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ABSTRACT

This paper focuses geo energy based cooling of building in tropical country like Malaysia
where temperature rises in daytime and goes beyond to a comfortable limit. In this study
inside temperature of the room in daytime is considered to be reduced by adding thermal
conductivity media inside the room elements such as walls through its connectivity to the
underground soil where temperature is less than the ambient room temperature. Due to the
underground connectivity of thermal conductivity media a flow of heat creates from the
room to the underground soil and tries to produce a thermal balance between these two
medias and therefore, room temperature drops to a temperature close to the underground
soil temperature. Aluminium pipes are considered as high thermal conductivity material.
The entire study is done numerically using ANSYS 11 finite element software to determine
the role of underground soil and thermal conductivity pipes in cooling of building rooms. In
numerical investigation heat flow between two systems (building rooms equipped with
thermal conductivity pipe and underground soil) is studied and the performance of the
conductivity materials is examined. The room temperature in the presence of thermal
conductivity media as well as mechanical cooling system is also investigated in this study.
It is seen that high thermal conductivity media plays a role in transferring heat from room
to the underground soil and makes cooling of the building effectively. It acts also
effectively when it uses with other mechanical cooling system of the building.

Keywords: Geo energy, heat flow, thermal conductivity pipe, underground soil,
mechanical cooling system

1.0 INTRODUCTION

Energy efficient building design is now a great concern among researchers and scientists as
global energy demand is increasing gradually. Researchers have carried out researches regarding
this issue in the last few years. Orientation, insulation of entire building envelope, WWR (window
to wall ratio), double skin facades, high performance glazing, complete shading from direct
sunlight, air-tightness and etc., were taken into consideration in their research interests for making
building energy efficient.

Underground soil could act as a passive cooling media for building built in tropical
environment due to its much lower temperature than the ambient temperature of the building and
could play a role in saving cooling energy that requires for cooling of building in tropical or hot
region. Available literature related to the underground soil temperature indicates that underground
soil temperature varies from 8°C to 27°C in some parts of the world especially in cold dominated
areas (North Americas) and 15°C to 25°C in tropical climate [1, 2, 3]. Nassar et al [4] carried out
research on the evaluation of thermal properties of underground soil in Libya. They conducted
their study on soil temperature at a depth of 4 m from the ground surface. They found average soil
temperature of 21°C at this depth of underground soil. Bansal et al [5] measured underground soil
temperature at the same depth (4m) under the condition of wetted soil covered by dry black soil
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with the shaded surface over the year at New Delhi, India. They found maximum soil temperature
of 17.5°C at that depth of wetted soil. Outdoor temperature (shown in Figure 1) under mixed
dipterocarp forests of peninsular Malaysia for a typical day of July to August 2006 determined by
Nik et al [6]. They mentioned that temperature of soil under forest cover is consistently lower
than of the open air by 4 to 6°C due to shading effect of forest cover. Cui et al [7] found out
temperature variation with depth of underground soil for a typical day of tropical countries (see
Figure 2). Therefore, it is seen that underground soil temperature always will be less than the
ambient temperature of the building if there is no effect of natural heat sources. Variation of
underground soil temperature is usually found up to a depth of 3 m thereafter, it becomes constant.
However, it depends on several factors such as: thermal conductivity, density and specific heat,
climate of surrounding environment (meteorological conditions, solar radiation intensity, wind
speed, rain, humidity and the air temperature), any natural heat sources near the earth crust, etc.
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Figure 1: Outdoor temperature under mixed dipterocarp forests of peninsular Malaysia for a
typical day of July to August 2006 [6]
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Figure 2: Temperature variation of underground soil with depth for typical days in Malaysia [7]

Using the advantages of underground soil temperature a case study of the cooltek house on
ground cooling of ventilation air for energy efficient house in Malaysia was carried out by
Reiman et. al. [8]. They analyzed an on-site measurements of the ground cooling air duct system
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of the energy efficient cooltek house in Melaka, Malysia. Indoor, outdoor and inside the ground
cooling air duct temperature, humidity and CO2 were measured in two modes of operations such
as fully passive mode where ventilation is driven by the thermal pull of solar chimney and a
hybrid mode where a small fan assists the solar chimney in ventilating the building. They
mentioned that ground cooling system of inlet air helps to increase the energy efficiency of the
house. Underground soil sometime also uses as heat sink for a modified air conditioner.
Geothermal energy is also being used in other ways in heating and cooling of building such as
Earth-air heat exchanger, Ground source heat pump, Bore hole heat exchanger, Energy piles,
Ground absorbers, etc., in Germany, U.K, and other countries [9-11].

Temperature distribution inside the building is not constant during hot and cold time of day.
It varies along vertically as well as horizontally inside of the room. Angela Simone and Carsten
Rode [12] measure vertical and horizontal temperatures of the riso flexhouse room with different
heating control principles. They found that the vertical temperature profile of the room shows
notable temperature gradients, especially at the occupied zone when the solar gain is large, while
otherwise the horizontal temperature distribution is smaller. They measured vertical temperatures
at 1 m away from the window at heights of 0.1 m, 0.6 m, 1.1 m and 1.7 m above the floor from 8
am to 5 pm of a day. They found 3°C to 5°C vertical temperature variation in between 11.30 am to
2.00 pm. Yasui et al [13] carried our study on indoor thermal environment and vertical
temperature gradient in large workshop with polycarbonate roofing of a school without air
conditioning in summer time. They found large variation of vertical temperature inside the room.
They mentioned that due to high solar radiation in summer and polycarbonate roofing system of
the building indoor temperature becomes high and large vertical temperature gradient is formed.
Pollard et al [14] found vertical temperature variation inside the room in between 0.5°C and 1.5°C
for solar radiation in between 1 pm and 3 pm. Overby [15] also found similar variation of vertical
temperature inside the room (shown in Figure 3).
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Figure 3: Vertical variation of temperature inside the building room [15]

In this study, a vertical variation of interior room temperature as well as variation of soil
temperature up to a depth of 10 feet was taken into consideration during numerical analysis of
heat transfer problem of the entire system. Building (low rise) was considered to be made energy
efficient by placing the high thermal conductivity materials (Aluminum or silver pipes) along the
inside face of the walls of the building rooms by extending their lower part to the sufficient
ground contact where temperature is lower than the ambient room temperature.
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2.0 NUMERICAL MODELING OF HEAT FLOW SYSTEM BETWEEN THE
CONDUCTIVITY MEDIA AND THE UNDERGROUND SOIL MASS

This analysis is done to see the role of thermal conductivity media in cooling of the
building. One room of a single story building is taken into consideration in numerical
investigation of heat flow through the high thermal conductivity pipes into the underground soil.
ANSYS 11 [16] general purpose finite element software was used to model the medias
(conductivity media and underground soil) where heat flow was considered to be occurred. 8-
noded linear thermal 3D solid elements (solid70) with one degree of freedom (DOF) at each node
were used to discretize the entire systems. Temperature was defined at the air media inside of the
room as well as underground soil. Temperature variation was considered within the underground

soil of depth of 10 feet (according to Figure 2). In this depth temperatures were varied as 80.60F
(270C) at zero depth, 75.20F (240C) at 3 feet depth, 71.60F (220C) at 6 feet depth and 680F

(200C) at 10 feet depth. Thereafter, a constant temperature of 680F (20 0C) was assumed in
higher depth (>10 feet) of underground soil. Pipe temperature was considered as same as room
temperature. The trend of this temperature variation was obtained from the study of Overby [15]
(see Figure 3). Overby carried out research on environment which is dominated by moderate
temperature. However, in this study investigation was performed for the tropical countries like
Malaysia where temperatures vary 26°C to 32°C in day time. From the literature it is seen that
room temperature increases vertically from floor to ceiling along interior (center) of the room. A

vertical variation (80.60F at 0 height, 82.40F at height 4 feet and 85.10F at height 7.5 feet and
above) of room air temperature between room height of 0 ft and 7.5 ft was considered in this
study. A square cross sectional hollow aluminum pipes (1 inch by 1 inch outer dimension with
thickness of 0.125 inch) were taken into consideration for the simplicity of the analysis. At first
single pipe with underground soil media was analyzed to see the heat flow of the room through
the pipe. Since temperature around the pipe (on four sides of the pipes) is considered to be the
same as air temperature of the room and material and geometry of the pipe all through the pipe
length are also same therefore, only one quarter of the pipe (quarter symmetry advantage) is taken
into consideration in modeling. The entire heat flow problem was considered as conduction and
convection problem of heat transfer system. Conductivity/convection properties of different
materials are given in Table 1. Steady state condition of heat flow into the system was taken into
consideration in this study.

Table 1: Conductivity/convection properties of different materials [17]

Name of Materials Conductivi_ty Cooefficient Film C_O(Zafficoient
(Btu/in.hr."F) (Btu/in“.hr."F)
Aluminum 12.05 -
Concrete 0.038
Soil (saturated sandy) 0.05 -
Air - 0.012

3.0 COMBINED EFFECT OF MECHANICAL COOLING SYSTEM AND
CONDUCTIVITY MEDIA ON THE COOLING SYSTEM OF THE
BUILDING PARAGRAPH

In order to determine the combined effect of mechanical cooling system and conductivity
media on the cooling system of the building, two cases were studied. In the first case, a 5 inch
thick and 120 inch (height) by 62 inch (width) cement concrete (C.C) wall with only mechanical
cooling system was simulated and analyzed for the outside temperature (due to sun radiation) and
cooling set point temperature of the room and in the 2" case the same system was modeled and
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analyzed in the presence of underground soil and conductivity media. In this case, 10 feet depth of
soil with variation of temperature was taken into consideration. Chiller cooling system with the

cooling set point temperature of 75.20F (240C) was considered as mechanical cooling system in
this study. This system was simulated through the removal of heat flux from the interior face of

the wall for a temperature difference of 10.80F (60C). This technique was also applied in
simulating the variable temperature of underground soil. Heat flux was calculated using the heat
flux and the temperature gradient relationship (¢ = k AT/d, where g = heat flux, in Btu/in®, k =
thermal conductivity coefficient, A7 = temperature difference, d = thickness of the media).

Outside air temperature due to sun radiation was considered as 860F (3000). Square cross
sectional pipes were considered to be fixed with the inner surface of the C.C. wall at a spacing of
6 inch c/c. It was assumed that pipes temperature will be the same as the room temperature. The
entire heat flow problem was considered as conduction and convection problems of heat transfer
system. Thermal 3D solid (solid70) elements were used to discretize the entire system.
Temperatures of the different mass medias (outside air temperature of the room and underground
soil mass) were considered as the thermal load of the problem. Finite element discretization of the
entire system is shown in Figure 4. The entire analysis was carried out for steady state condition
of heat transfer problem.
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Figure 4: Finite element discretization

4.0 RESULTS AND DISCUSSIONS

ANSYS post processor was used to determine the temperature of the entire domain as well
as its critical parts such as CC wall, pipes, etc. Variation of temperature along the depth of the
pipe is shown in Figure 5 for room condition modeled without any mechanical cooling system. It
is seen that temperatures decrease with the increased depth of the thermal conductivity pipe and
minimum temperature is found at the region where soil temperature is constant. Contour plot of
temperature of the room wall is shown in Figure 6 for room condition modeled with only
mechanical cooling system. It is seen that temperature does not varied along the height of the wall.
Variation of temperature along the depth of the pipe is shown in Figure 7 for room condition
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modeled with thermal conductivity pipes and mechanical cooling system. From this figure it is
seen that temperature decreases with the depth of the pipe and along the inner surface of the wall.
It is also seen that room temperature at the inner surface of the wall for this case is lower than
those obtained for room condition modeled with mechanical cooling system alone (maximum
temperature on the inner surface of the CC wall with thermal conductivity pipes and mechanical
cooling system is  23.1 °C (73.58°F) on the other hand inner surface temperature of the wall is
24°C (75.20°F) (from Figure 6) for CC wall with mechanical cooling system along. Due to fixing
thermal conductivity pipes to the inner surface of the room wall in combination with mechanical
cooling system, room temperature decreases by 1.7°C (3°F) (average value of temperature
difference of pipe at top (0 inch depth -1.6°C (2.86°F)), at 45 inch depth (0.9°C (1.62°F)) and
ground level (120 inch- 2.68°C (4.82°F)). Transverse temperature distribution along the width of
the room wall is shown in Figure 8 for CC wall with thermal conductivity pipes and the
mechanical cooling system. It is seen that pipe temperature is lower than the exterior wall
temperature for room condition modeled with thermal conductivity pipe alone. In case of room
conditioned modeled with thermal conductivity pipes and mechanical cooling system together it is
seen that thermal conductivity pipe temperature is lower than the temperature of the inner surface
of CC wall. This indicates that heat is flowing to the underground soil through the thermal
conductivity pipes.
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Figure 5: Variation of temperature (OF) with the depth (inch) of pipe (single pipe and
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Figure 6: Contour plot of temperature (OF) of CC wall with mechanical cooling system alone
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Figure 8: Temperature (OF) distribution (transverse direction) along the interior side of the wall
(CC wall with thermal conductivity pipes and mechanical cooling system)

Heat flux is the parameter that determines the heat flow per unit area of the body. Therefore,
heat flux of the proposed cooling system was also determined at different locations of the entire
domain. Heat flux vector plot along the pipe and underground soil mass (case 1) is shown in
Figure 9. From this figure it is seen that heat flows from higher temperature zone to the lower
temperature zone. When heat flows from higher temperature zone to lower temperature zone,
higher temperature zone starts to release heat and subsequently room temperature decreases. Heat
flux variation along the depth of the pipe for single pipe and underground soil mass system is
shown in Figure 10. From this figure it is seen that heat flux value is maximum in the soil region
where temperature starts to vary (from top of the underground soil to a depth of 0.9 m (3 ft) inside
the underground soil media).
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Figure 9: Vector plot of heat flux (single pipe and underground soil mass)
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Figure 10: Variation of heat flux (Btu/inz) with the depth of pipe (single pipe and soil mass)
When mechanical cooling system and thermal conductivity pipes were considered together
in cooling system of the building room, heat flux variation was obtained much less than those
obtained from the room condition modeled with thermal conductivity pipes alone. In this case
significant temperature drop inside the room was obtained as illustrated in Figure 7.

5.0 CONCLUSIONS

From the numerical study carried out on heat transfer problem of different systems required
for cooling residential/commercial low rise building it can be concluded that inside room
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temperature of the building could be possible to reduce if rooms are constructed with high thermal
conductivity media (pipes) in connection with the underground soil where temperature remains
constant and less than the ambient room temperature. From the analysis it is seen that square
shaped aluminum pipes are very effective in transferring heat from the interior of the room to the
underground soil and underground soil acts as cooling reservoir for the building built in tropical
environment. A temperature drop of 2.8°C (5°F) between top and ground level heights of the
square shaped thermal conductivity pipes was found in this study. Heat flux was obtained more at
a depth of 1 foot of the underground soil and its direction was obtained downward. This result
gives an indication of heat flow through the pipes from inside of the room to the underground soil.
When the thermal conductivity pipes are considered to be added to the mechanical cooling system
of the building, higher cooling set point temperature could be fixed up for the cooling of the room
of the building as conductivity pipes share to transfer the heat from room to the underground soil.
If the thermal conductivity pipes and the mechanical cooling system are incorporated together
higher cooling set point of mechanical cooling system could make building room comfortable and
the energy required making cool of the building through mechanical cooling could take much less.
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