
  

 

School of Science and Engineering 

 

 

Capstone Project Report  

 

 

PRE-HEATING AND PRE-COOLING SYSTEM 

IMPROVEMENT FOR SCIENCE BUILDING USING 

GEOTHERMAL ENERGY 

 

 

 

 

 

Prepared by: Mohamed Alhabib DOUCH 

Supervised by: Dr. Darhmaoui Hassan 

Second Reader: Dr. Abdelghani El Asli 

 

 

 

Fall 2016 



2 
 

 

 

PRE-HEATING AND PRE-COOLING SYSTEM 

IMPROVEMENT FOR SCIENCE BUILDING USING 

GEOTHERMAL ENERGY 

 

 

Capstone Report 

 

 

 

 

 

Approved by the Supervisor 

 

 

 

 
_________________________ 

Supervisor: Dr. Hassan Darhmaoui 

 

 

Date:  November 23, 2016 

 



3 
 

Acknowledgements 
 

I would like to thank my friends and family for their support and kind help.  

I would like to extend my deepest gratitude to Dr. Hassan Darhmaoui for supervising me during 

this project and for all the learning and coaching as well as guidance throughout the whole research 

period. Thanks for being a second father.  

I would like to express my sincere gratitude to ground and maintenance department staff for their 

kind help regarding data gathering.  

I would like to thank everyone who has contributed to this project realization in any possible way. 

Thank God the almighty that made all of this possible.  

 

 

 

 

 

 

 

 

 

 

 

 

 



4 
 

Abstract 
 

This paper presents an engineering modeling of an Earth-Air Heat Exchanger (EAHX) 

system for the science building at Al Akhawayn University. First, we designed the EAHX and 

calculated its optimal dimensions for maximum exit temperature; length and diameter of the tube, 

as well as the optimum depth at which the tube shall be buried.  

To increase the efficiency of the EAHX, this paper proposes two methods to reduce the 

length required that are : internally finning the plastic tubes to increase the cross sectional area of 

contact and the installation of parallel pipes to reduce the volume flow. The two methods have 

proven their capabilities to reduce the required length of plastic tubes from 80 m to almost 25 m 

for plastic tubes. 

 

Keywords: Earth-air heat exchanger (EAHX), system efficiency, plastic finning, , 

Canadian well, open loop system 
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Introduction  

 Background 

Morocco is a country located in the north western corner of Africa. The country has a huge 

potential when it comes to renewable energies thanks to its geographical location. The location of 

the kingdom allows to diversify its sources of renewable energies. The country has high wind flow 

in different coastal and non-coastal cities. Besides, the high exposure to the sun in the southern 

Moroccan Sahara enables it to harness the solar energy at its disposition to power the grid. On the 

other hand, the country could as well benefit from the coastal waves and the multitude of dams it 

has to produce hydro-electric energy [1].  

Despite all these opportunities and because of slow economic growth, Morocco depends 

nearly by 91% percent on energy import, mainly oil, coal, gas, and electricity. The energy balance 

represents an important liability of the Moroccan budget; which is in deficit. When it comes to the 

energy bill, the deficit elevates to an interval of 90 to 100 billion MAD. Starting 2014, the 

government implemented some serious measures to decrease the budget deficit by reducing the 

subsidy in fuels. Yet, the energy deficit remains a heavy burden for the country [1].  

Moreover, as far as the carbon dioxide emissions (CO2) of the country are concerned, 

Morocco remains a high polluter of the atmosphere compared to the IEA neighbor countries. Thus, 

bearing all these factors in mind, Morocco has invested in an eco-friendly strategy called “National 

Energy Strategy” (NES); which aims to empower the economy as well as sustaining the eco-

system. The country started implementing renewable energies mainly wind-power, hydro-power, 

and solar energy. Morocco, has launched the first phase of “Noor” project which is the largest 

solar farm in the world in terms of both capacity and surface. The latter station can be seen from 

the moon.  
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The National Energy Strategy implemented by Morocco has clear objectives for 2020 and 

2030. The target objectives, as demonstrated by figure 1, reach for an overall 10090MW in total 

renewable energies by 2030. The country plans to achieve a production of 52% of renewable 

energies by 2020 and increase it to 52% power capacity using renewable energy in the 2030 

horizon. The actual installed capacity that was supposed to be implemented by 2015 is a 

comprehensive 34% clean energy generation; however, the non-achievement of this plan lead to 

its incorporation in the 2030 plan. Figure 2 provides a detailed listing of the power generation 

depending on the energy resource utilized [2]. 

 

Figure 1: Total and assumed installed capacity in Morocco for 2015 and 2030 [2] 

According to the Germanwatch Nord-Süd-Initiative, the main concern behind adopting 

this renewable energy strategy being not only the climate change concern but alongside other 

factors and priorities such as considering this step a “green stimulus” to reach a multitude of socio-

economic developmental environmentally friendly projects. For instance, the country’s high 

priority investment in renewable energies plans to sustain a long-lasting economic growth coupled 
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with skill development, job creation, and human development “through integrated solar and wind 

development projects along the renewables value chain” [2]. 

  

Figure 2: Shares of installed capacity in Morocco for the years 2015 and 2030 [2] 

The country’s plan does not take into account the geothermal energy; which remains a great 

supply providing energy all year long independently from the weather variations. The geothermal 

energy remains a technology that provides clean energy with very low CO2 emissions; however, 

it requires important investments as well as high maintenance costs and high technical skills and 

monitoring [2].  

Motivation 

 In accordance with the National Energy Strategy adopted by Morocco for CO2 reduction 

and in an effort to improve the life comfort for the population of Ifrane, we are planning to make 

a simple heat-exchanger system that can be used for heating and cooling purposes in the Middle 

Atlas region. The purpose is to make a theoretical study for the Middle-Atlas region that can be 

implemented if technically and financially viable. We are aiming to make an earth-air heat 

exchanger system that uses green energy, powerful enough to keep the heat of a building to a pre-

defined temperature that can be harnessed with other systems for better results in case of extreme 

weather. Only few such models have been implemented in the country. According to the literature, 
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the models implemented were done for simulation purposes only. No functioning model has been 

set and tested for actual daily usage.  

Objectives 

 The main objectives of our research study are summarized as follows:  

 Conduct a deep literature review to identify the most efficient techniques for such 

systems and necessary guidelines to follow for earth-air heat exchanger system 

implementation 

 Develop an analysis model for the parameters analysis and optimal tube diameter as well 

as the optimal depth for tube burial and the adequate temperature using the weather data 

of Ifrane region.  

 Use the finning technique to improve the efficiency of the exchange rate by increasing 

the friction coefficient 

 Simulate the system’s efficiency using a software 

 Conduct an analysis study of the system 

 Present the project for a potential implementation by Al Akhawayn University 

Methodology 

The approach that will be used is the DMAIC approach. DMAIC is a quality strategy for 

processes’ and systems’ improvement. It is data-driven, and is considered as an integral of the Six 

Sigma initiative. Generally, the process strategy could be used along as part of other quality 

strategy or as a standalone quality improvement method. 

DMAIC is an acronym for the five phases that make up the process: 
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 Define: the system studied, the problem to solve, improvement opportunity, project 

targets, and requirements 

 Measure: the performance of the system 

 Analyze: the system to determine the main factors behind a low performance or 

performance variation 

 Improve: performance of the system by eliminating the causes or minimizing them as 

much as possible 

 Control: the improvement brought to the system and guarantee it in future performance 

The following figure, figure 3, shows an algorithm for the DMAIC approach. 

Figure 3: Algorithm for the DMAIC approach [4] 
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Planning 

 The project duration is an important aspect to consider for successful management and 

resources’ attribution. For the scope of the project, only the modeling and design of the project 

will be considered. The system execution was not included in the study. The building and concrete 

execution might be carried as a continuity of this project in a different study. The project duration 

was estimated to be thirteen weeks starting from September 1st. Figure 4 illustrates the laying of 

the different activities of the project for the project duration.  

 

Figure 4: Gant chart of the capstone project 

STEEPLE Analysis 

The objective of this capstone project is to design and improve the already existing heating 

and aeration system for the Science Building at AUI (building 5) using Earth-Air Heat Exchangers.  

The problematic that this project is trying to solve is to reduce the cost and come up with 

a more efficient system for heating as well as cooling a building at AUI. 
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As far as the societal impact is considered, this project will have many benefits on the AUI 

community. It will offer a better service for the building users and at the same time reduce the cost 

required. Contributing, thus, to levitate the budget deficit the University is currently struggling 

with; which will benefit the community socially by promoting comfortable studying in an 

environment friendly atmosphere among students. This project aims to raise awareness about the 

environment among youth generations in accordance with the Moroccan green initiative.  

The feasibility of the technical part of this project has been studied on a house in the same 

region. The soil and all necessary technological tools were previously proven to be feasible. At 

this stage, we believe that chances for any technological issues are rare. 

As far as the ethical aspect is considered in this project, the project will be unique as it will 

be tailored for the building usage and any resources that will be used as for help will surely be 

cited. 

Moreover, this project goes hand in hand with the political orientation of Morocco, as the 

country is moving forward with huge investments towards fuel subsidy reform through wind and 

solar technology. This project presents an innovative approach to benefit the country from 

geothermal energy. 

The legal aspect as far as our project is concerned is not present as the project will not 

require any approval from the municipality and the University has all rights to install and dig on 

its attributed ground.  

Besides, this project will provide clean energy for usage. Thus, reducing the CO2 emissions 

and contributing to environmental sustainability. The latter will also reduce the electrical 

consumption used for heating and cooling as well as the maintenance cost.  
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Other alternatives that can be considered for the scope of this project are:  

 Using diesel for heating and Freon for cooling 

 Develop a more efficient mixture of Diesel to be used for heating and keep the existing 

cooling system 

The approach that will be used is the DMAIC approach. It consists of Defining the problem 

and measuring the variables and analyzing them. The next step would be to improve them and 

control by making the appropriate simulations. 

Geothermal Energy 

Definition 

Geothermal energy is defined as the heat extracted from the Earth’s depth. This energy is 

a renewable, clean resource that can be exploited in a variety of domains and applications. The 

most obvious signs of geothermal energy usage in our daily life is hot springs. These are generally 

the most exploited sites of geothermal energy plants, although it is available in all corners of our 

planet [4]. 

Geothermal energy is considered a renewable resource thanks to the limitless amount of 

heat originating from the core of the planet Earth. The heat flux, originally emanating from the 

core, travels mainly through the different layers of earth through conduction. The latter energy 

flux is projected to be a power equivalent of up to 42 million megawatts (MW), and is estimated 

to remain so for the years to come in earth’s life, making geothermal energy an inexhaustible 

energy supply [4].  

Rationale of Earth to Air Heat Exchangers 
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Earth to air heat exchanger systems (EAHX) is an infrastructural system that converts 

earth’s energy into effective energy. The rationale behind it is to adapt the temperature of buildings 

into a comfortable temperature for human living by exchanging heat with the ground. The 

infrastructural system relies on extracting heat from the ground to heat up cold air that is circulated 

through the EAHX, as well as vice-versa by releasing heat to the ground. “[EAHX] uses the earth 

as a heat source in the winter or a heat sink in the summer” [5]. 

The EAHX system is a passive system that accommodates the temperature to a level of 

comfort with no CO2 emission. Besides, the system is an infrastructural asset that can be used 

during winter and summer. Figure 5 shows a model of a geothermal system used for air 

conditionning during summer and heating during winter [5]. 

The EAHX system relies on the fact that the temperature underground stabilizes after a 

certain depth. The more you go deeper into the ground, the temperature’s deviation from the mean 

value decreases. Figure 6 is a graph that illustrates the decrease of the variation in temperature 

with depth [6].  

Figure 5: Geothermal system’s illustration [7] 
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Figure 6: Seasonal ground temperature variation [8] 

Types of EAHX 

Open Loop EAHX 

 Open loop systems is a ground infrastructure connected to the house where the inlet air is 

drawn from the outside atmosphere and then circulated through the underground tubes for pre-

heating/pre-cooling before introduced to the building. Such infrastructure is very efficient when 

considering the need to renew the air into the building. The systems pre-heats or pre-cools fresh 

air before injecting it to the ambient building’s atmosphere. A conventional heating or air 

conditioning unit could be connected to the system to stabilize the temperature to the desired 

temperature prior to air distribution in the building. Figure 7 shows the structure of the system.  

 

Figure 7: Open and closed loop earth to air heat exchanger system [5] 
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Closed Loop EAHX 

 Closed loop systems consist of an infrastructural ground configuration that draws the inlet 

air from the building and circulates it in the buried pipes underground to pre-heat it or pre-cool it 

before letting it into the building again. The working principle of this system is taking into 

consideration the heat losses or gains that occur to the ambient air. The main advantage presented 

by such system is the relatively closer temperature of the ambient air of the building to the desired 

level. The system refreshes air and filtrates it then distributes it to the building. Figure 7 is sketch 

diagram that shows an example of the closed loop system. 

System Constituents 

 For an implementation of the earth to air heat exchanger infrastructure, we introduce the 

following components of the open loop system. The components of the system are illustrated in 

figure 8 and listed below.   

 Air inlet tower with air filters (component 1 in figure 8) 

 Underground anti-microbial coated tubes (component 2 in figure 8) 

 Air propelling fan (component 3 in figure 8) 

 Registers for air distribution inside the building (component 4 in figure 8) 

 Return vents for stale air removal from rooms (component 5 in figure 8) 

 Air outlet with exhaust fan to expulse the stale air out of the building (component 6 in 

figure 8) 
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Figure 8: Open loop EAHX components [9] 

System Requirements 

Tube depth 

 As we consider deep excavations into the ground, temperature variation (amplitude) 

decreases making the ground temperature more stable and higher throughout the year. For that 

purpose, the deeper the tubes are placed the better the results will be in terms of heat exchange 

between the tubes and the ground.   

 Studies made have showed that for earth to air heat exchanger systems, depths considered 

can vary from 1.5 meters to 3.5 meters depending on the location and the desired output 

temperature. The burial depth of the tube is mainly calculated after considering the variations of 

the ground temperature, due to its composition. Besides, another important factor to consider in 

the site installation is the surface area of the site; whether it is covered or not. An entirely exposed 

surface area to the sun would acquire heat through solar exposure gains. Thus, making 

underground temperature relatively higher compared to a covered area with trees or bushes [10].  

 On the other hand, an important factor in the system dimensioning is the tube length 

underground. The tube length most generally is defined depending on many factors, including but 
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not limited to, the friction coefficient of the tube material selected, the fluid flow rate, and the 

diameter. However, a longer tube would not necessarily boost or decrease for the low or high 

ground temperature [10].  

Material Selection for Tubes 

 Material selection is an important factor that affects the durability of the EAHX systems as 

well as the cost analysis. Material selection has some minor effect on the EAHX performance 

reduction. Thus, the main factors to be considered for this parameter is the durability of the material 

and cost. To check for durability, the design model has to account for the strength of the selected 

material to support the force applied on it by the soil weight above it. The material shall also be 

corrosion proof or applied some necessary coating on it to guarantee a long-lasting life of the 

system. As far as cost is considered, the tubes price remains an important factor to consider in the 

cost analysis study. A large selection of materials ranging from plastics, steel, to concrete pipes 

are available and have already been used in similar projects around the globe [10]. 

Tube Layout design 

 The system as explained above could either use an open loop system or a closed system 

configuration. For the tube layout underground, there are many possible options for both the open 

and the closed loop configurations. Figure 9 and 10 show the horizontal and slinky layout for 

EAHX systems. The slinky configuration is an optimized way to use EAHX in small surface areas 

without compromising the efficiency of the system [10].   
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Figure 9: Horizontal and slinky layout of geothermal systems [11] 

 Moreover, to reduce the length and the size of the tube required, many studies suggest the 

use of multiple tubes connected to the same inlet and same outlet. These tubes, buried underground, 

are connected in a parallel network; the purpose being to increase the volume flow to meet the 

building requirements. According to multiple research, more tubes increase the thermal 

performance of the system while reducing the pressure drop. The highest energy and cost 

efficiency are achieved through parallel 300 millimeter tubes connected in a parallel configuration 

[10]. 

EAHX Efficiency and Coefficient of Performance  

 It remains difficult to accurately estimate the efficiency of the EAHX infrastructure 

before implementation; due to unpredictable temperature variations and unstable soil 

conductivity. The efficiency of EAHX can be approximated using the following equation: 

       (1) 

 Where: T0: inlet temperature  

  Ta(L): outlet temperature at distance (L: tube length) from inlet 

  Ts: undisturbed ground temperature at the defined depth of EAHX 
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 The coefficient of performance (COP) is dependent upon the amount of heat transferred 

through the system either through cooling or heating. It is defined by the following equation  

(2) 

 Due to the heat transfer occurring within the system, it is due to note that the heat extracted 

from the air going to the pipes during summer when the system is operating, the temperature 

around the tube rises. After being switched off, the heat transfer accumulated through the pipe 

border dissipates through soil, thus helping the soil rejuvenate before the system is switched back 

on. Despite this natural phenomenon, as the EAHX is operated for several days in a row the soil 

temperature increases day after day. Thus, the COP of the system decreases relatively to the first 

day. However, according to Goswami et al, “the COP value remains quite high, even after 

intermittent operation for 90 days. Figure 10 shows the COP of EAHX system after 90 days use 

[10]. 

 

Figure 10: Coefficient of performance of an EAHX infrastructure after a 90 days operation [10] 
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Soil Properties 

Thermal properties of the ground are key parameters affecting the performance of EAHX. The 

tools for ground heat transfer are conduction, radiation, as well as convection. Convection can be 

considered as negligible, as well as radiation. Therefore, the only heat component driving ground 

heat transfer is conductivity; which can be expressed in terms of thermal diffusivity. The 

following equation (equation n°3) describes the soil behavior in terms of thermal diffusivity. 

(3) 

 

Where:  Ks: Thermal conductivity 

  ρs: Density  

  Cs: Specific heat capacity of the soil  

Higher ground thermal conductivity translates in a better performing EAHX system. Figure 11 

shows thermal diffusivity variance depending on soil water content [10].  

 

Figure 11: Thermal conductivity depending on soil type and water content [12] 
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Soil moisture is an important variable affecting the efficiency of EAHX system as well. Studies 

have shown that equation n°4 can be used to set the moisture profile for the underground soil 

[10].  

                  (4) 

Where:   

  Cs: Specific heat capacity of dry soil 

  Cw: Specific heat capacity of water 

  W: Moisture contented in soil  

 Thus, we conclude that the higher the water content of soil, the higher the thermal 

conductivity. Therefore, the efficiency of EAHX is related to the soil water content. In grounds 

with higher moisture, the performance of EAHX systems is better [10].  

III-EAHX Modeling 

Analysis of the Soil in Ifrane Region 

Various sorts of soil can be found in Morocco that were formed in different topographical 

eras and zones and as a product of the multiple climatic settings [13] 

The three dominant soil types in the Saiss region are: 

 Calcimagnesic soils (63%) 

 Fersialitic soils (15%)  

 Vertisols soils (22%)  
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These three types of soil in the Saiss region share some common background: They are all 

derived from the volcanic rocks and include in their constitution the following elements:  

 High percentage of organic content in the soil  

 Limestone and clay mixture (Which explains the ability to retain energy) 

 High concentration of Iron  Magnesium  

All these types of soils are gotten from the active volcanic movement in the Saiss area during 

the Tertiary time frame. Truth be told, the organization of soil is chiefly from volcanic rocks that 

were lessened to powder to make most of the soil composition. These soil components have a high 

thermal capacity due to their volcanic rock composition [13].   

Building Location and Planar Representation:  

Building Properties 

 The project is modeled for the science building at Al AKhawayn University in Ifrane 

(building 5). The building is located on campus and is made of two floors. The building contains 

the dean’s office, the school’s secretary, offices for professors as well as classes and laboratories.  

Geographic Coordinates 

 The building is located on the Al Akhawayn University campus which has the following 

coordinates:  

 Latitude: 33.5393° N,  

 Longitude: 5.1058° W 

 Altitude: 1669 m 
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Depth of EAHX Structure  

 To model the EAHX system, an accurate theoretical calculation of the depth required for 

the EAHX system is necessary. The chosen depth should provide a convergent temperature all 

year round. The soil temperature underground is modeled using Kasuda equation, as defined in 

equation n°5. The Kasuda equation provides the ground temperature as a function of depth and 

time of the year [14]. 

Tground = Tm - Ta * exp[ -Depth * (/365/)0.5] * cos {2/365 * [tn - tshift - Depth/2 * (365//)0.5]}       (5) 

Where:  Tm: Mean surface temperature (average air temperature) 

Depth:  Depth below the surface 

:  Soil thermal diffusivity 

tn:  Current day 

tshift:  least surface temperature day 

 Using data compilation of Ifrane’s weather in a research conducted during 2012. The 

research results show that temperature in Ifrane converges to a constant value at a depth of 4 meters 

throughout the year. The temperature at the surface varies between -5 °C and 32 °C. Whereas at a 

depth of 2 meters,  the temperature values fluctuate between 7 °C and 23°C. [14] 

 From the research results we conclude that the least required depth that provides a stable 

temperature is at 4 meters. Thus, the depth considered for our modeling is 4 meters underground 

and a constant temperature of TS =16°C. [14] 

EAHX Dimensioning 

Assumptions 

 For the model that we consider in our dimensioning, we assume the following:  
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 Constant temperature along the tube buried  

 Uniform and symmetric cross-section of the tube 

 Isotropic soil properties 

 Tube thickness is negligible compared to the radius, thus, the thermal resistance due to 

the thickness is negligible too 

 Only mechanism driving heat transfer in the ground is conduction 

 Fluid flowing in the EAHX system is incompressible with constant thermal properties 

 The undisturbed ground temperature is constant 

Theoretical Model 

 

 The components of the heat transfer coefficient considered in our case is the conduction 

between the tube and soil, as well as the convection occurring between air flowing through the 

EAHX tubes and the pipes. 

The overall heat transfer coefficient is, thus, expressed as a function of the above mentioned 

coefficient in equation n° 6. 

𝑈𝑡 =  (
1

ℎ
+ 

1

2𝜋𝐾
ln

𝑟2

𝑟1
)−1   (6) 

Where:  h: Convection coefficient between pipes and air 

  k: Air’s thermal conductivity  

  r1: Tube’s inner diameter  

  r2: Tube’s outer diameter  

 

We conclude from our assumptions that:   

r2 ≈ r1 and  ln
r2

r1
 ≈ 0 

Therefore, the tube’s conduction will be neglected in equation n° 6.  

Ut = h   (7) 
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 Where:        h =  k.
Nu

D
    (8) 

D: Tube’s diameter  

k: Air’s thermal conductivity  

Nu: Nusselt number 

EAHX Tube Length 

The energy equation for a differential control volume is: 

ṁ Cp dTm = h (Ts - Tm) dAS  (9) 

The variation of energy of the fluid is equivalent to the heat transferred or extracted from the 

fluid using convection mechanism [14]. 

We replace the following variables into equation n°9 to obtain equation n°10 

dAS = p dx ; With p being the perimeter of the tube, 

dTm =  −d(Ts − Tm), and Ts is constant 

 

d(Ts – Tm) 

Ts – Tm
=  − 

h p

ṁ Cp 
 dx   (10) 

 

Using the integration technique along the x-axis from the inlet where Tm = Ti (inlet temperature) 

to the outlet at length L, where x= L where Tm= Te (exit temperature) we obtain equation n°11 

that we shall solve for the length of the tube [14]:  

ln(
Ts – Te

Ts – Ti
)  =  − 

h AS

ṁ Cp 
  (11) 

 

Replacing the surface area AS with 𝞹DL, we obtain equation n°12:  

ln(
Ts – Te

Ts – Ti
)  =  − 

πDh

ṁ Cp 
 . 𝐿  (12) 
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Equation n°12 help us obtain the length required for the pipe: 

𝐿 = −[ ln  (
Ts – Te

Ts – Ti
) .

ṁ Cp

π D h 
 ]          (13) 

Replacing the mass flow rate ṁ  in terms of the volume flow rate �̇�  and the density of air ρ:  

ṁ = ρ �̇� 

We obtain equation n°14: 

𝐿 = − [ ln  (
Ts – Te

Ts – Ti
) .

ρ �̇� Cp

π D h 
 ]       (14) 

 

In our calculations we define the Nusselt number as provided by Gnielinski correlation in 1976 

[12]. 

𝑁𝑢 =  
(

𝑓

8
) (𝑅𝑒−1000) 𝑃𝑟

1  + 12.7  (
𝑓

8
)0.5 ((Pr )

2
3⁄ −1)

   (15) 

With  Re: Reynolds number 

Pr: Prandlt number 

f: Friction coefficient 

Haaland (1983), provided an equation for the friction factor using this correlation [14]: 

1

√𝑓
=  −1.8 log  [ 

6.9

𝑅𝑒
+ (

ɛ
𝐷⁄

3.7
)1.11] (16) 

With:                /D: Relative roughness 

. Absolute roughness coefficient (m) 

D: The pipe diameter (m) 

 

The Reynolds number used for our model is provided by the following equation: 
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Re =
V.D

ν
       (17) 

Where:  D: diameter of pipe (m) 

ν: kinematic viscosity of the fluid  (m2/s) 

V: velocity of flow (m/s) given by: v = 
�̇�

𝐴𝑐
 

  𝐴𝑐: cross sectional area (π. r² for cylinders) 

 

We define the volume as:    v =
V̇

π.r²
    

 

We define Prandlt number using equation n° 18: 

 Pr =
μ.  Cp

K
  (18) 

With: μ = absolute or dynamic viscosity (kg/m s) 

 

Exit Temperature 

 

 From Equation n° 14, we could obtain equation n°19 for the exit temperature of air at the 

tube outlet [14]:  

𝑇𝑒 = 𝑇𝑆 − [𝑒
−𝐿π D h

ρ �̇� Cp . (Ts − Ti)]  (19) 

Simulation of EAHX Model 

Diameter Optimization 

 Using the obtained equation n°19, we calculate the exit temperature for different tube 

lengths with our inlet temperature being Ts=-2.5 °C. Then, we analyze the obtained results to 

identify the optimum diameter for our pipe sizing. After analysis of the results, we observe that 

the exit temperature drops as the diameter of the pipe increases. Figure 12 shows the results of this 

plot. Thus we conclude that the most optimized value for our pipe dimensioning available on the 

market is D=0.17 meters. Therefore, the diameter of the EAHX infrastructure will be 0.17 meters.  
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Figure 12: Temperature change as a function of diameter change for different tube lengths (heating case) 

Heating case: 

Table 1 is a snapshot of the results obtained for different diameters with a total heated 

volume of the building V= 2700 m3. The results show that for our diameter the required length is 

around L=80m. To increase the efficiency of our system and also to decrease the velocity of the 

air flow of our system. We consider the installation of parallel buried pipes; as suggested by 

research they provide the best outcome performance. For that purpose, we consider the use of 7 

parallel pipes each pre-heating and pre-cooling a total volume of V=400m3. The results obtained 

are provided in table 2. The theoretical study shows that the parallel infrastructure would decrease 

our required length from L=80 m to L= 50 m through the reduction of the fluid velocity, thus 

increasing the time of heat exchange between the fluid and the pipes.  
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Table 1: Results of heating calculations for a volume V=2700m3 

 

Table 2: Results of calculations for a Volume V=400m3 
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Table 3: Results of cooling calculations for a volume V=2700m3 

 

Table 4: Results of cooling calculations for a volume V=400m3 

For a better comparison of the results and to better understand their significance, we plot 

the calculated exit temperature versus the required tube length for different diameters in the 
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following figures. The figures show that the EAHX system model reaches an output temperature 

of 16°C for a tube length of around 50 meters for both volumes; 2700 m3 and 400 m3.  

 

Figure 13: Exit temperature for different tube diameters for a heating volume V=2700 m3 

 

Figure 14: Exit temperature for different tube diameters for a heating volume V=400 m3 
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Figure 15: Exit temperature for different tube diameters for a cooling volume V=2700 m3 

 

Figure 16: Exit temperature for different tube diameters for a cooling volume V=400 m3 
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To further increase the efficiency of our system, we introduce the techniques of increasing 

the heat transfer rate between the material chosen to be plastic and the fluid. Since the roughness 

coefficient of the plastic pipes can hardly be changed by roughening the inner surface of the pipe, 

We introduce the finning technique to increase the surface area of contact.  

Increasing Heat Transfer through Increased Surface Area AS 

Finning Technique 

 For system optimization, we introduce the finning technique through the installation of 

small fins inside the tube along its length made from the same material. Figure 17 is a schematic 

diagram of fins to be installed on the tubes. For model simplification, we chose to install 

rectangular fins.  

The addition of the fins would increase the surface are of contact between the tubes and 

the fluid. Thus, it shall reflect on equation n° 19. The resulting equation n° 20 is what we will be 

using for our project modeling [14].  

Te = Ts − [e
−h(πDL+(2.w.L.n))

ρ V̇ Cp . (Ts − Ti)] ]    (20) 

Figure 17: Schematic diagram of a finned surface area 
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Fin’s Effect on the Exit temperature 

After we obtained the equation that we shall use for our finning technique calculations, We 

recalculated the exit temperature for different length value as well as different number of fin per 

cross-sectional area. The values used for the fin dimension were developed in previous research 

and are as follows: width of the fin is 0.04m, thickness of the fin is 0.02m, and the diameter of the 

tube equals 0.17m. Figure 18 shows the results of the calculations that indicate a reduction of the 

required length from previously calculated L= 80 m for a total volume of V= 2700 m3 to L=50 m. 

We apply the same technique previously applied of considering parallel tubes and a volume V= 

400 m3 and we obtain the results summarized in figure 24. The results in figure 24 show that the 

total length required will be reduced from L= 50 m to a required length of L=25 m [14]. 

 

Figure 18: Finning’s effect on the exit temperature for a heating volume V=2700m3 
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Figure 19: Finning’s effect on the exit temperature for a heating volume V=400m3 

 

 

Figure 20: Finning’s effect on the exit temperature for a cooling volume V=2700m3 
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Figure 21: Finning’s effect on the exit temperature for a cooling volume V=400m3 

Findings Summary  

To summarize our findings, the optimal depth for tube burial is 4 meters underground. The 

optimal diameter is D=0.17 m. The finning technique coupled with the parallel pipe network reduces the 

required length from L= 80 meters to L= 25m.  

 To further optimize our system, we highly encourage the use of fins in the tubes underground and 

the inlet but not on the outlet tubes as the fluid will lose some of the acquired heat while exiting the 

system as is shown in figure 23.  For a longer durability of the system, we suggest that our system be 

installed a moisture syphon to preserve the quality of the air that is drawn from the system from the 

moisture that shall build up after the use of EAHX as a cooling device. 
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Figure 22: EAHX model simulation 

 

Figure 23: Vertical cut of EAHX model simulation 
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Figure 24: Syphon solution for EAHX system moisture 

Cost Analysis 

 We have calculated the cost estimate of the project as shown in table 5, and the total cash 

outflow is 23700 MAD. To better understand the significance of this number, we have estimated the 

energy gains for our system’s usage and based on it we have come up with the payback period which is 

considered to be around 6 years for 12 hours usage a day.  

 

Table 5: Cost of implementation of an EAHX system 
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Conclusion  

 To sum up our study, the feasibility shows a positive impact on reducing the electrical 

energy for heating. Our system dimensioning consists of buried tubes underground at a depth of 

4m. The tube’s diameter for optimal values is 0.17 meters. For efficiency improvement, we suggest 

the use of seven parallel pipes to reduce the volume flow and thus the velocity of the fluid from 

12.4 m/s to 2.44 m/s. Besides, the finning technique has proven itself viable as it reduces the 

required length of the buried tubes underground from 80 meters to around 30 meters. The cost 

analysis shows that the initial cash outflow is estimated to be around 24000 MAD, and the payback 

period to be 6 years. The viability of the system is proven to improve the life comfort of the 

building users and be an eco-friendly solution. We highly encourage the implementation of this 

project.  

Future Work 

For future work we suggest that the system should be established to conduct a thorough 

and accurate study of the efficiency of the system depending on its usage. Besides, a comparison 

of the theoretical study along with real application data of the system’s execution would provide 

an accurate description of the system and prove the viability of the research study conducted as 

well as the parameters and parts of the infrastructure that need further improvement.  

 Furthermore, we suggest that a control system should be developed for the EAHX system. 

The control system shall be an automatic system that would compare the ambient temperature to 

the outlet temperature of EAHX. After the latter comparison the system would automatically either 

sustain the supply of the air or stop the EAHX from operating, if the temperature of EAHX is 

either lower or higher than desired.   
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