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Chapter 1 

Introduction to Fluid Mechanics

Introduction 

This chapter gives an introduction for fluid mechanics, including the development of

fluid mechanics Io be discussed, fluids, some of its properties and the way we measure

them. Then the basic equations -for fluid mechanics were discussed; including the

continuity equation, beside Bemolli's equation (energy equation).

Reynold's number is introduced, also the flow, flow types were discussed. Then the

equations used in experiment were classified, such as the pressure, the.velocity, the flow

rate, figures and tables were combined also.

1.1 The Deveiopment of Fluid Mechanics 

From time to time we discover more about the knowledge that ancient civilization had

about fluids, particularly in the areas of irrigation channels and sailing ships. The Romans

are well known for their aqueducts and baths, many of which were built in the fourth.. -
century B.C, with some still operating today. The Greek are known to have made•
quantified measurements, the best known being those of Archimedes who discovered and

•
"formulated the principles of buoyancy in the third century B.C.

We know of no basic improvement to the understanding of flow until Leonardo da Vinci

(1452-1519), who performed experiments, investigated, and speculated on waves and

jets, eddies and streamlining, and even on flying. He contributed to the one-dimensional

equation for conversion of mass.
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Isaac Newton ( 1642-1727), by formulating his laws of motion and his law of viscosity, in

addition to developing the calculus, paved the way for many great developments in fluid

machines. Using Newton's laws of motion, numerous ıs" century mathematicians solved

many frictionless (zero-viscosity) flow problems. However, most flows are dominated by

viscous effects, so engineering of the l ih and 1 gth centuries found the inviscid flow

solution unsuitable, and by experimentation they developed empirical equations, thus

establishing the science of hydraulics.

In 1904 Ludwig Prandtl published a key paper, proposing that the flow fields of low-

viscosity fluids be divided into two zones, namely a thin, viscosity-dominated boundary

layer near solid surface, and an effectively inviscid outer zone away from the boundaries.

This concept enabled subsequent engineers to analyze far more complex flows. However,

we still have no complete theory for the nature of turbulence, and so modem fluid

. mechanics continues to he a combination ofexperimental results and theory."

1.2 Fluids 

Fluids, as the other forms of matter, such as solids, are discontinuous in nature, consisting

of molecules. However in contrast to solids, fluid molecules posses a high degree of

motion freedom, such that they tend to assume the shape and occasionally occupy the

volume of their containers. Fluids may include (1) gases: of the highest degree of

molecular motion freedom and lightest molecular weight such that they occupy the

volume of their containers; (2) liquids: enough molecular motion to assume the shape but

not the occupy the entire volume of their container under gravity; (3) any-other form of
.,,
matter that can be made to behave as a fluid, for example, molten metals and polymer

melts and granular solids(e.g., sands, wheat, etc.), in which case making unit in the grain;

(4) mixtures of two or more of the foregoing three. All of these forms of discontinuous

matter are characterized by the ability of each of the constituting units to change its

position with respect to its neighbors, which distinguishes them from plain solids. Due to

these properties, fluids are defined as matter that cannot support shear forces of any
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magnitude without continuous deformation and flow (i.e., relative motion). Of course,

fluids deform and flow under normal forces as well, but so do solids, which, in contrast,

can resist shear forces without any continuous deformation or flow, up to a certain level

of shear force of structure collapse.

1.3 Fluid Properties 

Properties are conditions that characterized a state. Fluids exhibit extensive and intensive­

properties. Extensive properties depend on the amount of fluid: for example, mass,

weight, volume, internal energy, and enthalpy. Intensive properties do not depend on the

amount of fluid: for example, pressure, density, temperature, concentration, and specific

heat.

After all I will mention some of these properties; as follows:
·_: . ·- -

1. Density.

2. Specific volume.

3. Specific weight.

4. Viscosity (Dynamic, Kinematic)

1.3.1 Density 

A fundamental property of continuum is the mass density. Density, symbolized by p, is

the ratio of the mass m to the volume V, occupied by a fluid. The density is given by:

Mp=v Fluid Density p [kg/m3 ]
•

(at 25C)

Water 997

Mercury 13580

Oil 885

•

Where;

p: density, [kg/m3 [Table 1.1 

Af : mass, [kg]

V : volume, [ m3]
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1.3.2 Specific Volume 

Specific volume u, is the volume occupied by a unit mass of fluid. Specific volume is the

reciprocal of density thus it is considered to be a fluid property, and given by this

equation:

1
v=-

p

Where;

v: specific volume, [ m3 /tg] -
p: density, [kgjm3]

1.3.3 Specific Weight 

Specific weight of some common liquids at (20°C) and standard sea-level atmospheric

pressure with g =(9.81 m/s2) are given in table coming table the specific weight of liquids

varies only slightly with pressure, depending on the bulk modulus of the liquid; it is also

depends on temperature, and the variation may be considerable. Since specific weighty is

equal to pg, the specific.weight of fluid depends on the local value of the acceleration of

gravity in addition to the variations with temperature and pressure. The presence of

dissolved air, salts in solution, and suspended matter will increase these values a very

slight amount. Ocean water may ordinarily be assumed to weigh (10.1 KN/m3). Unless

otherwise specified or implied by some specific temperature being given, the value to use

for water in the problems in the text is y = (9.81 kN/m3). Under extreme conditions the
•

specific weight of water is quite different. The specific weight is given by this equation:

y = (NJ/V).(g) = p.g Where;

r : specific weight, [ N/ m3]

j\ıf : mass, [kg]

V : volume, [ m3]
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p : density, [kg/ m3]

Table 1.2Specific weight for some liquids at 20°C, with g = (9.8 lm/s2)

Fluid kN/m3 

Motor oil 8.5

Water 9.81

Seawater 10.05

Ideal fluid may be defined as a fluid in which there is no friction; it is inviscid (its

velocity is zero). Thus the internal forces at any section within it are always normal to the

section, even during motion. So these forces are purely pressure forces. Although such a

fluid does not exist, many fluids approximate frictionless flow at sufficient distance from

solid boundaries, and so their behaviors can often be conveniently analyzed by assuming

an ideal fluid.

In a real fluid, either liquid or gas, tangential or shearing forces always come into being

whenever motion relative to a body takes place, thus giving rise to fluid friction, because

these forces oppose the motion of one particle past another. These friction forces give rise

to a fluid property called viscosity.

1.3.4 Viscosity 

Viscosity is a measure of the stickipess 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 shear 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;
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Where;

µ : viscosity, [ N/Kg ]

r : specific weight, [ N/ m3 ]

p: density, [kg/m3]

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

Where,

!J. : viscosity, [ m' / s]

µ : dynamic viscosity, [ N/Kg ]

1.4 Basic Equation of Fluid Mechanics 

There are two basic equations that discuss the flôw of the fluids, one of them is the

continuity equation, and the other one is the energy equation, I will ·"'discuss these

equations as follows:

1.4.1 Continuity Equation 

The application of the principle of conservation of mass to a fluid flow yields an equation

which is refered to as the continuity equation. This equation tells the mass flow rate m,
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or the weight flow rate. As the volumetric flow Q O do not change throughout a single

pipe or pipes in series, then we will have the same mass flow rate all over the system

(single pipe or pipes in series).as seen in fig. (1. 1)

tımMass Flow Rate = -
tıt

I tıı I

I /ı,,r "l~

Figure 1.1 Flow Rate Inside of Pipe

The derivation of the mass flow rate, using a differential element, as follows:

AV=AAı

Aı=VAt

LI m = p LIV= p A L1 ı = p A VA t
••

SmMass Flow Rate = - = pA V
tıt

•
•

Where,

Q O

: discharge, [m3 ls].

A : cross sectional area, [m2].
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V: velocity, [mh].

A ı: length [m].

But in the case of different diameter system ( different volumetric flow rate, as seen in

Figurel.2):

,ı\1 - \/ ı\ t=11- 1 L!.

:~I ( ..

Figure 1.2 Flow Rate In Different Section Areas

•
A m01 = Pı Aı Vı M ••

••

The mass .6ıl)1 ı that flows into a region must equal the mass .6ım2 that flows out of the

region. That is;

p A 1 Viilt = p A 2 Vıilt.
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p A I Vı = p A 2 V2.

Where;

p: density, [kg/m3].

A : cross sectional area, [m2].

V: velocity, [mis].

1.4.2 The Energy Equation ( Bernolli Equation) 

The Bernoulli equation is named in honor of Daniel Bernoulli ( 1700-1782). Many

phenomena regarding the flow of liquids and gases can be analyzed by simply using the

Bernoulli equation. However, due to its simplicity, the Bernoulli equation may not

provide an accurate enough answer for many situations, but it is a good place to start. It

can certainly provide a first estimate of parameter values. The resulting equation ıs

called the "energy equation".

The Bernoulli equation assumes that your fluid and device meet four criteria:

1. Fluid is incompressible, 2. Fluid is inviscid, 3. Flow is steady, 4. Flow is along a

streamline.

The Bernoulli equation is used to analyze fluid flow along a streamline from a location 1

to a location 2. Most liquids meet the incompressible assumption and many gases can
••even be treated as incompressible if their density varies only slightly from 1 to 2. The

steady flow requirement is usually not too hard to achieve for situations typically
••analyzed by the Bernoulli equation. Steady flow means that the flow-rate (i.e. discharge)

does not vary with time. The in-viscid fluid requirement implies that the fluid has no

viscosity. All fluids have viscosity; however, viscous effects are minimized if travel

distances are small.

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

written;
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? ' ? Pı/y+ Vt I 2g +hı= Psv+ V2- I 2g + h:

Where;

P : pressure, [Nim].

r : specific weight, [ N/ m3].

V: velocity, [mis].

g: gravity acceleration, [mls2].

h: elevation, [m].

. The Bernoulli equation applies to .conditiorıs . along a streamline. It .can be applied

between two points, l and 2, on the streamline as shown in Figure 1.3:

Figure 1.3 Two Points Joined by a Streamline.

Total head at 1 = Total head at 2.

Pı/y+ v/ ı2g + h, = P2ly+ v/ ı2g + hs
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1.4.3 Reynold's Number 

In 1883, Osborne Reynolds, he injected a fine, threadlike stream of colored liquid having

the same density as water at the entrance to a large glass tube through which water was

flowing from a tank. A valve at the discharge end permitted him to vary the flow. When

the velocity in the tube through which water was small, this colored liquid was visible as

a straight line throughout the length of the tube, thus showing that the particles of water

moved in parallel straight lines. As the velocity of the water was gradually increased by

opening the valve further, there was a point at which the flow changed. The line would

first become wavy, and then at a short distance from the entrance it would break into

numerous vortices beyond which the color would be uniformly diffused so that no stream

lines could be distinguished, this famous experiment results in two flow types:

Laminar flow and turbulent flow.

- . . . -- ._ ~
Reynold's no. is the ratio of inertia to viscous forces in the velocity to boundary layer,

Fı/Fs =inertia force/ viscous force, this dimensionless parameters, determine the

existence of laminar or turbulent flow, in many flow types there exist small disturbances

that can be amplified to produce turbulent conditions. For small Re; however, viscous

forces are sufficiently large relative to inertia forces to prevent this amplification. Hence

laminar flow is maintained. But, with increasing Re, viscous effects become relatively

less important com-paring with inertia effects, and small "disturbances may be amplified to
•a point where transition occurs. The type of flow will be discussed later in this chapter,

for now the Reynold's no. relations is explained as follows;

Re= V.D.p. --
µ

•

Where,

V: velocity

D: diameter of pipe
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u: dynamic velocity

The measuring of Re, came from this Equation;

µ=yp

Where,

u: dynamic velocity, [ N /Kg]

y: specific weight, , [ N/ m' ]

Re= V.D
r

There is a critical Reynolds number above which laminar flow is disrupted and

turbulence occurs. Therefore, -as blood flow velocity increases in a blood vessel ör' -- - - ' -­

across a heart valve, there is not a gradual increase in turbulence as the Reynolds

number increases. Instead, laminar flow will continue until a critical Reynolds

number is reached, at which point, turbulence will develop.

•
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1.5 Flow Types 

There are many different fluid flow classifications; laminar flow, turbulent flow and

transition flow, will be discussed as follows:

1.5.1 Laminar Flow 

For low flow rates, the pressure gradient is linearly proportional to the flow rate, and the

flow is laminar, as characterized by the famous Reynold's experiment. In this type of

flow the particles in the fluid move in definite and observable paths or streamlines as

seen in fig. 1.3 , and also that the flow is characteristic of a viscous fluid or is one in

which viscosity plays a significant part.

The Friction Coefficient for Laminar Flow 

For fully developed laminar flow the roughness of the duct or pipe can be neglected, the

laminar flow is described in Figure 1.4. The friction coefficient depends only the

Reynolds Number - Re - and can be expressed as follows:

f== 64 I Re

•

••
(

",

)
/

i,;..'
'..-~

-~
laminar flow

Figure 1.4 Laminar Flow.
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1.5.2 Transition Flow 

For intermediate flow rates, there is no unique relation between flow rate and pressure

drop, and the response alternates randomly. Large swirls and irregular movements of

large particles of fluid, which can be traced to obvious sources of disturbance, do not

constitute turbulence, but may be described as disturbed flow.

The Friction Coefficient for Transient Flow 

If the flow is transient - 2300 < Re < 4000 ..: the flow varies between laminar and

turbulent flow and the friction coefficient is not possible to determine.

1.5.3 Turbulent Flow 

"For high flow rates, the pressure gradient is roughly proportional tothe 'square ofthe flow

rate, where the flow is characterized as turbulent. turbulence may be found in what

appears to be a very smoothly flowing stream and one in which there is no source of

disturbance as seen in Figure 1.4. Turbulent flow is characterized by fluctuation in

velocity at all points of the flow field. These fluctuations arise because the fluid moves as

a number of small, discrete particles or packets called eddies, jostling each other around

in a random manner.

. (/ , (i ••••\\ •• . .
"' •••• .•.\ . . ) .) :-- .. ~

i •/
/

••

Figure 1.5 Turbulent Flow.
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The Friction Coefficient for Turbulent Flow 

For turbulent flow the friction coefficient depends on the Reynolds Number and the

roughness of the duct or pipe wall. On functional form this can be expressed as:

Where;

s : relative roughness of tube or duct wall, [mm]

e I Dı; : the roughness ratio.

Dh: hydraulic diameter [m].

1.6 Fluid Measurements: 

1.6.1 Measurement of Viscosity 

Viscosity is the property of a fluid that resists the action of a shear force. Viscosity

results from molecular action and cohesion in the fluid, one of the ways to measure the

viscosity is:

The patented CAS electromagnetic viscometer: 

Its design is very simple. In a process, the viscometer is mounted in a pipeline as shown
"'above. Fluid traveling through the pipe is diverted into the measurement chamber by a..

flow deflector mounted on top of the sensor. Two coils, imbedded in the body of the•
viscometer, around the measurement chamber, drive the magnetic piston through the

fluid, as seen in Figure 1.6.
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