
NEAR EAST UNIVERSITY 

FACULTY OF ENGINEERING 

DEPARTMENT OF MECHAN1CAL ENGINEERING 

EXPERIMENTAL INVESTIGATION OF 

PRESSURE DROP IN PIPES 

GRADUATION PROJECT 

ME- 400 

Student: Shawqi JARADAT (20011211) 

Supervisor: Assist. Prof. Dr. Gilner OZMEN 

NICOSIA-2004 

·-- -~·~·-· ·~-·-·-- · ·--·-··---· ~--· . ·-· 



TABLE OF CONTENTS 

ACKNOWLEDGEMENT 

SUMMARY 

CHAPTERl 

INTRODUCTION TO FLUID 

1.1 INTRODUCTION 
1.1.1 Pressure Depth in a Static Fluid 

1.1.2 Pressure as Energy Density 
1.1.3 Fluid Kinetics Energy 
l_.1.4 Gauge Pressure 

1.2 PROPERTIES OF FLUIDS 

1.3 TYPES OF FLOW 
1.3 .1 Compressible and Incompressible Flow 
1.3 .2 Steady and Unsteady Flow 
1.3.3 Stream Lines 
1.3.4 One-Two and Three Dimensional Flows 
1.3.5 Turbulent Flow and Laminar Flow 

1.4 FLOW RA TE 
1.4.l Mass Flow Rate 
1.4.2 Volume Flow Rate 

1.5 EQUATION OF CONTINUITY 

1.6 BERNOULLI EQUATION 

CONCLUSION 

ii 

1 
1 
3 
4 
4 

5 

8 
8 
8 
9 
10 
12 

13 
14 
14 

15 

17 

20 



CHAPTER2 
OW IN PIPES 

_. l INTRODUTION TO PIPES 

__ FLOW THROUGH PIPES 

_3 1'UlmULE"N1 "FLOW AND Li\M.lli.i\.R "FLOW l\ND R'iNOLDS 

21 

24 

NUMBER 26 

2.4 PIPE ROUGHNESS 28 

2.5 "Pl-PE BENDS A.ND rl11lNGS 19 

2.6 HEAD LOSS 30 

2.6.1 Losses at Sudden Enlargement 31 
2.6.2 Losses at Sudden Contraction 32 

2. 7 PRESSURE LOSSES IN THE PIPES 33 

2.8 VELOCITY EFFECTS 34 

CONCLUSION 35 

CHAPTER3 

- EXPERIMENT SETUP 36 

3 .1 THE AIM OF THE EXPERIMENT 36 

3.2 EXPERIMENTAL SETUP 37 

3.3 EQUIPMENT OF THE EXPERIMENT 38 
3.3.1 Main Equipment 38 
3.3.2 Secondary Equipment 42 

3.4 SPECIFICATION OF THE EXPERIMENT 43 

3.5 CONNECTED OF EQUIPMENT 44 

3.6 EXPERIMENTAL PROCEDURE 45 

CONCLUSION 47 



CHAPTER4 

CALCULATIONS 

4.1 GENERAL INFORMATION 48 

4.2 TABULATED DATA 56 

4.3 ERROR CALCULATIONS 61 

CONCLUSION 62 

CONCLUSION 63 

REFERENCE 64 



ACKNOWLEDGEMENT 

First of all, I am very thankful to my supervisor Assist. Prof Dr. GUner OZMEN who was 

very generous with her help at every stage in preparation of this project, with her valuable 

advices and comments. 

Special thanks to Near East University education staff, specially to Mechanical 

Engineering staff for their generosity and speical concern of me. 

I would like to thank my friends for their support, specially J. AYOUB, A. JAFF AR, S. 

AILIYAN, and M. ABURABI for their help during preparation of this project. 

Finally, I would like to thank my parents for their support, and encourage for every stage 

of my education. Without their endless support and love, I would have never achived my 

current position. 



SUMMARY 

In the fist chapter of this project, an introduction to fluid, pressure, types of pressure, 

pressure depth in a static fluid, and fluid kinetic energy are given. Properties of fluids 

which are density, mass density, specific weight, velocity, temperature, viscosity, 

kinematics viscosity are presented. 

In the second chapter, flow in pipes, an introduction to pipes, the fluid flow through 

pipes, turbulent flow and laminar flow, roughness pipe including with a table of 

roughness material, pressure losses in pipes and velocity effects are presented. 

In the third chapter, the experimental setup, the aim of experiment, equipments, 

experimental measurements are presented. 

Finally in Chapter Four, calculations and results were presented in tables. In addition the 

error calculations are presented. 
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CHAPTERl 

INTRODUCTION TO FLUID 

1.1 INTRODUCTION 

There are basically three states of matter, solid, liquid, and gas. The substance H20 is 

commonly called ice, in its solid state, water, in its liquid state, and water vapor, in its 

gaseous state. When side forces, called shearing forces, are applied to a solid piece of 

ice, very large forces are needed to deform or break it. The solid has a very high 

internal friction, or resistance to shearing. Liquids and gases are both considered fluids 

since they behave differently from solids. Imagine two layers of water or air. If shear 

forces are applied to these layers, there will be a substantial and sustained relative 

motion of the layers with the air layers sliding faster over one another than the water 

layers. However, the fact that a shear force must be applied to deform both of these 

fluids indicates that they also possess internal friction. 

Fluid mechanics is the study of the effects of forces and energy on liquids and gases, 

All fluids are compressible, that is, their density increases under increasing pressure to 

some extent, but liquids are much less compressible than gases and are generally 

considered incompressible. Even gases may be treated as incompressible provided the 

airflow speeds involved are not great, an example, the density remains the same 

throughout the flow. At higher speeds, the effects of compressibility must be taken into 

account. 

Pressure 

Pressure is simply the force experienced by an object divided by the area of the surface 

on which the force acts. 

1.1.1 Pressure Depth in a Static Fluid 

The pressure at any point in a static fluid depends only on the pressure at the top of the 

fluid and the depth of the point in the fluid. If point 2 lies a vertical distance h below 
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Point 2 

iint 1, there is a higher pressure at point 2, the pressure at the two points is related by 

i.e equation: 

Point 1 

Figure 1.1 Pressure Depth in a Static Fluid 

In Figure 1.1 that Point 2 does not have to be directly below point 1. it is simply a 

vertical distance below point Point 1. This means that every point at a particular depth 

in a static fluid is at the same pressure. 

The pressure exerted by a static fluid depends only upon the depth of the fluid, the 

density of the fluid, and the acceleration of gravity.the pressure in a static fluid arises 

from the weight of the fluid and is given by the expression. 

P static fluid = pgh 

Where, 

p : Fluid Density, (kg/m') 

g: Acceleration of Gravity, (m/s'') 

h : Depth of Fluid, (m) 
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The pressure from the weight of a column of liquid of area A and height h is 

T 
h 

I 
V = hA = Volume 
Weight= mg 

Figure 1.2 Static Fluid Pressure 

Static fluid pressure does not depended on the shape, total mass, or surface area of the 

liquids, The fluid pressure at a given depth does not depend upon the total mass or total 
volume of the liquid. 

.. 
d. 

1.1.2 Pressure as Energy Density 

Pressure in a fluid may be considered to be a measure of energy per unit volume or 

energy density. For a force exerted on a fluid, this can be seen from the definition of 
pressure; 

P= F 
A 

The most obvious application is to the hydrostatic pressure of a fluid, where pressure 

can be used as energy density alongside kinetic energy density and potential energy 
density in the Bernoulli equation: 

The other side of the coin is that energy densities from other causes can be 

conveniently expressed as an effective pressure. For example, the energy density of 

solvent molecules which leads to osmosis is expressed as osmotic pressure. The energy 

density which keeps a star from collapsing is expressed as radiation pressure. 
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1.1.4 Fluid Kinetic Energy 

The Bernoulli equation when it is expressed as kinetic energy per unit volume The 

kinetic energy of a moving fluid is more useful in applications like; 

kinetic energy 1 mv' 1 2 --Vi-o-lu_m_e___;;__ = 2-V- = 2 pv 

1.1.5 Gauge Pressure 

The equation for pressure we have been using is missing a potentially important term. It 

is the pressure at the surface of the liquid. For the glass ofliquid, you probably assumed 

that it was open to the atmosphere a not unreasonable assumption. There is atmospheric 

pressure all around us. 

It varies as cold and warm fronts move in and out of the area, but the variation is 

typically only a few percent and changes over periods of hours or days. 

So did we make a mistake not including it in the derivation above? Not really, because 

atmospheric pressure also acts at the bottom of the glass. Let's denote the pressure at 

the surface from which h is measured as P 0• The pressure at a depth h is actually the 

sum of the surface pressure and the pgh term, and it Given as follows; 

P = Ps+pgh 

The net or gauge pressure at the bottom of the glass is the difference in the pressure 

downward pressure PO + pgh and the upward pressure PO and hence is just pgh, We 

often do not have to worry about atmospheric pressure if the liquid's container is 

completely open. 
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1.2 PROPERTIES OF FLUIDS 

Density 

The Specific density of an object is simply its mass divided by its volume. Density it's 

usually Specific density we're referring to. The Specific density of an object is simply 

its mass divided by its volume. The symbol for density is the Greek letter rho, and the 

equation of it we can write it as; 

m p=v 

Where, 

p : Specific density, (kg/rrr') ... 
~ 

m : Mass, (kg) 

V : Volume, (m") 

Mass Density 

Mass Density p is defined as the mass of substance per unit volume. 

Typical values; 

pwater = 1000 Kglm3 

pMercury = 13600 Kg/m3 

pAir = 1.23 Kg/m3 

Specific Weight 

Specific Weight y is defined as the weight per unit volume, and it can be written as 

follow; 

y=gp 

Where, 

y: Specific weight 

g: gravity 

p: Specific Density 
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Velocity 

Velocity of the flow is the average speed of all molecules at a point in the flow at a 

given time. Velocity is a vector quantity and can be constructed from three scalar 
components, (horizontal, and vertical, forward). 

Temperature 

Temperature is a measure of the random molecular motion of the fluid at a point. The 

hotter the fluid the more energy is stored in random motion of molecules. 

Viscosity 

Viscosity is a measure of the stickiness of the fluid. High viscosity fluids stick together 

and produce large friction on surroundings. The viscosity of a fluid changes with 

temperature. For liquid it decreases with temperature whereas for gases viscosity 
increases with temperature. 

Viscosity µ is the property of a fluid, which offers resistance to sheer deformation. 

Different fluids deform at different rates under the same shear stress. Fluid with a high 

viscosity such as syrup deforms more slowly than fluid with a low viscosity such as 
water. Viscosity can be calculated from this equation; 

Where; 

µ : Viscosity 

y: Specific Weight 

p: Density 
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Kinematics Viscosity 

Kinematics Viscosity is the ratio of dynamic viscosity to the density of the fluid. 

V =- µ 
p 

Where, 

v : Viscosity 

µ : Dynamic viscosity 

Fluid Shear Stress 

Fluid viscosity will produce shearing between fluid layers. This is a dominant effect 

near surfaces. At the surface the flow is stationary. There will be a shear layer between 
the surface and the fast moving near surface flow, giving rise to surface friction. 

V 

y 

- 

Figure 1.3 Fluid Shear Stress 

,r an elemental volume of fluid moving over a time step, The distortion rs 
)portional to the rate of the shear. 
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. 1 Compressible and Incompressible Flow 

.• compressible if changes in the density of the fluid have significant effects on the 

solution. If the density changes have negligible effects on the solution, the fluid is 

called incompressible and the changes in density are ignored. 

The behaviour of a fluid changes radically as it starts to move above the speed of sound 

in that fluid. For example, in subsonic flow, a stream tube in an accelerating flow 

contracts. But in a supersonic flow, a stream tube in an accelerating flow expands. To 

interpret this in another way, consider steady flow in a tube that has a sudden 

expansion: the tube's cross section suddenly widens, so the cross-sectional area 

mcreases. 

Incompressible fluid In fluid mechanics, an incompressible fluid is a fluid whose 

density is constant: it is the same throughout the field and it does not change through 

time. It is an idealization used to simplify analysis. In reality, all fluids are 

compressible to some extent. 

1.3.2 Steady and Unsteady Flow 

Fluids in motion flow maybe steady and unsteady, with respect to time. If the 

characteristic of flow at any point in flow field does not change with time, The flow is 

called to be steady, if the flow changes with times it is called unsteady. 

dV For the steady flow = - = Zero 
dt 

dV For unsteady flow= - -f. Zero 
dt 

8 

:/, 

''I ·(, 



Dye 

- 

Figure 1.4 Steady Flows and Unsteady Flow 

If we open the valve as shown in Figurel.4 the flow will be steady, but if you open or 
r 

close the valve, continuously the flow will be unsteady. 

1.3.3 Stream Lines 

Streamline in a fluid 

For streamline in small area the fluid velocity across the cross sections will be constant 

let's call the speeds V 1 and V 2 ( the direction of the cross section velocities being 

perpendicular to the cross - section). There rate at which mass is entering the streamline 

is p1 V 1 A1 the rate at which it is leaving pz V 2 A2. 

If the mass inside the stream tube is not changing with time, so that the fluid is either 

incompressible or in steady state we have; 

P1 V1 A1 = P2 V2A2 
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Figure 1.5 Streamline in a Fluid 

Uniform flow 

If the velocity does not change from point to field, this type of the fluid is called as 

uniform flow, if the velocity changes at different points along to any of the streamline, 
the flow is called is called as non-uniform flow. 

... 
1,. 

Therefore, 

dV = 0 Means that the flow uniform 
dt 

dV i- O means that the flow is non-uniform 
dt 

1.3.4 One-Two and Three Dimensional Flows 

If a flow has only one velocity component, it is called as are dimensional flow. If the 

flow has two or three velocities component, they are called two dimensional or three 
dimensional flows. 

In Reality flow is never travel one dimensional because viscosity causes to the velocity 
to decreases to zero at boundaries. 
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Figure 1.6 Velocity Profile for Real Fluid 

,, 
1, 

Figure 1. 7 Velocity Profile of Ideal Flow 

Basic equation for one dimansional flow Continuity equation 

Rate of which mass enters the region = Rate of which mass leaves the region. 

Vl 
dAl 

V2 
<1A2 

Steam Tube 

Figure 1.8 Pipes with Different velocities 
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the basic equation for one dimansional flow given as; 

V1A1 = V2A2 = Q 

,'here, 

Q: Volume Flow Rate (Discharge), (m3 /s) 

A1, Al: Cross section area, (m2) 

·1, V2: Velocities of the fluid, (mis) 

1.3.5 Turbulent Flow and Laminar Flow 

Turbulent flow is a type of fluid (gas or liquid) flow in which the fluid undergoes 

irregular fluctuations, or mixing, in contrast to laminar flow, in which the fluid moves 

in smooth paths or layers. In turbulent flow the speed of the fluid at a point is 

continuously undergoing changes in both magnitude and direction. The flow of wind 

and rivers is generally turbulent in this sense. 

Most kinds of fluid flow are turbulent, except for laminar flow at the leading edge of 

solids moving relative to fluids or extremely close to solid surfaces, such as the inside 

wall of a pipe. Common examples of turbulent flow are blood flow in arteries, oil 

transport in pipelines, lava flow, atmosphere and ocean currents, the flow through 

pumps and turbines, and the flow in boat wakes and around aircraft-wing tips. 

Laminar flow is a type of fluid gas or liquid flow in which the fluid travels smoothly or 

in regular paths, in which the fluid undergoes irregular fluctuations and mixing. In 

laminar flow, sometimes called streamline flow, the velocity, pressure, and other flow 

properties at each point in the fluid remain constant. Laminar flow over a horizontal 

surface may be thought of as consisting of thin layers, or laminae, all parallel to each 

other. Laminar flow in a straight pipe may be considered as the relative motion of a set 

of concentric cylinders of fluid, the outside one fixed at the pipe wall and the others 

moving at increasing speeds as the centre of the pipe is approached. 

12 
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laminar flow 

Figure 1.9 Laminar Flow 

Figure 1.9 is shown the laminar flow inside of pipe and the way is moving and how 
laminar flow looks like. 

. 
' •••••• . : ...•. . .... ~ 'I ·,, 

Figure 1.10 Turbulent Flow 

Figure 1.10 is shown the turbulent flow isnide of pipe and how the way it's moving 

inside of it. 

1.4 FLOW RATE 

There are two types of flow rate; 

-Mass flow rate. 

-Volume flow rate. 
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1.6.1 Mass Flow Rate 

To measure the rate at which water is flowing along a pipe, a very simple way of doing 

this is to catch all the water coming out of the pipe in a bucket over a fixed time period. 

Measuring the weight of the water in the bucket and dividing this by the time taken to 

collect this water gives a rate of accumulation of mass. This is known as the mass flow 
rate, and can be calculated from this equation; 

. mass offluid in bucket 
m time taken to collect the fluid 

And time taken to collect the fluid can be calculated from this equation: 

time mass 
mass flowrate I ,,. 

1.6.2 Volume Flow Rate 

Volume Flow Rate which also called Discharge; is the volume of fluid flowing per unit 
time, its is given in this equation; 

Q = mass flow rat,e 
density 

Q=m 
p 
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1.5 CONTINUITY EQUATION 

Where, 

Am 
Mass Flow Rate = - 

M 

Figure 1.11 Flow Rate Inside of Pipe 

AV=AA1 

A1=V At 

Am= pA V = pA V At 

Am 
Mass Flow Rate = - = pA V 

M 

A : Cross sectional area, (nr') 

V: Velocity, (mis) 
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how can we handle this if the cross section changes? 

A11 = v1at 
1r 

Figure 1.12 Flow Rate In Different Section Areas 

I ,,. 

The mass Am, that flows into a region must equal the mass ~2 that flows out of the 

region. That is; 
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1.6 BERNOULLI EQUATION 

The Bernoulli Equation can be considered to be a statement of the conservation of 

energy principle appropriate for flowing fluids. The qualitative behavior that is usually 

labeled with the term Bernoulli effect is the lowering of fluid pressure in regions where 

the flow velocity is increased. This lowering of pressure in a constriction of a flow path 

may seem counterintuitive, but seems less so when you consider pressure to be energy 

density. In the high velocity flow through the constriction, kinetic energy must increase 

at the expense of pressure energy. 

Flow Velocity 
V1 Flow Velocity 

V2 

A2 <A1 

V2 >Vl 

P2 <Pl 

Figure 1.13 Increased Fluid Speeds, Decreased Internal Pressure 

In Figure 1.13 of the Bernoulli equation is the reduction in pressure which occurs when 

the fluid speed increase. 

Bernoulli equation is one of the most important equations in fluid mechanics. It may be 

written; 

v.2 v2 P _1_+EL+gz =-2-+_2 +gz 
2 p I 2 p 2 

The calculation of the real world pressure in a constriction of a tube is difficult to do 

because of viscous losses, turbulence, and the assumptions which must be made about 

the velocity profile, which affect the calculated kinetic energy. The model calculation 
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