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ABSTRACT 

 In this thesis we studied the feasibility of an alternative method of air conditioning using 

only the constant ground temperature and without the use of any refrigerants. In place of 

refrigerants, we use ethylene glycol (anti-freeze) and water mixture at three different concentration 

levels and range of indoor temperature settings. Our focus was on the operational cost. A standard 

residential house was used as the test case and our calculations were based on a finned tube heat 

exchanger and a ground loop, the total head loss, and the power as well as monthly expense needed 

for operating the system. It is shown that the power needed to operate the system and the cost of 

operation of a geothermal assisted air conditioning system is significantly lower than that of 

conventional air conditioning system while avoiding any use of refrigerants which are potentially 

harmful for our environment.  
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CHAPTER 1 

INTRODUCTION 

1.1 Overview 

Air conditioning has become a vital part of the livelihoods of many people living in both 

developed and developing countries. Associating with the comfort of the indoor environment, air 

conditioning consumes a significant percentage of electricity consumed throughout a household. 

Heating, Ventilating and Air Conditioning (HVAC) systems are accountable for shifting air 

between indoors and outdoors along with removing the heat from indoors when the outside 

temperature is higher and providing heat to indoors when the outside temperature is lower than the 

standard room temperature.  

Exponentially increasing world population is directly proportional to the rising need for air 

conditioning usage. With this rapid increase in population, the need for air conditioning houses 

also increases. This exponentially increasing usage of HVAC systems causes the cost of air 

conditioning to climb to new heights. In addition to this primary issue, major environmental 

pollutions such as the ozone depletion has been tracked back down to the refrigerants used in said 

HVAC systems.  

Conventional air conditioning systems use refrigerants that are harmful to the environment. 

Even though some steps have been taken towards helping to reduce these environmental pollutions 

by banning some refrigerants that depleted the ozone layer, most of the present refrigerants are 

greenhouse gasses with extremely high global warming potentials. Therefore, the proposed system 

will not be using any refrigerants and will use a mixture of water and ethylene glycol (anti-freeze) 

as a replacement. 
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Geothermal assisted air conditioning system is an essential novel approach that can be used 

to reduce the cost of consumption of electricity for air conditioning systems, which will lead to 

lesser electricity cost and to reduce the environmental pollution caused by the air conditioning 

systems. 

1.2 Statement 

With air conditioning becoming a household necessity more than a choice, and the 

availability of extremely affordable conventional HVAC systems, the electricity cost and 

environmental pollution rises steeply. In conjunction with attempts to reduce the electricity cost, 

which will benefit us in the immediate future, it is our responsibility to preserve the environment 

for future generations. These issues can be overcome by adopting the proposed geothermal assisted 

air conditioning system alongside a finned tube heat exchanger.  

The traditional HVAC systems regulate temperature by using refrigerants as the cooling 

agent, which are harmful to the environment. In contrast, the proposed geothermal assisted air 

conditioning system uses geothermal energy to regulate the indoor temperature as needed. By 

using geothermal energy, not only does the proposed system achieve the required target, but it 

does so without harming the environment. 

Even though this system can be modified for both cooling and heating, this thesis report 

calculations will only focus on the cooling aspect of the geothermal assisted air conditioning 

system. 

1.3 Objectives 

The objective of this thesis is to design an energy efficient, horizontal closed loop 

geothermal assisted air conditioning system that will sufficiently cools a small residential building 
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to human comfort level. This is an alternative method of air conditioning to the conventional 

HVAC systems.   
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Geothermal Heating and Cooling System 

2.1.1 Background 

Ever since the prehistoric era, people have been using geothermal energy in extremely 

direct ways such as cooking and heating from hot spring and fumaroles [06]. When Europeans 

slowly immigrated to the United States, they tended to settle near hot springs for the heat and 

liveliness. Though most of the recorded usage of geothermal energy back in the day were direct 

applications, in 1892 the first district heating systems was invented in Boise, Idaho. This invention 

was the first step taken towards the establishment of the modern geothermal heating and cooling 

system. With several years of development, this system was used to heat two hundred houses and 

forty businesses. In 1904, first geothermal power plant was built in Lardarello, Italy. In 1948, in 

Reno, Nevada, the first residential space heating system was invented. All these inventions were 

based on deep underground heat. Professor Carl Nielsen of Ohio State University invented the 

residential geothermal heat pump in 1948 while an engineer named J.D. Krocker built the first 

commercial geothermal heat pump in that same year [01]. From the first residential geothermal 

heat pump in 1948, to 2021, geothermal heating cooling systems have evolved massively.  

The basic concept of geothermal cooling and heating is to pull the heat out of the household 

into the underground and use the underground temperature to cool the household during seasons 

with elevated temperatures. Likewise, during seasons with low temperatures, underground 

temperature can be used to warm up households. Few feet below the ground, lies soil with constant 

temperatures throughout the year. This constant temperature helps to achieve the task of a shallow 

geothermal cooling and heating system by acting as a heat sink during summertime and as a heat 
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source during winter season [03]. Although the said constant temperatures are found throughout 

the world, the depths they are found in varies according to different geographical locations.  

“The annual variation of daily average soil temperature at different depths” can be 

estimated by an equation from “Hillel (1982), Marshall & Holmes (1988) and Wu & Nofziger 

(1999)” [15]. The equation is as follows.  

T(z, t) = Ta + Aee
(−z d⁄ ) sin (

2π(t − t0)

365
−
z

d
−
π

2
) 

T(z, t) = the soil temperature at time t and depth z 

Ta = the average soil temperature 

Ao = annual amplitude of the surface soil temperature 

D = damping depth of annual fluctuation 

to = the time lag from an arbitrary starting date to the occurrence of the minimum temperature in 

a year [15].  

There are two major classifications of geothermal heat exchangers: open loop geothermal 

heat exchanger and closed loop geothermal heat exchanger. These ground loops contain fluids 

which helps to absorb heat from the earth and transfer into the atmosphere during winter seasons 

and helps to transfer heat from the atmosphere into the earth during summer seasons. Open loop 

system uses water from a surface water source, such as lakes and ponds, as the heat exchanger 

liquid. After running through the systems once, the liquid gets thrown into the water source again. 

One downside in this method is that it needs to have a surface water source present [12]. 

Closed loop system in contrast does not require a surface water source. Instead, it circulates 

a fluid, which is a combination of antifreeze and water (Ethylene glycol solution), through the 

ground loop. Closed loop systems are of two types: horizontal closed ground loop system and 

vertical closed ground loop system. Horizontal systems require a larger area to install  and works 
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best for residential places with larger area of land. This system has been proven to be most cost-

efficient geothermal HVAC systems for residential use. Closed loop horizontal systems have two 

popular layouts. Both layouts use two geothermal loops but, the first type uses one loop at a much 

shallow level (around four feet) and the other loop in a deeper level (around six feet). The second 

type lays the two loops side by side at a medium depth (around five feet). The second type of 

closed loop horizontal system is the most cost-effective geothermal HVAC systems that is 

available as it does not require a deeper trench [12]. 

Closed loop vertical geothermal cooling and heating systems are used for many 

commercial buildings. About four-inch diameter holes are drilled about hundred to four hundred 

feet deep while each hole is twenty feet apart. Ground loops go into these vertical holes that are 

connected to a pump [12].  

 

This paper focusses on closed loop horizontal ground loop since it has been proven to be 

the most cost efficient for residential use [12]. 

2.1.2 Benefits 

The proposed geothermal assisted air conditioning system carries many benefits in 

comparison to the conventional air conditioning unit. The main benefit of having a geothermal 

Ground 
Loops

Open Loop
Closed 
Loop

Vertical Horizontal

 Figure 2.1: Types of ground loops 
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assisted air conditioning system rather than a conventional HVAC system is the reduced the cost 

of electricity. Studies have shown that  using geothermal heat pumps help save roughly 60% less 

on electricity cost compared to using conventional heat pumps [19]. Even if this system is not used 

as a complete substitute to the conventional heat pump, if used along with it, the electricity cost 

can be reduced significantly. 

One of the other major benefits that comes with geothermal assisted air conditioning 

systems other than the reduced electricity cost is that it does not use refrigerants. Conventional 

HVAC systems cannot be functional without the use of refrigerants. Refrigerants are enormously 

harmful to the environment. The most harmful refrigerants contain components with Ozone 

Depletion Potential (ODP) which further damage the ozone layer. These geothermal assisted air 

conditioning systems used to have refrigerant named chlorodifluoromethane, which was an ozone 

depleting substance like most of the refrigerants. However, it has been phased out and non-toxic 

fluids are used in the present [03].  

Aside from the major benefits mentioned above, wide applicability, reduced use of fossil fuel, 

42%-48% less demands for new capacity, low maintenance costs and cost-effective operational 

prices due to high coefficient of performance are few other benefits of geothermal HVAC systems 

[16]. 

2.1.3 Existing Methodology 

The existing geothermal assisted air conditioning systems are linked to registers in the 

walls and floors of the house that needs to be air conditioned. A large thermal storage unit, a unit 

with a water storing capabilities with access pipes and a cap, is placed underneath the ground, just 

below the frost line and is filled with water (the working fluid). A well with a casing is built into 

the earth to a depth where water is subterranean water is filled into it up to the water table [14]. 
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A pump with an inlet is introduced to the inside the tank with the working fluid. An 

outgoing pipe of the pump moves from the tank to the well inside the casing and passes the 

subterranean water and return to the tank with the working fluid creating a closed-circuit 

circulation. A second pump with an inlet pipe is inserted to the tank with the working fluid which 

carries water through the heat exchanger and back into the tank [14]. 

The working fluid is at constant temperature of 45-degree Fahrenheit during the cooling 

season. Therefore, a significant cooling can be provided for the house at the heat exchanger by 

circulating the working fluid between the thermal storage unit and the heat exchanger [14].  

2.1.4 Energy Usage 

Air conditioners use energy to transfer heat from an interior to the outer environment and 

it consumes roughly 6% of all the electricity generated in the United States which costs about $29 

billion to homeowners annually [02]. Since air conditioning requires a lot of energy which directly 

making it expensive, geothermal energy can be used as a substitute for current energy resources. 

The fact that the usage of air conditions emits about 117 million metric tons of carbon dioxide to 

the atmosphere [02] is another major reason geothermal assisted air conditioning systems are better 

than the conventional HVAC systems.  

This geothermal air conditioning systems cut about 30% of the energy consumption 

compared to the conventional HVAC systems. Another reward of having a system like this is that 

it reduces the peak demand in substantial amounts. Geothermal assisted air conditioning systems 

emits about 20% less greenhouse gases when comparing to conventional HVAC systems [09]. The 

goal is to reduce the emission even more by using water with a coolant as the carrier fluid. 
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2.1.5 Ground Loop Sizing 

When sizing the ground loop of the geothermal air conditioning system, a substantial care 

should be given to climate around the area. It not only affects the sizing of the loop, but also the 

performance of the HVAC system [05].  

Along with the climate, the main factors that contribute to the sizing of the loop are the 

cooling load and the heating loads of the residential building. These loads are then converted into 

tons of refrigeration in order to calculate the length of the loop. According to Heating and Cooling 

with a Heat Pump, Office of Energy Efficiency, Canada, about 150 ft of ground loop is required 

per ton of refrigeration [08].  

2.1.6 Cost 

The main downside of the geothermal assisted air conditioning system is that it has a 

remarkably high initial cost compared to conventional HVAC systems. Out of the initial cost, the 

ground loop is considered to be the costliest [16]. Even though the initial cost is high, it has been 

found out that the difference in conventional and geothermal HVAC system price is repaid within 

3-10 years in the form of savings from energy [16]. Also, since the ground loops, which have 

warranties issued by the manufacturers that go up to 50+ years, and almost all the parts of the 

system have long term warranties [16], the maintenance costs can be considered low to non-

existent. 

2.2 Heat Exchanger 

2.2.1 Background 

 Heat Exchangers can be explained as machines that carry thermal energy among two or 

more fluids which are at a temperature gradient [18]. This definition can be further elaborated as 

follows. It is a widely known fact that heat transfers from elevated temperature to low temperature. 
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This can be achieved from conduction, convection and/or radiation. In a setup where the end values 

in two separate corners are different, and those two corners are connected together with a stream 

of either two or more fluids, the heat from the high-end transfers towards the lower temperature 

end until both of them become of equal heat. This process, modified into a system, is called a heat 

exchanger. Since this is considered to be a mode of heat transfer, heat exchangers can be used for 

both air conditioning and heating.  

 There are numerous classifications of heat exchangers, and they can be categorized as 

follows; [18] 

 

Figure 1.2: Types of heat exchangers 

 

This paper focusses on finned tube heat exchangers, since it is considered to be the best 

match for the system.  
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2.2.2 Finned Tube Heat Exchanger 

Finned tube (tubular fin) heat exchanger is a part of extended surfaces heat exchanges. 

These are heat exchanges that has fins or enhanced surfaces to increase its surface area. Increased 

surface area simply means increase heat transfer area. Extended surfaces heat exchangers are 

mostly used in situations where heat is transferred from either gas-to-gas, gas-to-liquid, or liquid-

to-gas. Out of the two extended surfaces heat exchanger types, finned tube heat exchangers are 

mainly used for liquid-to-gas heat transfers. Since the suggested system for this thesis project is 

transferring heat from liquid-to-gas, finned tube heat exchanger was selected [18].  

The heat transfer coefficient of gas is considerably low when compared to the heat transfer 

coefficient of liquid. Therefore, in order to increase the heat transfer coefficient of the gas side of 

the heat exchanger, fins are attached. Fins increase the surfaces area of the heat exchanger, hence 

increasing the surface area that contacts the gas, increasing the heat transfer coefficient [18].  
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CHAPTER 3 

DEVELOPMENT AND EVALUATION OF CONCEPT 

3.1 Development of Concept Variants 

The functional requirements for the geothermal assisted air conditioning system for a small 

residential house were first established. The main requirement of this thesis is to design an efficient 

geothermal assisted air conditioning system that can cool a small residential household without 

the conventional HVAC system with reduced cost of electricity, reduced environmental pollution.  

The design specifications were established complimenting the functional requirements. 

The dimensions of the ground loop and dimensions of the heat exchanger were some of the major 

design specifications in this project. With this relationship in mind, the different concepts of 

ground loops and different heat exchange system designs were considered. Finally, out of all the 

possible combinations, the most cost effective, efficient method was selected.  

3.2 Concept Combination 

Table 1: Concept Combination 

Types of Fluids Flow Arrangements Types of Heat Exchangers 

Water Parallel flow Double pipe 

Air Counter flow  Shell and tube 

Water + Antifreeze  Cross flow Finned tube 

 

 

The concept combination table (Table 1) depicts what methods were selected out of all 

possible combinations that together makes the functional requirements achieve effectively. Since 

the proposed system can be modified to be used during winter season to heat up the interior of the 
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residential building, water mixed with antifreeze was the best viable option for the fluid which 

rotates inside the tubes of the system to avoiding the possibility of the liquid getting freeze during 

cold weather. For the second fluid that flows across the heat exchanger, air was the obvious choice 

since it is air that the system intends to cool. With air being the second fluid, it makes sense to 

have a cross flow since it is the most efficient method of heat transfer between liquid to gas and 

gas  to liquid mediums. With air being forced across the heat exchanger, the presence of fins 

increases the heat transfer to and from the air and the tubes. Therefore, the finned tube heat 

exchanger was the most effective choice of heat exchanger for this job.  
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CHAPTER 4 

NUMERICAL ANALYSIS 

4.1 Overview  

For all the calculations done in order to design the proper geothermal assisted air 

conditioning system, the textbooks, Principles of Heat and Mass Transfer by Frank P. Incropera, 

David P. Dewitt, Theodore L. Bergman, and Adrienne S. Lavine (Seventh Edition) and 

Introduction to Fluid Mechanics by Robert W. Fox, Philip J Pritchard and Alan T. McDonald were 

used as sanctums. All the calculations done under ‘Heat Exchanger Calculations’ were made by 

solving the chapter questions provided in the above-mentioned textbook and using those solutions 

as a guide.  

For this design, since reducing the environmental pollution was one of the main targets, 

the fluid that is used inside the Heat Exchanger was needed to be environmentally friendly. Even 

though the calculations are done for the summer season, this system can be modified to use 

throughout the year. Hence, the chosen fluid must adhere to both Summer and Winter conditions. 

After a lot of consideration, for the fluid that is used inside the Heat Exchanger, a solution made 

up of Ethylene Glycol and water was chosen, since it does not emit any harmful gasses to the 

environment and can be used during both Summer and Winter seasons.  

According to the initial design concept, the pipes of this system will get filled up with 

ethylene glycol and water solution. To determine the correct proportion of Ethylene Glycol to 

water, the calculations were done 3 times, using 3 different sets of thermal properties of the liquid, 

taken at three different ratios of ethylene glycol to water. The 3-ethylene glycol to water ratios are: 

• 25% of ethylene glycol : 75% of water 

• 50% of ethylene glycol : 50% of water 
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• 75% of ethylene glycol : 25% of water 

This will affect all the liquid side calculations and will provide 3 sets of results for the 3 

sets of thermal properties. This liquid will absorb heat from the interior of the small residential 

building and will flow into the ground loop where it will disperse the gained heat into the Earth 

and flow into the heat exchanger after it cooled down. Then, while the cooled liquid is flowing 

through the heat exchanger pipes, an air flow produced by a fan will flow across the heat 

exchanger. This will result in cooling the air that comes out across the heat exchanger, which will 

cool down the inside temperature of the small residential building.  
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4.2 Flow Chart 

The above flow chart was created in order to demonstrate the thought process of the entire 

calculation procedure. In order to design an effective geothermal assisted air conditioning system 

with success, each step was followed in order with accuracy. The flow chart can be broken down 

to several parts: assumptions and thermal properties, heat exchanger calculations, ground loop 

calculations, total head loss calculations, and pressure drop and power calculations.  

 

End

Power needed

Pressure drop calculations

Head loss calculations

Length of the ground loop

Number of tubes inside the heat exchanger

Overall heat transfer coefficient

Outlet temperature of the liquid from the heat exchanger

Thermal properties

Assumptions

Start

Figure 4.1: Numerical analysis flow chart 
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Numerical analysis stage is the most time-consuming stage and has to be done with utmost 

precision. All the calculations in this thesis were done using the software, GNU Octave, version 

6.4.0. 

In order to achieve the calculated results, there may be few different design methodologies 

present. The challenge is to select the heat exchanger design that is the most efficient and can 

correlate the analytical results.  

4.3 Assumptions 

When designing a heat exchanger, several assumptions have to be made in order to do the 

calculations. Three categories of assumptions were made during this process. They are as follows.  

• Overall assumptions 

• Assumptions regarding the heat exchanger 

• Assumptions regarding the ground loop 

These assumptions are vital in designing a project like this. It helps to create the realistic 

background in which this design expands. 

4.3.1 Overall assumptions 

1. All the calculations were done for summer season. 

These assumptions set up the experiment design area. Without these assumptions, the 

calculations might not make sense, and the results will not be acceptable. Since the main 

focus of this thesis is to design an air conditioning system, the data such as different 

temperatures depend on the season, and air conditioning units are mostly needed in the 

summer, the first assumption was that all the calculations are done for summer season.  

2. The small residential building is a one-story house with a flat roof. 
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The cooling load required to air condition the building is another major factor in these 

calculations. This depends on the size of the house. The surface area of the house needs to 

be multiplied by the number of stories that house acquire. Also factors like the type of the 

roof, which side of the roof gets more sunlight affect the amount of cooling load required. 

Therefore, before any of the calculations are made, the second assumption was made.  

3. The liquid carrying inside the pipes is a mixture of ethylene glycol and water. 

Even though this thesis paper focuses on air conditioning a small residential house, this 

system can be modified and used during the winter seasons to heat a small residential 

house. But the ambient and ground temperatures during the winter seasons tend to freeze 

the liquid inside the pipe system of this unit. As a solution for that problem, the third 

assumption of using a mixture of ethylene glycol (anti-freeze) and water was made. 

4. The pipes are made from Cross-linked Polyethylene. 

When designing the suggested geothermal assisted air conditioning, aspects like the length 

of the ground loop needs to be calculated. In order to calculate these, the thermal properties 

of the pipe are needed. Therefore, fourth assumption was made since cross linked 

polyethylene seemed to be one of the most popular pipes to be used in ground loops.  

5. Pipes have smooth surfaces 

When doing the heat exchange and ground loop calculations, the friction factor for each 

part, meaning the heat exchanger and the ground loop, has to calculated. The equation used 

to calculate the friction factor depends on the types of the surfaces of the system. Therefore, 

to keep a uniformity along the system, all the pipes in this entire system will be assumed 

to have smooth surfaces. 

6. Ethylene glycol (anti-freeze) is a Newtonian fluid 



19 

 

The liquid carrying inside the pipes, which is a mixture of ethylene glycol aand water, is 

considered to be a Newtonian fluid.  

4.3.2 Assumptions regarding the heat exchanger 

Table 2: Assumptions regarding the heat exchanger 

Inlet temperature of air, Tinaie 297.04 K to 305.04 K 

Outlet temperature of air, Toutair 292.59 K to 298.59 K 

Inlet temperature of the liquid in the heat 

exchanger, Tinliq 

282.04 K to 290.04 K 

Inside diameter of the heat exchanger 

tubes, Dinhx 

0.017 m 

Outside diameter of the heat exchanger 

tubes, Douthx 

0.02 m 

Air pressure, p 1 atm 

Thickness of fin, tfin 0.0009 m 

Number of fins, Nfin 100 

Fin spacing, spfin 0.0241 m 

Transverse pitch, ST 0.035 m 

Longitudinal pitch, SL 0.038 m 

Diagonal pitch, SD 

√SL
2 + (

ST
2
)2 = 0.041836 m 

Number of rows, Nr 5 

Length of the heat exchanger, Lhx 2 m 
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Table 3: Assumptions regarding the heat exchanger (continued) 

Height of the heat exchanger, Hhx H =  ST ∗ (Nr − 1) = 0.14 m 

Mass flow rate of the liquid, ṁliq 
0.05 

kg

s
to 0.65 

kg

s
 

Pipes are in a staggered configuration 

 

While making assumptions regarding the heat exchanger, the first assumption was that the 

temperatures in this system such as the inlet and outlet temperatures cannot be simply a constant. 

These temperatures can be varied according to the preference of individual user of this system. 

Hence, the inlet and outlet temperatures were assumed to be in a range of temperatures. The mass 

flow rate of the liquid depends on the required heat, the specific heat of the liquid and the 

temperature difference of the liquid. Since the inlet and outlet temperatures of the liquid are of a 

range, the mass flow rate of the liquid cannot be a constant value. Therefore, it is a range between 

0.05 
kg

s
 to 0.65 

kg

s
.  

4.3.3 Assumptions regarding the ground loop 

Similar to the assumptions regarding the heat exchanger, temperatures associated with the 

ground loop calculations were assumed to be within a range of temperatures. That is, the 

temperature of the ground was assumed to be within a range of temperatures. Since the ground 

loop pipes are connected to the pipes inside the heat exchanger, the liquid exiting through the heat 

exchanger pipes will enter the pipes of the ground loop and the liquid exiting through the ground 

loop will be entering the pipes of the heat exchanger. Hence, the outlet temperature of the liquid 

in the ground loop is also the inlet temperature of the liquid in the heat exchanger. Since the inlet 

temperature of the liquid in the heat exchanger is already assumed, it will remain the same. 
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Table 4: Assumptions regarding the ground loop 

Inside diameter of the ground loop tube, 

Dingl 

0.034 m 

Outside diameter of the ground loop tube, 

Doutgl 

0.038 m 

Ground temperature, Tg 280 K to 286 K 

Outlet temperature of the liquid in the 

ground loop, Toutgl 

Inlet temperature of the liquid in the heat 

exchanger 

Length of the trench 12 m 

 

4.4 Thermal Properties 

Table 5: Thermal properties  of air 

Density, ρair 1.1726116 
kg

m3
 

Specific heat, Cpair
 1004.96 

J

Kg∗K
 

Prandtl number, Prair 0.7067 

Conductivity, kair 0.02633259 
W

m∗K
 

Dynamic viscosity, μair 0.0000185159 
kg

m∗s
 

Kinematic viscosity, ϑair 0.000015545 
m2

s
 

Table 6: Thermal properties of cross-linked polyethylene 

Specific heat, CpPEX
 2302.74 

J

Kg∗K
 

Conductivity, kPEX 0.461 
W

m∗K
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Table 7: Thermal properties of the liquid at 25% ethylene glycol [07] 

Density, ρliq 1035 
kg

m3
 

Specific heat, Cpliq
 3888.5 

J

Kg∗K
 

Prandtl number, Prliq 12  

Conductivity, kliq 0.48 
W

m∗K
 

Dynamic viscosity, μliq 0.0075  
kg

m∗s
 

 

Table 8: Thermal properties of the liquid at 50% ethylene glycol [07] 

Density, ρliq 1060 
kg

m3
 

Specific heat, Cpliq
 3488.5 

J

Kg∗K
 

Prandtl number, Prliq 29 

Conductivity, kliq 0.36 
W

m∗K
 

Dynamic viscosity, μliq 0.00375 
kg

m∗s
 

 

Table 9: Thermal properties of the liquid at 75% ethylene glycol [07] 

Density, ρliq 1085 
kg

m3
 

Specific heat, Cpliq
 2991.25 

J

Kg∗K
 

Prandtl number, Prliq 65 

Conductivity, kliq 0.31 
W

m∗K
 

Dynamic viscosity, μliq 0.002 
kg

m∗s
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4.5 Cooling Load Calculations 

4.5.1 House Parameters 

The initial step in the numerical analysis process is specifying the required house 

parameters. The cooling load is determined by the ground area of the house in question. Larger the 

area of the house, larger the required cooling load would be. For the purpose of this thesis, the 

ground area of the house is considered to be 2,000 square feet. The house with the above square 

footage is assumed to be a single-story house with a flat roof. 

4.5.2 Cooling Load per Unit Area 

Calculating the cooling load by calculating the total heat gain by internal and external 

factors or in other words, calculating the cooling load by the traditional total heat gain method is 

time consuming and tedious. The fact that it is impossible to include every single equipment inside 

the house, makes way to rounding off the heat gain to the higher value.  

To make matters easier, as a cooling load rule of thumb, it can be assumed that one ton of 

cooling is needed for every five hundred square feet of floor area of a residential building [04]. 

Since the house in consideration has a floor area of 2000 square feet, it needs a cooling load of 

four tons. One ton of refrigeration can be converted into 3516.85 Watts. Using this conversion, the 

cooling load of four ton can be converted into 14,067 Watts. 

4.6 Heat Exchanger Calculations 

4.6.1 Outlet temperature of the liquid 

In order to calculate the outlet temperature of the liquid, equation (1) 

q =  ṁhxliq ∗ Cpliq
∗ (Toutliq −  Tinliq) 

Equation (1) 

[11] 
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was re-iterated. Toutliq =  Tinliq +
q

ṁhxliq∗Cpliq
. Using the thermal properties of liquid and the initial 

temperature range, the outlet temperature range of the liquid was calculated 3 times using 3 

different thermal properties of the liquid and the temperature range came out to be as follows.  

 

Table 10: Outlet temperature of liquid 

25% ethylene glycol 354.39 K, 302.13 K, 296.38 K, 295.27 K, 295.60 K 

50% ethylene glycol 362.69 K, 304.20 K, 297.56 K, 296.10 K, 296.24 K 

75% ethylene glycol 376.10 K, 307.55 K, 299.48 K, 297.44 K, 297.27 K 

 

4.6.2 Overall heat transfer coefficient of the system 

Air flow produced by a fan which flows across the heat exchanger through the cross-

sectional area of the heat exchanger. In order to find the speed of which the air flows through the 

heat exchanger, the cross-sectional area of the heat exchanger was calculated first.  

AcHx = H ∗ L = 0.28 m Equation (2)  

Before calculating the air side velocity, the mass flow rate of the air was calculated.  

mair =
q

cpair ∗ ( Tinliq − Toutliq
)

̇

=  3.1491
kg

s
, 2.8307

kg

s
, 2.5708

kg

s
, 2.3546

kg

s
, 2.1719

kg

s
 

(3) 

Using the cross-sectional area of the heat exchanger and the mass flow rate of the air, the 

velocity of the air flowing across the heat exchanger was calculated.  

uair =
ṁhxair

AcHx ∗ ρair
= 9.5914 

m

s
, 8.6216 

m

s
, 7.8299 

m

s
, 7.1714

m

s
, 6.6150

m

s
 

Equation (4) 

[11] 
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In order to find the maximum possible air velocity, the correct equation has to be chosen. 

For that process,  

ST + Dhxout
2

= 0.0275 

Equation (5) 

[11] 

was calculated and since the value for the diagonal pitch is higher that the above value, the 

maximum velocity occurs on the transverse plane. According to the place of the maximum velocity 

occur, it can be calculated as follows.  

umax =
ST

ST − Dhxout
∗ uair = 22.380

m

s
, 20.117

m

s
, 18.270

m

s
,

16.733
m

s
, 15.435

m

s
 

Equation (6) 

[11] 

To analyze the type of air flow across the heat exchanger the Reynolds number was 

calculated.  

Reair = 
umax ∗ Dhxout

ϑair

=  2.8794 ∗ 104, 2.5882 ∗ 104, 2.3506 ∗ 104, 2.1529

∗ 104, 1.9858 ∗ 104 

Equation (7) 

To calculate the outside convection coefficient, first the Nusselt number of air was 

calculated using the equation, 

Nuair = C1 ∗ Reair
m ∗ Pr0.36 ∗ (

Prair
Prsair

)

1
4
 

Equation (8) 

[11] 

where C1 and m are constants found in the Table 7.5 of the Principles of Heat and Mass Transfer 

book. Following is the process to find the values of C1 and m constants. 
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Transverse pitch

Longitudinal pitch
=  
ST
SL
=  0.9211 

Equation (9) 

[11] 

Since the pipes are assumed to be in a staggered configuration, and since the above value 

is less than two, according to the Table 7.5 in the Principles of Heat and Mass Transfer book, the 

value for the constant m is found to be 0.60 and, 

C1 =  0.35 ∗ (
ST
SL
)
1
5 =  0.3443 

Equation (10) 

[11] 

Therefore, using the values of these constants, the Nusselt number of air was calculated to 

be  163.45, 153.32, 144.71, 137.28, 130.79. Using the value of the Nusselt number, the outside 

convection coefficient was calculated. 

ho  =  Nuair ∗
kair
Dhxout

=  215.20
W

m2K
, 201.87

W

m2K
, 190.53

W

m2K
, 180.75

W

m2K
, 172.20

W

m2K
 

Equation (11) 

[11] 

After finding the outside convection coefficient, the inside convection coefficient must be 

calculated in order to calculate the overall heat transfer coefficient. Following is the process to 

find the inside convection coefficient.  

Reliqhx = 
4 ∗ ṁhxliq

π ∗ Dhxin ∗ μliq
 

Equation (12) 

[11] 

 

Table 11: Reynolds number of the liquid in the heat exchanger 

25% ethylene glycol 499.31, 1997.24, 3495.17, 4993.10, 6491.03 

50% ethylene glycol 9.9862 ∗ 102, 3.9945 ∗ 103, 6.9903 ∗ 103, 9.9862 ∗ 103, 1.2982 ∗ 104 

75% ethylene glycol 1.8724 ∗ 103, 7.4896 ∗ 103, 1.3107 ∗ 104, 1.8724 ∗ 104, 2.4341 ∗ 104 
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fhx = (0.790 ∗ ln(Reliq) − 1.64)
−2 

Equation (13) 

[11] 

 

Table 12: Friction factor of the pipes in the heat exchanger 

25% ethylene glycol 0.093609, 0.052518, 0.043300, 0.038636, 0.035670 

50% ethylene glycol 0.068671, 0.041459, 0.034894, 0.031492, 0.029297 

75% ethylene glycol 0.053767, 0.034195, 0.029221, 0.026598, 0.024887 

 

First, the Reynolds number was calculated to find the behavior of the liquid flowing inside 

the pipes of the heat exchanger. Just like all the fluid side calculations, the Reynolds number was 

calculated 3 times using the 3 different thermal properties of the liquid. The equation to calculate 

the friction factor varies depending on few variables. One is the type of flow inside the tubes, 

found by the Reynolds number. If the flow is laminar, the equation for the friction factor is vastly 

different from the friction factor equation used for a turbulent flow. The other factor that affects 

this situation is the type of surface inside the tubes of the system. Since the pipes are assumed to 

have smooth surfaces, the friction factor can be easily found using the above equation.  

The same two variables that affects the selection of an equation of friction factor affects in 

choosing the equation for the Nusselt number. Using the same argument above, the Nusselt number 

for a turbulent flow inside a smooth pipe was calculated as follows. 

Nuliq =
(
fhx
8 ) ∗ (Reliq − 1000) ∗ Prliq

1 + 12.7(
fhx
8 )

1
2(Prliq

2
3 − 1)

 
Equation (14) 

[11] 
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Table 13: Nusselt number of the liquid 

25% ethylene glycol  -10.298   14.644   32.654   48.786   63.912 

50% ethylene glycol -0.031447, 51.636, 93.797, 132.81, 169.99 

75% ethylene glycol 22.699, 132.648, 227.394, 316.394, 401.922 

 

Then the inside convection coefficient was calculated using the same basic equation that 

was used to calculate the outside convection coefficient. 

hi = Nuliq ∗
kliq

Dhxin
 Equation (15) [11] 

 

Table 14: Convection coefficient of the liquid 

25% ethylene glycol 
−290.77

W

m2K
, 413.49

W

m2K
, 921.99

W

m2K
, 1377.50

W

m2K
,  

1804.59
W

m2K
 

50% ethylene glycol 
−6.6594 ∗ 10−1

W

m2K
, 1.0935 ∗ 103

W

m2K
, 1.9863 ∗ 103

W

m2K
, 2.8124

∗ 103
W

m2K
, 3.5998 ∗ 103

W

m2K
 

75% ethylene glycol 
413.91

W

m2K
, 2418.87

W

m2K
, 4146.59

W

m2K
, 5769.55

W

m2K
,  

7329.16
W

m2K
 

 

Finally, the overall heat transfer coefficient was calculated using the inside and outside 

convection coefficients.  
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U =  
1

1
hi
+
1
ho

 
Equation (16) [11] 

 

Table 15: Overall heat transfer coefficient 

25% ethylene glycol 
828.06

W

m2K
, 135.65

W

m2K
, 157.90

W

m2K
, 159.78

W

m2K
, 157.20

W

m2K
 

50% ethylene glycol 
−0.6680

W

m2K
, 170.4093

W

m2K
, 173.8561

W

m2K
, 169.8346

W

m2K
,  

164.3394
W

m2K
 

75% ethylene glycol  141.59
W

m2K
, 186.32

W

m2K
, 182.16

W

m2K
, 175.26

W

m2K
, 168.25

W

m2K
 

 

 

4.6.3 Number of tubes inside the heat exchanger 

Under this section, two major calculations were made. The number of tubes inside the heat 

exchanger and the number of bends inside the heat exchanger. In order to calculate these two 

values, the heat capacity rates of the cold and the hot fluid was calculated. Here the cold fluid is 

considered to be liquid while the hot fluid is considered to be air.  

Ch = ṁhxair ∗ Cpair
=  2182.7, 2366.3, 2583.5, 2844.8, 3164.8 

Equation (17) 

[11] 

Cc = ṁhxliq ∗ Cpliq
 

Equation (18) 

[11] 
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Table 16: Heat capacity rates of the cold fluid 

25% ethylene glycol 194.43, 777.70, 1360.97, 1944.25, 2527.53 

50% ethylene glycol 174.43, 697.70, 1220.97, 1744.25,2267.53 

75% ethylene glycol 149.56, 598.25, 1046.94, 1495.62, 1944.31 

 

When the calculation was done in Octave, an if and else statements was added into the 

code. If Cc < Ch, then Cmin = Cc, Cmax = Ch. Else, Cmin = Ch, Cmax = Cc. 

The next step was to calculate the log mean temperature difference which was needed to calculate 

the Number of Transfer Units (NTU).  

∆Tlm =
∆T2 − ∆T1

ln
∆T2

∆T1
⁄

 
Equation (19) 

[11] 

 

Table 17: Log mean temperature difference 

25% ethylene glycol 34.0828 K,−5.0736 K,−10.3553 K,−12.2494 K,−13.1013 K 

50% ethylene glycol 38.0745 K, -3.3810 K, -9.0071 K, -11.0502 K, -11.9908 K 

75% ethylene glycol 43.7490 K, -0.9840 K, -7.1007 K, -9.3558 K, -10.4227 K 

 

Since the inlet and outlet temperatures are in a range of temperatures, the value log mean 

temperature difference is in a range of temperatures. The values for NTU were found using the 

equation below.  

NTU = 
UA

Cmin
=

q
∆Tlm
⁄

Cmin
 

Equation (20) 

[11] 
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Table 18: Number Transfer Units 

25% ethylene glycol 2.1229, 0.5307, 0.3033, 0.2123, 0.1633 

50% ethylene glycol 2.1182, 0.5296, 0.3026, 0.2118, 0.1629 

75% ethylene glycol 2.1499, 0.5375, 0.3071, 0.2150, 0.1654 

 

Then the number of tubes inside the heat exchanger was calculated by using an equation 

derived from the above equation. Since the value for area was unknown and could not be calculated 

without knowing the number of tubes inside the heat exchanger, an alternative equation which 

gave the value for the area multiplied by overall heat transfer coefficient  was used, which is UA =

 
q
∆Tlm
⁄ . Instead of having a range of numbers, the highest value which is the maximum number 

of tubes was selected. 

N =
NTU ∗ Cmin

U ∗ 2 ∗ π ∗ Dhxout ∗ LHx
 

Equation (21) 

[11] 

 

Table 19: Number of tubes in the heat exchanger 

25% ethylene glycol 13 

50% ethylene glycol 9 

75% ethylene glycol 10 

 

From the above results the number of bends was calculated. 

NbHx =  N − 1 Equation (22) 
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Table 20: Number of bends in the pipes in the heat exchanger 

25% ethylene glycol 12 

50% ethylene glycol 8 

75% ethylene glycol 9 

 

4.7 Ground Loop Calculations 

As mentioned in the literature review above, the ground loop can be sized using the 

required cooling load of the residential building. The ground loop must be long enough to remove 

the entire heat into the ground during summer season. If the ground loop is not long enough then 

the heat cannot be transferred into the ground and when the fluid inside the ground loop circulates 

inside the house, it will still carry the heat it absorbed in the earlier cycle. This will cause lack of 

air conditioning during the summer season.  

To find the length of the ground loop, first the inlet temperature of the liquid in the ground 

loop must be classified. As explained earlier, the inlet temperature of the liquid in the ground loop 

is the outlet temperature of the liquid in the heat exchanger. Then the total resistance must be 

calculated. It can be calculated by either calculating and summing up the individual conduction 

and convection resistances or by using the equation below. 

 

Rt = 
1

UA
=

1

− ln
Tg − ToutCgl

  

Tg − TinCgl
∗  ṁhxliq ∗  CpPEX

 Equation (23) 

[11] 
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Table 21: Total resistance 

25% ethylene glycol 2.4147 ∗ 10−3, 1.0365 ∗ 10−3, 8.3729 ∗ 10−4, 7.8012 ∗ 10−4, 7.7125

∗ 10−4 

50% ethylene glycol 2.3457 ∗ 10−3, 9.9117 ∗ 10−4, 7.9192 ∗ 10−4, 7.3139 ∗ 10−4, 7.1794

∗ 10−4 

75% ethylene glycol 2.2542 ∗ 10−3, 9.3255 ∗ 10−4, 7.3402 ∗ 10−4, 6.6973 ∗ 10−4, 6.5084

∗ 10−4 

 

Since the total resistance cannot After calculating the total resistance of the ground loop, 

the length of the ground loop must be calculated. It can be calculated using the following equation. 

An additional 10m will be added to the length of the ground loop as a factor of error. 

Lgl = 
1

Rt
∗

(

 
 
 
 
 
 

1

hi ∗ 2 ∗ π ∗ (
Dglin
2 )

+

ln
(
Dglin

2)
⁄

(
Dglin

2
⁄ )

2 ∗ π ∗ kPEX
+

1

ho ∗ 2 ∗ π ∗ (
Dglout
2 )

)

 
 
 
 
 
 

 

Equation (24) 

[11] 

 

Table 22: Maximum length of the ground loop 

25% ethylene glycol 68.891m 

50% ethylene glycol 67.108m 

75% ethylene glycol 70.962 
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Since the highest result calculated for the length of the ground loop can remove heat for 

peak summer conditions, the length of the ground loop was set to the highest value. Then, using 

the length of the ground loop, the number of bends in the ground loop can be calculated.  

Nbgl = 
Lgl

 Lgltrench
− 1 Equation (25) 

 

Table 23: Number of bends in the ground loop pipes 

25% ethylene glycol 5 

50% ethylene glycol 5 

75% ethylene glycol 5 

 

Above values derived for the number of bends was rounded up. The total length of the tube 

throughout the system, which is the total tube length of heat exchanger and the length of the ground 

loop, was calculated using the following equation.  

Ltotal = (N ∗ Lhx) + Lgl Equation (26) 

 

Table 24: Total maximum length of tubes in the system 

25% ethylene glycol 94.891m 

50% ethylene glycol 85.108m 

75% ethylene glycol 90.962m 

 

4.8 Total Head Loss Calculations 

According to the book Introduction to Fluid Mechanics, total head loss can be classified 

into two subcategories: major losses and minor losses. Major losses are occurred due to friction 
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while the minor losses are occurred due to variety of factors such as entrances, exits, enlargements, 

exits and so on. The total head loss is the summation of both major and minor losses.  

4.8.1 Major Loss Calculations 

Major loss occurs because of friction. As of the proposed system of geothermal assisted air 

conditioning system, the major losses occur in two places; inside the heat exchanger tubes and 

inside the ground loop. In order to calculate the major loss from the heat exchanger, the liquid 

velocity inside the heat exchanger was calculated using the equation below. 

uliqHx
=

ṁhxliq  

N ∗ Ac ∗ ρliq
=

ṁhxliq  
̇

N ∗
π
4 ∗ (Di)

2 ∗ ρliq
 

Equation (29) 

[11] 

 

Table 25: Liquid velocity inside the heat exchanger 

25% ethylene glycol 0.2128
m

s
, 0.8513

m

s
, 1.4898

m

s
, 2.1283

m

s
, 2.7668

m

s
 

50% ethylene glycol 0.2078
m

s
, 0.8313

m

s
, 1.4547

m

s
, 2.0781

m

s
, 2.7016

m

s
 

75% ethylene glycol 0.2030
m

s
, 0.8121

m

s
, 1.4212

m

s
, 2.0303

m

s
, 2.6393

m

s
 

 

The above equation was derived from the equation ṁhxliq = ρ ∗ uliq ∗ Ac. After 

calculating the liquid velocity inside the heat exchanger, the major loss from the heat exchanger 

was calculated.  

 

hmajor,HX = fhx ∗ (
N ∗ Lhxstraight

Dhxin
) ∗ (

uliq
2

2
) 

Equation (30) 

[11] 
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Table 26: Major head loss from the heat exchanger 

25% ethylene glycol 3.2426m, 29.1074m,62.1881m, 113.2453m, 176.6941m 

50% ethylene glycol 1.5701m, 15.1667m, 39.093m, 72.0023m, 113.2032m 

75% ethylene glycol 1.3037m, 13.2658m, 34.7180m, 64.4908m, 101.9785m 

 

Next, the liquid velocity of the ground loop was calculated using the same base equation 

used to find the liquid velocity of the heat exchanger.  

uliqgl = 
ṁhxliq
̇

ρliq ∗
π
4 ∗ (Dglin

)2
 

Equation (31) 

[11] 

 

Table 27: Liquid velocity of the ground loop 

25% ethylene glycol 5.3209 ∗ 10−2
m

s
, 2.12834 ∗ 10−1

m

s
, 3.72460 ∗ 10−1

m

s
,

5.32086 ∗ 10−1
m

s
, 6.91712 ∗ 10−1

m

s
 

50% ethylene glycol 5.1954 ∗ 10−2
m

s
, 2.07815 ∗ 10−1

m

s
, 3.6376 ∗ 10−1

m

s
,

5.19537 ∗ 10−1
m

s
, 6.75398 ∗ 10−1

m

s
 

75% ethylene glycol 5.0757 ∗ 10−2
m

s
, 2.03026 ∗ 10−1

m

s
, 3.55296 ∗ 10−1

m

s
,

5.07566 ∗ 10−1
m

s
, 6.59836 ∗ 10−1

m

s
 

 

Since the friction factor of the ground loop has not been calculated yet, the next step was 

to calculate it. Friction factor of the ground loop was calculated by first calculating the Reynolds 

number for the ground loop. 
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Reliqgl = 
 4 ∗  ṁhxliq

π ∗ Dglin
∗ μliq

 
Equation (32) 

[11] 

 

Table 28: Reynolds number of the ground loop 

25% ethylene glycol 249.65, 998.62, 1747.58, 2496.55 3245.51 

50% ethylene glycol 499.31, 1997.24, 3495.17, 4993.10, 6491.03 

75% ethylene glycol 936.21, 3744.8, 6553.4, 9362.1, 12171 

 

fgl = (0.790 ∗ ln(Reliqgl) − 1.64)
−2 

Equation (33) 

[11] 

 

Table 29: Friction factor of the pipes of the ground loop 

25% ethylene glycol 0.135079, 0.068671, 0.055152, 0.048518, 0.044374 

50% ethylene glycol 0.093609, 0.052518, 0.043300, 0.038636, 0.035670 

75% ethylene glycol 0.070544, 0.042334, 0.035569, 0.032070, 0.029815 

 

 

hmajor,gl = fgl ∗ (
N ∗ Lglstraight

Dglin
) ∗ (

uliqgl
2

2
) 

Equation (34) 

[17] 

 

Table 30: Major head loss from the ground loop 

25% ethylene glycol 0.3874m, 3.1515m, 7.7513m, 13.9163m, 21.5097m 

50% ethylene glycol 0.2494m, 2.2383m, 5.6517m, 10.2918m, 16.0581m 

75% ethylene glycol 0.1897m, 1.8210m, 4.6856m, 8.6218m, 13.5465m 
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After calculating the Reynolds number of the flow inside the ground loop and the friction 

factor of the ground loop, the major loss from the ground loop was calculated as shown above.  

4.8.2 Minor Loss Calculations 

Minor losses are caused by few varied reasons such as contraction, expansion, and pipe 

bends. Contraction and expansion occur when the tube diameters change. The proposed system 

has two sets of tubes: the heat exchanger tubes, and the ground loop tubes. The ground loop tubes 

are significantly larger than the heat exchanger tubes, and every time the fluid enters and exits the 

ground loop, minor losses occur through contraction and expansion.  

In order to calculate the minor loss from contraction and expansion, first the contraction 

loss coefficient and the expansion loss coefficients needs to be calculated. The two coefficients 

can be found by using the figure 8.15 in the Introduction to Fluid Mechanics book. First the area 

ratio needs to be calculated. 

AR =
π ∗ (

Dhxin
2 )2

π ∗ (
Dglin
2 )2

=  0.25 
Equation (35) 

[17] 

Using the area ratio and the above-mentioned figure, contraction coefficient was found to 

be 0.42 and the expansion coefficient was 0.58. Now using the coefficients, minor loss from 

contraction and expansion was calculated using the equations below. 

Minor loss from contraction =  Kc ∗
uliqgl

2

2
 

Equation (36) 

[17] 
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Table 31: Minor loss from contraction 

25% ethylene glycol 5.9454 ∗ 10−4m, 9.5127 ∗ 10−3m, 2.9133

∗ 10−2m, 5.9454 ∗ 10−2m, 1.0048

∗ 10−1m 

50% ethylene glycol 5.6683 ∗ 10−4m, 9.0693 ∗ 10−3m, 2.7775 ∗ 10−2m,

5.6683 ∗ 10−2m, 9.5794 ∗ 10−2m 

75% ethylene glycol 5.4101 ∗ 10−4m, 8.6561 ∗ 10−3m, 2.6509 ∗ 10−2m,

5.4101 ∗ 10−2m, 9.1431 ∗ 10−2m 

 

Minor loss from expansion =  Ke ∗
uliqhx

2

2
 

Equation (37) 

[17] 

 

Table 32: Minor loss from expansion 

25% ethylene glycol 0.013137m, 0.210285m, 0.643692m, 1.313657m, 2.22008m 

50% ethylene glycol 0.012524m, 0.200388m, 0.613687m, 1.252422m, 2.116594m 

75% ethylene glycol 0.011954m, 0.191260m, 0.585732m, 1.195372m, 2.020179m 

 

Before calculating the minor loss from bends, a dimensionless equivalent length 
Le

D
 for 

return bend was found from table 8.4 of the Introduction to Fluid Mechanics book. 

Le
D
= 50 

Equation (38) 

[17] 
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Then, using the above value, the minor loss from pipe bends of the heat exchanger and the 

ground loop was calculated separately. An additional 5 bends for the heat exchanger and 10 bends 

for the ground loop was added as a factor of error. 

Minor loss from bends in heat exchanger =  fhx ∗  
Le
D
∗
uliqhx

2

2
∗ (NbHx + 5) 

Equation (39) 

[17] 

 

Table 33: Minor loss from bends in the heat exchanger 

25% ethylene glycol 1.8021m, 16.1770m, 40.8463m, 74.3816m, 116.0559m 

50% ethylene glycol 0.9639m, 9.3106m, 23.9987m, 44.2014m, 69.4942m 

75% ethylene glycol 0.7757m, 7.8932m, 20.6572m, 38.3720m, 60.6772m 

 

Minor loss from bends in ground loop =  fgl ∗  
Le
D
∗
uliqgl

2

2
∗ (Nbgl + 10)  

Equation (40) 

[17] 

 

Table 34: Minor loss from bends in the ground loop 

25% ethylene glycol 0.1409m, 1.1464m, 2.8196m, 5.0622m, 7.8243m 

50% ethylene glycol 9.2175 ∗ 10−2m, 8.27416 ∗ 10−1m, 2.089189m,

3.80444m, 5.93598m 

75% ethylene glycol 6.7758 ∗ 10−2m, 6.50598 ∗ 10−1m, 1.674053m,

3.080348m, 4.839835m 
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Total head loss, ∆h

= Major loss from the heat exchanger

+ Major loss from the ground loop

+ Minor loss from contraction

+ Minor loss from expansion

+ Minor loss from bends in heat exchanger

+ Minor loss from bends in ground loop 

Equation (41) 

[17] 

 

Table 35: Total head loss 

25% ethylene glycol 5.5869m, 49.8020m, 125.5850m, 228.5686m, 356.5307m 

50% ethylene glycol 2.8886m, 27.7525m, 71.4741m, 131.6092m, 206.9038m 

75% ethylene glycol 2.3493m, 23.8305m, 62.3471m, 115.8144m, 183.1537m 

 

The total head loss is a summation of all the major and minor head losses and was 

calculated as shown above.  

 

4.9 Pressure Drop and Power Calculations 

The pressure drop in the geothermal assisted air conditioning system can be calculated by 

multiplying the total head loss by the density of the liquid.  

∆p =  ∆h ∗  ρliq  
Equation (42) 

[17] 
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Table 36: Pressure drop of the system 

25% ethylene glycol 
5.7824 ∗ 103

N

m2
, 5.1545 ∗ 104

N

m2
, 1.2998 ∗ 105

N

m2
,

2.3657 ∗ 105
N

m2
, 3.6901 ∗ 105

N

m2
 

50% ethylene glycol 
3.0619 ∗ 103

N

m2
, 2.9418 ∗ 104

N

m2
, 7.5763 ∗ 104

N

m2
,

1.3951 ∗ 105
N

m2
, 2.1932 ∗ 105

N

m2
 

75% ethylene glycol 
2.5490 ∗ 103

N

m2
, 2.5856 ∗ 104

N

m2
, 6.7647 ∗ 104

N

m2
,

1.2566 ∗ 105
N

m2
, 1.9872 ∗ 105

N

m2
 

 

The power needed to run this proposed system is calculated by multiplying the maximum 

head loss by the mass flow rate of the liquid. 

P =  ∆h ∗ ṁhxliq  
Equation (43) 

[11] 

 

Table 37: Power needed to run the system 

25% ethylene glycol 0.2793 W, 9.9604 W, 43.9548 W, 114.2843 W, 231.7450 W 

50% ethylene glycol 0.1444 W, 5.5505 W, 25.0159 W, 65.8046 W, 134.4875 W 

75% ethylene glycol 0.1175 W, 4.7661 W, 21.8215 W, 57.9072 W, 119.0499 W 

 

Since the highest value from the range of results calculated for the power needed to run 

the system, which is the maximum power needed to run the system can be used at all scenarios, it 

was selected to calculate the cost of operation. 
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Table 38: Maximum power needed to run the system 

25% ethylene glycol 231.7450 W 

50% ethylene glycol 134.4875 W 

75% ethylene glycol 119.0499 W 

  

4.10 Cost of Operation 

Below cost of operation is calculated using the cost of electricity in the state of Kansas, and 

assuming the system runs for 24 hours a day. 

Cost of operation = 24
hours

day
∗ 30 days ∗ (maxpower)kW ∗ 0.12

$

kWh
  Equation (44) 

 

Table 39: Cost of operation 

25% ethylene glycol $ 20.023 

50% ethylene glycol $ 11.62 

75% ethylene glycol $ 10.286 

 

The above cost analysis was done assuming the system runs constantly throughout the day 

for a period of a month. This cost is considered extremely low compared to the cost of operation 

of a conventional air conditioning unit for a month.   
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CHAPTER 5 

RESULTS AND DISCUSSION 

 This chapter focusses on the results obtained from the numerical analysis shown in the 

previous chapter. All the calculations were done using the software Octave GNU and that code is 

attached in the appendices. This research design project was done as a replacement to the 

conventional HVAC system of a residential building in order to reduce the operational cost of air 

conditioning and also to reduce the environmental pollution it causes.  

 The proposed geothermal assisted air conditioning system uses a mixture of ethylene glycol 

and water as the liquid carrying inside the tubes of the system which is always circulating 

throughout the system. This liquid acts as the main medium which carries heat to and from the 

atmosphere to the ground. To determine the correct ratio of ethylene glycol to water, all the 

calculations were done with 3 different concentrations of ethylene glycol. That means, the 

calculations were done 3 times with 3 different sets of thermal properties of ethylene glycol. The 

objective of running the calculations 3 times with different concentrations was to determine which 

concentration works well with the system and saves more money in cost of operations. 

  The first most important calculation was to determine the outlet temperature of the liquid 

from the heat exchanger. As depicted in the graph below, the outlet temperature depends on the 

mass flow rate, and lower the mass flow rate, higher the outlet temperature of the liquid and as the 

mass flow rate gets higher, the outlet temperature of the liquid becomes lower. That is, faster the 

movement of the liquid, lower the time it has to absorb more heat from the atmosphere and slower 
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the movement of the liquid, higher the time it has to absorb more heat from the atmosphere of the 

household.  

 

As for the 3 different results obtained from the 3 different concentrations of ethylene 

glycol, the 25% ethylene glycol and water mixture tend to absorb less heat at low mass flow rates 

compared to the other 2 mixtures. In contrast, the 75% ethylene glycol and water mixture seem to 

perform better than the rest of the mixtures. All 3 concentrations perform identically at high mass 

flow rates when it comes to the outlet temperature of the liquid.  

Next, the mass flow rate of air was calculated since the inlet and outlet temperature of air 

was set at the beginning of the numerical analysis process. The graph below shows how the outlet 

temperature of air affects the mass flow rate of air. These results can be explained using the same 

explanation given above, on how the mass flow rate of liquid affects the outlet temperature of 
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liquid from the heat exchanger. Lower the outlet temperature of air, higher the mass flow rate and 

higher the outlet temperature of air, lower the mass flow rate gets.  

 

Figure 2.2: Mass flow rate (air) vs. outlet temperature (air) 

 

After that, the next few steps were to calculate the velocity of air, Reynolds number of air , Nusselt 

number of air, and to calculate the outside convection coefficient. In order to find the inside 

convection coefficient, Reynolds  number of the liquid, friction factor, Nusselt number of the liquid 

was calculated first and since these are liquid side calculations, all the calculations have 3 sets of 

results due to the 3 different concentrations of ethylene glycol. Using the above results, the overall 

heat transfer coefficient was calculated. Then, using number transfer units or NTU method, 

number of tubes inside the heat exchanger was calculated and the highest number of tubes in each 

ethylene glycol concentration was selected. The next major calculation was to find the length of 

the ground loop. Using the total resistance, the length of the ground loop was calculated and the 
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highest length in each ethylene glycol concentration was selected since the highest result calculated 

for the length of the ground loop can remove heat for peak summer conditions.  

Next the total head loss was calculated as a summation of major and minor head losses. 

Below is a graph that shows how the liquid velocity of the heat exchanger affect the total head 

loss. According to the results, lower the liquid velocity of the heat exchanger, lower the total head 

loss and higher the liquid velocity of the heat exchanger, higher the total head loss.  

 

Figure 5.3: Total head loss vs. liquid velocity of the heat exchanger 

 

 As for the 3 different results obtained from the 3 different concentrations of ethylene 

glycol, the 25% ethylene glycol and water mixture create a higher total head loss when compared 

to the 50% ethylene glycol and water mixture, and the 50% ethylene glycol and water mixture 

creates a higher total head loss when compared to the 75% ethylene glycol and water mixture.  

 The same set of results can be seen from the graph below, which shows how the total head 

loss varies according to the liquid velocity of the ground loop.  
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Figure 5.4: Total head loss vs. liquid velocity of the ground loop 

 

 Next using the results calculated from the total head loss calculations, pressure drop was 

calculated and using that result, the power needed to operate was calculated. The graph below 

shows how the total head loss affects the power needed to operate. According to the results, lower 

the total head loss, lower the power and higher the total head loss, higher the power needed to 

operate the system.  

As for the 3 different results obtained from the 3 different concentrations of ethylene 

glycol, the 25% ethylene glycol and water mixture require drastically higher power compared to 

the other 2 concentrations of ethylene glycol at higher head losses. 75% ethylene glycol and water 

mixture require less power compared to the other 2 concentrations of ethylene glycol at higher 

head losses. But in contrast, at lower head losses, 75% ethylene glycol and water mixture require 

a little more energy compared to the rest of the options.  
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Figure 5.5: Power vs. total head loss 

 

 Using the power needed to operate the geothermal assisted air conditioning system, the 

cost of operation was calculated. In order to calculate the cost of operation for a month, it was 

assumed that the system runs 24 hours a day for 30 days. According to the results of the above-

mentioned calculations, and out of the 3 different concentrations, 25% ethylene glycol and water 

solutions costs more than the rest of the options and the 75% ethylene glycol and water solution 

costs the least. 
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Figure 5.6: Cost of operation 

 

 When analyzing the results obtained from all the calculations from the numerical analysis 

process, it became clear that 25% ethylene glycol and water solution is not very ideal when 

compared to the results of other 2 concentrations. Although the 50% and 75% ethylene glycol and 

water solutions have minor differences between them, when it comes to deciding a proper 

percentage of ethylene glycol, those minor differences matter. According to the results of the liquid 

side calculations of the numerical analysis, it can be concluded that the 75% ethylene glycol and 

water solution can be considered the best option for the liquid carrying liquid for this geothermal 

assisted air conditioning system. 

 It is important to state some of the practical issues one might face when installing and using 

this proposed system. The thermal contact of the ground loop and the ground can be problematic 

with shallow horizontal ground loops. This issue depends on the nature of the soil in the residential 
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area. If the soil has high porosity, the ground loop cannot make good contact with the soil due to 

high pore spaces and hence has low thermal contact with the soil.  

 Even though there is a way to calculate the ground loop temperature at a certain depth in 

the literature, when it comes to the practicality of that, constant ground loop temperature may be 

problematic due to factors like climate change. Also, the proportions of the liquid used in the 

proposed system, which is considered to be a Newtonian fluid, may be vastly different depending 

on the temperature and mixing ratio. It is important to select the correct mixture proportions since 

it might affect the efficiency of the entire system.  

 When using the proposed system for a considerable time, the efficiency of the system might 

not be the same as it used to be when the system was first installed due to having dust filled fins 

in the heat exchanger. This is one of the simpler issues that can be solved very easily by keeping 

the fins cleaned regularly.  
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CHAPTER 6 

MODELING 

6.1 Heat Exchanger Diagrams 

 

 

 

 

 

 

 

 

 

Figure 6.1: Isometric view of the heat exchanger 

Figure 6.2: Top view of the heat exchanger 
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6.2 Ground Loop Diagrams 

 

Figure 6.3: Front view of the heat exchanger 

Figure 6.4: Isometric view of the ground loop 
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6.3 System Diagrams 

 

Figure 6.6: Isometric view of the geothermal assisted air conditioning system 

Figure 6.5: Top view of the ground loop 
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Figure 6.7: Top view of the geothermal assisted air conditioning system 
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CHAPTER 7 

CONCLUSION 

 This study was done to design an efficient geothermal assisted air conditioning system that 

can sufficiently cool a small residential house which utilize less energy compared to a convectional 

air conditioning system. For this geothermal assisted air conditioning system, a ground loop along 

with a finned tube heat exchanger was chosen to achieve this target. Above calculations depicts 

geometries of both heat exchanger and the ground loop, inlet and outlet temperatures of both liquid 

and air in both heat exchanger and ground loop, amount of liquid carrying inside the tubes of this 

system, total head losses, pressure drops, the power needed for this system to operate and the cost 

of operation.  

7.1 Conclusion 

Objective of this study was to sufficiently cool a residential building using geothermal 

energy with less power compared to the power needed to operate a conventional air conditioning 

system. Another goal behind using geothermal energy in  place of refrigerants was to reduce if not 

completely stop the environmental pollution caused by conventional air conditioning units. 

 With the results obtained by the calculations shown above and the findings from the 

literature review, following conclusions can be drawn on behalf of this study: 

• Even though horizontal ground loops do need a lot of space to bury underground, 

the space needed can be as low as 13 square meters of width.  

• The proposed geothermal assisted air conditioning system can be powered by less 

than 1 horsepower. 

• 75% ethylene glycol and 25% water is the best concentration for the liquid carrying 

inside the geothermal assisted air conditioning system. 
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• The cost of operation of this system, assuming it to run 24 hours a day, will still be 

significantly lower than the operational cost of a conventional air conditioning unit. 

• Since the refrigerants have been replaced by ethylene glycol and water solution, 

environmental pollution does get reduced significantly. 

 

7.2 Future Work 

Future researcher could develop the following: an analysis for the winter season, thermal 

and pressure simulations, and a cost analysis. Due to time constraints, this thesis project only 

focuses on the cooling aspect of this system. But as mentioned several times throughout this report, 

this system can be modified to be used throughout the year, for air conditioning and heating. Future 

researcher could work on the heating aspect of this system. Also, they could run simulations like 

thermal and pressure simulations to see how this system transfers head and how the ground loop 

works underground if something were to build on top of the ground loop. Also, they could do a 

proper cost calculation so the customers can have an overall idea on how this system works and 

how much they have to invest in this system. 
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APPENDICES 

A. Initial Sketches 

 

  

Figure A.1: Initial Sketches 01 

Figure A.2: Initial Sketches 02 



63 

 

B. Octave Code 

#Assumptions 

Th_in = 297.039:2:305.372 

Th_out = 292.594:1.5:299.817 

Tc_in = 282.039:2:291.706 

Din = 0.017 

Dout = 0.02 

q = 3516.85.*4 

p = 1 

tfin = 0.0009 

Nfin = 100 

Spfin = 0.0241 

ST = Dout.+0.015 

SL = Dout.+0.018 

SD = sqrt((SL.^2).+((ST./2).^2)) 

Nr = 5 

L_Hx = 2 

h_Hx = ST.*(Nr.-1) 

mdot_Liq = 0.05:0.15:0.65 
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Dg_in = 0.034 

Dg_out = 0.038 

TG = 280:1.5:286 

TC = Tc_in 

# 

#Thermal Properties 

Liq_rho = 1035 

Liq_cp = 3888.5 

Liq_Pr = 12 

Liq_k = 0.48 

Liq_mu = 0.0075 

Liq_nu = 0.0000041952 

# 

Air_rho = 1.1726116 

Air_cp = 1004.96 

Air_Pr = 0.7067 

Air_Prs = 0.701 

Air_k = 0.02633259 
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Air_mu = 0.0000185159 

Air_nu = 0.000015545 

# 

PEX_cp = 2302.74 

PEX_k = 0.461 

 

# 

#Find the outlet temperature of liquid 

Tc_out = Tc_in.+(q./(mdot_Liq.*Liq_cp)) 

plot(mdot_Liq,Tc_out) 

# 

#Paramters of the heat exchanger 

Ac_Hx = h_Hx.*L_Hx 

# 

#Find the convection coefficient, ho 

mdot_Air = q./((Th_in-Th_out).*Air_cp) 

Air_um = mdot_Air./(Ac_Hx.*Air_rho) 

plot(mdot_Air,Air_um) 
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(ST .+ Dout)./2 

umax = (ST./(ST.-Dout)).*Air_um 

Air_Re = (umax.*Dout)./Air_nu 

ST./SL 

C1 = 0.35.*((ST./SL).^(1./5)) 

m = 0.60 

Air_Nu = C1.*(Air_Re.^m).*((Air_Pr./Air_Prs).^(1./4)) 

ho = Air_Nu.*(Air_k./Dout) 

# 

#Find the convection coefficient, hi 

Liq_Re = (4.*mdot_Liq)./(pi.*Din.*Liq_mu) 

f_Hx = (0.790.*log(Liq_Re).-1.64).^(-2) 

Liq_Nu = ((f_Hx./8).*(Liq_Re.-1000).*Liq_Pr)./(1.+(12.7.*(f_Hx./8).^(1./2)).*(Liq_Pr.^(2./3).-

1)) 

hi = Liq_Nu.*(Liq_k./Din) 

# 

#Find overall heat transfer coefficient 

U = ((1./hi).+(1./ho)).^(-1) 

# 



67 

 

#Find the length of the heat exchanger pipe 

Cc = mdot_Liq.*Liq_cp 

Ch = mdot_Air.*Air_cp 

# 

Cmin=Cc 

Cmax=Ch 

 

# 

dTlm = ((Th_in-Tc_in)-(Tc_out-Th_out))/(log((Th_in-Tc_in)/(Tc_out-Th_out)))  

NTU = (q./dTlm(dTlm > 0))./Cmin 

N = ceil(max((NTU.*Cmin)./(U.*2.*pi.*Dout.*L_Hx))) 

Nb_Hx = (ceil(N)).-1 

# 

#Fin calculations 

wfin = (SL*Nr)+(SL*1.5) 

hfin = (ST*(N/Nr))+(ST*1.5) 

# 

#Find the length of the ground loop 
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TH = Tc_out 

UA = -log((TG.-TC)./(TG.-TH)).*mdot_Liq.*PEX_cp 

Rt = 1./(UA) 

L_GL = 

max((1./Rt).*((1./(hi.*2.*pi.*(Dg_in./2))).+((log((Dg_out./2)./(Dg_in./2)))./(2.*pi.*PEX_k)))+10

) 

TL_GL = 12 

Nb_GL =L_GL./TL_GL.-1 

ceil(Nb_GL) 

# 

#Find the total tube length 

TL =(N.*L_Hx).+L_GL 

# 

#Find the amount of liquid needed 

V_Hx = pi*((Din/2)^2)*L_Hx 

V_GL = pi*((Dg_in/2)^2)*L_GL 

T_liq_inside = (V_Hx*1000)+(V_GL*1000) 

# 

#Find the total head loss 
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uliq_Hx = mdot_Liq./(Liq_rho.*(pi./4).*(Din.^2)) 

uliq_GL = mdot_Liq./(Liq_rho.*(pi./4).*(Dg_in.^2)) 

Liq_Re_GL = (4.*mdot_Liq)./(pi.*Dg_in.*Liq_mu) 

f_GL = (0.790.*log(Liq_Re_GL).-1.64).^(-2) 

Mhl_Hx = f_Hx.*(N.*L_Hx./Din).*((uliq_Hx.^2)./2) 

Mhl_GL = f_GL.*max(L_GL)./Dg_in.*((uliq_GL.^2)./2) 

AR = (pi.*((Din./2).^2))./(pi.*((Dg_in./2).^2)) 

Kc = 0.42 

Ke = 0.58 

mhl_c = Kc.*((uliq_GL.^2)./2) 

mhl_e = Ke.*((uliq_Hx.^2)./2) 

Le_over_D = 50 

mhl_pb_Hx =(f_Hx.*Le_over_D.*((uliq_Hx.^2)./2)).*(Nb_Hx.+5) 

mhl_pb_GL = (f_GL.*Le_over_D.*((uliq_GL.^2)./2)).*(Nb_GL.+10) 

T_hl = mhl_c+mhl_e+mhl_pb_GL+mhl_pb_Hx+Mhl_GL+Mhl_Hx 

plot(uliq_GL,T_hl,'b-',uliq_Hx,T_hl,'r-') 

# 

#Find the pressure drop 
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dp = T_hl*Liq_rho 

# 

#Find the power needed 

P = (T_hl).*mdot_Liq 

# 

#Cost 

cost=24*30*P*(0.12/1000) 

 


