours, 12 hours, 18 hours and 24 

hours for different soils (a) SL1 (b) SL2 (c) SL3 during continuous and 

intermittent operation 

 

Table 2: Drop in temperature of soil layer at a distance of 0.025m away from pipe surface along the 

length of pipe after 6 hours for soil SL1, SL2 and SL3 during continuous and intermittent operation 

Section 

at 

Length of pipe 

(m) 

Drop in temperature of soil layer at a distance of 0.025m away from pipe surface 

after 6 hours during continuous and intermittent modes of operation (K) 

Soil SL1 Soil SL2 Soil SL3 

Mode-1 Mode-2 Mode-1 Mode-2 Mode-1 Mode-2 

0 7.0 2.9 5.3 1.5 2.2 0.9 

10 5.0 1.6 2.6 0.6 1 0.3 

20 2.6 0.8 1.1 0.2 0.4 0.1 

30 1.5 0.4 0.5 0.1 0.2 0.0 

40 0.8 0.2 0.2 0.0 0.1 0.0 

50 0.4 0.1 0.0 0.0 0.1 0.0 

60 0.1 0.0 0.0 0.0 0.0 0.0 
 

Figure 7 shows the temperature of soil layer at a distance of 0.025m away from pipe surface along the length 

of pipe after different hours of operation during continuous operation (Mode-1) and intermittent operation 

(Mode-2) of EATHE buried into soil SL1, SL2 and SL3. Air flow velocity is kept at 5 m/s. From Figure 7 it is 

observed that after 6 hours of continuous operation (Mode-1) the temperature of soil SL1, SL2 and SL3 at 
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inlet is obtained as 293.2K, 294.9K and 298.0K, respectively. However, after 6 hours of operation during 

intermittent mode (i.e. Mode-2) the temperature of soil SL1, SL2 and SL3 at inlet is obtained as 297.3K, 

298.7K and 299.3K, respectively. From Table 2 it is observed that after 6 hours of continuous operation (i.e. 

Mode-1) the temperature drop in soil SL1, SL2 and SL3 at inlet is obtained as 7.0K, 5.3K and 2.2K, 

respectively. However, after 6 hours of operation during intermittent mode (i.e. Mode-2) the temperature drop 

in soil SL1, SL2 and SL3 at inlet is obtained as 2.9K, 1.5K and 0.9K, respectively. 

Similarly, it can be noted from Figure 7 it is observed that after 6 hours of continuous operation (i.e. Mode-1) 

the temperature of soil SL1, SL2 and SL3 at 30m from inlet is obtained as 298.7K, 299.7K and 300.0K, 

respectively. However, after 6 hours of operation during intermittent mode (i.e. Mode-2) the temperature of 

soil SL1, SL2 and SL3 at 30m from inlet is obtained as 299.8K, 300.1K and 300.2K, respectively. From Table 

2 it is observed after 6 hours of continuous operation (i.e. Mode-1) the temperature drop in soil SL1, SL2 and 

SL3 at 30m from inlet is obtained as 1.5K, 0.5K and 0.2K, respectively. However, after 6 hours of operation 

during intermittent mode (i.e. Mode-2) the temperature drop in soil SL1, SL2 and SL3 at 30m from inlet is 

obtained as 0.4K, 0.1K and 0.0K, respectively. 

It is important to observe from Figure 7 that the intermittent operation improves the heating potential of 

EATHE system. Even at the exit of EATHE, it is observed that after 6 hours of continuous operation (i.e. 

Mode-1) the temperature of soil SL1, SL2 and SL3 at outlet is obtained as 300.1K, 300.2K and 300.2K, 

respectively. However, after 6 hours of operation during intermittent mode (i.e. Mode-2) the temperature of 

soil SL1, SL2 and SL3 at outlet is obtained as 300.2K, 300.2K and 300.2K, respectively. From Table 2 it is 

observed after 6 hours of continuous operation (i.e. Mode-1) the temperature drop in soil SL1, SL2 and SL3 at 

outlet is obtained as 0.1K, 0.0K and 0.0K, respectively. However, after 6 hours of operation during 

intermittent mode (i.e. Mode-2) the temperature drop in soil SL1, SL2 and SL3 at outlet is obtained as 0.0K, 

0.0K and 0.0K, respectively. 

 

Table 3: Drop in temperature of soil layer at a distance of 0.025m away from pipe surface along the 

length of pipe after 12 hours for soil SL1, SL2 and SL3 during continuous and intermittent operation 

Section 

at 

Length of pipe 

(m) 

Drop in temperature of soil layer at a distance of 0.025m away from pipe surface 

after 12 hours during continuous and intermittent modes of operation (K) 

Soil SL1 Soil SL2 Soil SL3 

Mode-1 Mode-2 Mode-1 Mode-2 Mode-1 Mode-2 

0 8.7 4.2 6.4 2.2 4 1.3 

10 6.4 2.5 3.3 1 1.7 0.5 

20 3.9 1.4 1.6 0.4 0.7 0.2 

30 2.5 0.9 0.8 0.2 0.2 0 

40 1.5 0.5 0.3 0.1 0.1 0 

50 0.9 0.4 0.1 0.1 0 0 

60 0.4 0.2 0 0 0 0 

 

Figure 7 shows the temperature of soil along the length of pipe after different hours of operation (Mode-1) and 

intermittent (Mode-2) modes of operation for EATHE buried into soil SL1, SL2 and SL3. Air flow velocity is 

kept at 5 m/s. From Figure 7 it is observed that after 12 hours of continuous operation (i.e. Mode-1) the 

temperature of soil SL1, SL2 and SL3 at inlet is obtained as 291.5K, 293.8K and 296.2K, respectively. 

However, after 12 hours of operation during intermittent mode (i.e. Mode-2) the temperature of soil SL1, SL2 

and SL3 at inlet is obtained as 296.0K, 298.0K and 298.9K, respectively. From Table 3 it is observed after 12 

hours of continuous operation (i.e. Mode-1) the temperature drop in soil SL1, SL2 and SL3 at inlet is obtained 

as 8.7K, 6.4K and 4.0K, respectively. However, after 12 hours of operation during intermittent mode (i.e. 

Mode-2) the temperature drop in soil SL1, SL2 and SL3 at inlet is obtained as 4.2K, 2.2K and 1.3K, 

respectively. 
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Similarly, it can be noted from Figure 7 it is observed that after 12 hours of continuous operation (i.e. Mode-

1) the temperature of soil SL1, SL2 and SL3 at 30m from inlet is obtained as 297.7K, 299.4K and 300.0K, 

respectively. However, after 6 hours of operation during intermittent mode (i.e. Mode-2) the temperature of 

soil SL1, SL2 and SL3 at 30m from inlet is obtained as 299.3K, 300.0K and 300.2K, respectively. From Table 

3 it is observed after 12 hours of continuous operation (i.e. Mode-1) the temperature drop in soil SL1, SL2 and 

SL3 at 30m from inlet is obtained as 2.5K, 0.8K and 0.2K, respectively. However, after 12 hours of operation 

during intermittent mode (i.e. Mode-2) the temperature drop in soil SL1, SL2 and SL3 at 30m from inlet is 

obtained as 0.9K, 0.2K and 0.0K, respectively. 

 

It is important to observe from Figure 7 that the intermittent operation improves the heating potential of 

EATHE system. Even at the exit of EATHE, it is observed that after 12 hours of continuous operation (i.e. 

Mode-1) the temperature of soil SL1, SL2 and SL3 at outlet is obtained as 299.8K, 300.2K and 300.2K, 

respectively. However, after 6 hours of operation during intermittent mode (i.e. Mode-2) the temperature of 

soil SL1, SL2 and SL3 at outlet is obtained as 300.0K, 300.2K and 300.2K, respectively. From Table 3 it is 

observed after 6 hours of continuous operation (i.e. Mode-1) the temperature drop in soil SL1, SL2 and SL3 at 

outlet is obtained as 0.4K, 0.0K and 0.0K, respectively. However, after 6 hours of operation during 

intermittent mode (i.e. Mode-2) the temperature drop in soil SL1, SL2 and SL3 at outlet is obtained as 0.2K, 

0.0K and 0.0K, respectively. 

 

Table 4: Drop in temperature of soil layer at a distance of 0.025m away from pipe surface along the 

length of pipe after 18 hours for soil SL1, SL2 and SL3 during continuous and intermittent operation 

Section 

at 

Length of pipe 

(m) 

Drop in temperature of soil layer at a distance of 0.025m away from pipe surface 

after 18 hours during continuous and intermittent modes of operation (K) 

Soil SL1 Soil SL2 Soil SL3 

Mode-1 Mode-2 Mode-1 Mode-2 Mode-1 Mode-2 

0 9.6 5 7 2.6 5.1 1.4 

10 7.2 3 3.7 1.2 2.3 0.6 

20 4.9 1.8 1.9 0.5 1 0.2 

30 3.3 1.2 0.9 0.3 0.4 0.1 

40 2 0.8 0.4 0.2 0.1 0 

50 1.2 0.6 0.1 0.1 0 0 

60 0.7 0.4 0 0.1 0 0 

 

Figure 7 shows the temperature of soil along the length of pipe after different hours of operation (Mode-1) and 

intermittent (Mode-2) modes of operation for EATHE buried into soil SL1, SL2 and SL3. Air flow velocity is 

kept at 5 m/s. From Figure 7 it is observed that after 18 hours of continuous operation (i.e. Mode-1) the 

temperature of soil SL1, SL2 and SL3 at inlet is obtained as 290.6K, 293.2K and 295.1K, respectively. 

However, after 18 hours of operation during intermittent mode (i.e. Mode-2) the temperature of soil SL1, SL2 

and SL3 at inlet is obtained as 295.2K, 297.6K and 298.8K, respectively. From Table 4 it is observed after 18 

hours of continuous operation (i.e. Mode-1) the temperature drop in soil SL1, SL2 and SL3 at inlet is obtained 

as 9.6K, 7.0K and 5.1K, respectively. However, after 18 hours of operation during intermittent mode (i.e. 

Mode-2) the temperature drop in soil SL1, SL2 and SL3 at inlet is obtained as 5.0K, 2.6K and 1.4K, 

respectively. 

Similarly, from Figure 7 it is observed that after 18 hours of continuous operation (i.e. Mode-1) the 

temperature of soil SL1, SL2 and SL3 at 30m from inlet is obtained as 296.9K, 299.3K and 300.0K, 

respectively. However, after 18 hours of operation during intermittent mode (i.e. Mode-2) the temperature of 

soil SL1, SL2 and SL3 at 30m from inlet is obtained as 299.0K, 299.9K and 300.1K, respectively. From Table 

4 it is observed after 18 hours of continuous operation (i.e. Mode-1) the temperature drop in soil SL1, SL2 and 

SL3 at 30m from inlet is obtained as 3.3K, 0.9K and 0.2K, respectively. However, after 18 hours of operation 
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during intermittent mode (i.e. Mode-2) the temperature drop in soil SL1, SL2 and SL3 at 30m from inlet is 

obtained as 1.2K, 0.3K and 0.1K, respectively. 

It is important to observe from Figure 7 that the intermittent operation improves the heating potential of 

EATHE system. Even at the exit of EATHE, it is observed that after 18 hours of continuous operation (i.e. 

Mode-1) the temperature of soil SL1, SL2 and SL3 at outlet is obtained as 299.5K, 300.2K and 300.2K, 

respectively. However, after 18 hours of operation during intermittent mode (i.e. Mode-2) the temperature of 

soil SL1, SL2 and SL3 at outlet is obtained as 299.8K, 300.1K and 300.2K, respectively. From Table 4 it is 

observed after 18 hours of continuous operation (i.e. Mode-1) the temperature drop in soil SL1, SL2 and SL3 

at outlet is obtained as 0.7K, 0.0K and 0.0K, respectively. However, after 18 hours of operation during 

intermittent mode (i.e. Mode-2) the temperature drop in soil SL1, SL2 and SL3 at outlet is obtained as 0.4K, 

0.0K and 0.0K, respectively. 

 

Table 5: Drop in temperature of soil layer at a distance of 0.025m away from pipe surface along the 

length of pipe after 24 hours for soil SL1, SL2 and SL3 during continuous and intermittent operation 

Section 

at 

Length of pipe 

(m) 

Drop in temperature of soil layer at a distance of 0.025m away from pipe surface 

after 24 hours during continuous and intermittent modes of operation (K) 

Soil SL1 Soil SL2 Soil SL3 

Mode-1 Mode-2 Mode-1 Mode-2 Mode-1 Mode-2 

0 10.1 5.6 7.3 2.9 5.3 1.6 

10 7.8 3.4 4 1.3 2.4 0.6 

20 5.4 2.1 2.1 0.6 1.1 0.3 

30 3.7 1.4 1 0.3 0.4 0.1 

40 2.4 0.9 0.4 0.2 0.1 0.1 

50 1.5 0.7 0.2 0.1 0 0 

60 0.9 0.5 0 0.1 0 0 

 

Figure 7 shows the temperature of soil along the length of pipe after different hours of operation (Mode-1) and 

intermittent (Mode-2) modes of operation for EATHE buried into soil SL1, SL2 and SL3. Air flow velocity is 

kept at 5 m/s. From Figure 7 it is observed that after 24 hours of continuous operation (i.e. Mode-1) the 

temperature of soil SL1, SL2 and SL3 at inlet is obtained as 290.1K, 292.9K and 294.9K, respectively. 

However, after 24 hours of operation during intermittent mode (i.e. Mode-2) the temperature of soil SL1, SL2 

and SL3 at inlet is obtained as 294.6K, 297.3K and 298.6K, respectively. From Table 5 it is observed after 24 

hours of continuous operation (i.e. Mode-1) the temperature drop in soil SL1, SL2 and SL3 at inlet is obtained 

as 10.1K, 7.3K and 5.3K, respectively. However, after 24 hours of operation during intermittent mode (i.e. 

Mode-2) the temperature drop in soil SL1, SL2 and SL3 at inlet is obtained as 5.6K, 2.9K and 1.6K, 

respectively. 

Similarly, it can be noted from Figure 7 it is observed that after 6 hours of continuous operation (i.e. Mode-1) 

the temperature of soil SL1, SL2 and SL3 at 30m from inlet is obtained as 296.5K, 299.2K and 299.8K, 

respectively. However, after 24 hours of operation during intermittent mode (i.e. Mode-2) the temperature of 

soil SL1, SL2 and SL3 at 30m from inlet is obtained as 298.8K, 299.9K and 300.1K, respectively. From Table 

5 it is observed after 24 hours of continuous operation (i.e. Mode-1) the temperature drop in soil SL1, SL2 and 

SL3 at 30m from inlet is obtained as 3.7K, 1.0K and 0.4K, respectively. However, after 24 hours of operation 

during intermittent mode (i.e. Mode-2) the temperature drop in soil SL1, SL2 and SL3 at 30m from inlet is 

obtained as 1.4K, 0.3K and 0.1K, respectively. 

It is important to observe from Figure 7 that the intermittent operation improves the heating potential of 

EATHE system. Even at the exit of EATHE, it is observed that after 24 hours of continuous operation (i.e. 

Mode-1) the temperature of soil SL1, SL2 and SL3 at outlet is obtained as 299.3K, 300.2K and 300.2K, 

respectively. However, after 6 hours of operation during intermittent mode (i.e. Mode-2) the temperature of 

soil SL1, SL2 and SL3 at outlet is obtained as 299.7K, 300.1K and 300.2K, respectively. From Table 5 it is 
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observed after 24 hours of continuous operation (i.e. Mode-1) the temperature drop in soil SL1, SL2 and SL3 

at outlet is obtained as 0.9K, 0.0K and 0.0K, respectively. However, after 24 hours of operation during 

intermittent mode (i.e. Mode-2) the temperature drop in soil SL1, SL2 and SL3 at outlet is obtained as 0.5K, 

0.1K and 0.0K, respectively. 

 

7. Conclusion 

The effects of the soil thermal conductivity and dynamic interactions between the earth air tunnel heat 

exchanger pipe and surrounding soil on thermal performance of EATHE system has been investigated for 

continuous and intermittent modes of operation using validated CFD model. Thermal response of soil 

surrounding the EATHE pipe has been investigate in terms of drop in temperature of soil layer in the close 

vicinity of pipe surface during continuous as well as intermittent mode of operation for winter heating case. 

Results of simulation reveal that the temperature of soil layer situated at a distance of 0.025 m away from pipe 

surface and at the inlet drops by 10.1K, 7.3K and 5.3K for soil with thermal conductivity values of 4 Wm
-1

K
-1

, 

2 Wm
-1

K
-1 

and 0.52 Wm
-1

K
-1

 respectively during continuous operation of EATHE. However, during 

intermittent operation, the temperature of soil layer situated at a distance of 0.025 m away from pipe surface 

and at the inlet drops by 5.6K, 2.9K and 1.6K for soil with thermal conductivity values of 4 Wm
-1

K
-1

, 2 Wm
-

1
K

-1 
and 0.52 Wm

-1
K

-1
 respectively. This shows that the intermittent operation of EATHE system results into 

heating potential recovery of surrounding soil. 
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