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Abstract 

 

 
 

 

Industrial technologies focus on energy saving and cost reduction piping systems by 

reducing pressure drop and minimizing pumping power. This study investigates the effect 

of utilizing the nanofluids on the friction factor, pumping power, and overall system 

efficiency. An orifice will be used to compare and evaluate the results between water and 

nanofluids. 

Nanofluids, consisting of nanoparticles suspended in base fluids, have been proposed as a 

promising approach to enhance heat transfer efficiency. They can be prepared using various 

techniques, often with the addition of surfactants to prevent nanoparticle sedimentation 

during operation. The two most common preparation methods are the one-step method and 

the two-step method, although several innovative approaches have also been explored. 

Despite their advantages, nanofluids exhibit higher viscosity and density, which 

significantly affect pressure drop and pumping power. In this study, the pressure drop of 

water and Al₂O₃–H₂O nanofluids across an orifice is investigated both numerically and 

experimentally. The experiments were conducted using a 2-inch pipe with an orifice plate 

installed at the midpoint, considering three diameter ratios: 0.5, 0.375, and 0.25. 

Nanofluids have demonstrated potential applications in a variety of fields, including heat 

exchangers, industrial and automotive cooling, solar absorption systems, and nuclear 

technologies. The results indicate that pure water exhibits slightly lower pressure drops 

compared to nanofluids; however, the use of nanofluids may require higher pumping power. 

A well-designed nanofluid system can maximize heat transfer efficiency while minimizing 

additional energy consumption caused by viscosity-related pressure losses. Careful 

selection of nanoparticle type, concentration, and size can mitigate adverse effects on flow 

resistance.  



iv 
 

Table of Contents 
Acknowledgments......................................................................................................................... ii 

Abstract ........................................................................................................................................ iii 

Table of Contents ........................................................................................................................ iv 

 Nomenclatures ............................................................................................................................. v 

List of Abbreviations ................................................................................................................... vi 

List of Figures ............................................................................................................................. vii 

List of Tables ............................................................................................................................. viii 

1. Introduction ...................................................................................................................... 1 

1.1. Pressure Drop ................................................................................................................... 2 

1.2. Pumping power ................................................................................................................. 3 

1.3. Nano Fluids ....................................................................................................................... 3 

1.4. Nano fluid preparation .................................................................................................... 4 

1.5. Utilizing nano fluid to study the effect of the pumping power...................................... 5 

2. Literature Review ..................................................................................................................... 6 

2.1. Pipes and Fittings Friction losses .................................................................................... 6 

2.2. Nano Fluid Utilization ...................................................................................................... 7 

2.3. Improved Heat Transfer and Thermal Conductivity .................................................... 8 

2.4. Effect on Friction Factor, Pressure losses and Pressure Drop ..................................... 8 

2.5. Pumping Power in Nanofluids ....................................................................................... 12 

2.6. Applications of Nanofluids ............................................................................................ 12 

3.1 Geometric Study and Boundary Conditions ................................................................ 13 

3.2 Governing Equations and Modelling Assumptions ..................................................... 14 

3.3 Numerical Study ............................................................................................................. 14 

3.4 Validation ........................................................................................................................ 15 

3.5 Water Numerical Work ................................................................................................. 16 

3.6 Nanofluid Mixture physical Properties ........................................................................ 19 

3.7 Nanofluid Numerical Work ........................................................................................... 20 

3.8 Results and Comparison ................................................................................................ 22 

4.1 Nanofluid Preparation Overview .................................................................................. 66 

4.2 Nanofluid Preparation Procedures ............................................................................... 67 

4.3 Nanofluid Mixture Stability .......................................................................................... 68 

4.4 Experimental Works ...................................................................................................... 69 

4.5 Apparatus Setup ............................................................................................................. 69 

4.6  Results and Comparison ............................................................................................... 71 

5.1 Limitations and Future Work ....................................................................................... 76 

References ................................................................................................................................... 78 
 



v 
 

 Nomenclatures 

 
 

 

 

 

 

 

 

 

 

 

D : Pipe Inner Diameter [m] 

Dh : Hydraulic Diameter [m]. 

f : Friction Factor [-] 

g : Acceleration due to gravity, 9.81 [m/s2] 

h : Head loss [m] 

L : Pipe Length [m] 

P : Pressure [N/m2] 

Q : Flow rate in [m3/sec] 

V : Fluid Velocity [m/s] 

Wnp : Weight of nanoparticles  [kg] 

Wbf : Weight of base fluid [kg] 

np : Density of nanofluid [kg/m3] 

bf : Density of the base fluid [kg/m3] 

ε  : Pipe roughness [m] 

𝝓 : Volume Concentration [-] 

 : Density in [kg/m3] 

                  η : Efficiency of the pump [%] 
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Chapter One 

1. Introduction 

Nowadays energy saving and cost control had become the whole world main concern. 

Industrial technologies and manufacturing are keen on miniaturization, sustainability 

and higher energy efficiency of equipment which achieve this target. Several ways were 

utilized to reduce the pressure drop and pumping power to achieve cost effiecent piping 

system. 

Nanofluids are suggested as a promising solution that have obvious improvement in heat 

transfer enhancement but more investigation is required to study their physical 

properties and hence the pumping power. The main concern in this study is to analyze 

the effect of nanofluid on the friction factor and hence the pumping power. 

Pipe fittings are curcial components in any industrial application, connection of various 

pipeline sections to form functional networks. Primary fitting types include elbows, 

unions, gaskets, joints, and valves, each serving distinct hydraulic functions. These 

components facilitate directional changes in flow path. Their proper selection and 

implementation are essential for optimizing system performance in nanofluid 

applications. 

An orifice meter is a widely used flow measurement device in piping systems. It depends 

on the obstruction method as it restricts the flow causing a pressure drop that relates to 

the corresponding flow rate. The orifice meter is a machined hole thin plate installed 

between two pipe flanges. By measuring the differential pressure across the orifice using 

upstream and downstream taps, the volumetric or mass flow rate can be accurately 

calculated using Bernoulli’s equation. This type of meter is favored for its simplicity, 

cost-effectiveness, and suitability for a wide range of fluids, including gases and liquids.  

 

 

 

 

Fig. 1.1 Orifice Pipe fittings 
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1.1. Pressure Drop 

All fluid transport systems are subject to pressure drop, which is defined as the pressure 

differential between two points within a piping network. This pressure loss arises due 

to flow resistance and is influenced by several factors, including wall friction between 

the fluid and the internal pipe surface, internal shear forces within the fluid, turbulence 

generated by fittings such as elbows and valves, and changes in elevation [1]. 

The dominant parameters affecting frictional pressure loss are the fluid’s viscosity and 

density. Additionally, every component in the system like fittings, valves, and orifices 

introduce pressure losses due to flow disturbance. The cumulative effect of these losses 

can substantially reduce the overall hydraulic efficiency, especially in systems 

characterized by numerous fittings or high-viscosity fluids.The most 

fundamental fluid constraints that govern the frictional losses are density 

and viscosity.  The most common methods used to determine the friction head loss in 

pipe are based on Darcy-Welsbach equation. The frictional loss formula is given by the 

following equation (1.1): 

ℎ𝑙𝑜𝑠𝑠 =
𝑓𝑙𝑣2

2𝑔𝑑
 

 

Where: 

     hloss = Head loss, [m]. 

f = friction factor [-]. 

L = length of the tube [m] 

v = velocity of the fluid [m/s] 

g = acceleration due to gravity [m/s2] 

d = inner diameter of the tube [m] 

For Laminar flow, Re less than 2200 the friction factor is given by the following equation (1.2):  

                                                              𝑓 = (
64

𝑅𝑒
) 

For a conduit flowing completely full of fluid at Reynolds numbers greater than 4000, it is 

expressed as the following in equation (1.3): 

 

 

 

 

Where:  

Dh = Hydraulic Diameter [m]. 

ε = Pipe Roughness [in this case is very small as the pipe used in this study is very smooth]. 

(1.1) 

(1.2) 
 

(1.3) 
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In fluid systems, losses arise due to flow disturbances caused by pipe fittings, such as 

changes in direction, cross-sectional area, or flow separation. These losses are quantified 

using a loss coefficient K, and the associated head loss is determined by equation 1.4. 

ℎ𝑙𝑜𝑠𝑠 = 𝐾(
𝑣2

2𝑔
) 

Where: 

hloss = Head loss, [m]. 

v = Velocity of flow, [m/s]. 

1.2. Pumping power  

The pump is one of the crucial components of the piping system, as it is used to 

overcome the head loss due to elevation and friction loss within the pipe. Proper pump 

sizing and selection are essential to ensure optimum operating performance of the piping 

system. 

Pumping power is the most important part to be considered when designing a piping 

system. It is calculated as the volume of the fluid per unit time (flow capacity) times the 

density of the fluid times the gravitational constant times the pumping head (vertical 

distance to be pumped). 

The head loss due to friction in a piping system is directly proportional to the square of 

the fluid velocity, as expressed by the Darcy-Weisbach equation. Consequently, the 

required pumping power increases significantly with higher flow velocities. High 

velocities result in higher energy consumption and operational expenses. 

𝑃𝑜𝑤𝑒𝑟 =
𝑄𝐻  𝑔

η
                        (𝑊𝑎𝑡𝑡) 

Where: 

Q = Flow rate [m3/sec]. 

 = Density in [kg/m3]. 

η = Efficiency of the pump. [-] 

 

1.3. Nano Fluids 

Nanofluids are advanced fluids made by suspending tiny nanoparticles (usually metals, 

oxides, carbides, or carbon nanotubes) in a base liquid like water, oil, or ethylene glycol 

[2- 4]. These nanoparticles significantly improve the fluid's ability to conduct heat, 

making nanofluids more efficient than regular fluids in heating and cooling systems [5]. 

(1.5) 
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To increase the energy efficiency of thermal energy systems, nanofluids are being 

utilized in many applications because of their superior thermal conductivity and physical 

properties, in addition to obvious enhancements in heat transfer and hydrothermal 

performance. Much research has proved that nanofluid has improved the thermophysical 

properties of heat transfer, which impacts the enhancement of the heat transfer. These 

thermophysical properties are density, specific heat, thermal conductivity, and dynamic 

viscosity. The degree of enhancement of heat transfer depends on the concentration of 

nanoparticles that are suspended in the base fluid [6-7]. 

More experimental investigations are required on different types of nanofluids in 

parallel with the current heat transfer investigations. Also, it is very important to study 

the other factors, such as the cost of the nanoparticle type, the impact on pressure drop 

of the flow, and the total energy efficiency of the system. 

1.4. Nano fluid preparation 

Nanofluids are prepared by mixing nanoparticles in the base fluid, usually water. Good 

dispersion is essential for most nanofluid applications. Surfactants are used sometimes 

to increase the nanofluid's stability [14].  In the following schematic representation Fig. 

1.2, nanofluid preparation using the two-step method is shown. In this method, 

nanoparticles are first synthesized separately and then dispersed into a base fluid using 

mechanical agitation, ultrasonic vibration, or surfactants to ensure uniform suspension. 

 

 

 

 

Fig. 1.2 Nanofluid Preparation 
The volumetric concentration (volume fraction) of a nanofluid, expressed as a 

percentage and evaluated with Eq. (1.6), where Vnp and Vbf are the nanoparticle and 

base fluid volumes, respectively. Distinguishing this volume fraction ϕ from the mass 

fraction W is essential, as conversion between them requires accounting for the 

respective densities of the nanoparticles and base fluid. 
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𝑉𝑜𝑙𝑢𝑚𝑒 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝝓) = (

𝑊𝑛𝑝

𝜌𝑛𝑝
𝑊𝑛𝑝

𝜌𝑛𝑝
+

𝑊𝑏𝑓

𝜌𝑏𝑓

)𝑥100          (1.6) 

Where:  

Wnp = weight of nanoparticles, Wbf is weight of base fluid [kg].. 

Vnp = Volume of   Nanoparticles [m3]. 

Vbf = Volume of Base fluid [m3]. 

np = Density of nanofluid [kg/m3]. 

bf = Density of the base fluid [kg/m3]. 

 

1.5. Utilizing of nano fluid 

Nanofluids, such as Al₂O₃–H₂O, have demonstrated significant enhancements in 

thermal conductivity (up to 40%) and heat transfer performance, though often 

accompanied by increased viscosity and pumping power requirements [9–13]. However, 

challenges remain regarding stability, high production cost, and lack of theoretical 

models. Studies on their behavior in piping systems and orifice plates specifically are 

required to study the utilization of the nanofluid in terms of the physical properties like 

viscosity, density, and friction factor to assess their practical applicability.  
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Chapter Two 

2. Literature Review 

When the fluid flows through a pipe, some energy is lost to overcome hydraulic 

resistance due to the friction between the fluid and the inner surface of the pipe wall, the 

viscosity of the fluid, and the turbulence of the fluid flow. There are two types of head 

loss during fluid flow, friction loss and eddy loss [15]. 

A new generation of heat transfer mediums has been introduced to replace the 

conventional fluids with low thermal exchange to attain higher thermal efficiency of 

thermal devices. Adding nanoparticles in traditional fluids renders substantial 

improvement in thermal conductivity, providing remarkable augmentation in thermal 

performance [16]. Ali and Salam [17] reviewed the utilization of nanofluid and the 

improvement in the thermophysical properties of the nanofluid and the utilization of the 

nanofluid in the piping networks and orifices. The studies covered the widespread 

nanofluid applications such as heat exchangers, transportation cooling, refrigeration, 

electronic equipment cooling, transformer oil, industrial cooling systems, nuclear 

systems, machining operations, solar energy and desalination, defense, etc. 

 

2.1. Pipes and Fittings Friction losses  

Pipe fittings such as valves, bends, tees, elbows, contractions, and expansions are 

integral parts of any piping system found in chemical and industrial processes. These 

are mainly used to control the flow rate and change the direction of flow, which causes 

energy loss in addition to that caused by the fluid flow through straight pipes. Flow of 

fluids in a piping system is accompanied by both skin and form friction, resulting in 

pressure or energy loss. Skin friction, which is responsible for pressure loss in straight 

pipe flow, is the friction between the pipe wall and the fluid and also between the fluid 

layers. Whereas, form friction is caused by pipe fittings as the fluid is subjected to 

sudden velocity and direction changes. Reliable pressure loss coefficients for various 

pipe fittings are needed to calculate the additional energy loss and determine the correct 

pump size. [15] 
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2.2. Nano Fluid Utilization 

One of the commonly used ways of thermal performance enhancement is the use of 

nanofluids in heat pipes. Many experimental and numerical studies in different 

application areas observed a significant augmentation in heat transfer rate with the 

supplementation of nanoparticles in base fluid. Different researchers worked on this 

concept and experienced augmentation in heat transfer. Investigators performed 

experiments for various concentrations, types, sizes, and filling ratios of nanofluids in 

orifices and pipes and got good results. Some of the commonly used nanofluids are 

copper (Cu), copper oxide (CuO), silver (Ag), aluminum (Al), aluminum oxide (Al₂O₃), 

graphene, and silicon carbide (SiC)-based [7]. 

Do et al. explained the mechanism of thermal performance enhancement in mesh wicked 

heat pipes using nanofluids. Investigators used 1.0 vol% and 3.0 vol% water-based 

Al₂O₃ nanofluid and compared its performance with heat pipes filled with distilled 

water. Using 3.0 vol% Al₂O₃ nanofluid resulted in a 40% reduction in thermal resistance 

in the evaporator–adiabatic section compared to (deionized) DI water-based heat pipes. 

The increase in thermal performance was due to the layer of nanoparticles formed on 

the screen mesh in the evaporator section, which not only increased the effective 

evaporation surface for heat transfer but also enhanced the capillary wicking 

performance [9]. 

During a study to analyze the effect of different inclination angles on thermal 

performance of heat pipes, Investigators used nanofluids in screen mesh heat pipes with 

particle mass concentration of 0.25, 0.5 and 0.75% and performed experimentation at 

0°, 30°, 60° and 90° inclination angles. Moreover, wider range of concentrations, 0–2% 

was studied to explore increase in thermal conductivity and viscosity of nanofluid. It 

was observed that thermal conductivity of nanofluid increased up to 6.6%, 8% and 9% 

for mass concentration of 0.25%, 0.5% and 0.75%, respectively. For all three cases, 

viscosity of nanofluid increased by 3% compared to base fluid. Maximum heat transfer 

has taken place at 60° inclination angle showing dependence of thermal performance of 

heat pipes on inclination angle as well [18]. 

Comparing the results of water-filled heat pipes, silicon carbide (SiC) nanofluid heat 

pipes and SiC nanoparticle-coated mesh heat pipes. Investigators experienced no heat 

transfer enhancement by using nanofluid / nanoparticle-coated heat pipes compared to 
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water-filled heat pipes. The thermal resistance in evaporator section was higher for the 

case of nanofluid or nanoparticle-coated wick in heat pipes compared to water-filled 

heat pipes and it increased with increasing the concentration of nanoparticles. The main 

reasons of thermal resistance enhancement are the deposition of nanoparticles on heater 

surface including wick which increase viscosity of working fluid and accumulation of 

nanoparticles on liquid–vapor interface resulted in phase change thermal resistance [19]. 

Nanofluids, formed by dispersing nanoparticles in base fluids (e.g., water, EG, 

transformer oil), exhibit enhanced heat transfer due to superior thermal and rheological 

properties, with stability improved through various preparation methods [20]. An 

experimental study on Al₂O₃-H2O nanofluid showed a 35–40% increase in thermal 

conductivity and an 80–95% rise in viscosity at 30 wt.%, indicating the importance of 

optimizing mass fraction and geometric parameters [11]. 

2.3. Improved Heat Transfer and Thermal Conductivity 

An experiment on a single tube heat exchanger using various nanofluids (ZnO, Fe₃O₄, 

CuO, TiO₂, and Al₂O₃) at a constant 0.03 vol% concentration showed that Al₂O₃–H₂O 

had the highest heat transfer coefficient, while CuO/water had the lowest at a 50 kg/min 

mass flow rate [12]. ZnO/water exhibited the highest energy effectiveness improvement 

(~43%), whereas Al₂O₃–H₂O showed the lowest (~31%). Energy effectiveness 

increased with higher base fluid flow and lower nanofluid flow, though changes in base 

fluid flow had minimal effect due to viscosity. The study concluded that metal oxide 

nanofluids enhance performance, especially with higher shell-side and lower tube-side 

mass flow rates [12]. 

A study assessed Al₂O₃–W, SiO₂–W, and ZnO–W nanofluids in a shell and tube heat 

exchanger [21]. ZnO–W (with PVP surfactant) showed the highest improvements in 

convective heat transfer (~50%), overall heat transfer coefficient (~35%), and actual 

heat transfer (~51%), while SiO₂–W showed the lowest (~9%, ~12%, and ~26%, 

respectively). Optimal performance was achieved at 6 lpm for 0.3 vol.% ZnO–W and at 

7 lpm for 0.5 vol.% Al₂O₃–W and SiO₂–W (Case 1). In Case 2, all nanofluids performed 

best at 8 lpm. Overall, ZnO–W enhanced heat exchanger performance by about 35% 

[21]. 
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2.4. Effect on Friction Factor, Pressure losses and Pressure Drop 

The increment in mass fraction yields higher thermal conductivity of nanofluid hence 

higher thermal performance and also greater pressure drop and friction factor which 

always comes along with higher heat transfer rate. Pressure drop develops due to the 

increased viscosity of working medium. This vital reason coerced researchers to make 

comparison with thermal conductivity and viscosity enhancement at same volume 

concentration of nanofluid [22]. 

In industries, many heat transfer equipment are connected in series or parallel to transfer 

the heat as per requirements of the process/product along with furnaces, columns etc. 

They all are connected through pipes and pipe fittings. When nanofluid is used to 

enhance the heat transfer properties, it also has to flow through such pipe and pipe 

fittings. Thus, it becomes essential to evaluate the effect of nanofluid in pipe and pipe 

fittings separately rather than considering along with heat transfer characteristics for a 

particular application [6]. 

Due to utilization of nanofluid, resistance to flow of fluid increases which increases the 

friction factor and reduces the flow rate. In an experimental investigation to determine 

the effect of various concentration of Al2O3 nano-dispersion mixed in water as base 

fluid. The volume concentrations of Al2O3 nanofluid prepared are 0.001 %, 0.002 %, 

0.003 % and 0.004 %. The conclusion derived for the study is that friction factor and 

loss coefficient of different pipes and pipe fittings increase with increase in volume 

concentration of Al2O3 nano-dispersion compared to water. The nanofluid exhibits 

different thermos-physical properties than the base fluid. Generally thermal 

conductivity of nanofluids is higher than the base fluid which increases the heat transfer 

rate. The heat transfer enhancement using nanofluid mainly depends on type of 

nanoparticles, size of nanoparticles and concentration of nanoparticles in base fluid [15]. 

Many researchers have studied numerically and experimentally the phenomenon of 

effect of nanofluid on friction factor. The studies reported recently in literatures have 

been referred and presented here. Numerically three-dimensional turbulent flow and 

heat transfer of two different nanofluids for nanoparticles volumetric concentrations up 

to 6%, containing aluminum oxide (Al2O3) and copper oxide (CuO) nanoparticles, 

dispersed in ethylene glycol and water mixture (EG/W) in the flat tubes of an automotive 

radiator have been studied to evaluate their performance. For the same Reynolds 
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number, nanofluids show an increase of friction factor and heat transfer coefficient with 

an increase in the particle volume concentration [23]. 

Experimental investigation on heat transfer coefficient and friction factor of TiO2 and 

SiO2 water based nanofluids with an average particle size of 50 nm and 22 nm 

respectively and volume concentrations up to 3.0 % flowing in a circular tube under 

turbulent flow under constant heat flux boundary condition. The conclusion derived is 

that the pressure drop is directly proportional to the density of the nanoparticle [24]. 

Computational fluid dynamics (CFD) has been employed to study the heat transfer and 

pressure drop characteristics of water-based Al2O3 nanofluid flowing inside coiled 

tube-in-tube heat exchangers. It has been reported that the friction factor increases with 

the increase in curvature ratio and pressure drop penalty is negligible with increasing 

the nanoparticles volume concentration and through validation it was suggested that 

nanofluids behave like a homogeneous fluid [25]. 

Heat transfer coefficient and friction factor of TiO2 nanofluid of volume concentration 

range from 0.0004% to 0.02% in base fluid of 40% of ethylene glycol and 60% of 

distilled water flowing in a double pipe heat exchanger with and without helical coil 

inserts have been studied experimentally. It has been reported that the heat transfer 

coefficient and friction factor get enhanced compared to base fluid flowing in a tube 

[26]. 

Friction factor and heat transfer enhancement of TiO₂ nanofluids with volume fractions 

(1%, 1.5%, 2%, and 2.5%) are suspended in water as a base fluid flow through three 

horizontal shapes of pipes (circular, elliptical, and flat tube) having 3 mm hydraulic 

diameter and 500 mm length have been studied numerically. Numerical results showed 

that there is an increase in fluid flow characteristics and heat transfer enhancement as 

compared with base fluid with an increase in volume fraction of nanofluid [27]. 

An experimental investigation on the effect of nanoparticles and helical corrugation on 

turbulent heat transfer and the dimensionless friction factor has been carried out. 

Research has shown that the heat transfer and friction factor increase by increasing 

nanofluid concentrations in plain and helical corrugated tubes, while its effect is more 

significant in helical corrugated pipes [28]. 
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The purpose of an experimental study is to find out the heat transfer and flow 

characteristics of Al₂O₃-water nanofluid in a circular pipe. For this, synthesis of 

nanofluids has been done by the two-step method. Four different nanofluid 

concentrations, such as 0.01, 0.05, 0.1, and 0.3 wt.%, have been prepared. An 

experimental test rig is fabricated for measurement of heat transfer coefficient and 

pressure drop of nanofluids in laminar and constant heat flux conditions. An increasing 

tendency of both the heat transfer coefficient and the Nusselt number has been observed 

for nanofluids. Maximum enhancement in heat transfer coefficient and Nusselt number 

is 28.06% and 29.93%, respectively, for 0.5 L/min flow rate in comparison with 0.15 

L/min at 0.3 wt.%. Also, an increase in pressure drop of 2.68 times is observed for the 

same conditions. It has been observed that heat transfer enhancement dominates 

compared to the increment in pressure losses. Thus, the use of Al₂O₃-water nanofluids 

is quite useful in various heat transfer applications. Pressure drop increases with an 

increase in nanoparticle concentration and flow rate of nanofluids. It was due to the fact 

that with the addition of nanoparticles, the viscosity of nanofluids increases, which leads 

to enhancement in wall shear stress, thus decreasing the boundary layer thickness, and 

the pressure drop increases. The maximum increment in the pressure drop was obtained 

to be 2.68 times measured for 0.5 L/min compared to the initial flow rate, i.e., 0.15 

L/min, at 0.3 wt.% [29]. 

During a numerical and experimental study that investigates heat transfer enhancement 

in plain and wavy pipes using a hybrid nanofluid (50% Fe₃O₄ + 50% MgO/H₂O) at 

volume concentrations (0.5%, 1%, and 2%). The experimental setup included a 

nanofluid tank, chiller, flow meters, and a transparent piping system, with tests 

conducted under constant heat flux (18,189 W/m²) and varying Reynolds numbers 

(3,916–31,331). Numerical simulations (using ANSYS Fluent) analyzed flow behavior 

and heat transfer via single-phase and mixture models. Results showed that higher 

Reynolds numbers and nanofluid concentrations improved heat transfer (Nusselt 

number) and performance evaluation criteria (PEC) while reducing friction. The 2% 

nanofluid yielded the highest Nusselt number, with wavy tubes outperforming plain 

tubes (166.5% vs. 135.2% enhancement). New correlations for this hybrid nanofluid 

were also developed [30]. 

Experiments on Al₂O₃-H2O nanofluids in circular pipes under laminar flow showed 

enhanced heat transfer compared to distilled water [29]. Nanofluids at concentrations of 
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0.01–0.3 wt.% were prepared via a two-step method and tested in a forced convection 

setup. Results indicated that the heat transfer coefficient increased with both 

concentration and flow rate, with a maximum enhancement of 28.06% at 0.3 wt.% and 

0.5 L/min. Pressure drop also rose, by up to 2.68 times under the same conditions, but 

remained moderate compared to heat transfer gains. Al₂O₃'s favorable properties suggest 

its suitability for use in future hybrid nanofluids [29]. 

2.5. Pumping Power in Nanofluids 

This study investigates the behavior of nanofluids in flow systems featuring components 

such as orifices, tee connections, and elbows. As the flow passes over the orifices, a 

pressure drop will be noticed, which is not yet fully determined and compared to the 

traditional fluids. The pumping power needs to be analyzed in both cases to compare 

the effect of using the nanofluids in the industrial applications. 

2.6. Applications of Nanofluids 

Nanofluids have potential applications across various fields, including heat exchangers, 

industrial and automotive cooling, solar absorption, and nuclear systems, though further 

research is needed for safe use in nuclear applications [17]. In metal cutting processes, 

significant heat generation reduces tool life and productivity. Conventional cutting 

fluids, which account for 7–17% of production costs, also pose health and 

environmental risks. Sustainable techniques like minimum quantity lubrication (MQL) 

offer financial and ecological benefits by reducing fluid usage 3–4 times and cutting 

forces by 5–15% [31]. 

Nanofluids face several challenges that limit their widespread application, including 

high preparation costs and poor long-term stability, which remains the most critical 

concern. Moreover, the thermophysical properties of nanofluid–water mixtures are not 

yet fully understood and will be addressed in this study. A key research focus is 

balancing the enhancement of thermal conductivity against the pressure drop resulting 

from increased nanoparticle concentration, highlighting the need to optimize particle 

volume fraction, size, and shape to achieve an effective trade-off between heat transfer 

improvement and pumping power requirements [32]. In light of these challenges and 

knowledge gaps, the following chapters will examine current understanding of 

nanofluid behavior in thermal systems, assess key performance parameters, and present 
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both experimental and analytical investigations to identify optimal conditions for their 

efficient application in heat transfer systems. 



 
 

 

 

 

 

 

 

 

 

 

 

 

Chapter Three 

Numerical Study of Orifice Plate Using Water and Nano-

fluids flows 
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Theoretical analysis represents a fundamental phase in the research methodology, particularly 

in the investigation of nanofluids. This chapter presents a numerical analysis of the flow 

passing through the orifice plate with emphasis on the thermophysical behavior of water-

based aluminum oxide nanofluid. 

The pressure drop will be examined through a simple orifice in a pipe using water, and then 

the results will be compared with the previous research work by installing this orifice plate of 

varying diameter ratios of the main pipe. Orifices are widely used in flow metering because 

of their simple mechanical advantages. 

To validate the numerical data and check the accuracy and reliability of the solver, a 

comparison was made with a published paper by Tukiman et al. [33]. They employed 

commercial Computational Fluid Dynamics (CFD) software to predict the flow 

characteristics in an orifice plate. 

The study focuses on axisymmetric turbulent flow of nanofluids with a 4% volumetric 

concentration of aluminum oxide (Al₂O₃) dispersed in water. It aims to examine the friction 

factor and loss coefficient of (Al₂O₃-H₂O) nanofluid through an orifice at different flow rates, 

and the results are to be compared with those of water. 

3.1  Geometric Study and Boundary Conditions 

CFD simulations were conducted to examine pressure drop in a pipe using water and 

nanofluid separately and to analyze the flow characteristics of water and (Al₂O₃-H₂O) through 

an orifice plate. A pipe with a diameter of 50 mm and a length of 1000 mm will be utilized to 

study the velocity profile and pressure profiles. 

To solve the governing equations, specific boundary conditions were defined for the 

computational domain, and from the inlet boundary, all variables were initiated, and the static 

pressure was assigned to the outlet pipe in order to determine the relative pressure drop 

between inlet and outlet. 

 Fig. 3.1 illustrates a pipeline with a 3 mm thickness orifice; flow velocity and pressure will 

be examined using different inner diameter orifices. 

 
Fig. 3.1. Pipeline and Orifice Dimensions 

 

Fig. 3.2 outlines the defined boundary conditions of a pipe, the velocity entry at the inlet 

of the pipe with a max velocity of 0.4 m/s, and the parabolic velocity profile is calculated 

using the equation: 

50 mm 

3 mm 

Centerline 

500 mm 500 mm 
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Fig. 3.2. Boundary Conditions 

 

3.2 Governing Equations and Modelling Assumptions  

To solve the flow in an orifice plate, the governing equations of continuity and 

momentum, along with the appropriate Reynolds stress closure, must be solved. In this 

study, the standard k-epsilon turbulence model has been employed, considering the flow 

to be steady and incompressible. The governing equation for the flow along the orifice 

plate is presented below: 

Conservation of mass: 

  (3.1) 

y-momentum; 

(3.2) 

z-momentum; 

(3.3) 

 

3.3 Numerical Study 

In this study, the flow was modeled using the commercial CFD solver ANSYS FLUENT 19 

R3, discretization of second-order upwind interpolation, and the SIMPLE algorithm, and the 

k-ɛ turbulence model was used. Residual less than 8e-5 is obtained; velocity and pressure fields 

were coupled using the Semi-Implicit Method for Pressure-Linked Equations (SIMPLE) 

algorithm. The pipe was considered as a solid wall with a no-slip condition. 

 Mesh independency was conducted to determine the optimal mesh size; a flow rate of 50 l/min 

was applied to a pipe of 50 mm diameter with an orifice of 25.4 mm inserted in the pipe, 

according to the following chart, fig. 3.3. It is very obvious the K value is almost constant after 

a number of 200,000 cells. In this research a mesh size of 0.25 mm was applied, which gave a 

number of cells of 285,508 cells, 574 faces, and 288,963 nodes (fig. 3.4). 
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3.4 Validation 

During a study using commercial Computational Fluid Dynamics (CFD) to predict the flow 

features passing through the orifice plate. Results of the CFD simulations in terms of profiles 

of velocity and pressure are observed as the flow is like the jet in the core region, and the 

presence of recirculation and shear layer regions flow features downstream of the orifice. These 

results are consistent with other published data. The flow through the orifice has been tested 

using CFD simulation to analyze the flow through the orifice in a circular pipe. CFD tools are 

also widely used in modeling and analyzing orifice meters. 

Tukiman et al. [33] conducted numerical research to study the pressure drop corresponding to 

a specific diameter ratio of 2.4 (1.2 cm main diameter pipe and 0.05 cm orifice) through 

different flow rates, and the following results were obtained. They focused on obtaining 

discharge coefficients and pressure drop for a specific diameter ratio of 2.4. Fig. 3.5 shows a 

comparison between the pressure drop of Turkish et al.'s [33] experimental results and current 

research. 

 

 

 

 

 

 

Fig. 3.3 Mesh Independency Study. 

Fig. 3.4. Mesh sizing of 0.25mm (a) Full Domain (b) zoomed in at Orifice. 
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Fig. 3.6 shows comparison between the velocity contours and vectors of Turkish et al. [33] 

experimental results and current research. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.5 Water flow Numerical analysis 

CFD simulations are made to predict the flow pattern through an orifice plate. Water cases use 

a flow rate of 50 liters/min. Pressure drop according to different diameter ratios. The main pipe 

is 2” in diameter, while the orifice diameters are 1”, ¾”, and ½”. Simulation results re obtained 

in terms of velocity profile (Figs. 3.7 to 3.9), K factor (Fig. 3.10), and pressure drop (Fig. 3.11).  

 
 
 

Fig. 3.5. Comparison between pressure drop of (a) Turkish et al. [33] Exp. (b) current 
research (in Red). 

Fig. 3.6. Velocity contour and velocity vectors comparison between 
 (a) Turkish et al. [33] Exp. (b) current research. 
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Fig. 3.7. Velocity distribution of Water flow passing through 1” orifice. 

 

 

 

 

 

 

 

               Fig. 3.8. Velocity distribution of the Water flow passing through 3/4” orifice 
 

 

 

 

 

 

              Fig. 3.9. Velocity distribution of the Water flow passing through 1/2” orifice 
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Fig. 3.10. Comparison between the water flow rate and K Factor for (1”, ¾”, and ½”) orifices. 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.11. Comparison between the water flow rate and Pressure drop for (1”, ¾”, and ½”) 
orifices. 
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3.6 Nanofluid Mixture physical Properties 

The working fluids considered in this simulation include water and an aqueous alumina (Al₂O₃-

H₂O) nanofluid with a volume concentration (𝜑) of 4%. The thermophysical properties of water 

and Al₂O₃ nanoparticles were adopted from another study by Avinash et al. [34] and are 

presented in Table 3-1. 

Table 3.1: Thermo-Physical Properties of Al2O3 Nanoparticles: 

 

The following equations (3.5) and (3.6) which are used to determine the thermo-physical 

properties like density and viscosity of the nanofluid respectively.  

Density:  

𝜌𝑛𝑓 = 𝜑 𝜌𝑝+ (1-𝜑) 𝜌𝑏𝑓                                                                                                        (3.5)  

Where: 

 𝜌𝑛𝑓 is the density of nanofluid. 

𝜑 is the volume concentration. 

𝜌𝑏𝑓 is the density of base fluid. 

𝜌𝑝 is the density of nanoparticles.  

Viscosity:  

𝜇𝑛𝑓 = 𝜇𝑏𝑓 (123𝜑2 + 7.3𝜑 + 1)                                                                                          (3.6)  

From the above equations thermal physical properties of Al2O3 nanofluid has been calculated 

for volumetric concentration 4% as shown in Table 3-2.  

Table 3.2: Thermo-Physical Properties of (Al2O3 H2O) Nanofluid mixture: 
 

 

 

 

 

 

 

Materials 
Density 𝛒  

(kg/m3)   

Specific Heat 

Cp 

(J/Kg K)   

Thermal Conductivity 

K 

(W/m K)   

Viscosity 𝛍  

(kg/m s)   

Al2O3 

Particles 
3600  103,657  209,388  105,732  

Materials 
Density 𝛒  

(kg/m3)   

Viscosity 𝛍  

(kg/m s)   

Water H2O 998.2 0.001003 

(Al2O3 -H2O) 1086 0.000657 
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3.7 Nanofluid Numerical Work 

After applying pure water, the nanofluid mixture with a volume concentration (𝜑) of 4%, tables 

3.1 and 3.2, were simulated. Nanofluid mixture simulations results are presented in terms of 

velocity profile, Figs.3.12 to 3.14, K factor, Fig.3.15, and pressure drop, Fig.3.16. 

 

 

 

 

 

 

Fig. 3.12. Velocity distribution of Al2O3-H2O flows passing through 1” orifice 
 

 

 

 

 

 

Fig. 3.13. Velocity distribution of Al2O3-H2O flows passing through ¾” orifice 
 

 

 

 

 

 

Fig. 3.6. Velocity distribution of Al2O3-H2O flows passing ½” orifice  
(a) Full Domain (b) Domain (zoomed in). 
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Fig. 3.7. Comparison between the flow rate and K Factor for (1”, ¾”, ½”) orifices. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.8. Comparison between the flow rate and Pressure drop for (1”, ¾”, and ½”) orifices. 
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3.8 Results and Comparison 

Lots of cases had been conducted in order to compare the results while varying the flow rate. 

In this experiment, flow rate will be varied from 10 liters/min to 50 liters/min to evaluate the 

orifice K loss factor in each case. Water of different flow rates had been applied. The same was 

done also for the Al₂O₃-H₂O. Nanofluid numerical results, Figs. 3.17 and 3.18, show higher 

values of pressure drop and k-factor values, respectively. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.9. Comparison between the flow rate and Pressure drop for (1”, ¾”, ½”) orifices. 
 

 
Fig. 3.10. Water vs Al2O3-H2O Comparison between the flow rate and Pressure drop for (1”, 

¾”, ½”) orifices. 
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To compensate for the pressure loss, the system needs additional pumping power. The pumping 

power is expressed in Equation (3.7).  

𝑃𝑜𝑤𝑒𝑟 = η 𝑃 𝑄               (3.7) 

Where: 

 η = efficiency [-] 

 P = pressure 

 Q = flowrate 

 

Fig. 3.19 presents the effect of using Al₂O₃-H₂O nanofluids in comparison to water on the pumping 

power as a function of flow rate. It is observed that water exhibits lower pumping power compared to 

the nanofluid mixture. Al₂O₃-H₂O nanofluids have a higher density than pure water, which affected the 

pressure drop. The utilization of Al₂O₃-H₂O nanofluid instead of water leads to an increase in pumping 

power. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.19. Variation of Pressure drop with Flow rate for water and Al2O3-H20 Mixture. 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter four 

Experimental Work of Orifice Plate Using Water and Nano-fluids 

flows 

 

 

 

 

 

 

 

 

 

 



 
 

Experimental works had been implemented in order to evaluate and compare the pressure 

losses between water and nanofluid mixture. In this experiment the total head loss is measured 

for the straight piping and pipe fittings by means of pressure gauges; subsequently, flow rate 

is being measured by measuring a known volume versus time. 

Nanofluid properties can be tailored by adjusting two parameters: nanoparticle size and 

concentration. In this study, Al₂O₃-H₂O nanofluid with particles of size 25 nm and a 

concentration of 0.04% will be used so that for 12 liters of base fluid, 28.9 grams of nanofluid 

will be mixed together; direct mixing and a magnetic stirrer will be utilized to ensure the best 

dispersion. The magnetic stirrer has a rotating magnet that mixes components. The base fluid 

is formed by mixing distilled water with ethylene glycol, acting as an antifoam and antifreeze 

material to prevent the mixture from failure. 

4.1  Nanofluid Preparation Overview 

Nanofluids can be prepared by several techniques; a surfactant may be added in the preparation 

process to avoid the sedimentation of nanoparticles during its operation. Researchers focus on 

a good stage of stability. Nanoparticles of a smaller size may be a better size in the different 

applications; small particle sizes play an important role as the sedimentation ceases when the 

particle size is below a critical radius due to counterbalancing gravity forces. Therefore, to 

obtain a stable nanofluid with optimum particle diameter and concentration, it is considered a 

great challenge for researchers. 

 Two common methods are used to prepare nanofluids, the one-step method [8] and the two-

step method, and others have worked up some innovations. 

4.1.1 One-step method 

The one-step process is simultaneously making and dispersing the particles in the base fluids, 

which could be reduced to the agglomeration of nanoparticles. This method makes the 

nanofluid more stable with the limitation of the high cost of the process. 

4.1.2 Two-step method 

The two-step method is the most common method to prepare nanofluids. Nanoparticles of 

different metal oxides are firstly prepared in sizes from 10 to 100 nm by chemical or physical 

methods. Then, the nanosized powder will be dispersed in base fluids with the help of intensive 

magnetic force agitation, ultrasonic agitation, high-shear mixing, homogenizing, and ball 

milling. As a result of high surface area and surface activity, nanoparticles tend to aggregate, 

reflecting adversely on the stability of nanofluid. To avoid that effect, the surfactant is added 

to the nanofluids. 



 
 

4.2  Nanofluid Preparation Procedures 

Nanofluid properties can be tailored by adjusting factors such as nanoparticle size, 

concentration, and surface modification. In this research Al₂O₃ particles of size 25 nm and a 

concentration of 0.05% will be used so that for 12 liters capacity of base fluid 28.9 grams of 

nanofluid will be mixed together. 

 

 

 

 

 

 

 

 

 Effective dispersion of nanoparticles within the fluid is crucial for maintaining stability and 

preventing particle agglomeration. Various techniques, such as surface modification and 

stabilizing agents, are employed to achieve stable nanofluid suspensions with long-term 

stability and uniformity. In this research direct mixing and a magnetic stirrer will be utilized to 

ensure the best dispersion. The magnetic stirrer has a rotating magnet or a stationary 

electromagnet that produces a rotating magnetic field, as shown in Fig. 4.3. 

The base fluid will be formed by mixing distilled water with ethylene glycol in a ratio of 70:30, 

respectively. Ethylene glycol has a very important role in the mixture, acting as an antifoam 

and antifreeze material to prevent the mixture between base fluid and nanoparticles from failure 

(settlement). 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.1. Al2O3-H2O Particles 

Fig. 4.2. Forming the base fluid (water to ethylene glycol 70:30) by the Magnetic Stirrer 



 
 

4.3  Nanofluid Mixture Stability 

The stability of the nanofluid mixture is a key issue that influences the properties of nanofluids. 

Nanoparticles always tend to aggregate, so it is necessary to study and analyze influencing 

factors to the dispersion stability of nanofluids, as the accumulation of nanoparticles results in 

not only the settlement and clogging of microchannels but also the decreasing of thermal 

conductivity of nanofluids. 

Surfactant was added to ensure long-term stability and also to prevent the aggregation that 

makes the mixture more stable. Sodium Dodecyl Sulphate was used to prevent aggregation and 

complete dispersion of the nanofluid mixture with a ratio of 1 gram of surfactant to 2 gm of 

nanoparticles (Ratio 1:2).  

 

 

 

 

 

 

 

Lastly, after the magnetic stirrer, and to ensure the complete homogenization between the 

nanoparticles and the base fluid, ultrasonic agitation was used to ensure the complete dispersion 

of the mixture, a process which is commonly named the sonication process. The mixture of 

ethylene glycol, water, sodium dodecyl sulfate, and nanoparticles is used to mix it, applying 

sound energy to agitate particles for 30 minutes. 

 

 

 

 

 

 

 

 

 

Fig. 4.3. Surfactant magnetic mixing with ration 1:2 to the base fluid 

Fig. 4.4. Sonication process for the nanofluid mixture 



 
 

4.4  Experimental Work 

By designing a real practical model that will give an actual physical simulation of the 

thermophysical properties, which facilitate the comparing process between water and nanofluid 

thermophysical properties when passing through a piping network of several fittings. 

 

 

 

 

 

 

 

 

 

 

Fig. 4.5  
 

 

                                                                             

 

 

 

 

 

4.5  Apparatus Setup 

A real practical model is designed that will give an actual physical simulation of the CFD 

model, which facilitates the comparing process between water and nanofluid properties when 

passing through a piping network of the four orifices. 

The experiment used a pressure gauge to measure the pressure drop of a fluid through a series 

of polyvinyl chloride (PVC) pipes. The flow rate is calculated by filling a fixed volume of 

Fig. 4.5 Designed 3D Model utilizing SOLIDWORKS 

Fig. 4.6. Designed piping Network with steel structure to support the 
apparatus setup 



 
 

water in a specific time. The fluid is pumped by a 745.7-watt centrifugal pump through a closed 

loop cycle, connected to a plastic tank and piping system. The fluid flow and velocity are 

controlled by a variable speed controller (dimmer controller) switch. Ball valves are used to 

control the flow direction and block it in specific situations (Fig. 4.7). 

 
Fig. 4.7. Apparatus Setup 

 

Fig. 4.8. Dimmer used to control the pump speed (Variable Speed Motor) 
 

Orifices are used as fixed throttles. They generate head loss. In this apparatus, four orifice 

plates with different diameters are used 1”, ¾” and ½”, Fig. 4.8. Piping and orifices are 

joined together using steel flanges.  



 
 

 
Fig. 4.9. Utilized Orifice Plates (a) 1” Orifice. (b) ¾” Orifice (c) ½” Orifice. 

To determine the pressure drop across the orifice, pressure gauges positioned at specific 

locations before and after the orifice were used. The pressure gauges are being positioned at a 

distance equal to twice the pipe diameter to ensure an accurate measurement. At this distance, 

the flow is stable and not affected by turbulence and to allow the pressure to stabilize after the 

disturbance caused by the orifice.  

Many readings are taken and a series of valve openings (30%, 45%, 60%, 70%, and fully 

opened) to analyze the value of the loss coefficient factor K (dimensionless). It is required to 

specify the diameter in order to get the throat area as the used orifices diameters in the piping 

system (1”, ¾”, ½”, and ¼”). Knowing the orifice throat area for each orifice, velocity can be 

calculated. Head loss is measured, and finally loss factor coefficient K can be calculated for 

water and nanofluid. 

4.6  Results and Comparison 

Lots of cases had been conducted in order to compare the results while varying the flow rate to 

evaluate orifice K loss factor in each case. Water of different flow rates had been applied. The 

same was done also for the Al2O3-H2O, Figs.4.9 and 4.10 respectively. Experimental results 

show higher values of pressure drop and k factor of nanofluid values. 

Figs. 4.11 to 4.13 show comparisons between experimental water and nanofluid mixture loss 

coefficient factor K for 1”, ¾”, and ½”, respectively. It can be noticed that loss coefficient 

factor K values for nanofluid are always higher than those of water. 

 



 
 

 

Fig. 4.10. Loss coefficient factor K values for water experimental results. 

 

Fig. 4.11. Loss coefficient factor K for Nanofluid experimental results. 



 
 

 

Fig. 4.12. Comparison between experimental Nanofluids and water K factors for 1” diameter 
orifice. 

 

Fig. 4.13. Comparison between experimental Nanofluids and water K factors for 3/4” 
diameter orifice. 



 
 

 

Fig. 4.14. Comparison between experimental Nanofluids and water K factors for 1/2” 
diameter orifice. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

Chapter Five 

Conclusion and Future work 

 

 

 
 

 

 

 

 

 

 

 

 

 

 



 
 

5.Conclusion  

In the current study, the pressure drop through orifices is numerically and experimentally 

analyzed for water and nanofluid Al₂O₃-H₂O. The loss coefficient factor K and pressure drop 

of nanofluids show slightly higher values than water results. Although nanofluids significantly 

enhance heat transfer rate and fluid properties, they also have a higher viscosity and density, 

which certainly affect the pressure drop and pumping power. A balance between heat transfer 

benefits and consumed power ensures a practical solution in industrial applications. 

The pumping power required for a piping system is directly proportional to the fluid’s viscosity, 

density, and frictional losses within the piping system. Nanofluids, such as Al₂O₃-H₂O, have 

higher viscosity and density than pure water, which affected the pressure drop as shown 

previously in Figs. 4.11 to 4.13 and consequently increased the required pumping power. 

Although nanofluids enhance heat transfer and fluid properties, they also increase pressure 

drop and pumping power due to higher viscosity and density, leading to increased friction, 

pressure drop, and higher pumping power requirements. However, their impact on energy 

efficiency depends on several factors, including nanoparticle concentration, size, type, and flow 

conditions. 

A well-designed nanofluid system can maximize heat transfer efficiency while minimizing 

excess energy consumption due to viscosity-related pressure losses. Careful selection of 

nanoparticle type, concentration, and size can mitigate adverse effects on flow resistance. 

Nanofluids offer potential benefits for thermal management; their impact on flow resistance 

must be carefully managed. Engineers must balance heat transfer enhancements with 

minimizing excessive pressure losses to ensure optimal refinery performance. 

5.1  Limitations and Future Work 

The key is to find the right balance between thermal benefits and flow resistance for each 

specific engineering use case in order to optimize energy-saving potential. 

Future research should focus on optimizing nanofluid properties, improving pumping 

efficiency, and reducing energy consumption in oil and gas refineries. A combination of 

computational modeling, experimental validation, and industrial case studies will be essential 

to overcoming current limitations and achieving sustainable, cost-effective solutions. 



 
 

Higher nanoparticle concentrations lead to increased viscosity and pumping power 

requirements. Optimal nanoparticle loading (typically below 1-2% volume concentration) can 

provide heat transfer benefits while minimizing excessive pressure drop. 

Engineers must balance concentration to avoid excessive energy costs, so further research is 

needed to optimize the use of nanofluids in refinery applications while minimizing pressure 

drop and excessive pumping power.  

Exploring hybrid nanofluids that combine multiple nanoparticles (e.g., metal oxides, carbon-

based nanomaterials) to achieve an optimal balance between thermal performance and flow 

resistance. 
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 إقرار الباحث
  

أقر بأن المادة العلمية الواردة في هذه الرساالة ق  م  مد د  صدا رها العلمي نأن صدىوا الرساالة 

أي درجة علمية أخرا، نأن صضاامون هذه الرسااالة دعرا أراب الباحث  علىغير صق م للددااو  

 ليست بالضرنرة الآراب الىي مىبناها الجهاة الماندة. نهيالخاصة  
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المسىخلص 

تركز التقنيات الصناعية الحديثة على تقليل استهلاك الطاقة وخفض التكاليف التشغيلية لأنظمة  

لعمليات   اللازمة  القدرة  وتقليل متطلبات  الضغط  في  الفاقد  تقليل  الأنابيب، وذلك من خلال 

الضخ. وفي هذا السياق، تهدف هذه الدراسة إلى تحليل تأثير استخدام السوائل النانوية على  

امل الاحتكاك، والقدرة المستهلكة في الضخ، وكذلك الكفاءة الكلية للنظام. ولتحقيق ذلك،  مع

كوسيلة أساسية لمقارنة النتائج بين الماء كسائل   (Orifice Meter) تم اعتماد مقياس الفتحة

 .تقليدي والسوائل النانوية

تم   وقد  معلقة،  نانوية  جسيمات  على  تحتوي  قاعدية  سوائل  بأنها  النانوية  السوائل  ف  تعُرَّ

السوائل   ويمُكن تحضير هذه  الحرارة.  انتقال  لتحسين كفاءة  الواعدة  الحلول  اقتراحها كأحد 

ترسيب   منع  بهدف  السطحي  للتوتر  خافضة  مواد  إضافة  مع  غالبًا  تقنيات،  عدة  باستخدام 

أثناء الخطوة  الجسيمات  أحادي  التحضير  طريقتا  وتعُد  وطريقة   (one-step) التشغيل. 

يجري   (two-step) الخطوتين التي  الحديثة  الأساليب  بعض  جانب  إلى  شيوعًا،  الأكثر 

 .تطويرها

ورغم المزايا الحرارية المتوقعة للسوائل النانوية، فإنها تتميز عادةً بارتفاع اللزوجة والكثافة 

مقارنة بالسوائل التقليدية، وهو ما ينعكس على زيادة فاقد الضغط وارتفاع متطلبات القدرة 

عددي   تحليل  إجراء  الدراسة  هذه  في  تم  التأثيرات،  هذه  تقييم  أجل  ومن  للضخ.  اللازمة 

وقد   .Al₂O₃–H₂Oجريبي لانخفاض الضغط باستخدام ماء مقطر وسوائل نانوية من نوع  وت

أجُريت التجارب باستخدام أنبوب أسطواني بقطر داخلي يبلغ بوصتين، مع تثبيت لوحة فتحة  

قطرية نسب  ثلاث  ودراسة  الأنبوب،  منتصف  ،  0.375،  0.5مختلفة:   (β-ratio) عند 

 .0.25و 

مثل   متعددة  مجالات  في  الواعدة  إمكانيتها  إلى  النانوية  للسوائل  السابقة  التطبيقات  تشير 

الامتصاص   أنظمة  والسيارات،  الصناعية  المعدات  تبريد  أنظمة  الحرارية،  المبادلات 

الشمسي، وكذلك التطبيقات النووية. وأظهرت النتائج الأولية أن الماء المقطر يحقق فاقد ضغط  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

أقل مقارنة بالسوائل النانوية، إلا أن استخدام السوائل النانوية يتطلب قدرة ضخ أعلى لتحقيق  

 .معدلات التدفق نفسها

بناءً على ذلك، يمكن الاستنتاج أن تصميم أنظمة تعتمد على السوائل النانوية يحتاج إلى موازنة  

نوع   اختيار  أن  كما  الإضافية.  الهيدروليكية  والفواقد  المتحققة  الحرارية  الفوائد  بين  دقيقة 

اللزوجة عل تأثير  الحد من  في  أساسياً  النانوية وحجمها وتركيزها يمثل عاملاً  ى  الجسيمات 

 .مقاومة التدفق، وبالتالي تحسين الأداء الكلي للنظام
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