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Abstract 

One of the most important areas in Thermo-fluid field industry is heat transfer and one part of 

that area is heat exchanger. So, increasing the efficiency of the heat exchanger has a huge 

impact on heat transfer process and its Applications. Using nanoparticles are great in that 

they improve the performance of heat exchanger between two fluids. Also, they came in 

different sizes from 1 to 100(nm) with special related properties. 

This project is about using the system of cross flow heat exchanger using nanoparticles in the 

experiment. On top of that, there will be a comparison between two type of nano-powder 

particles which are aluminum oxide and titanium oxide, both will be mixed with water 

separately while the heat transfer is done in the crossflow system. After that we will find the 

difference in performance and efficiency compared when using traditional fluids like water 

and oil. 

In the end, the results show that nanoparticles give more efficiency in heat transfer because 

they have more advantage in properties than normal fluid, so more heat is transferred in the 

experiment.  
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Chapter 1: Introduction 

1. Introduction 
There are many engineering applications of the heat exchanger in the world, few examples 

are automotive industry, environment industry, air conditioning and so on. Obviously, 

increasing the efficiency of heat exchanger has great impact on the industries mentioned 

above. One idea to do that is mixing additives into the fluid for an increase in overall heat 

coefficient. After that, the thermal conductivity improves the energy between the two fluids 

and the heat surface. 

Recently a new research shows that new class of fluids are emerging which are the nanofluids 

that increase the heat transfer rate. One reason why they are better than normal fluid is that 

they have better qualities of thermal conductivity compare to water and oil in other word they 

are superior to them. So, they improve the thermal conductivity by suspending Nano sized 

particles with more thermal conductivity in the base fluid with low thermal conductivity. 

  Nanofluid are particles with size 1 to 100 nm that are formed by dispersing them with 

normal fluids like water. They present high characteristics like high heat transfer rate, low 

fluctuation through passages, and thermal homogeneity. In other word most of the 

engineering industry demand them and they become more essential with each passing day. 

 

1.1 Problem Description  

In this project an experimental system of cross flow heat exchanger is designed using 

nanoparticles. Results are Compared with pure fluid. The experiment is to be characterized of 

two types of powder nanoparticles, which are aluminum oxide nanoparticle and titanium 

oxide nanoparticle, both types are to be mixed with water separately as a heat transfer 

medium through the crossflow heat exchanger. Performance and efficiency of the heat 

exchanger are examined when nanoparticle is utilized instead of the normal process fluids.   

1.2 Project scope and objectives  

                 This study is an attempt to address the performance and efficiency of crossflow 

heat exchanger using Nano-particles. The study has the following objectives: 

i. Design of an experimental setup to perform study. 

ii. perform the experiment to investigate the impact of adding Nano fluid to the 

performance of the heat exchangers. 
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iii. Optimize the results by Comparing the experimental outcome with the theoretical 

result. 

iv. Provide recommendations to enhance the performance of cross-low heat 

exchanger. 

Chapter 2: Literature Review 

2. Literature Review: 

Heat exchangers are important installations that are widespread in HVC systems. For example, the heat 

exchangers are the main units used in the design of the circuits of transmission of heat from the cooling systems 

for the data center. (Mostafa Jalal, (2013))The power of a heat exchanger greatly influences the thermal power 

of the entire cooling system. The prediction of the transient phenomenon of heat exchangers is becoming 

increasingly interesting in many areas of application. 

The energy conversion systems which are commonly used consists of three parts: 

1. A process to generate the Kinetic Energy i.e. combustion. 

2. Conversion of Kinetic Energy into useful Mechanical Energy. 

3. Heat exchangers for the production of heat for heating or for improving efficiency.  

The classifications of heat-exchangers are made according to their geometries and function. (Yimin Xuan, 

2000)xz 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The temperature difference of the Log average (LMTD) if you know the inlet temperatures (T1) and outlet 

temperatures (T2) is used to calculate the transmission speed of the system..(Sarit Kumar Das, 2006): 
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U = global heat transfer coefficient [W / m2 oC] ] 

A = area efficient for heat transmission [m2 ] 

F = geometry correction Factor 

      = Logarithm of the average temperature difference 

Otherwise, the efficiency () – number of transmission units (NTU) method may be used.: 

 

If there is a limitation of space, compact and transverse heat exchangers are used in order to increase the heat 

transmission area. (Yimin Xuan, 2000) 

Finned tube cross flow heat exchanger, transient behavior for an approximate method ERC 

eathena studied (2004) and an approximate analytical approach, finned tubes, transient 

behavior is obtained for it. Nontaphan et al. (2005) the study of air side performance 

conducted at low flow 16. Reynolds heat exchanger with stumped fins. Inlet and cap, 

Andreas (2001), A Plate Heat Exchanger continuous flow simulation for an algorithm 

developed, which a flow channel n with common units takes is into account the Which hot 

and cold streams at present, the Co or, in contrast, enlightenment can flow, possible flow 

schemes according to: series or parallel flow, single pass or multiple pass system. 

Temperature profiles are calculated using numerical methods. Advanced algorithm to 

validate simulation results in simple cases and experimental data available for accurate 

analytical solution is compared with the. Atipoangnontaphan et al. (2007) the bank angle 

impact on studied 

Heat exchanger with open fin tubes under natural convection conditions. Chi-Chuan Wang et 

al. (2000) doing siding on fins surface under conditions studied two increased performance. 

Formula Dong et al (2007) heat transfer and pressure drop experimentally research 

Features of use multi loud speaker fins 20 multi-loudspeaker fins and flat tube heat 

exchangers. (Yimin Xuan, 2000) 

The theoretical equation for the working of cross flow heat exchanger is given as.: 
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Diagram of the correction factor of the heat exchanger for single passage, cross-flow with the two unmixed 

liquids 

 

Being the ani-parallel heat exchanger more compelling than the parallel heat flow exchanger, it is clear that any 

other exchanger (a combination of both sorts) will be comprised between them from the heatproductivity point 

of see. In this way, the calculation framework will comprise on deciding the guessfigure to the countercurrent 

exchanger. 

 

2.1 Cross Flow heat exchanger and nano-particles relationship: 

In order to find the Overall Heat Transfer Co-efficient of Nano Fluids (OHTCNF) and other 

parameters relevant to it, a scientist named as Reza Aghayari et.al [8] contributed a lot. He 

studied belongings of temperature and conc. of nano particles on Heat Transfer dissimilarity 

along with the Overall Heat Transfer Co-efficient using a double tube heat exchanger having 

turbulent flow.  
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The nano particles are introduced in the base fluid. The heat transmission can be increased by 

nano particles by three mechanisms: 

1. Nano-particles absorb heat faster as compared to the fluid, therefore they improve the 

rate of heat transfer. The rate of heat transfer is directly proportional to the 

concentration of nano particles in the heat exchanger. 

2. During the motion of nano particles, collision occurs between the fluid molecules and 

the particles. The particles also collide with the walls of the heat exchanger due to 

which energy increases. 

3. The heat transfer also increases due to the friction which occurs between the fluid and 

the wall if NF’s are dealt with. 

 

 2.2 The effect of nano particles on the heat transfer properties: 

Thermal properties of the mud are greatly affected by the velocity and temperature. Following conclusions 

was proposed by his experiment: 

1. The addition of nano-particles the drilling mud improves the rheological properties such as apparent 

and plastic viscosities and yield point. 

2. The thermal performance i.e. heat-transfer increases with the increase in the concentration of 

nanoparticles. 

3. Due to high surface area of nanoparticles per volume provides a lot of surface energy therefore we get 

an enhancement in the thermal performance of the heat exchanger. 

2.3 Conclusion from Literature Review: 

According to the literature review, we conclude that the introduction of nano particles in the fluid increases the 

rate of heat transmission of the system for both type of flows i.e. laminar and turbulent flows. The heat transfer 

properties do not only depend upon the concentration of nanoparticles but also on their shape and surface area. 

The heat transfer of the system also increases due to the collision of nano-particles with the fluid molecules and 

the walls of the heat exchanger. 

Among the variety of comparing heat Exchangers turned out to be the fine design of cross-flow heat Exchangers 
as the most effective and efficient heat Exchanger Compared with other heat Exchangers, such as heat tube 

exchanger and shell type, plate type exchanger and spiral type heat exchanger. Therefore, we can conclude that 

the fine heat exchanger with cross-section plates is the most frequent for industrial use. 
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Chapter 3: Specification and System Design 

 

3.0.1 System Block Diagram: 

 

 
3.1 Design Constraints and Design Methodology: 

 

Several design constraints and design methodologies have been used in the project which is given as: 

3.1.1 Design Methodology: 

The design is proposed by considering the following objectives: 

 Design of heat exchanger for its use in the experimental study. 

 To compare the theoretical results with experimental results. 

 To give suggestions in order to improve the performance of the system. 

 

 

 

3.1.1.1 Cross Flow heat Exchanger: 

The heat exchanger consists of a collection of 40 corrugated stainless-steel plates arranged in 

parallel. Stainless steel tank equipped with:  Electric resistance (AR-1) (3000 Watt). Type J 

thermocouple for measuring water temperature (ST-16). Level switch to control the level of the 

water in the tank (AN-1).  Stainless steel cover to avoid contact with the hot water. A hole on the 

cover allows viewing of the water level and refilling of the tank.  Draining valve of the water tank. 

This valve sticks out through a hole on the equipment plate to simplify its use. The space between 

the plates forms a channel through which water flows. Hot and cold-water channels alternate along 
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the Plate Heat Exchanger, so heat is transmitted by the thin plates. The Plate Heat Exchanger has 4 

thermocouples: 2 for measuring cold water temperature (ST-2 and ST-4) and 2 for measuring hot 

water temperature (ST-1 and ST-3). The temperature of the water tank is controlled through the 

resistance power limiting the temperature to 70ºC. Cold water flow is regulated by the control 

valve (AVR-2). Hot water flow is regulated by the pump’s speed variation system and by the 

bypass valve (AVR-1). 

3.1.1.2 Hot Water Cycle:   

The hot water flows in a closed path. Water is heated to a specific temperature by a heating 

element named as AR-1. Then the hot water exits and is forced by a pump. Some portion of water 

enters the heat exchanger while some portion returns to the tank via a bypass. To regulate the flow 

of hot water, a valve is placed in the bypass named as VR-1. This valve is set to achieve a specific 

flow rate which is recommend for the correct unit. Then water is cooled down along the 

exchanger. Then it passes through a flow sensor (SC-1) at the exchanger’s outlet. Then it enters 

the heating tank and starts the cycle again. 

3.1.1.3 Cold Water Cycle: 

Cooling water enters from the main net, goes through a flow control valve (AVR-2) and a pressure 

regulator programmed at 0.5 Bar to avoid any over pressures on the equipment. Then, it goes through a 

flow sensor (SC-2), continues into the exchanger, heating up all along it. Water exits the exchanger and 

is then led to the drainage system. Cold water may enter the exchanger through either end depending on 

the position of the valves (AV-2, AV-·3, AV-4 and AV-5) that may allow parallel or countercurrent 

flow. This configuration can be observed in the following picture or on the sticker of the base unit  

3.1.2 Geometrical Constraints: 

The CAD model is designed using solid works. The two pipes as shown in Fig-2 are for the inlet and 

outlet of water. The fan is designed along with the blades in a way to provide the air stream necessary 

to cool down the hot water to the required temperature. The fan is placed perpendicular to the radiator 

which provide the air stream. Due to the limitation of flow rate and size of piping, the sizes of joining 

pipes, the nanoparticles stick to the walls of the pipes. 
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3.2 Engineering Design Standards 

 

 

                  Figure 3.2.1: CAD design of crossflow heat-exchanger along with inlet and outlet 

pipes 
 

 
Figure 3.2.2: CAD design of the crossflow heat-exchanger's plates 
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3.2.1 Engineering Design Standard: 

 

Figure 3.2.1.1: Parts and Shipments Standard 

 

 

 

 

Table 3.2.2a: Material Engineering standard 

 

Material Engineering Standard 

Titanium oxide CAS 13463-67-7 

Aluminum Oxide 

 

CAS 1344-28-1 

Joining Fittings 

 

ASTM D4673 

Nylon Hose ASTM F2785 
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3.3 Theory and Theoretical Calculations 

Counter flow is preferred, as the difference in temperature between the hot and 

cold fluids is relatively constant along the full length of the heat exchanger. This is 

a benefit because extreme differences in temperature are eliminated that can 

thermally stress the heat exchanger material 

 

3.3.1 Temperature Difference 

Temperature difference is the change in temperature between the inlet and outlet temperature 

for either the cold flow or the hot flow, following are the equations of temperature difference: 

∆Th= (ST-1) – (ST-2)                                                                         Equation (3-1) 

 

∆Tc= (ST-3) – (ST-7)                                                                         Equation (3-2) 

Where:  

∆Th: hot fluid temperature difference. 

∆Tc: cold fluid temperature difference. 

ST-1: hot fluid inlet temperature. 

ST-2: hot fluid exit temperature. 

ST-3: cold fluid exit temperature. 

ST-7: cold fluid inlet temperature. 

 

 

3.3.2 Rate of Heat Transfer 

The rate of heat transfer is the amount of heat transferred between the hot and cold flows in 

addition to the heat losses, as the following equations: 

Qh = mh Cp (∆Th)                                                                                          Equation 

(3-3) 

Qc = mc Cp (∆Tc)                                                                                          Equation (3-

4) 

QL = Qh - Qc                                                                                         Equation (3-5) 

Where: - 

Qh: Heat transfer rate for hot fluid 

Qc: Cold transfer rate for hot fluid 
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QL: Heat losses 

m: Mass flow rate 

Cp: Specific heat transfer at constant pressure 

 

 

3.3.3 Effectiveness 

Effectiveness is the percent of a product to produce the desired result, formulated as the 

following equation: 

= Qactual /Qmax                                                                                                                                                                               Equation 

(3-6) 

Where:  

: Effectiveness 

Qactual: the minimum heat fluid (cold or hot) 

Qmax: mmin Cp (∆Tin) 

 

3.3.4 Reynold Number 

Reynold number is an analytical method to determine the type of flow either laminar flow or 

turbulent. As the following equation: 

Re = 4m / D                                                                                                           

Equation (3-7) 

Where:  

       Re: Reynold number. 

       : Dynamic Viscosity. 

       D: Diameter. 

       m: Mass Flow Rate 

 

 

3.4 Product Subsystems and selection of Components 

We selected titanium and aluminum oxide nanoparticles due to the higher thermal 

conductivity rather than normal sized particles, which helps to increase the rate of heat 

transfer and the efficiency of the Crossflow heat exchanger. The selection of the nanoparticle 

based on the following:  

 Titanium Oxide Nanopowder (TiO2, 5nm, 99.9%, Amorphous)  

 Aluminum Oxide Nanopowder (Al2O3, 5 nm, 99.9% purity, Hydrophilic). 



16 

 

 

   3.5 Manufacturing and assembly (Implementation) 

All the parts that we bought are standard and can be used under a specific pressure and 

temperature. The design temperature is the temperature to be used in the design of the heat 

exchanger. Same as with the design pressure, this value is defined by the thermal design. 

First of all, put the Crossflow above a smooth surface and make sure they are empty. Then 

connect the water cycle. Make sure the valves are organized in which the flow type is counter 

flow. 

3.6 Project prototype  

The below pictures show our main parts of our project prototype (Design of Experiments of 

Crosss-Flow Heat-Exchanger with Nanofluid Medium) : 

1) Heat-exchanger (Edibon system incloding TIUS base service unit, Control interface box 

and TICT Cross-flow heat exchanger).  

2) Veraibal frequency drive (VFD). 

3) Pmup. 

4) Two Tanks. 

5) Conections (Hoses, valves, sensors). 

6) Nanoparticals Mixer.  

 

 

Figure 3.6.1: Heat-exchanger (Edibon system incloding TIUS base service unit, Control interface box and TIPL 

Crossflow heat exchanger).  
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Figure 3.6.2: Heat-exchanger (Edibon system incloding TIUS base service unit, Control interface box and TICT 

Crossflow heat exchanger).  

 

 

Figure 3.6.3: Veraibal frequency drive (VFD). 
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Figure 3.6.4: Pmup.  

 
Figure 3.6.5: Water Tank 1.                                                                          Figure 3.6.6: Water Tank 2. 
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Figure 3.6.7: Aluminum Oxide Nanopowder. 
 

 

 
Figure 3.6.8: Titanium Oxide Nanopowder. 

 

 

 

 



20 

 

 

Figure 3.6.9: Nanoparticles Mixer. 

 

Figure 3.6.10: Nanoparticles Mixer 
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Chapter 4: System Testing and Analysis 
 

4.1   Results 

The data analysis that found on the experiments and equation calculation as 

following: 

 
 

Table 4.1: Water result.  

Titanium Oxide (100 g) 

   Run-1 Run-2 Run-3 Run-4 Run-5 

T  Tempreture  °C 30 40 50 50 °C 

T∞ Room Tempteture  °C 21.7 °C 21.7 °C 

SC-1 (ṁh) Hot fluid mass flow rate kg/s 1.9/60 1.9/60 

SC-2 (ṁc) Cold fluid mass flow rate kg/s 1.3/60 2.0/60 2.7/60 

ST-1 Hot fluid inlet  °C 27.3 35.42 43.93 44.37 44.64 

ST-2 Hot fluid exit  °C 24.57 30.49 37.39 37.87 38.533 

ST-3 Cold fluid inlet  °C 20.02 22.68 26.08 29.12 31.56 

ST-4 Cold fluid exit  °C 24.73 29.91 36.245 37.03 38.11 

ΔTh ΔT hot  °C 2.73 4.93 6.54 6.5 6.107 

ΔTc ΔT cold  °C 4.71 7.23 10.165 7.91 6.55 

Qh Heat transfer rate for hot fluid kW 0.36 0.65 0.87 0.86 0.81 

Qc Heat transfer rate for cold fluid kW 0.43 0.65 0.92 1.10 1.23 

 Ql   Loss of heat transfer kW  0.07 0.00 0.05 0.24 0.42 

E Effectiveness  38% 39% 39% 40% 33% 

Re Reynold # 1687.55 1687.55 1687.55 2596.22 3504.90 

 
Table 4.1.1: Titanium Oxide (100 g). 

 

 

Water  
   Run-1 Run-2 Run-3 Run-4 Run-5 

T  Tempreture  °C 30 40 50 50 

T∞ Room Tempteture  °C 21.7 °C 21.7 °C 

SC-1 (ṁh) Hot fluid mass flow rate kg/s 1.9/60 1.9/60 

SC-2 (ṁc) Cold fluid mass flow rate kg/s 1.3/60 2.0/60 2.7/60 

ST-1 Hot fluid inlet  °C 28.3 34.6 44.53 45.326798 45.47 

ST-2 Hot fluid exit  °C 26.4 30.7 38.42 39.755023 40.15 

ST-3 Cold fluid inlet  °C 23.2 24.6 28.74 26.98 34.14 

ST-4 Cold fluid exit  °C 27.08 30.46 37.33 32.25 39.97 

ΔTh ΔT hot  °C 1.9 3.9 6.11 5.571775 5.32 

ΔTc ΔT cold  °C 3.88 5.86 8.59 5.27 5.83 

Qh Heat transfer rate for hot fluid kW 0.25 0.52 0.81 0.74 0.71 

Qc Heat transfer rate for cold fluid kW 0.35 0.53 0.78 0.74 1.10 

 Ql   Loss of heat transfer kW  0.10 0.01 0.03 0.00 0.39 

E Effectiveness  54% 57% 37% 29% 33% 

Re Reynold # 1719.89 1719.89 1719.89 2645.99 3572.09 
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Table 4.1.2: Titanium Oxide (200 g) 

 

 

Table 4.1.3: Titanium Oxide (300 g). 

 

 

 

 

 

Titanium Oxide (200 g) 

   Run-1 Run-2 Run-3 Run-4 Run-5 

T  Tempreture  °C 30 40 50 50 °C 

T∞ Room Tempteture  °C 21.7 °C 21.7 °C 

SC-1 (ṁh) Hot fluid mass flow rate kg/s 1.9/60 1.9/60 

SC-2 (ṁc) Cold fluid mass flow rate kg/s 1.3/60 2.0/60 2.7/60 

ST-1 Hot fluid inlet  °C 27.64 35.69 43.94 44.62 45.11 

ST-2 Hot fluid exit  °C 25.14 30.98 37.13 38.17 39.31 

ST-3 Cold fluid inlet  °C 20.71 23.18 25.78 29.188 32.32 

ST-4 Cold fluid exit  °C 24.35 30.4 35.91 37.31 38.88 

ΔTh ΔT hot  °C 2.5 4.71 6.81 6.45 5.8 

ΔTc ΔT cold  °C 3.64 7.22 10.13 8.122 6.56 

Qh Heat transfer rate for hot fluid kW 0.33 0.62 0.90 0.85 0.77 

Qc Heat transfer rate for cold fluid kW 0.33 0.65 0.92 1.13 1.23 

 Ql   Loss of heat transfer kW  0.00 0.03 0.02 0.28 0.47 

E Effectiveness  36% 38% 38% 40% 32% 

Re Reynold # 1670.89 1670.89 1670.89 2570.60 3470.30 

Titanium Oxide (300 g) 

   Run-1 Run-2 Run-3 Run-4 Run-5 

T  Tempreture  °C 30 40 50 50 °C 

T∞ Room Tempteture  °C 21.7 °C 21.7 °C 

SC-1 (ṁh) Hot fluid mass flow rate kg/s 1.9/60 1.9/60 

SC-2 (ṁc) Cold fluid mass flow rate kg/s 1.3/60 2.0/60 2.7/60 

ST-1 Hot fluid inlet  °C 27.54 35.42 45.13 45.18 45.36 

ST-2 Hot fluid exit  °C 25.26 31.07 39.29 39.8 40.19 

ST-3 Cold fluid inlet  °C 21.1 30.53 29.94 32.29 34.09 

ST-4 Cold fluid exit  °C 25.29 32.79 38.47 39.42 40.09 

ΔTh ΔT hot  °C 2.28 4.35 5.84 5.38 5.17 

ΔTc ΔT cold  °C 4.19 2.26 8.53 7.13 6 

Qh Heat transfer rate for hot fluid kW 0.30 0.57 0.77 0.71 0.68 

Qc Heat transfer rate for cold fluid kW 0.38 0.20 0.77 0.99 1.13 

 Ql   Loss of heat transfer kW  0.08 0.37 0.00 0.28 0.44 

E Effectiveness  52% 46% 38% 40% 32% 

Re Reynold # 1653.94 1653.94 1653.94 2544.53 3435.11 
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Table 4.1.4: Aluminum Oxide (100g). 

 

Table 4.1.5: Aluminum Oxide (200 g). 

 

 
 

 

 

 

Aluminum Oxide (100 g) 

   Run-1 Run-2 Run-3 Run-4 Run-5 

T  Tempreture  °C 30 °C 40 °C 50 °C 50 °C 

T∞ Room Tempteture  °C 21.7 °C 21.7 °C 

SC-1 (ṁh) Hot fluid mass flow rate kg/s 1.9/60 1.9/60 

SC-2 (ṁc) Cold fluid mass flow rate kg/s 1.3/60 2.0/60 2.7/60 

ST-1 Hot fluid inlet  °C 27.9 36.49 45 45.5 45.12 

ST-2 Hot fluid exit  °C 25.9 32.577 39.46 40.66 39.26 

ST-3 Cold fluid inlet °C 22.24 26.11 32.19 34.3 32.16 

ST-4 Cold fluid exit  °C 26.02 32.1 38.92 40.47 38.69 

ΔTh ΔT hot  °C 2 3.913 5.54 4.84 5.86 

ΔTc ΔT cold  °C 3.78 5.99 6.73 6.17 6.53 

Qh Heat transfer rate for hot fluid kW 0.26 0.52 0.73 0.64 0.78 

Qc Heat transfer rate for cold fluid kW 0.34 0.54 0.61 0.86 1.23 

 Ql   Loss of heat transfer kW  0.08 0.02 0.12 0.22 0.45 

E Effectiveness  35% 38% 36% 41% 32% 

Re Reynold # 1687.55 1687.55 1687.55 2596.22 3504.90 

Aluminum Oxide (200g) 

   Run-1 Run-2 Run-3 Run-4 Run-5 

T  Tempreture  °C 30 °C 40 °C 50 °C 50 °C 

T∞ Room Tempteture  °C 21.7 °C 21.7 °C 

SC-1 
(ṁh) Hot fluid mass flow rate kg/s 1.9/60 1.9/60 

SC-2 
(ṁc) Cold fluid mass flow rate kg/s 1.3/60 2.0/60 2.7/60 

ST-1 Hot fluid inlet  °C 27.810176 35.9 44.1 45.14 45.1127 

ST-2 Hot fluid exit  °C 25.835455 32.8 38 39.75 40.16 

ST-3 Cold fluid inlet  °C 35.5 25.026932 28.06 33.31 34.26 

ST-4 Cold fluid exit  °C 37.3 31.276143 36.82 39.39 39.9557 

ΔTh ΔT hot  °C 1.974721 3.1 6.1 5.39 4.9527 

ΔTc ΔT cold  °C 1.8 6.249211 8.76 6.08 5.6957 

Qh Heat transfer rate for hot fluid kW 0.26 0.41 0.81 0.71 0.66 

Qc Heat transfer rate for cold fluid kW 0.16 0.57 0.79 0.85 1.07 

 Ql   Loss of heat transfer kW  0.10 0.16 0.01 0.13 0.42 

E Effectiveness  70% 57% 37% 43% 32% 

Re Reynold # 1670.89 1670.89 1670.89 2570.60 3470.30 
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Table 4.1.6: Aluminum Oxide (300 g). 

 

 

 

4.2   Graphs 

Figure 4.2.1: Effectiveness V.S. Temperature of tank (Reynold number constant). 
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Aluminum Oxide (300 g) 

   Run-1 Run-2 Run-3 Run-4 Run-5 

T  Tempreture  °C 30 °C 40 °C 50 °C 50 °C 

T∞ Room Tempteture  °C 21.7 °C 21.7 °C 

SC-1 (ṁh) Hot fluid mass flow rate kg/s 1.9/60 kg/s 1.9/60 

SC-2 (ṁc) Cold fluid mass flow rate kg/s 1.3/60 kg/s 2.0/60 2.7/60 

ST-1 Hot fluid inlet  °C 26.38 34.48 44.07 44.88 45.13 

ST-2 Hot fluid exit  °C 23.22 29.22 38.64 39.32 40.11 

ST-3 Cold fluid inlet  °C 18.17 20.54 28.56 31.78 33.86 

ST-4 Cold fluid exit  °C 23.28 28.272 37.71 38.75 39.84 

ΔTh ΔT hot  °C 3.16 5.26 5.43 5.56 5.02 

ΔTc ΔT cold  °C 5.11 7.732 9.15 6.97 5.98 

Qh Heat transfer rate for hot fluid kW 0.42 0.70 0.72 0.73 0.66 

Qc Heat transfer rate for cold fluid kW 0.46 0.70 0.83 0.97 1.12 

 Ql   Loss of heat transfer kW  0.04 0.00 0.11 0.23 0.46 

E Effectiveness  56% 55% 51% 40% 31% 

Re Reynold # 1653.94 1653.94 1653.94 2544.53 3435.11 
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Figure 4.2.2: Effectiveness V.S Reynold number (Temperature of tank constant), for 100 g. 

 

Figure 4.2.3: Effectiveness V.S Reynold number (Temperature of tank constant), for 200 g. 
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Figure 4.2.4: Effectiveness V.S Reynold number (Temperature of tank constant), for 300 g. 

 

Figure 4.2.5: Heat Loss V.S. Reynold Number (Temperature of the tank constant). 
 

 

Figure 4.2.6: Heat Loss V.S. Temperature of the tank (Reynold number constant). 
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Chapter 5: Project Management 

5.1    Project Plan 

The Project was planned with including tasks and subtasks given to the whole group members. All group 

members contributed to perform these tasks and subtasks as shown on the Table 5.1: Gantt chart below, tasks are 

planned to be performed with assigned of due date. This management was successful to finish the 

project on time without any setbacks that could delay the experiments. 

5.2   Contribution of Team Members 

All contributing members in this project were effective during the whole semester. We 

shared ideas and opinions. All the team members have participated in the project in accordance 

with the Gantt chart and the approved working plan. Below is the table showing the main tasks 

that have been done with the timing of each task.  

Table 5.2: List of tasks and the team member assigned with time duration of each task. 
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Project Definition, Abdullatif 5 9/11/2019

Project Objectives Saud 5 9/11/2019

Project Specifications Fahad 5 9/11/2019

Applications Khalid 5 9/11/2019

Project background 9/17/2019

Previous Work 9/17/2019

Comparative Study 9/17/2019

 Design 
Design Constraints and 

Design Methodology

Saud and 

Abdullatif
6 10/2/2019 10/8/2019 Not Started

 Equipment and 

material selection 

(3.4)

selected the appropriate 

items

Fahad and 

Khalid
4 10/9/2019 10/13/2019 Not Started

Theory and 

Theoretical 

Calculations

main calculations required 

detailed calculations to 

your design.

Fahad and 

Khalid
5 10/14/2019 10/19/2019 Not Started

Prototype 

assemble 

System integration, 

describe , procedures and  

Implementation 

Saud and 

Abdullatif
5 10/14/2019 10/19/2019 Not Started

Experimental Setup, 

Sensors and data 

acquisition system

10/20/2019

Results, Analysis and 

Discussion
10/20/2019

Project Plan 10/28/2019

Contribution of Team 

Members
10/28/2019

Project Execution 

Monitoring
10/28/2019

Challenges and Decision 

Making
10/28/2019

Project Bill of Materials 

and Budget
Saud 11/10/2019 11/22/2019

Life-long Learning Abdullatif 11/10/2019

Impact of Engineering 

Solutions
Fahad 11/10/2019

Contemporary Issues 

Addressed
Khalid 11/10/2019

Final Report Writing all chapters All Team 11/25/2019 Not Started

Presentation 

preparation 
Making Slides 

Abdullatif and 

Saud
11/25/2019 Not Started

Presentation 

practice 
A dry run presentation All Team 4 11/28/2019 12/2/2019 Not Started

Booklet Print the report
Saud and 

Fahad
11/28/2019 Not Started

Banner Follow rubric 
Fahad and 

Khalid
11/28/2019 Not Started

Brochure Follow rubric
Khalid and 

Abdullatif
11/28/2019 Not Started

Final Presentation Present our presentation All Team 1 12/3/2019 12/4/2019 Not Started

1st progress report 9/28/2019 10/1/2019 On-going

2nd progress report 10/29/2019 11/1/2019 Not Started

3rd progress report 11/28/2019 12/1/2019 Not Started

11/28/2019

12/2/2019

3

4

Sy
st

em
 

Te
st

in
g 

an
d

 

A
n

al
ys

is
 

(C
h

ap
te

r 
4

)

All Team

Sy
st

em
 D

es
ig

n
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

(C
h

ap
te

r 
3

)

10/27/2019

11/9/2019

Tasks Subtasks Responsible

All Team 1
 Week 2                    

(September 12)

Duration 

(Days)

Due date of the 

Tasks

Testing and 

analyses 

All Team 3Monthly progress report

R
ep

o
rt

 s
ub

m
is

si
o

n
 

P
ro

je
ct

 M
an

ag
em

en
t 

an
d

 P
ro

je
ct

 A
n

al
ys

is
 

(C
h

ap
te

r 
5

)

Project 

Management  
12

Project Analysis  14

Week 14                    

(December 4 or 5)

Monthly

All Team 7

Literature Review All Team 14

Week 5                         

(October 3)

Week 7                        

(October 17)

Week 13                     

(November 28)

In
tr

o
d

u
ct

io
n

   
   

   
   

   
   

   
   

   
   

   
   

 

(C
h

ap
te

r 
1

 &
 C

h
ap

te
r 

2
)

Project allocation  

+ introduction 

Identifying the 

project,Group formation 

and Gantt chart

 Initiation Kick off meeting

Start Date

9/9/2019

Not Started

Finished  

Date

9/10/2019

9/16/2019

10/1/2019

11/24/2019

Status

Done

On-going

On-going

Not Started

Not Started
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5.3   Project Execution Monitoring  

On the weekly meeting and discussion of the updated progress, the team review the 

participation of each member and discuss the previous work and planning for next part. All 

meetings were great for each member because every member tried to share his own idea with 

his colleague. When we face any challenge, we give solution to ask our advisor about it. The 

advisor Dr.Jassim was successful in helping us and later continue to find the solution by 

ourselves. Below is the table for our meetings: 

Table 5.3: Project Execution Monitoring Activities. 

Activity Time 

Member’s meeting Weekly, and anytime if needed. 

Advisor meeting One times every two weeks, and anytime if 

needed. 

Testing meeting 2 times at a pre-testing phase 

5 times at final testing phase 

 

5.4   Challenges and Decision Making  

The main challenge we got in this project while doing experiments was how to find 

time to do the experience in accordance to our class schedule without any conflict.  

Some of the materials that we ordered was from the global market as an online order 

since it is not available on the local market. Also, it was very difficult for us to provide the 

needed material from the global market, since we needed to have unique asked material. For 

example, nanoparticles size and specification. Assembly of the setup was not an easy job 

because some of the setup needed more time to finish but with some time managements in 

coordination between our team members, we did it. Finally, Writing and documenting the 

progress of the project was not that difficult but it was time consuming due to the very limited 

time the course assigned to us.  
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5.5   Project Bill of Material and Budget 

The below table shows the materials we used for our design and the cost of each items: 

Table 5.5: List of tasks and the team member assigned with time duration of each task. 

Material Cost 

Titanium Oxide Nano powder Particle  

 

 1800 SR 

Aluminum Oxide Nano powder Particle 

 

780 SR 

Joining Fittings and Piping 

 

430 SR 

Custom Payment 506.25 SR 

Brochures, Poster and Wire Bound 1810 SR 

Total  5326.25 SR 

 

 

 

 

 

 

 

 

 

 

 



31 

 

 

Chapter 6: Project Analysis 

6.1   Life Long Learning 

This project experience has helped us to work as a team and gain experience, 

communication, and knowledge, which helped us to compute our skills and knowledge 

gained in our undergraduate study. When we face any difficulties, we as team find many 

alternatives solution. Our project made our implementation of the competencies special, 

which it required leadership, teamwork, and technical communication skills. Time and 

cost management also plays a significant role in our project. Because it’s required to 

necessary have equipment with high quality, ensure its functionality, and efficiency within 

the cost. With our successful leadership, teamwork, and technical communication skills, 

we as the team successfully done this iconic project within time and cost limitations.  

6.1.1  Improve our Skills in Engineering Software Tools 

The technical and software skills are important skills that all engineers should acquire for 

their project. In our project, we applied and have used the software tools used in this 

project was a 3- Dimensional Computer Aided Design (3D CAD), we used 3D CAD for 

designing our project heat exchanger model. We have used Microsoft Office software’s 

for our reports and results. Word Document is used to write reports and discuss the results, 

and also Excel Document is programmed by our teamwork that calculates the results by 

inserting functional equations for our project results. These software tools have a 

significant role in this project, and we have learned and acquired skills and experience. 

 All technical skills that we used in this project which provided the best result because of 

the well knowledge of software tools and regularly using in professional way. 
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6.1.2  Time Management Skill 

Effective time planning was one of the most important situations of this project. In this 

project we have learned about the time management skills which were required to give the 

best result to team efforts. We also include buffer time, as we face many situations that 

we as team have provided many alternatives that save the time and our efforts. We have 

developed the ability to manage time effectively, and it was very helpful for all of us as a 

team. After all the planning and estimation for each task, we made a project schedule 

graph, which includes all tasks and their duration. We made a gantt charts which was 

really a stable of project management that helped in schedule activities and assign 

resources. 

6.1.3 Problem Solving 

The Problem-Solving skills are very important to solve industrial challenges as an 

Engineer. It makes a person capable of dealing issues, and problems with an easy 

approach. We have learned Problem Solving from our project, which helped us by gaining 

knowledge and generating technical ideas that we have faced the problems in the project. 

It is a simple systematic way to approach a problem with clearly defined steps. While 

doing project we faced many problems where we have solved eventually. 
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6.2   Impact of Engineering Solution 

Our impact of our project, we have achieved on the society, environment, and economy. 

6.2.1 Society 

The society is the most important thing for every project. If a project has been succeeded 

to stratification of the society, then project was successful and it will be useful for the 

society.  

This project has lots of social impacts, as we know that whole world is facing energy 

crisis. By increasing the heat exchanger efficiency slightly, it may affect society results 

positively.  

6.2.2 Environmental 

The environment is the main assessment for developing a project, which is basically 

concerned with the identification and assessment of the environmental effects, which is: 

development projects, plans, programs and policies.  

The global increasing demand for heat transfer range between two mediums, which is 

required the efficient heat transfer methods to save energy and environment. Energy is 

produced by burning fossil fuels, which it causes environmental pollution and global 

warming. Therefore, by efficient use of heat energy we can save environment and global 

warming.  
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Chapter 7: Conclusions and Future Recommendations 

7.1   Conclusion 

The result is shown improvement in efficiency, by using nanoparticles as a heat transfer 

medium. Since nanoparticles possess more advantageous to the conventional heat transfer 

, resulting in transferring heat more efficiently. The results of nanofluids of Aluminum 

oxide (Al2O3) and Titanum Oxide (TiO2) are distirbuted into three catagories in accordance 

with volume of fraction, as followed: 0.6%, 0.9% and 1.2%. The efficiency increases with 

increasing the inlet tempreture of the hot fluid tank, and the inverse relation between the 

mass flow rate and the efficiency makes the efficiency decreases due to increasing of the 

mass flow rate. 

7.2   Future Recommendation 

As a team, we have come up with a recommendation that leads to a more reliable Heat 

exchanger.  
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Appendix A, Progress Reports: 
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Appendix B, Engineering standards: 

 
Material Engineering Standard 

Titanium oxide CAS 13463-67-7 

Aluminum Oxide 

 

CAS 1344-28-1 

Joining Fittings 

 

ASTM D4673 

Nylon Hose ASTM F2785 
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Appendix C: CAD drawings and Bill of Materials 
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Appendix D: Datasheets 
 

1. Chapter 4: System Testing and Analysis: 4.1 Results. Page 21.  

 

2. Chapter 4: System Testing and Analysis: 4.2 Graphs. Page 24. 

 

 
 

 

Appendix F: Gantt Chart 
1. Chapter 5: Project Mangment : Table 5.2 Page 28 

 


