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Abstract 

  
The concentric tube heat exchanger is designed to illustrate the working principles of 

the industrial heat exchanger. The concentric tube heat exchanger is cheap compared 

with other types of heat exchangers. It also shows the excellent quality and reliability 

of the heat exchanger by separating the fluids exchanging heat. Its applications are 

useful in the daily life, such as the chemical and pharmaceutical industry. This 

concentric tube heat exchanger is an exchanger where hot fluids are exchanging heat 

with cold fluids. This experiment aims to show the working principles of a concentric 

tube heat exchanger operating under parallel flow conditions and counter flow 

conditions. This study will also focus on the performance of a concentric tube heat 

exchanger using Nano-fluid with different quantities of Nano-fluid particles, which 

may promote fluid's heat transfer characteristics. In general, heat exchangers are used 

to cool down a specific fluid using another fluid with different paths. This project 

consists of two main parts: the heat exchanger and the base unit connected to the 

electrical supply. This project aims to test the Concentric Tube Heat Exchanger's 

efficiency and determine the inlet and outlet temperatures. 
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Chapter 1 

Introduction 

 

1.1 Project Definition 

The project is a design of an experiment to study the Concentric Tube Heat Exchanger. 

Where the heat exchanger should be linked to the unit that consists of the boiler and 

cold fluid source. Also, the Concentric Tube Heat Exchanger demonstrates the basic 

principles of heat transfer. In general, the exchanger is a device used to cool down a 

specific fluid by changing its thermal properties by separating them by solid walls. The 

concentric tube heat exchanger is used to examine heat transfer between two fluids 

while the hot fluid in the internal tube and the cold fluid are located in the annular area 

between the inner and outer tube walls. 

 

1.2 Project Objectives 

The primary aims of this project are: 

1- Demonstrate the efficient state of the Concentric Tube Heat Exchanger, whether 

parallel or Counterflow. 

2- This exchanger allows measuring hot and cold-water temperatures in different 

points of the exchanger of the hot and cold fluids at various points. 

3- Explain the basic principles of Heat Transfer. 

4- Illustrate the effect of temperature variation on the performance of the 

Concentric Tube Heat Exchanger. 

5- To study the effect of flow and counter-current flow and co-current flow of heat 

exchangers. 

6- To study the effect of fluid temperature on counterflow heat exchanger 

performance. 

7- To study the effect of fluid flow rates on heat exchanger performance. 
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1.3 Project Specifications  

This project is used in oil refineries and different chemical processes. The Concentric 

Tube Heat Exchanger is chosen according to the following specifications: 

 

Table (1): Project measurements. 

Item Size 

Base Unit: 

Net Weight 30 kg 

Height 400 mm 

Width 1000 mm 

Depth 500 mm 

Heat Exchanger: 

Net Weight 20 kg 

Height 200 mm 

Width 1000 mm 

Depth 500 mm 

Electric Supply 220 V 50 Hz  (110 V  60 Hz) 

Water tap  

Water drain  

 

 

1.4 Applications 

The essential applications of the project: 

➢ Studying losses and energy balance. 

➢ Knowing the range of the exchanger effectiveness output. 

➢ Heat transfer effect in different flow whether counter or parallel flow. 
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Chapter 2 

Literature Review 

2.1 Project Background 

The concentric tube heat exchanger is the simplest form of a heat exchanger and a 

design that may be successfully analyzed and described by empirical equations. The 

concentric tube heat exchanger demonstrates the basic principles of heat transfer. The 

heat exchanger operates when hot flow and cold flow enter the exchanger, where the 

cold flow will gain some heat and the hot flow losing heat before they both exit the 

exchanger. A heat exchanger is a device where thermal energy can transfer from one 

fluid to another [1]. Moreover, the heat exchangers' types to be tested in this experiment 

are called single-pass, parallel-flow, and counter-flow concentric tube heat exchangers. 

In a parallel-flow heat exchanger, the working fluids flow in the same direction. In the 

counter flow exchanger, the fluids flow in parallel but opposite directions [2].  

 

 

Figure (1): Concentric Tube Heat Exchangers. 

 

For this experiment, the Concentric Tube Heat Exchanger for TICC was designed to 

demonstrate the heat transfer between hot water flowing through an internal tube and  
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cold water flowing through the annular area between the internal and external tubes [3]. 

The recent advances in nanotechnology have provided possibilities in advancing 

technology used in the heat exchange. Argonne Laboratory created a new generation of 

heat transfer fluids that exhibit higher thermal conductivity known as nanofluids. A 

"nanofluid" is a fluid with suspended fine nanoparticles, which raises the heat transfer 

properties in contrast to the initial fluid. Nanofluids are believed to be a new generation 

of heat transfer fluids and are believed to be two-phase fluids of solid-liquid mixtures. 

The possible uses of nanofluids in engine cooling, machining process, transformer 

cooling, and nuclear reactor cooling. It's possible and normal that a heat recovery 

product's overall performance may be increased by using this sophisticated heat transfer 

fluid. This particular study tries to take a look at the winter performance concentric tube 

heat exchanger using nanofluids. Substantial research suggests and considers 

nanofluids as the replacement of existing heat transfer fluids [four]. Concerning 

economy nanotechnology, it is possible to attain higher efficiency and cost-saving in 

heat transfer processes. Nanoparticles are actually regarded as to be brand new 

generation materials having possible uses in the heat transfer area. Furthermore, the 

nanofluids are believed to be stable when the concentration stays constant at 5%. 

 

Simply, the Concentric tube heat exchanger demonstrates the basic principles of heat 

transfer. Like many other projects, it should face many challenges. As a group of senior 

projects, we should be aware of the challenges. The first challenge of our senior project 

was how to know the location of the hot pump and cold pump. The second challenge 

was how to know the location of the parallel-flow and counter-flow concentric tube 

heat exchangers. The third challenge was the boiler of the experiment. We should wait 

around two hours to make the boiler cold because we cannot operate the experiment if 

the boiler is hot.   
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2.2 Previous Work  

This project is investigating the effect of using the heat transfer characteristic of 

nanofluids TiO2/Thermo XT 32 oil on concentric tube heat exchangers. The 

nanoparticle has a diameter of 21nm mixed in XT 32 oil as a base fluid in three different 

volume fractions 0.1%, 0.2, and 0.3%. “A straight horizontal stainless-steel tube of 1.2 

m length, 0.012 m inner diameter, and 0.022 m outer diameter” were the size of tools 

used in the experiment. The experiments set it to analyzing the data of the heat transfer 

using nanofluid in different volume fractions. The result shows that the thermal 

convection coefficient increasing when the volume fraction increased.  

 

 
 

Figure (2): Schematic diagram of concentric tube heat exchanger. 

 

 

 

The experiment is working under a cycle consist of a” pump, cold water tank, boiler 

nanofluid TIO2 tank, Water heater, concentric tube heat exchanger, manometer “U”, 

flowmeter, thermocouples at the entry and the exit to measure the inlet and the outlet  
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temperature”. The hot flow of nanofluid is setting up to be in these temperatures of 60 

°C, 80 °C, 100 °C, and 120 °C. To avoid any incorrect results, it is extremely important 

to run the cycle for a certain time until the cycle is becoming stable. 

The table below is showing the relation between the rate of heat transfer and 

temperature. As it is showing the rate of heat transfer in (w) of nanofluid when the 

XT32 oil (base fluid) and the nanofluid in different volume fractions (inner tube) will 

vary under different temperature and volume fraction [3]. 

 

Table (2): The rate of heat transfer relationship with volume fraction 
 

 
  

 

 
 

Figure (3): The rate of heat transfer relationship with volume fraction 

 

2.3 Comparative Study 
 

For credibility, we admit that our senior project title is not original from our thoughts. 

As a result, we looked up through some previous projects similar to our project to 

improve them. However, members of Visvesvaraya National Institute of Technology,  
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Nagpur, India did a study very similar to our project. They worked on a Heat transfer 

study on a concentric tube heat exchanger using TiO2–water based nanofluid. Their 

research described the heat-transfer features of TiO2–water nanofluids as a coolant in 

the concentric tube heat exchanger. The heat exchanger is created from a copper 

concentric inner tube with a length of 1000 m. The observation of average heat transfer 

rates for Nano-fluid in their study is higher than the water where both of them are used 

as a coolant. The results of their study have importance for the efficient design of 

concentric tube heat exchanger to enhance cooling performance [1]. 

 

Another similar project with the title; heat transfer through heat exchanger using Al2O3 

Nano-fluid at different concentrations. This project reports concentrating on the forced 

convective heat transfer and flow features of a Nano-fluid comprising water with 

different volume concentrations of Al2O3 Nano-fluid that vary between (0.3–2) % 

flowing in a tube heat exchanger counter flow under turbulent flow conditions are 

examined. The Al2O3 nanoparticles that have 30 nm diameter are utilized in the current 

study. The outcomes show that Nano-fluid's convective heat transfer coefficient is 

somewhat higher than that of the base fluid at the same mass flow rate and at the same 

inlet temperature. The heat transfer coefficient of the Nano-fluid increments with an 

expansion in the mass flow rate; likewise, the heat transfer coefficient raises with the 

increment of the volume concentration of the Al2O3 Nano-fluid; however, expanding 

the volume concentration cause increment in the friction factor and increment in the 

viscosity of the Nano-fluid [2]. 

Comparing with our project, we are going to use Nano-fluid (TiO2) as a coolant with a 

different volume fractions and various cold flow rate and study when will be the 

Concentric Tube Heat exchanger more efficient whether at 3%, 2% or 1%.    
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Chapter 3 

System Design 
 
3.1 Design Constraints and Design Methodology 
 

3.1.1 Geometrical Constraints  

In the beginning, the Concentric Tube Heat Exchanger that we work on, was ready to 

conduct our experiments, while the other parts related to the Heat exchanger such as 

Cold Fluid Tank, Pump, and sensor should be provided to start the experiments. The 

rest parts are easy to find in the local market. Furthermore, the real challenge we faced 

and is an expected problem which is ordering the Nano-fluid that is considered the base 

in our project. Searching for a verified website that provides the titanium oxide within 

a certain amount is not easy to find. 

3.1.2 Sustainability  

In terms of sustainability, we decided to use pure water (No minerals and Salts) instead 

of tube water because the pipes are made from metallic materials and corrosion can take 

place. Also, Nano-fluid is reusable so, we use it as a coolant and our project is studying 

the performance of using different amounts of Titanium dioxide with the ability to 

benefit from the previously added quantity. 

3.1.3 Environmental  

One of the Concentric Tube Heat Exchanger Characteristics is the simplicity of 

cleaning and maintaining inside the pipes which make the heat exchangers ideal for use 

with fouling fluids as well as their resistance to the high pressure. For the Nano-fluid, 

Titanium dioxide is a beneficial and non-toxic fluid, but its waste is acidic and the ways 

to eliminate these wastes may cause environmental problems. 

3.1.4 Social 

Our project can be used to raise the efficiency of the Concentric Tube Heat Exchangers. 

That means the efficiency of multiple applications will increase. For instance, Heat  
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recovery from engine cooling, chemical industries and refineries. This project will 

improve the usage of the heat exchangers in general and Concentric Tube Heat 

Exchangers in particular.  

3.1.5 Economic 

Our project assists the companies, factories, and refineries to save money because of 

the low cost of the maintenance and cleaning of the pipes of Concentric Tube Heat 

Exchangers. This increases reliability on them and shows the efficiency of using them 

with Nano-fluids without big losses. 

3.1.6 Safety 

For the safety side, we keep checking the open and closed valves to make sure that the 

correct valves are open for the required flow direction. The boiler temperature also 

should be cooled down before starting other experiments to collect more accurate data. 

Closing the pump from the TITC program and closing the cold flow rate valve to use 

the rest of the fluid for the second and third experiments. 

3.1.7 Ethical  

There are some old projects that have the same idea. We concluded the main ideas and 

decided to improve the Heat Exchanger in terms of efficiency, sustainability.  

 

3.2 Engineering Design standards 

 
Engineering design standards is an important matter because it helps to ensure that the 

products and services are totally safe and effective. In this section, we set all the 

standards for each component that has been used in our project. The components that 

have been used are the following, concentric tube heat exchanger, base unit, tank, 

controller, fittings, boiler, and pump. 

 

 

 

 9 



Table (3): Components Engineering Standards 

Component Engineering standards 

Heat exchanger ISO9001 

Tank  AS/NZS 4766 

Pump  PTC 8.2 - 1990 

Boiler  ASME B31.1 

fittings ASTM D2846 

controller ASME A112.18.1 

Flow sensors PTC 19.5 – 2004(R2013) 

 

Concentric Tube Heat Exchanger  

this type of heat exchanger contains two tubes, one tube is for the hot flow and it’s the 

inner tube, the other is for the cold flow and it’s the outer tube that has a ring-shaped 

area.  

Exchanger length L = 1 (m) 

Inner tube: 

• Internal diameter: Dint = 16 × 10 -3 m  

• External diameter: Dext = 18 × 10 -3 m 

• Depth = 10 -3 m 

• Heat transfer internal area: Ah = 0.0503 m2 

• Heat transfer external area: Ac = 0.0565 m2   

Outer tube:  

• Internal diameter: Dint = 26 × 10 -3 m  

• External diameter: Dext = 28 × 10 -3 m  

• Depth = 10 -3 m 

 

1. Boiler or heating tank: It is made of stainless steel that equipped with the 

following: 

• Thermal resistor to heat the water called (AR-1). 

• Thermocouple to measure water temperature (ST-16). 

• Level controller in order to control the water level in the tank (AN-1). 

• A stainless-steel cover is included to prevent any contact with hot water. 

• Contains a draining valve of the water in the tank. 
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2. Pump:  

• It’s a centrifugal pump with mutable speed convertor. (AB-1) 

• Has a power of a half horse that is equivalent to 373 Watts.  

 

3. Flow sensor: 

• Transducer for electronic flow with acetaldehyde copolymer 

body and brass compression joints at two ends.  

• One sensor for hot flow (SC-1) and another for cold flow (SC-2). 

 

4. Temperature sensor: 

• Thermocouple with J shaped, it has a length of 100 mm and 4 mm of diameter. 

• It consists of 7 units: one for the boiler (ST-16) and the other six are distributed 

in the heat exchanger (ST-1, ST-2, ST-3, ST4, ST5 and ST-6). 

 

5. Flow control: 

• There are two control valves that made of brass: one to control cold flow (AVR-

2) and other to control hot flow (AVR-1). 

 

6. Control of the direction of cold-water flow: 

• There are four valves that can provide either parallel or counter flow in the 

Heat exchanger which (AV-2, AV-3, AV-4 and AV-5) depending on the type 

of flow.  

 

7. Air purge system: 

• There are two sockets with screw of hexagonal type that located in the heat 

exchanger: one in the hot flow circuit (AP-2) and other in the cold flow circuit 

(AP-1). 

 

8. Draining valves: 

• There are 4 ball valves that allow the tubes to drain the water (AV-1, AV-6, 

AV7, and AV-8). 

 

 

 

 

 

11 



Table (4): Dimension and weights 

 Base Unit Heat Exchanger 

Weight 30 Kg 20 Kg 

Height 400 mm 200 mm 

Width 1000 mm 1000 mm 

Depth 500 mm 500 mm 

 

 

3.3 Theory and Theoretical Calculations 
 

In any heat exchangers system, it is necessary to calculate the heat capacity C that 

defined as the amount of energy required to raise the temperature by one degree Celsius 

or kelvin 

 

𝑪𝒎𝒊𝒏, 𝒎𝒂𝒙 =  𝑪𝑷 ×  ṁ             (equ3.1) 

 

 CP = specific heat capacity measuring in J/g*c 

  ṁ = mass flow rate 

 

The heat capacities rate ratio will be dimensionless where Cmax and Cmin is equal to 

Cc/Ch or Ch/Cc, the value of cold and hot heat capacity ratio 

 

𝑪 =
𝑪𝒎𝒊𝒏

𝑪𝒎𝒂𝒙
                (equ3.2) 

 

𝑪 = heat capacity  

𝑪𝒎𝒊𝒏 = 𝑪 cold or 𝑪 hot 

𝐂𝐦𝐚𝐱 = 𝑪 cold or 𝑪 hot  

 

In heat exchangers, there is an actual heat transfer rate for a heat exchanger, and the 

maximum possible heat transfer rate this defined as effectiveness which is useful to 

determine the heat transfer rate without knowing the outlet temperature of the fluid. 
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ε = 
𝑻𝒄 𝒐𝒖𝒕𝒍𝒆𝒕−𝑻𝒄 𝒊𝒏𝒍𝒆𝒕

𝐓𝐡 𝐢𝐧𝐥𝐞𝐭−𝐓𝐜 𝐢𝐧𝐥𝐞𝐭
   or    𝜺 =

𝑻𝒉 𝒐𝒖𝒕𝒍𝒆𝒕−𝑻𝒉 𝒊𝒏𝒍𝒆𝒕

𝑻𝒉 𝒊𝒏𝒍𝒆𝒕−𝑻𝒄 𝒊𝒏𝒍𝒆𝒕
    (eua3.3) 

 

 𝜺  = effectiveness 

Tc = Cold temperature 

Th = Hot temperature    

 

It can be chosen depend on 𝑪𝒎𝒂𝒙 and 𝑪𝒎𝒊𝒏 equ3.1, if  

 

ṁh × Cp,h < ṁc × Cp,c      ,     ε = 
(𝑻𝒉 𝒐𝒖𝒕𝒍𝒆𝒕−𝑻𝒉 𝒊𝒏𝒍𝒆𝒕)

(𝑻𝒉 𝒊𝒏𝒍𝒆𝒕−𝑻𝒄 𝒊𝒏𝒍𝒆𝒕)
  

 

ṁh × Cp,h > ṁc × Cp,c      ,       ε = 
(𝑻𝒄 𝒐𝒖𝒕𝒍𝒆𝒕−𝑻𝒄 𝒊𝒏𝒍𝒆𝒕)

(𝑻𝒉 𝒊𝒏𝒍𝒆𝒕−𝑻𝒄 𝒊𝒏𝒍𝒆𝒕)
 

 

Cmin and Cmax make no difference if it belongs to the cold or hot fluid. Effectiveness 

obey with dimensionless this is called NTU  

𝑵𝑻𝑼 =
𝑼𝑨𝒔

𝑪𝒎𝒊𝒏
 = 

𝑼𝑨𝒔

(𝒎𝒄𝒑)𝒎𝒊𝒏
 (equa3.4) 

 

  𝑵𝑻𝑼 = number of transfer unit  

    

  𝑼 = The overall heat transfer coefficient 

 

𝑨𝒔 = Heat transfer surface  

 

As long as there is a larger surface there will be a larger amount of heat transfer 

coefficient. 

 

𝑼𝑨 = 𝑵𝑻𝑼 ×  𝑪𝒎𝒊𝒏    (equ3.5) 

 

𝑼𝑨  = the overall heat transfer coefficient multiplied by the surface. 

 

𝑵𝑻𝑼  = number of transfer unit 

Cmin = smaller heat capacity rate 
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3.4 Product Subsystems and selection of Components 

 
The figure shows the assembly of the project. As we can see there are various parts of 

the project including tank, pump, fitting, boiler, and controller. The base is the main 

part which is carrying all the parts. The Heat exchanger consists of two concentric 

tubes. Hot water flows through the internal tube and cooling water flows through the 

area lying between the internal and external tube. The exchanger has 6 thermocouples 

distributed strategically. There are 3 measures of hot water temperature (ST-2, ST-4, 

and ST-6) and 3 for measuring cold water temperature (ST-1, ST-3, and ST-5). The 

Controller is very important in our experiment and we can not operate our experiment 

without the controller. The Controller can be used to measure the temperature of the 

water tank through the PID in the software; it is limited to 60 C. Also, cold water is set 

by the control valve (AVR-2) on the base unit. Hot water flow is set by the pump’s 

speed which is controlled in the software and by the bypass valve (AVR-1). 

Furthermore, points 1,2,3, and 4 in the figure represent the connections of the flexible 

tubes joining the exchanger to the base unit.    

 

 
Figure (4): Exchanging heat Process. 
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Figure (5): Cold flow rate Controller 

 

 

 
Figure (6): Cold fluid Tank (Distilled Water) 
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    Figure (7): Base & Heat exchanger 

 

                                                                                  Figure (8): Cold Fluid Pump 
 

 

 

 

 

 

 

3.5 manufacturing and assembly 
 

 
 

Figure (9): Base Service Unit TIUS 
 

The base service unit (TIUS) is made from stainless steel tank with a (30 l) size, 

provided with: Electric heating element that has a power of (3000 W) with a thermostat  
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(70 ºC), to heat the water, computer-controlled. PID temperature control. Temperature 

sensor (“J” type) to measure the temperature of the water. The Level controller it 

purpose is to adjust the level of the water in the tank. It has a stainless-steel cover to 

prevent any exposure to the hot water. There is a hole in this cover that allows us to see 

the water level and also to refill the tank. Draining water valve. Centrifugal pump with 

speed control from computer, range: 0 – 3 l/min. Two flow sensors, one for hot flow 

and the other for cold flow, range: 0.25 – 6.5 l/min. Control valves for the cold and hot 

flow. There are four ball valves that, depending on how we manipulate them, give us 

co-current or counter-current flux in the exchanger. Also, there are four flexible tubes 

to connect with different exchangers. 

 

 

 

Figure (10): Concentric Tube Heat Exchanger for TICC 

 
 

 

 

The TICC exchanger allows measuring hot and cold-water temperatures at different 

points of the exchanger. This type of heat exchanger is consisting of two concentric 

tubes, one is for the hot water circulating through the inner tube, the other for cold water 

which is the outer tube, and it has a ring-shaped area. This exchanger has two sections  

  

17 



with the same length of 500 mm for each, where heat transfer takes place. Exchanger 

length: L = 2 × 0.5 = 1 m, Internal tube: Internal diameter: Din = 16 × 10- ³ m, external 

diameter: Dout = 18 × 10- ³ m. Thickness = 10 m- ³, heat transfer internal area: Ah = 

0.0503 m², heat transfer external area: Ac = 0.0565 m², external tube: Internal diameter: 

Dint =26 × 10- ³ m, external diameter: Dext = 28 × 10- ³ m, Thickness = 10- ³ m and 

Six temperature sensors (“J” type): Three temperature sensors for measuring cold-water 

temperature: Cold-water inlet. Cold-water mid-position. Cold-water outlet. Three 

temperature sensors for measuring hot water temperature: Hot water inlet, hot water 

mid-position, and hot water outlet.  
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Chapter 4 

System Analysis & Testing 
 

4.1 Experimental Setup, Sensors, and data acquisition 

system. 

In this part, the experimental setup was fabricated with the following equipment: 

1. Concentric-tube of a counter-parallel flow heat exchanger. 

2. Nanofluid (TiO2) and hot water circulation units. 

3. Heating unit for hot water. 

4. Temperature measurement sensors. 

5. Flow measuring sensors. 

6. Flow controller. 

The concentric-tube exchanger is provided with a length of 1000 mm. the inner brass 

pipe has an inner diameter of 16 mm and an outer diameter of 18 mm. the outer tube is 

made with brass with an inner diameter of 26 mm and an outer diameter of 28 mm.  

The nanofluid circulation system is composed of the following items, tank, pump with 

bypass line, controller, flow sensor, fittings, frozen bottles, and heat transfer part. The 

pump is used to pump the nanofluid through the cold circuit. The Controller is used to 

adjust the speed of pump at a certain flow rate. Flow rate is acquired by the alteration 

of the return valve and measuring flow sensor. Fittings are used to make a connection 

between items. Frozen bottles were used to maintain the temperature of the nanofluid 

constant in the inlet section. 

The hot water circuit system consists of the following elements, steel tank, pump with 

bypass line, flow sensor, and heat transfer section. Inside the steel tank, an electrical 

heater/resistance is used to heat the water to a certain temperature. Hot water leaves the 

steel tank and is driven by the pump into the heat exchanger. Flow rate is acquired by 

returning valve and measuring flow sensor. 
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Seven J-type thermocouples of 100 mm long and 4 mm in diameter were connected in 

the system. Six J-type thermocouples are used to measure inlet and outlet temperatures 

of hot water and nanofluid. One J-type was used to measure inlet and outlet 

temperatures of the hot water tank. However, the heat exchanger system was covered 

by a 10 mm thickness with insulation material to reduce heat loss.    

4.2 Results, Analysis and Discussion. 

 

Figure (11): 1% mass fraction – 1.5 (l/min) – Counter flow 

 

Figure (12): 1% mass fraction – 3.5 (l/min) – Counter flow 

 

This is a short sample of the results. However, in this part, we are interested in knowing 

the relationship between the heat capacity ratio and effectiveness. We can observe from 

the above data, efficiency increases when heat capacity ratio decrease and vice versa, 

that means they have a non-proportional relationship.    
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Figure (13): Concentric-tube heat exchanger 

 
Figure (14): Nanofluid circulation system 

 

 
Figure (15): Heating unit 
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                                     Figure (16): Cold flow rate Controller 
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Chapter 5 

Project Management 
 

5.1 Project Plan 
 

Our Project includes several tasks distributed between the team members. Each task is 

given to one or more members to be done. Here is table 5.1 to see the tasks and duration 

while table 5.2 shows the assigned members. 

Table (5): Tasks and their durations 

# Tasks Start End Duration 

1 Chapter 1: Introduction 23/09/2020 26/09/2020 4 

 

2 

 

Chapter 2: Literature 

review 

Project Background  

27/09/2020 

 

02/10/2020 

 

6 Previous Work 

Comparative Study 

 

 

 

 

 

 

3 

 

 

 

 

 

 

Chapter 3: System Design 

Design Constraints 

and Design 

Methodology 

 

 

 

 

 

 

03/10/2020 

 

 

 

 

 

 

29/10/2020 

 

 

 

 

 

 

27 

Engineering Design 

standards 

Theory and 

Theoretical 

Calculations 

Product Subsystems 

and selection of 

Components 

Manufacturing and 

assembly 

 

 

 

4 

 

 

 

Chapter 4: System Testing 

& Analysis 

 

 

 

Experimental Setup, 

Sensors and data 

 

 

 

 

30/10/2020 

 

 

 

 

12/11/2020 

 

 

 

 

14 

 

 

Results, Analysis 

and Discussion 

23 



 

 

 

 

 

 

5 

 

 

 

 

Chapter 5: Project 

Management 

 

Project Plan 

 

 

 

 

13/11/2020 

 

 

 

 

26/11/2020 

 

 

 

 

 

 

14 

Contribution of 

Team members 

Project Execution 

Monitoring 

Challenges & 

Decision Making 

Project Bill of 

Material & Budget 

 

 

6 

 

 

Chapter 6: Project Analysis 

Life Long Learning  

 

 

27/11/2020 

 

 

08/12/2020 

 

 

 

12 

Impact of 

Engineering Solution 

Contemporary Issues 

Addressed 

 

7 

Chapter 7: Conclusion & 

Recommendation 

Conclusion  

09/12/2020 

 

18/12/2020 

 

10 Future 

Recommendation 

8 Design of Prototype Heat exchanger 

Fittings & lids 

Valves & Base 

28/10/2020 15/11/2020 22 

9 Parts Purchase  11/11/2020 18/11/2020 8 

10 Testing 4/11/2020 26/11/2020 23 
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Table (6): Tasks and assigned members 

# Tasks Assigned Members 

1 Chapter 1: Introduction Omar Rebhan 

 

2 

 

Chapter 2: Literature review 

Khalid Alshamrani 

Turki Almatrook 

Khalid Alnajrani 

3 Chapter 3: System Design All 

4 Chapter 4: System Testing & Analysis Khalid Alnajrani 

 

5 

 

Chapter 5: Project Management 

 

Omar Rebhan 

 

6 

 

Chapter 6: Project Analysis 

 

Turki Almatrook 

Hussain Al-Malack 

Khalid Alshamrani 

 

7 

 

Chapter 7: Conclusion & Recommendation 

Hussain Almalack 

Turki Almatrook 

8 Design of Prototype  Omar Rebhan 

Khalid Alshamrani 

9 Parts Purchase All 

10 Testing All 

 

 

5.2 Contribution of Team Members 

Project tasks are assigned to one or more members according to the ability to do the 

task or the skills that members have in specific tasks. In table 5.3, we will show the 

tasks and the contribution percentage of each member. 
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Table (7): Tasks the contribution of the members 

# Tasks Assigned Cont.% 

1 Chapter 1: Introduction Omar Rebhan 100 % 

 

 

 

 

 

 

 

 

2 

 

 

 

 

 

 

 

Chapter 2: 

Literature Review 

 

 

 

 

 

 

 

 

Project Background 

 

Khalid 

Alshamrani 

 

34% 

 

Previous Work 

 

Turki 

Almatrook 

 

 

33% 

 

 

Comparative Study 

 

 

 

 

 

 

Khalid 

Alnajrani 

 

 

33% 

 

 

 

 

 

 

3 

 

 

 

 

 

 

Chapter 3: System 

Design 

 

 

 

 

 

 

 

 

 

 

 

Design Constraints 

and Design 

Methodology 

 

 

Omar Rebhan 

 

 

20% 

Engineering Design 

Standards 

Khalid 

Alnajrani 

 

20% 

Theory and 

Theoretical 

Calculation 

Turki 

Almatrook 

 

20% 

Product Subsystems 

and selection of 

Components 

Khalid 

Alshamrani 

 

20% 

Manufacturing and 

assembly 

Hussain 

Al-Malack 

20% 

 

4 

 Experimental Setup, 

Sensors and data 

 

Khalid 

 

100% 
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Chapter 4: System 

Testing & Analysis 

Results, Analysis and 

Discussion 

Alnajrani 

 

 

 

 

5 

 

 

 

 

Chapter 5: Project 

Management 

Project Plan  

 

 

 

Omar Rebhan 

 

 

 

 

100% 

Contribution of Team 

members 

Project Execution 

Monitoring 

Challenges & 

Decision Making 

Project Bill of 

Material & Budget 

 

 

6 

 

 

Chapter 6: Project 

Analysis 

Life Long Learning Turki 

Almatrook 

34% 

Impact of Engineering 

Solution 

Hussain 

Al-Malack 

33% 

Contemporary Issues 

Addressed 

Khalid 

Alshamrani 

33% 

 

7 

 

Chapter 7: 

Conclusion & 

Recommendation 

Conclusion Hussain  

Al-Malack 

50% 

Future 

Recommendation 

Turki 

Almatrook 

50% 

 

8 

 

Design of 

Prototype 

Heat exchanger 

Fittings & lids 

Valves & Base 

Omar Rebhan 

Khalid 

Alshamrani 

50% 

50% 

 

9 Parts Purchase All 100% 

10 Testing All 100% 

 

5.3 Project Execution Monitoring 

while we were working on our project, we had many duties and activities to enhance 

our project. These activities include meetings, experiments, and some important duties 

for the project during Fall semester 2021. Table 5.4 will present the activities list of the 

project. 
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Table (8): Dates of the activates and events 

Time/Date Activities/Events 

One time a week Assessment class 

Weekly Meeting with group members 

Biweekly Meeting with the advisor 

25  Oct  2020 Finishing first prototype 

12 Nov 2020 Midterm presentation 

4   Nov 2020 First test of the system 

19 Nov 2020 Finishing final prototype 

24 Nov 2020 Test the system 

18 Dec 2020 Final Submission of the report 

17 Dec 2020 Final presentation 

5.4 Challenges and Decision Making 

During this project, we faced some difficulties that may form obstacles to complete 

doing our experiments. The below problems are the main challenges that we have faced: 

1) Equipment and devices problems. 

2) Testing issues.  

5.4.1 Equipment and devices problems 

We used several devices and tools in our project. However, we succeed in solving some 

technical problems that happened during the conduction of the experiments. Those 

problems we found out are related to the Nano-fluid use and one of the sensors. 

• Nano-fluid ( TiO2 ). 

In Nano-fluid experiments, we discovered that the data given by the TITC software is 

much better comparing with using water in the whole experiments, especially in the 

efficiency. Nano-fluid when it goes inside the pipes, it sticks. That may obstruct the 

flow of cold fluid inside the tubes.  

• Cold fluid Sensor. 

The cold fluid consists of cold distilled water mixed with a certain amount of nano-

fluid. During entering the cold fluid into the pipes loaded with nano-particles, those  
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particles stick on the sensors which gives us wrong readings for the cold flow rate ( L / 

min ). We solved this problem by cleaning the pipes using tube water then repeat the 

experiments.  

5.4.2 Testing issues 

At the beginning of our experiments, we used distilled water without Nano-particles to 

make sure that the equipment is installed well. We did a test on the heat exchanger and 

found out that the temperatures for the cold and the hot fluid are close to each other. 

Thus, we decided to put frozen water bottles inside the tank to decrease the cold in and 

out temperatures. Then, we repeated the procedure and we got better results before 

starting the Nano-fluid experiments.  

5.5 Project Bill of Materials and Budget 

The table below shows the parts and materials needed to run our projects and their costs 

in Saudi Riyals (SR). 

Table (9): Bill of Materials 

Part / Material Cost (SR) 

Nano-fluid ( TiO2 ) – 500 ml 1500 SR 

Pump 1 HP 350 SR 

Hose  54.50 SR 

Hose Couplings ( 2 pieces ) 98.50 SR 

Hose Connectors ( 2 pieces ) 43.50 SR 

Adapter ( 4 pieces )  30 SR 

Brass Nipple 10.44 SR 

CPVC Male Adaptor 1 Brass    (2 

Pieces) 

10 SR 

CPVC Male Adaptor 3/4 Brass 4 SR 

CPVC Bushing 1 (2 Pieces) 4 SR 

CPVC Coupling ¾ 4 SR 

CPVC Glue original 1/8 LTR 13.04 SR 

Total 2121.98 SR 
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Chapter 6 

Project Analysis 
 

6.1 Life-long Learning 
 

Working on a project such as heat exchangers can be ended with a variety of knowledge 

about the skills required to do a successful project. During project time we achieve a 

higher level of time management, decision-making, and cooperating to reach the most 

appropriate scientific for ideal work. This part will illustrate all the skills and 

knowledge we have gained during project time. 

 

6.1.1 Software Skills 

 

In our project, we have gained skills from some software, like Solid Work and 

Microsoft Excel. As it is known these two programmed have been used many times, 

but during the project, we have used them at an advanced level. To demonstrate, in 

Microsoft Excel we have used some complex way for applying many equations to 

gathering thousands of data. 

6.1.2 Negotiation and Persuasion Skills 

  

During our project, we had to make a decision about the appropriate components 

specification to reach a perfect prototype. Selecting a pump that can handle 

nanoparticles was a bit hard until we have contact with an expert to ensure the pump 

will not have a leakage and flow rate problem. The attention of that point provides us 

any possible loss of nanoparticle that is hard to get and expensive.   

6.1.3 Project Management 

   

In our project, we agreed to avoid any random work from the beginning. Because our 

project mostly stands for hundreds of experiments that take time, we have decided to 

be two groups scheduled as a day working and a day off. While the day off the group 

has to analyze the data to ensure there are no unusual and wrong results. 
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6.2 Impact of Engineering Solutions 

Heat exchangers have various impacts in terms of economy, and environment whether 

it is a positive or negative impact. In this section, we will be discussing the impacts of 

the heat exchanger and the use of Nano-fluid in it.  

6.2.1 Economically  

The benefit of using heat exchangers economically wise that they don’t need additional 

equipment, such as air conditioning or air compressing unit to fully operate. And using 

the Nano-fluid will increase the efficiency without additional equipment. 

6.2.2 Environmentally 

Heat exchangers have a crucial role in pollution prevention and the decrease of the 

environmental effect of industrial processes, by reducing energy consumption or 

recovering energy from processes in which they are used.   

 

Heat Exchangers are used: [5]  

1- In pollution prevention or control systems that decrease volatile organic 

compounds (VOCs) and other air pollutant emissions. 

2- in systems that decrease pollutants in wastewater discharges, the amount of 

discharge, and thermal pollution. 

3- used to recover energy in facilities that incinerate municipal solid waste and 

selected industrial hazardous wastes. Heat exchangers are also used in the heating, 

cooling, and concentration of process streams that are part of many other pollution 

prevention or control-related processes. 

 

6.3 Contemporary Issues Addressed 

In Saudi Arabia, we face serious environmental issues which are Desertification, Air 

pollution, Water pollution. The First issue is air pollution in Saudi Arabia originally 

comes from crude oil that can lead to an effect on the human body. As a result, air 

pollution in Saudi Arabia also affects desertification because of the increasing 

temperature. The Second issue, desertification in Saudi Arabia is a major problem.  
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About 98% of Saudi Arabia's land-mass is desert According to UNCCD (United 

Nations Convention to Combat Desertification). This is not only Saudi Arabia's 

problem, but every country in the Arab region is also facing the problem of 

desertification. Desertification decreases food production on large scale, especially the 

production of crops. Therefore, Saudi Arabia is highly dependent on imports for its 

food [4]. The Third issue, air pollution in Saudi Arabia affects the health and life of 

man, animals, and plants alike. Polluted water is also harmful to agriculture as it 

adversely affects the crops [6]. 
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Chapter 7 

Conclusions and Future Recommendations 

 

7.1 Conclusions 

Projects benefit the people and assist them in their lives. From this project, the team 

gained communication skills, gained experience in the field of our study, and learned 

many things related to heat exchangers. Moreover, the project had good results outcome 

and boosted our confidence to do more projects. our project consists of various areas of 

engineering including; fluid mechanics, thermodynamic, and heat transfer which 

helped us improve our knowledge in these areas. Also, we improved our skills regarding 

engineering software such as SolidWorks, and how to operate heat exchangers. The 

team faced a couple of challenges through the project, and that helped us improve. The 

team faced an issue with the temperature measurement sensor after using the nano-

fluid, the sensors stopped working due to the nano fluid. So, we had to clean the pipes 

with water in order to clean the sensors from the nano-fluid that stuck in them. 

 

7.2 Future Recommendations  

As we have concluded with our project in a way that followed by the advisor, there are 

some elements that can help others to avoid any inapposite layout or technical issue in 

the future. The first idea is to deal with more amounts of nanoparticles each time we 

use a different volume for a different experiment so, when the experiment is completed 

the nanoparticle will stick on the sensor, which leads to incorrect data. The second 

recommendation is to use a more effective way to cool down the cold-water tank instead 

of using frozen bottles; this can be reached by using an air conditioner, which will help 

to set up the inlet cold temperature as required. 
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Appendix A: Monthly Progress Reports 

 

SDP – Monthly MEETING REPORT 

Department of Mechanical Engineering 

Prince Mohammad bin Fahd University 

 

SEMESTER: Fall 
ACADEMIC 

YEAR: 
2020 / 2021 

PROJECT 

TITLE 

Title design of experiments to study the performance of 

Concentric Tube Heat Exchanger 
 

SUPERVISORS Dr. Essam Jassim 

 

Month: October 
 

# ID Number Member Name 

1 Khalid Alnajrani 201602350 

2 Omar Rebhan 201602958 

3 Turki Almatrook 201602430 

4 Khalid Alshamrani 201502449 

5 Hussain Almalack 201600661 

 
List the tasks conducted this month and the team member assigned to conduct these 

tasks  
 

# Task description 
Team member 

assigned 

Progress 

0%-100% 
Delivery proof 

1 Abstract & Acknowledgment  2 100%  

2 Chapter 1 and 2 All 100%  

3 Parallel & Counter flow Experiments (Water) All 100%  

4 Calculation related to the Water experiments 1,2 and 4 80%  

5 Chapter 3 All 100%  

 

List the tasks planned for the month of November and the team member/s assigned to 

conduct these tasks  

# Task description 
Team member/s 

assigned 

1 Midterm Presentation All 

2 Parallel flow Experiments (Nano-fluid) All 

3 Data collection All 

4 Result and discussion All 

5 Comparison between the experiments  All 
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- To be Filled by Project Supervisor and team leader: 

-  Please have your supervisor fill according to the criteria 

shown below 

Outcome MEEN4: 
an ability to recognize ethical and professional responsibilities in engineering situations 
and make informed judgments, which must consider the impact of engineering solutions in 
global, economic, environmental, and societal contexts 

Criteria None (1) Low (2) Moderate (3) High (4) 

MEEN4A. 
Demonstrate an 
understanding of 
engineering 
professional and 
ethical standards 
and their impact 
on engineering 
solutions in 
global, economic, 
environmental 
and societal 
context 

Fails to  
demonstrate an 
understanding of 
engineering 
professional and 
ethical standards 
and their impact 
on engineering 
solutions in 
global, economic, 
environmental, 
and societal 
contexts 

Shows limited and 
less than 
adequate 
understanding  of 
engineering 
professional and 
ethical standards 
and their impact 
on engineering 
solutions in 
global, economic, 
environmental, 
and societal 
contexts 

Demonstrates 
satisfactory 
understanding  
of engineering 
professional 
and ethical 
standards and 
their impact on 
engineering 
solutions in 
global, 
economic, 
environmental, 
and societal 
contexts 

Understands appropriately 
and accurately the 
engineering professional and 
ethical standards and their 
impact on engineering 
solutions in global, 
economic, environmental, 
and societal contexts 

Outcome MEEN5: 

an ability to function effectively on a team whose members together provide leadership, 
create a collaborative and inclusive environment, establish goals, plan tasks, and meet 
objectives 

Criteria None (1) Low (2) Moderate (3) High (4) 

MEEN5A: Ability 
to develop team 
work plans and 
allocate 
resources and 
tasks 

Fails to develop 
team work plans 
and allocate 
resources and 
tasks 

Shows limited and 
less than adequate 
ability to develop 
team work plans 
and allocate 
resources and tasks 

Demonstrates 
satisfactory 
ability to 
develop team 
work plans and 
allocate 
resources and 
tasks 

Properly and efficently 
makes team work plans 
and allocate resources 
and tasks 

MEEN5B: Ability 
to participate and 
function 
effectively in team 
work projects to 
meet objectives 

Fails to participate 
and function 
effectively in team 
work projects to 
meet objectives 

Shows limited and 
less than adequate 
ability to participate 
and function 
effectively in team 
work projects to 
meet objectives 

Demonstrates 
satisfactory 
ability to 
participate and 
function 
effectively in 
team work 
projects to meet 
objectives 

Function effectively in 
team work projects to 
meet objectives 

MEEN5C: Ability 
to communicate 
effectively with 
team members 

Fails to 
communicate 
effectively with 
team members 

Shows limited and 
less than adequate 
ability to 
communicate 
effectively with team 
members 

Demonstrates 
satisfactory 
ability to 
communicate 
effectively with 
team members 

Communicates  
properly and  effectively 
with team members 
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Indicate the extent to which you agree with the above statement, using a 

scale of 1-4 (1=None; 2=Low; 3=Moderate; 4=High) 

 

# Name 
Criteria 

(MEEN4A) 

Criteria 

(MEEN5A) 

Criteria 

(MEEN5B) 

Criteria 

(MEEN5C) 

1 Khalid Alnajrani 4 
4 

 
4 4 

2 Omar Rebhan 4 4 4 4 

3 Turki Almatrook 4 
4 

 
4 4 

4 Khalid Alshamrani 4 
4 

 
4 4 

5 Hussain Al-Malack 4 4 4 4 
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SDP – Monthly MEETING REPORT 

Department of Mechanical Engineering 

Prince Mohammad bin Fahd University 

 

SEMESTER: Fall 
ACADEMIC 

YEAR: 
2020 / 2021 

PROJECT 

TITLE 

Title design of experiments to study the performance of 

Concentric Tube Heat Exchanger 
 

SUPERVISORS Dr. Essam Jassim 

 

Month: November 
 

# ID Number Member Name 

1 Khalid Alnajrani 201602350 

2 Omar Rebhan 201602958 

3 Turki Almatrook 201602430 

4 Khalid Alshamrani 201502449 

5 Hussain Almalack 201600661 

 
List the tasks conducted this month and the team member assigned to conduct these 

tasks  
 

# Task Description 
Team member 

assigned 

Progress 

0%-100% 

Delivery 

proof 

1 Chapter 4, 5 & 6 All 100%  

2 Purchase Parts All 100%  

3 Parallel & Counter flow Experiments (Nano-fluid) All 100%  

4 Calculation related to the Nano experiments All 80%  

 

List the tasks planned for the month of December and the team member/s assigned to 

conduct these tasks  
 

# Task description 
Team member/s 

assigned 

1 Chapter 7  2 

2 Create brochures, banner, and Poster All 

3 Prototype Demo All 

4 Final Report Submission  All 

5 Final Presentation All 

 

 

 

 38 



- To be Filled by Project Supervisor and team leader: 

-  Please have your supervisor fill according to the criteria 

shown below 

Outcome MEEN4: 
an ability to recognize ethical and professional responsibilities in engineering situations 
and make informed judgments, which must consider the impact of engineering solutions in 
global, economic, environmental, and societal contexts 

Criteria None (1) Low (2) Moderate (3) High (4) 

MEEN4A. 
Demonstrate an 
understanding of 
engineering 
professional and 
ethical standards 
and their impact 
on engineering 
solutions in 
global, economic, 
environmental 
and societal 
context 

Fails to  
demonstrate an 
understanding of 
engineering 
professional and 
ethical standards 
and their impact 
on engineering 
solutions in 
global, economic, 
environmental, 
and societal 
contexts 

Shows limited and 
less than 
adequate 
understanding  of 
engineering 
professional and 
ethical standards 
and their impact 
on engineering 
solutions in 
global, economic, 
environmental, 
and societal 
contexts 

Demonstrates 
satisfactory 
understanding  
of engineering 
professional 
and ethical 
standards and 
their impact on 
engineering 
solutions in 
global, 
economic, 
environmental, 
and societal 
contexts 

Understands appropriately 
and accurately the 
engineering professional and 
ethical standards and their 
impact on engineering 
solutions in global, 
economic, environmental, 
and societal contexts 

Outcome MEEN5: 

an ability to function effectively on a team whose members together provide leadership, 
create a collaborative and inclusive environment, establish goals, plan tasks, and meet 
objectives 

Criteria None (1) Low (2) Moderate (3) High (4) 

MEEN5A: Ability 
to develop team 
work plans and 
allocate 
resources and 
tasks 

Fails to develop 
team work plans 
and allocate 
resources and 
tasks 

Shows limited and 
less than adequate 
ability to develop 
team work plans 
and allocate 
resources and tasks 

Demonstrates 
satisfactory 
ability to 
develop team 
work plans and 
allocate 
resources and 
tasks 

Properly and efficently 
makes team work plans 
and allocate resources 
and tasks 

MEEN5B: Ability 
to participate and 
function 
effectively in team 
work projects to 
meet objectives 

Fails to participate 
and function 
effectively in team 
work projects to 
meet objectives 

Shows limited and 
less than adequate 
ability to participate 
and function 
effectively in team 
work projects to 
meet objectives 

Demonstrates 
satisfactory 
ability to 
participate and 
function 
effectively in 
team work 
projects to meet 
objectives 

Function effectively in 
team work projects to 
meet objectives 

MEEN5C: Ability 
to communicate 
effectively with 
team members 

Fails to 
communicate 
effectively with 
team members 

Shows limited and 
less than adequate 
ability to 
communicate 
effectively with team 
members 

Demonstrates 
satisfactory 
ability to 
communicate 
effectively with 
team members 

Communicates  
properly and  effectively 
with team members 
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Indicate the extent to which you agree with the above statement, using a scale of 

1-4 (1=None; 2=Low; 3=Moderate; 4=High) 

 

# Name 
Criteria 

(MEEN4A) 

Criteria 

(MEEN5A) 

Criteria 

(MEEN5B) 

Criteria 

(MEEN5C) 

1 Khalid Alnajrani 4 4 4 4 

2 Omar Rebhan 4 4 4 4 

3 Turki Almatrook 4 4 4 4 

4 Khalid Alshamrani 4 4 4 4 

5 Hussain Al-Malack 4 4 4 4 
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Appendix B: Engineering Standards (local and 

international) 

 

Component Engineering standards 

Heat exchanger ISO9001 

Tank  AS/NZS 4766 

Pump  PTC 8.2 - 1990 

Boiler  ASME B31.1 

fittings ASTM D2846 

controller ASME A112.18.1 

Flow sensors PTC 19.5 – 2004(R2013) 
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Appendix C: CAD drawings and Bill of Materials 
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Appendix D: Datasheets 
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Appendix E: Operation Manual 

 
To turn the prototype, the following steps should be followed: 

• Start on boiling the water until it reaches to 45O C (ST-16). 

• Turn on the heat pump on 7 then after 10-20 seconds we put it on 10. 

• Observe ST-1 ( Thot, in ), ST-4 & ST-6 until it has a different to get more 

accurate data. 

• Start on the cold flow rate Pump depends on the needed case 1.5, 2.5 or 3.5 

(l/min). 

• Click Take the data in the (TITC) Software to collect the data. 

• Let it on for 5 minutes and make the data taken every 5 seconds. 

• Turn off the pumps and start the next experiment. 

 

The expected results from these processes are: 

• Hot & Cold Temperatures ( in & out Temperatures ). 

• Hot & Cold Flow rates (l/min).  
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Appendix F: Gantt Chart 
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