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ABSTRACT: Textile-type ground-coupled heat exchangers, so called “energy textile”, were installed in an
abandoned railroad tunnel, South Korea. In order to monitor the thermal behavior of the energy textile, a
constant-temperature water bath (CWB) was adopted as a heat source for both cooling and heating operation.
In the course of the experimental measurement, the inlet and outlet fluid temperatures of the energy textile,
pumping rate, temperature distribution in the ground, and air temperature inside the tunnel were continuously
recorded. Then CFD (Computational Fluid Dynamics) numerical analysis was performed to simulate results from
field measurements for the selected energy textiles with consideration of air temperature inside the tunnel. The
convection coefficient method was applied in a developed numerical model with UDF (User Define Function)
to consider effect of the air temperature inside the tunnel. Finally, the thermal performance of the energy textile
is discussed with various types of ground-coupled heat exchangers.

1

INTRODUCTION

Recently, the ground source heat pump (GSHP) systems have been increasingly used around the world
as the most energy-efficient heating and cooling systems for buildings. The GSHP system is coupled with
a group of ground heat exchangers (GHEXs) where
heat exchange occurs between a working fluid circulating through the GHEX and the ground formation. A
GHEX is an important device that determines the performance of a GSHP system and its initial installation
cost. A well-known type of GHEX is the closed-loop
vertical ground heat exchanger. However the closedloop vertical ground heat exchanger needs large initial
installation cost like drilling cost and additional construction space. Therefore a new type of GHEX has
been introduced which is installed by using other
construction structure like pile, slab and tunnel formation, etc. In this paper, the useful option to utilize
geothermal energy from tunnel structure which named
“Energy Textile” is considered. The energy textile
extracts the geothermal energy by means of a textiletype ground heat exchanger that is fabricated between
a shotcrete layer and a guided drainage geotextile
(Markiewicz 2004, Lee et al. 2011).
A test bed of energy textile was constructed in
an abandoned railroad tunnel, Seocheon-gun, South
Korea. With reference to the preliminary analyses
on short-term performance of the pilot energy-textile
modules considering various influential factors (Lee
et al., 2012), a thermal performance test was carried

out to estimate the heat exchange capacity of energy
textile by applying artificial cooling and heating load
on it. The artificial cooling and heating load were
applied by using a constant-temperature water bath
(CWB) and the inlet/outlet fluid temperatures of the
energy textile, pumping rate, temperature distribution
in the ground and air temperature inside the tunnel were continuously recorded. Then CFD numerical
analysis was performed to simulate results from field
measurements for the selected energy textiles with
consideration of air temperature inside the tunnel.

2 THE FIELD TEST
2.1 The test bed construction
The total length of the tunnel where the energy textile was installed is approximately 200 m. The energy
textile modules were installed in the middle of the tunnel at the distance of 100 m from the entrance. The
heat exchange pipes are located adjacent to the tunnel
wall by fabricating the concrete lining. In addition,
a drainage layer which envelopes the heat exchange
pipe was installed. The dimension of energy textile
modules is 10 m in length and 1.5 m in height. The PE
(polyethylene) pipe was installed as a heat exchanger
that is 15 mm in diameter and 2.5 mm in thickness.
The total length of heat exchange pipe is 60.2 m. The
drainage layer, PE pipe, and concrete lining were then
sequentially constructed on the existing surface of the
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Figure 1. Schematic diagram of the energy textile; (a)
without drainage (b) with drainage.
Figure 2. Test results for daily heating operation.

tunnel wall and the schematic diagram of the energy
textile is shown in Fig. 1.
2.2 The thermal performance test
The thermal performance tests were performed for
energy textile with drainage by applying an intermittent (8 hours operating, 16 hours pause) artificial
heating/cooling schedule to simulate a cooling and
heating load for commercial buildings. Through these
tests, the heat exchange rate of the energy textile can
be obtained by measuring outlet temperature during
the operation along with the constant inlet temperature of 5◦ C for heating and 30◦ C for cooling that is
controlled in a constant-temperature water bath. In the
course of field tests, the inlet and outlet temperatures
of the energy textile, pumping flow rate, temperature distribution in the ground, and air temperature
inside the tunnel were continuously measured. The
heat exchange rate of energy pile (Q) is calculated from
the difference between the inlet fluid temperature (Tin )
and outlet fluid temperature (Tout ), which is multiplied
by mass flux of cycling fluid (ṁ) and specific heat (C)
as shown in Equation 1.

Figure 3. Test results for daily cooling operation.
Table 1.

Results of the thermal performance tests.

Type of
energy textile

The amount of heat exchange for the each case is summarized in Table 1, Figure 2 and Figure 3. As the
results, for the heating operation, the air temperature
was recorded from 8.4◦ C, while the inlet temperature
remained around 5 (i.e. the temperature difference is
3.4◦ C). On the other hand, for the cooling operation,
the air temperature was recorded from 19.5◦ C, while
the inlet temperature remained around 30 (i.e. the temperature difference is 10.5◦ C). When comparing the
amount of heat exchange for cooling cycle and heating cycle, the larger amount of heat exchange occurred
at heating cycle about 3.5 times. It means that as the
greater temperature difference exists between the inlet
fluid and the tunnel air, the steeper thermal gradient
occurs that leads to enhancing heat exchange from the

wall-attached,
with drainage

Heating operation

Cooling operation

Avg. heat
exchange
(W)

Air
Temp.
(◦ C)

Avg. heat
exchange
(W)

Air
Temp.
(◦ C)

98.6

8.4

366.1

19.5

energy textiles. Consequently, the air condition inside
tunnel should be considered a significant factor to
utilize geothermal energy from a tunnel.
Figure 4 shows the total thermal power of various
types of GHEXs expressed by the total unit length and
total absorber pipe length (Johnston et al., 2011). The
amount of heat exchange on cooling operation in this
study is 36.6 W/m for drilled depth and 6.0 W/m for
total absorber pipe length. Consequently, capacity of
energy textile for the cooling operation in this study is
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Table 2. Convection coefficients for various fluids at the
surface (Freitag, 1997).

Type of fluid

Forced Convection
(W/m2 K)

Free Convection
(W/m2 K)

Air
Typical gasses
Oil
Light liquids

11∼570
25∼250
50∼2000
50∼20000

6∼28
5∼25
10∼60
100∼1000

Table 3.

Material properties for numerical analysis.

Property
Density
(kg/m3 )
Heat capacity
(J/kg·K)
Thermal
conductivity
(W/m·K)
Viscosity
(kg/m·s)

Figure 4. The total thermal power for drilled depth and pipe
length of various GHEXs (John et al., 2011).

considerable to utilize geothermal energy in tunnel on
a large scale.

3
3.1

NUMERICAL ANALYSIS
Boundary condition for air temperature

As mentioned in above section, the air condition inside
the tunnel is an important factor for design or construction of the energy textile. Generally, the heat transfer
between air and ground surface is explained as convection which makes absorption or release of thermal
energy between them and conduction of soil particles. To estimate the thermal energy injected into the
ground surface, two representative methods were used,
the n-factor method (Calson, 1952) and the convection coefficient method that applies the Newton’s law
of cooling (Hassan, 1978). These two methods provide modeling means that can apply the heat flux on
ground surface basis of air, ground and ground surface
temperature.
In this study, the convection coefficient method was
utilized to apply the air condition inside the tunnel in
the numerical analysis model. The convection coefficient method suggests a convection coefficient factor
according to the various fluids at the surface considering two conditions, forced convection and free
convection, respectively. The representative convection coefficient factors are summarized in Table 2

Tunnel Concrete PE
Ground wall
lining
Pipe

Fluid

1,820

2,300

2,288

950

998.2

1,480

750

960

2,302 4,182

2.5

1.7

3.09

0.4

0.6

–

–

–

–

0.001

(Freitag, 1997) and the estimation equation for heat
flux of ground surface is presented in Equation 2.

q is heat flux for unit time (W = J/sec), A is ground
surface area (m2 ), h is the convection coefficient factor (W/m2 K), T∞ is temperature of nature air current
and Ts is temperature of ground surface. This function is applied on the developed numerical model as
boundary condition of tunnel wall using User-Defined
Function (UDF) tool. With UDF tool, the temperature
of ground surface (Ts ) is recorded in real time and
at the same analysis time the temperature of nature air
current (T∞ ) which is obtained in results of field test is
applied. And then the heat flux (q) calculated through
Equation 2 is applied in boundary condition of tunnel
wall in real time.
3.2 Numerical analysis
Using FLUENT, a 3D finite-volume-method program
developed by ANSYS, a numerical model is built to
simulate the thermal performance test for the energy
textile. The material properties incorporated in the
model are presented in Table 3.
The numerical analysis was performed for the only
cooling operation and boundary condition of tunnel
wall using the convection coefficient method was
applied. The model configuration and heat exchange
pipe arrangement in the model are shown in Figure 5.
And the comparison of numerical analysis and field
tests is shown in Figure 6.
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results of field tests and numerical analysis are listed
as follows:
[1] At the results of the thermal performance tests,
the larger amount of heat exchange occurred at
heating cycle about 3.5 times. It means that as
the greater temperature difference exists between
the inlet fluid and the tunnel air, the steeper thermal gradient occurs that leads to enhancing heat
exchange from the energy textiles. Consequently,
the air condition inside tunnel should be considered a significant factor to utilize geothermal
energy from a tunnel.
[2] The convection coefficient method was utilized to
apply the air condition inside tunnel in numerical
analysis model using UDF tool. From comparisons of the field tests and numerical analysis, the
applied boundary condition for the air temperature is suitable to simulate field conditions in this
study. Consequently, the performance of the practical application of the energy textile in the tunnel
can be evaluated using numerical models.
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Figure 5. Numerical analysis model for the field test.
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