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1/ Introduction:

Fluid mechanics is that discipline within the broad field of applied mechanics
that is concerned with the behavior of liquids and gases at rest or in motion. It
covers a vast array of phenomena that occur in nature (with or without human
intervention), in biology, and in numerous engineered, invented, or
manufactured situations. There are few aspects of our lives that do not involve
fluids, either directly or indirectly.

Fluid is a substance which has no definite shape and will continuously deform
or flow whenever an external force is applied to it, e.g.: water, milk, steam, gas,
etc. It cannot preserve its shape unless it is restricted into a particular form
depending upon the shape of its surroundings.

Fluid Mechanics is the study of fluids either in motion (fluid
dynamics/kinematics) or at rest (fluid statics). Gases and liquids (e.g. air, water)
come under the category of fluid.

Dairy plants handle various types of fluids such as milk, water, air, refrigerants,
steam etc. It is very important to learn the behavior of fluid under various
conditions in order to design the system for handling of such fluids in dairy
plants.

Fluid Mechanics

Fluid Statics Fluid Kinematics Fluid Dynamics
study of fluids under| | Study of fluids under study of fluids under
rest motion (velocities and motion (forces and
| accelerations) deformations)

BENCHARIF MF Page | 1



Quantities and Units, Properties of fluids | 2026

Quantities and Units

S| Base Units
Base quantity Base unit

Name Typical symbol Name Symbol

mass kilogram

thermodynamic temperature kelvin

amount of substance ]mole

luminous intensity \ candela

Source: NIST Special Publication 330:2019, Table 2.
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S| BASE UNITS

TRADITIONAL
BASE UNITS

DERIVED COHERENT DERIVED UNITS WITH SPECIAL NAMES AND SYMBOLS
UNITS MULTIPLICATION DIVISION
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2/ Fluid Properties:
a- Density: Mass of fluid per unit of its volume:

p== [Kg.m]

DENSITY FORMULA

Density of Cork < Wood < Metal

b- Specific Volume: Volume of substance per unit of its mass.
Vs:% [m3.Kg~1]
c- Specific Weight: Weight of fluid per unit of its volume.
—_mg _ -3
y=-=pg [N.m™]
d- Specific Gravity (Relative Density): Ratio of density of a substance to the
density of pure water at 4°C. SG = —Pfluid

Pwater at 4°C

Specific gravities of some

substances at 0°C RELATIVE DENSITY
Substance SG o messofanyvolume of substance
Water 1 0 mass of an squal volume of water
Blood 1.05 RELATIVE _STEEL 7800 ky/md RELATIVE _WOOD 500 kg/m)
Seawater 1.025 PITHS FORIR. M-
Gasoline 0.7 T E » 7.8 (STEEL) L ATV « 0.5 (WOOD)
Ethyl alcohol 0.79

Mercury 13.6

Wood 0.3-0.9

Gold 19.2

Bones 1.7-2.0

ce 0.92 :

Air (at 1 atm) 0.0013 ey, Peem——
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e- Compressibility: is the property of the fluid due to which there will be a
change in volume when the fluid is subjected to an external pressure and is
reciprocal of Bulk Modulus of Elasticity (E).

e-1- Compressible fluids: The fluids which undergoes a change in
volume or density when pressure is applied.

e-2- Incompressible fluids: The fluid which does not show a change in
volume or density when pressure is applied.

BULK MODULUS OF ELASTICITY

I
5
v

E= E [Pa] ‘
v dp — =D "
- 5 / I
4
i
Compressibility Coefficient — y = % [Pa™1]

Viscosity: Itis property of liquid which provides resistance to flow. For
example, flowability of honey is poor as compared to milk. Honey is highly
viscous. The viscosity of honey is much higher than milk.

High viscosity

Water Syrup
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High Viscosity = Less Flow

| —

Low Viscosity = More Flow
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f-1- Newton’s Law of Viscosity:

Consider a fluid contained between two parallel plates as shown in the figure01.
The fluid layer in contact with the upper plate would move with the plate
continuously at the velocity of the plate no matter how small the force F is. The
fluid velocity decreases with depth because of friction between fluid layers,
reaching zero at the lower plate.

You will recall from statics that stress is defined as force per unit area and is
determined by dividing the force by the area upon which it acts. The normal
component of the force acting on a surface per unit area is called the normal
stress, and the tangential component of a force acting on a surface per unit area
is called shear stress (figure 02). In a fluid at rest, the normal stress is  called
pressure.

Fluid Characteristics

Water Pertroleum Based Fluid
Pros Cons Pros Cons
Inexpensive Too Low Viscosity Ideal Viscosity More Costly
Readily Available Hard to Pump Easy to Pump Flammabie
Wire Drawing Lubricates

Corrosive Non-Corrosive
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da Normal
> Area A to surface
N N'u=V /I Force F _
e Force acting
" ) i Velocity V \F on area d4
y 4
T — \4 —
X Tangent
M u=20 g
.\ ) to surface
\elocity profile
u(y) = z’v

F,

- Normal stress: o = —
Figure 01 3’;
!

Shear stress: T =

The behavior of a fluid in laminar
flow between two parallel plates
when the upper plate moves with

: The normal stress and shear stress at
a constant VEIOCIty.

the surface of a fluid element.

Figure 02
f-2- Dynamic Viscosity: T = %
T=U % T IS pronounced as Tau and is the symbol of shear stress.
= % % Here, u is known as coefficient of viscosity or dynamic viscosity.

The Sl unit of dynamic viscosity is N.s/m?.
CGS units of dynamic viscosity is poise: 1 poise = 0.1 N.s/m?.

f-3- Kinematic Viscosity: v = % [m?.s~1] or CGS units Stoke=10SI.

3/ Classification of Fluids:

a- ldeal Fluid: Ideal fluid is one which has no property other than density.
Such fluids have no viscosity, no surface tension and are incompressible. When
such fluid flows, no resistance is encountered. Ideal fluid is imaginary fluid as
all the fluids have some viscosity.

b- Real Fluid: The fluids which have viscosity, surface tension in addition to
density. All the fluids have these properties whether large or small.

c- Newtonion Fluids: Fluids which follow Newton’s Law of viscosity are
called Newtonian fluid.,

d- Non-Newtonion Fluids: Fluids which do not obey Newton’s law of
viscosity are called non-Newtonian fluids.
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