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Abstract 

This research provides an overview of the use of groundwater resources in the ground where 
the earth is used as a heat cooling in refrigeration systems. Climate Malaysia has an almost 
uniform temperature, high humidity and abundant rainfall and winds are generally light. 
Malaysia is located near the equator very rare to have a direct cloudless sky, even in periods 
of severe drought. Malaysia is also rare to have a period of several days with no sunshine 
except during the northeast monsoon season. Warming has the potential of underground 
moisture absorbs heat with the earth is within 75 - 85%. Heat absorbed process also depends 
on several things such as the type of pipe, pipe size, pipe depth and position of the pipe. In 
restoring the balance of nature, this method is one method that can be exploited particularly in 
the energy technology sector to minimize the use of electricity and water, especially in 
Malaysia. This research is much emphasizing that the heat flow generated by the 
condensation of the refrigeration system being routed to the earth ground. Many researchers 
emphasize the cold earth in flowing underground into the building. But, for this research 
method, the condensation heat from the system moved into the earth under the ground and 
then place the heat exchange process. This process is using water as a medium heat of 
condensation to flow into the soil. The average global temperature underground is 28 0C 
where the estimated deep underground depth of 0.5 meter. However, for Malaysia climate, 
this optimum depth needs to be investigated again. 
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1. Introduction  

This paper focused on designing and 
optimization for refrigeration system 
which the heat from condenser cooled with 
the underground soil by secondary fluid of 
water.  There has been no record of this 
technology being used in Malaysia and 
information on its performance in hot 
humid climates is also scarce. The earth 
pipe cooling technology consists of 
ambient air being channel through pipes 
buried underground. It uses the soil as a 
heat sink, where heat from the ambient is 
dissipated to, through conduction via the 

buried pipe. Its efficiency is largely 
influenced by temperature difference 
between ambient and soil temperature and 
thermal conductivity, followed by water 
flow inside the pipe, pipe length and 
diameter.	 The system was design using a 
split unit refrigeration of 1 HP. The 
proposed the system consisting of 
circulation of water in condenser side and 
connected by using copper direct touch 
onto underground soil with different day. 
From COOLPACK result, the system 
shows the capability of soil underground 
are acceptable to absorb heat from 
condenser to cool down into underground 
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soil which estimate the temperature on soil 
is 28 C with the depth of underground is 
0.5 metre and comparison between 
conversional system.	

The refrigeration cycles can be classified 
as vapor compression, vapor absorption, 
gas cycle, or Stirling cycle types. The 
vapor-compression cycle is used in most 
household refrigerators as well as in many 
large commercial and industrial 
refrigeration systems. Figure 1 provides a 
schematic diagram of the components of a 
typical vapor-compression refrigeration 
system [1].   

Figure 2 shown the mollier chart for P-h 
diagram (Pressure-Enthalpy) with the 
refrigeration cycle, state of condition will 
be more understood. The properties 
involved on refrigeration such as 

Temperature, Pressure, Enthalpy, Specific 
Volume, Entropy and flash gas (for amount 
of mixture state)  

	

Figure 1: Vapor-compression refrigeration

 

Figure 2: Pressure - Enthalpy diagram of the vapor-compression cycle.

The thermodynamics of the cycle can be 
analyzed on a diagram [2] as shown in 
Figure 3 is called mollier chart P-H 
diagram. The mollier chart for a refrigerant 

is a graph depicting of the properties 
refrigerant under varying conditions. In this 
cycle, a circulating refrigerant such as 
Freon enters the compressor as a vapor. 
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The vapor is compressed at constant 
entropy and exits the compressor 
superheated. The superheated vapor travels 
through the condenser which first cools 
and removes the superheat and then 
condenses the vapor into a liquid by 
removing additional heat at constant 
pressure and temperature. The liquid 
refrigerant goes through the expansion 
valve (also called a throttle valve) where 
its pressure abruptly decreases, causing 
flash evaporation and auto-refrigeration of, 
typically, less than half of the liquid. 

	

Figure 3: Temperature–Entropy diagram of 
the vapor-compression cycle. 

That results in a mixture of liquid and 
vapor at a lower temperature and pressure. 
The cold liquid-vapor mixture then travels 
through the evaporator coil or tubes and is 
completely vaporized by cooling the warm 
air (from the space being refrigerated) 
being blown by a fan across the evaporator 

coil or tubes. The resulting refrigerant 
vapor returns to the compressor inlet to 
complete the thermodynamic cycle 

There's researchers have been researching 
climate in Malaysia especially hot and 
humid climate throughout the year. A 
number of studies have shown with 
certainty that groundwater resources have a 
positive effect, especially at different 
depths and in general the depth of one (1) 
meter is the best [4]. However, for his 
research showed significant that the 
decision will depend on the condition of 
dry and wet heat factor (moist) of rain in a 
year factor. However, these studies only 
emphasize underground temperature used 
for cooling in the room environment 

 

 

2.  The Concept Experiment. 

Malaysia has a warm and humid climate 
throughout the year. However, it consists 
of wet and dry seasons, caused by 
Southwest and Northeast monsoon. Figure 
4 illustrates monthly distribution of 
maximum dry bulb temperature from year 
2002 to 2006 [3]. The hot and dry season 
usually falls in May and June whereas the 
wet season with low maximum dry bulb 
temperature usually falls in November. 
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Figure 4: Monthly absolute maximum dry bulb temperature from year 2002 to 2006. 

 
	

2.1 Objective 

There are two initial interrelated aims in 
this ongoing investigation. The first aim is 
to find the effective ground heat to get 
effective result compare with the 
conversional system. The second aim is to 
obtain temperature reductions at ambient 
or surrounding area temperature of buried 
pipe. 
 

 2.2 Methodology 

The experimental work can be divided into 
two parts, corresponding to the two 
interrelated objectives. The first part of 
experiment measures calculates the length 
of pipe for heat exchanger between tube 
and ground. This is followed by the second 
field experiment, which to re-design the 
refrigeration unit and install. Finally, after 
doing testing, the unit running in good 
condition, the data will be recorded.  All 
tests were carried out at a site within the 
Malaysia France Institute in Malaysia. The 
site is flat and its soil is sandy and covered 
with short sand and also tree as shading 
(Fig. 5). 
 

	

Figure 5: Condenser underground heat 

2.3 Tube cooling experiment	
 

½ inch diameter copper tube pipes were 
buried separately, at 0.5 m underground. 
There is a pump connected to all pipe 
inlets, which provides water flow into the 
buried pipes at 0.6 m/s. The pump was 
switched on daily from 10 am until 5 pm. 
The pipe inlets and outlets are sheltered by 
an experimental shed (Fig. 6), which has 
area are 49 inch X 23 Inch dimensions. 
Data of this system and buried pipes were 
recorded for 8 month from June 2012 until 
Feb 2013.  
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Figure 6: Inlet and Outlet tube Figure 7: The tube buried onto underground 

By using a 1 HP air conditioning unit, this 
study will involve a series of research in 
terms of the appropriate temperature for 
the air conditioning system. Figure 8 
shows the illustration picture in which the 
condensation of the project will be 
installed. 

	

Figure 8: The Condenser heat pump 

Measurements are in consider soil 
temperature by up to 0.5 meters in depth, 
and it will be taken according to the depth 

of 1 meter most suitable. The depth will 
consider and factor in ambient 
temperature, surface temperature will be 
taken into account when doing a research 
study regardless of the weather at the time. 
Figure 9 reflects the refrigeration system 
condenser where the heating will be 
switched to an underground source. 

	

Figure 9: The process of heat transfer 
through the cooling underground 

 

 

3.  The Calculation of Length tube 

for heat exchanger. 

The concept of resistance heat flow 
through the tube material can be referred to 
in the equation to understand the concepts 
of heat conduction. To the rate of heat flow 
in the tube, the resistance (R) can be found 
by the sum of the resistance involved as 
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resistance in the tube, the tube and outside 
the tube. Relationship is as follows 

	

The formula above is to show the amount 
of resistance involved in pipe coils. There 
are three obstacles to be identified in terms 
of internal flow pipes, coils and also the 
flow of material outside the tube. The 
length tube required for heat exchanger 
9.28m (10 m as design for this experiment) 

	 	  
Figure 10: The Design for ourdoor unit  Figure 11: Close view the Condenser heat 

				 	

Figure 12: The Comparison of the Conversional unit and the Condenser Heat underground 

 

The re-design of refrigeration air 
conditioning shown the figure 10 for 
outdoor unit which the outdoor unit have 
dismantle  to takeout the condenser fan and 
replace with the transparent board same 
size with condenser. After that, the outdoor 
unit install (Fig 11) with the piping system 

attached into underground (Fig. 7) and 
check all connection and wiring in good 
condition. Finally, the data will be 
recorded and to be analyze the comparison 
between the conversional system and the 
condenser heat underground (Fig. 12)

VS	
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4. Result 

All the data observed and recorded. One of 
data choice and to analyze and compare 
between the condenser heat undeground 
system and the conversional system. The 
assumption where the isentropic efficiency 
is 1 and the both system is ideal system. 
 
The mollier chart show the result when the 
evaporating temperature, the condensing 
temperature, the suction temperature and 
the expansion temperature to obtain the 
subcooling and superheating. The 
subcooling and superheating are important 
to determine stability and well-functioning 
of a refrigeration system. In refrigeration, 

subcooling is the process by which a 
saturated liquid refrigerant is cooled below 
the saturation temperature, forcing it to 
change its phase completely. The resulting 
fluid is called a subcooled liquid and is the 
convenient state in which refrigerants may 
undergo the remaining stages of a 
refrigeration cycle [4]. For superheating, In 
physics, superheating is the phenomenon 
in which a liquid is heated to a temperature 
higher than its boiling point which all 
liquid has been changed to vapour. 

The data recorded from the each system as 
shown Table 1 for Condenser heat 
underground system and Table 4 for 
Conversional system.   

 

 4.1 The Condenser heat underground 
 

Table 1: Condenser heat underground data 

No ITEM Reading 

1 Starting 5.6 Amp 
2 Running 3 Amp 
3 Evaporator Pressure 62 psig  
4 Condenser Pressure 240 psig 
5 Evaporating Temperature 2 °C 
6 Condensing Temperature 45 °C 
7 Expansion Temperature 27 °C 
8 Inlet ground Temperature 33.2 °C  
9 Outlet ground Temperature 29 °C  
10 Suction Temperature 9 °C 

 

Details have been recorded in collect to analyze by using software "Cool Pack". 
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Figure 13 : The Mollier chart for condenser heat underground system 
 

 

Table 2: Refrigeration cycle Properties 

Value at point selected one stage cycle for Condenser heat underground 

Point 

Temperature, 
T 

Pressure,  
P 

Specific 
Volume, v 

Enthalpy, 
 h 

Entropy,  
s 

[°C] [bar] [m^3/kg] [kJ/kg] [kJ/(kg K)] 
1 9.0 5.31 0.0459 411.20 1.7673 
2 71.2 17.29 0.0158 441.85 1.7673 
3 71.2 17.29 0.0158 441.85 1.7673 
4 27.0 17.29 N/A 232.83 N/A 
5 N/A 5.31 N/A 232.83 N/A 
6 9.0 5.31 0.0459 411.20 1.7673 

 

The mollier chart shown on Figure 13 which the subcooling and superheating for this system 
is 7 K and 18 K respectively. By using Cool Pack software which result show at Table 2 for 
the properties of refrigeration cycle and Table 3 for detail result of refrigeration cycle. 

Table 3: “Cool Pack” Result 
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Refrigerant: R22 

Data: 

Te [°C]             =      2.00 

Tc [°C]             =     45.00 

DT subcooling [K]   =     18.00 

DT superheat [K]    =      7.00 

Dp condenser [Bar]  =      0.00 

Dp liquid line [Bar]=      0.00 

Dp evaporator [Bar] =      0.00 

Dp suction line [Bar]=     0.00 

Dp discharge line [Bar]=   0.00 

Isentropic efficiency=     1.00 

------------------------------- 

Calculated: 

Qe [kJ/kg]         =    178.361 

Qc [kJ/kg]         =    209.016 

W [kJ/kg]          =     30.654 

COP [-]            =      5.82 

Pressure ratio [-] =      3.257 

------------------------------- 

Dimensioning: 

Qe [kW]            =      1.120 

Qc [kW]            =      1.312 

m [kg/s]           = 0.00627939 

V [m^3/h]          =     1.0384 

Volumetric efficiency=     0.00 

Displacement [m^3/h] =        0 

W [kW]             =      0.192 

Q loss [kW]        =      0.000 

-------------------------------	

	

Figure 14: Conversional Refrigeration 

System 

The data for Conversional system also 
recorded to compare with the Condenser 
Heat Underground system. The data for 
conversional system shown in Table 4. By 
using same methodology which this system 
are analye by using “CoolPack” 

 

Dimensioning: 

Qe [kW] =      1.120 

Qc [kW] =      1.309 

m [kg/s] =      0.00587470 

V [m^3/h] =      1.0201 

Volumetric efficiency =    0.00 

Displacement [m^3/h] =        0 

W [kW] =      0.189 

Q loss [kW] =      0.000 

As conclusion for this system can be 
evaluate by the Coefficient of 
Performance, COP. The COP for this 
system is 5.82. Other that, the heat 
condenser capacity is 1.312 kW and the 
refrigerant effect is 178.36 kJ/kg. 

 

4.2 The Conversional system 

 
This system will be simillar with the 
Condenser heat underground system but 
the different only condenser will be 
rejected by fan convection (Fig 14). 
Therefore, the heat rejected from 
condenser will be exposed to ambient 
(enviroment) which the temperature in 
surrounding area will be increase as the 
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condenser temperature and cause the that 
surrounding area can not be use for other 
matter. 

 

Table 4: The Conversional system data 

NO ITEM READING 

1 Starting 5.6 Amp 
2 Running 3.2 Amp 
3 Evaporator Pressure 72 psig 
4 Condenser Pressure 240 psig 
 5 Evaporating Temperature 5°C 
6 Condensing Temperature 45 °C  
7 Expansion Temperature 30 °C  
8 Outside condenser Temperature 40 °C  
9 Suction Temperature 15°C 
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Figure 15: Mollier Chart for Conversional System 

The mollier chart above Fig 15 shown the cycle for conversional which the superheating and 
the subcooling is 15K and 14K respectively. By using Cool Pack software which result show 
at Table 5 for the properties of refrigeration cycle and Table 6 for detail result of refrigeration 
cycle. 

 

Table 5: Refrigeration system for Conversional System 

Value at point selected one stage cycle for Conversional System 

Point 
Temperature, 

T Pressure, P Specific 
Volume, v Enthalpy, h Entropy, s 

[°C] [bar] [m^3/kg] [kJ/kg] [kJ/(kg K)] 
1 15.0 5.84 0.0425 414.55 1.7708 
2 72.6 17.29 0.0159 443.08 1.7708 
3 72.6 17.29 0.0159 443.08 1.7708 
4 31.0 17.29 N/A 237.93 N/A 
5 N/A 5.84 N/A 237.93 N/A 
6 15.0 5.84 0.0425 414.55 1.7708 
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Table 6: Data for Conversional system 

Refrigerant: R22 

Data: 

Te [°C]                     =      5.00 

Tc [°C]                     =     45.00 

DT subcooling [K]           =     14.00 

DT superheat [K]            =     10.00 

Dp condenser [Bar]          =      0.00 

Dp liquid line [Bar]        =      0.00 

Dp evaporator [Bar]         =      0.00 

Dp suction line [Bar]       =      0.00 

Dp discharge line [Bar]     =      0.00 

Isentropic efficiency       =      1.00 

------------------------------------------------- 

Calculated: 

Qe [kJ/kg]                  =    176.620 

Qc [kJ/kg]                  =    205.148 

W [kJ/kg]                   =     28.528 

COP [-]                     =      6.19 

Pressure ratio [-]          =      2.962 

------------------------------------------------- 

Dimensioning: 

Qe [kW]                     =      1.120 

Qc [kW]                     =      1.301 

m [kg/s]                    =      0.00634131 

V [m^3/h]                   =      0.9712 

Volumetric efficiency       =      0.00 

Displacement [m^3/h]        =        0 

W [kW]                      =      0.181 

Q loss [kW]                 =      0.000 
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Table 7 shown the conclusion for this system can be evaluate by the Coefficient of 
Performance, COP. The COP for this system is 6.19. Other that, the heat condenser capacity 
is 1.301 kW and the refrigerant effect is 176.62 kJ/kg. 

Table 7: The Result of Comparision between Conversional system and Condenser Heat 

underground system. 

 Conversional System Condenser Heat Underground 
System 

Refrigerant Effect, kJ/kg 176.62 178.36 

Condenser heat Enthalpy, 
kJ/kg 205.15 209.02 

Coefficient of Performance, 
COP 6.19 5.82 

Condenser Capacity, kW 1.301 1.312 

Compressor Capacity, kW 0.181 0.192 

Remark 
1. Heat released in the ambient area 
2. The increase in temperature of the 
environment (the area is not suitable) 

1. Heat from condenser will absorb by 
underground (ambient temperature 
will be maintain) 

2. Utilize the location for other matter. 

 

	

a) Conversional System 

	

b) Condenser heat Underground System 
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Figure 16: The comparison of refrigeration 

cycle between conversional and Condenser 

heat Underground 

The mollier chart (Fig. 16) shown the 
comparison of both system where they are 
differential especially in superheating and 
subcooling. For the conversional system, 
the superheating and the subcooling is 10K 
and 14K respectively, and for Condenser 
Heat Underground System have the 
superheating is 7K and subcooling is 18K. 
As generally, both of system not have big 
different at all, but when looking the 
superheating and subcooling, the 
condenser heat underground system have 
more different temperature of superheating 
and subcooling. As the normal system 

(good condition), the range superheating 
and subcooling recommended is 4- 7K and 
5-10K respectively. If the subcooling 
increase, it possible to make the system 
refrigeration much better because it will be 
increase the refrigerant effect [5]. If the 
superheating increase, it also give the 
better refrigerant effect but the dangerous 
for compressor as destructive liquid 
slugging could happen. 

Conversional system operate which the 
condenser will be cold down using fan, 
different with the Condenser Heat 
Underground System which the condenser 
will be cold down by using water 
circulation. Therefore, the heat transfer by 
fluid circulation (water) is much better 
than air circulation. 

 

 
Figure 17: Result Ambient temperature and COP for May 2012 
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Figure 18: Result Ambient temperature and COP for June 2012 

 
Figure 19: Result Ambient temperature and COP for July 2012 

 
The result for ambient temperature and the 
coefficient of performance, COP shown in 
Figure 17 for May 2012, Figure 18 for 
June 2012 and Figure 19 for July 2012. 
From the charts, the conclusion is when the 
temperature are decreased due the raining, 
maybe heavy raining, the COP will be 
increase. It is because heat from condenser 
will be cold down rapidly by addition of 

cold source from raining. As the design, 
the tube is direct contact to underground 
and the rain will be cold down the soil 
without any resistance. Therefore, the 
capability of this system  have future 
innovation in order to reduce the 
temperature surrounding and to utilize that 
the area for other matter. 
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5
.  The Cost of study 
 
The cost estimate around RM1000.00 
which including the design, fabricate and 
installation. The detail cost shown at 

Figure 20. The highest contribute cost is 
air conditiong set, the transparent board 
and the pump water which 39%, 24% and 
15% respectively. 

 

	
Figure 20: The Cost for this study 

6.  Conclusion 

 
After undergoing this experiment, I can 
conclude with this study design in which 
the refrigeration condenser is cooled to the 
temperature underground is successful. 
However, this study is mainly concerned 
with the costs of such examples of copper 
tubing needed depends on the length of the 
tube, a convenient location and soil 
conditions. With an average temperature of 
study is in 27 ° C to 28 ◦ C where the hot 
and humid conditions throughout the year, 
consumption of this system can still be 
adopted for the future. By comparison 
between the conventional system and the 
system of this study indirectly have a 
positive impact where the percentage of 
heat released by the condenser is 0% for 
this study and can be used as areas such as 
walkways, landscaping and so on. And 
indirectly on the temperature area is 
always fixed with environmental 
conditions of 27 C when compared with 
the conventional system temperature is 35 

C. About the Coefficient of Performance 
(COP), both obtain more less result 
meaning the operation running system is 
good condition.   
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