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Fluid

One of the first questions we need to explore is––what is a fluid? Or we 
might ask–what is the difference between a solid and a fluid? 

General we have a vague idea of the difference. A solid is “hard” and not 

easily deformed, whereas a fluid is “soft” and is easily deformed (we can 

readily move through air). 

Although quite descriptive, these casual observations of the differences 

between solids and fluids are not very satisfactory from a scientific or 

engineering point of view. 
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A fluid is defined as a substance that deforms continuously under an 

external force, or when acted on by a shearing stress of any magnitude. 

Fluid

Mechanics: the branch of applied mathematics that deals with the 

motion and equilibrium of bodies and the action of forces, and includes 

kinematics, dynamics, and statics. 

Fluids are a phase of matter and include liquids, gases and plasmas. They 

are substances with zero shear modulus, or, in simpler terms, substances 

which cannot resist any shear force applied to them.
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Fluid mechanics: Is the 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.

In short description, it is a branch of science that studies the mechanics of 

those free moving particles.
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Fluid 
Mechanics 

Fluid Statics
Study of fluid 

under rest 

Fluid Kinematics
Study of fluid 
under motion 

(velocities, 
acceleration) 

Fluid Dynamics
Study of forces 

and their 
analysis causing 
the fluid motion/ 

deformation  



A closer look molecular structure of materials

1- Solid like (steel, concrete, etc.), has densely spaced molecular, with large 

intermolecular cohesive force.  This allow the solid maintain its shape, and not be 

easily deformed.

2- Liquid like (water, oil, etc.), has farther apart spacing molecular, the 

intermolecular forces are smaller than for solids, and the molecules have more 

freedom of movement. Therefore, liquids can be easily deformed (but not easily 
compressed (and can be poured into container or forced through a tube. 

3- Gases like )air, oxygen, etc.) have even greater molecular spacing and 

freedom of motion with negligible cohesive intermolecular forces, and as a 
consequence are easily deformed )and compressed (and will completely fill the 

volume of any container in which they are placed. Both liquids and gases are 

fluids. 
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The effect of a shear stress

A solids such as steel or other metals are acted on by a 

shearing stress, they will initially deform (usually a very small 

deformation), but they will not continuously deform.

A shearing stress (force per unit area) is created whenever a tangential 

force acts on a surface as shown by the figure.

A common fluids such as water, oil, and air satisfy the definition of a fluid 

that is, they will flow when acted on by a shearing stress. 

Some materials, such as tar, putty, toothpaste, and so on, 

are not easily classified since they will behave as a solid if 

the applied shearing stress is small, but if the stress 

exceeds some critical value, the substance will flow. 
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(1) The physical size of the flow, l.

(2) The speed of the flow, V.

(3) The pressure, p.

Size (l),

Every flow has a characteristic length associated with it. For 

example, for flow of fluid within pipes, the pipe diameter is a 

characteristic length, the pipe length is also a characteristic 

length. Such examples include the flow of oil across Alaska 

through a 4-foot-diameter, 799-mile-long pipe.

Characteristic lengths of some other flows are shown in Fig. 1a. 
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The most important parameters that describe fluid flow.



Speed (V)

As we note from THE WEATHER CHANNEL, on a given day the wind speed 

may cover what we think of as a wide range, from a gentle 5-mph breeze 

to a 100-mph hurricane or a 250-mph tornado. 

However, this speed range is large compared to that of the almost 

imperceptible flow of the fluid-like magma below the Earth’s surface that 

drives the continental drift motion of the tectonic plates at a speed of about 

2 x10-8 m/s and small compered to the hypersonic airflow past a meteor as 

it streaks through the atmosphere at 3 x 104 m/s.

Characteristic speeds of some other flows are shown in Fig. 1b. 
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Pressure (p)

The pressure within fluids covers an extremely wide range of values. We are 

accustomed to the 35 psi (lb/in.2) pressure within our car’s tires, the 120/70 

mmHg typical blood pressure reading, or the standard 14.7 psi atmospheric 
pressure. 

However, the large 10,000 psi pressure in the hydraulic ram of an earth 

mover or the tiny 2 x 10-6 psi pressure of a sound wave generated at 

ordinary talking levels are not easy to comprehend.

Characteristic pressures of some other flows are shown in Fig. 1c. 

10/11/2021Dr. Ibrahim Al-Hafidh / College of Petroleum and Mining Engineering 

11



Fig 1, Characteristic 

values of some fluid flow 

parameters for a variety 
of flows:

(a) object size.

(b) fluid speed. 

(c) fluid pressure. 
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Dimensions, Dimensional Homogeneity, and Units 

Since in our study of fluid mechanics we will be dealing with a variety of fluid 

characteristics, it is necessary to develop a system for describing these 
characteristics both qualitatively(نوعي ) and quantitatively ( كمي)  . 

The qualitative aspect serves to identify the nature, or type, of the 
characteristics (such as length, time, stress, and velocity).

The quantitative aspect provides a numerical measure of the 

characteristics. The quantitative description requires both a number and a 
standard by which various quantities can be compared. 

A standard for length might be a meter or foot, for time an hour or second, 

and for mass a slug or kilogram. Such standards are called units. 
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These primary quantities can then be used to provide a qualitative

description of any other secondary quantity: for example, 
Area ≐ L2 , velocity ≐ LT-1, density ≐ ML-3,

where the symbol (≐) is used to indicate the dimensions of the secondary 

quantity in terms of the primary quantities. Thus, to describe qualitatively 

a velocity, V, we would write, Velocity = m/s

V ≐ LT-1

and say that “the dimensions of a velocity equal length divided by time.” 

The primary quantities are also referred to as basic dimensions.

The qualitative description is conveniently given in terms of certain 

primary quantities, 

length, L, time, T, mass, M, and temperature, ϴ
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For a wide variety of problems involving fluid mechanics, only the three 

basic dimensions, [L, T, and M] are required. 

Alternatively, [L, T, and F] could be used, where F is the basic dimensions 
of force.

Since Newton’s law states that force is equal to mass (Kg) (M) times 

acceleration (m/s2) (LT-2), it follows that 

F ≐ MLT-2 or    M ≐ FL-1 T2
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Thus, secondary quantities expressed in terms of M can be expressed

in terms of F through the relationship above. 

For example, stress, σ is a force per unit area, so that σ ≐ FL-2 but an 

equivalent dimensional equation is σ ≐ ML-1 T-2 . 

The Table (1) in the next slide provides a list of dimensions for a number of 

common physical quantities. Tables (2 & 3) provide a list primary & 

secondary dimensions in fluid mechanics.  

σ ≐ FL-2

F ≐ MLT-2

σ ≐ MLT-2 * L-2

σ ≐ ML-1 T-2
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Primary 

dimension

SI unit BG unit Conversion factor

Mass [M] Kilogram (kg) Slug 1 slug = 14.5939 kg

Length [L] Meter (m) Foot (ft) 1 ft = 0.3048 m

Time [T] Second (s) Second (s) 1 s = 1 s

Temperature [ϴ] Kelvin (K) Rankine (°R) 1 K = 1.8°R

Table (2) Primary Dimensions in SI and BG Systems

SI unite,  International System

BG unite, British Gravitational System 
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Table (3) Secondary Dimensions in Fluid Mechanics

Secondary dimension SI unit BG unit Conversion factor

Area [ L2] m2 ft2 1 m2 = 10.764 ft2

Volume [L3] m3 ft3 1 m3 = 35.315 ft3

Velocity [LT-1] m/s ft/s 1 ft/s = 0.3048 m/s 

Acceleration [LT-2] m/s2 ft/s2 1 ft/s2 = 0.3048 m/s2

Pressure or stress[ML-1 T -2] Pa = N/m2 Ibf/ft2 1 lbf/ft2 = 47.88 Pa

Energy, heat, work [ML2 T -2] J = N . m Ft.ibf 1 ft . lbf = 1.3558 J

Density [ML-3]
Kg/m3 slugs/ft3 1 slug/ft3 = 515.4 

kg/m3

Viscosity {ML-1 T -1]
Kg/(m . s) Slugs/(ft . s) 1 slug/(ft . s) =47.88 

kg/(m . s) 
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Dimensionally Homogeneous
All theoretically derived equations are dimensionally homogeneous that 
is, the dimensions of the left side of the equation must be the same as 

those on the right side, and all additive separate terms must have the 

same dimensions. 

Example, the equation for the velocity, V, of a uniformly accelerated 

body is, V = V0 + at 

Where,

V0 : is the initial velocity.

a : the acceleration.
t: the time interval. 
In terms of dimensions the equation is  LT-1 ≐ LT -1 + LT -2 T 
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System of Units
In addition to the qualitative description of the various quantities of 

interest, it is generally necessary to have a quantitative measure of any 

given quantity.

For example, if we measure the width of this page in the book and say that it is 10 units wide, the 

statement has no meaning until the unit of length is defined. 

If we indicate that the unit of length is a meter, and define the meter as some standard length, a 

unit system for length has been established and a numerical value can be given to the page 

width.
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1- International System (SI) 
In SI the unit of length is the meter (m), the time unit is the second (s), the 

mass unit is the kilogram (kg), and the temperature unit is the kelvin (K).

Note: The kelvin temperature scale is an absolute scale and is related to the Celsius 

(centigrade) scale through the relationship: 

K = °C + 273.15 
Although the Celsius scale is not in itself part of SI, it is common practice to specify

temperatures in degrees Celsius when using SI units.

The system of Units
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The unit of force, called the newton (N), is defined from 

Newton’s second law as:
1 N = (1Kg) (1 m/s2)

Force = Mass x Acceleration

Thus, a 1-N force acting on a 1-kg mass will give the 

mass an acceleration of 1m/s2 . 

That mean a 1-kg mass, weighs 9.81 N under standard gravity. 

Note that weight and mass are different (The weight and mass are not the 

same thing but related), both qualitatively and quantitatively.

Standard gravity (g) in SI is 9.807 m/s2 (commonly approximated as 9.81 

m/s2).

International System (SI)
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The unit of work in SI is the joule (J), which is the work done when the 
point of application of a 1-N force is displaced through a 1-m distance in 

the direction of a force. Thus,

1 J = N . m

The unit of power is the watt (W) defined as a joule per second. Thus,
1 W = 1 J / s = N . M /s

Prefixes for forming multiples and fractions of SI units are given in Table 4. 

International System (SI)

The point of application is the exact location at which a force is applied to 

a body. This point is usually described by a set of coordinates and is 
represented graphically by the tip of the arrowhead. The point of 

application is unique to each force.
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Table (4)
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2- British Gravitational (BG) System 
In the BG system the unit of length is the foot (ft), the time unit is the 

second (s), the force unit is the pound (lb), and the temperature unit is 

the degree Fahrenheit (oF) or the absolute temperature unit is the degree 

Rankine (oR), where:
oR = oF + 459.67

The system of Units

The mass unit, called the (slug), is defined from Newton’s second law 
(force = mass x acceleration)as 

1 Ib = (1 slug) ( 1 ft/s2)

This relationship indicates that a 1-lb force acting on a mass of 1 slug will 

give the mass an acceleration of 1 ft/s2.
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The weight, W (which is the force due to gravity, g), of a mass, m, is given 
by the equation,

W = mg
And in BG units 

W (Ib) = m (slug) g(ft/s2)

Since Earth’s standard gravity is taken as (commonly approximated as 

32.2 ft/s2), it follows that a mass of 1 slug weighs 32.2 lb under standard 

gravity. 

3- English Engineering (EE) System 

British Gravitational (BG) System
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Table (5) and (6) conversion factors for a large variety of unit systems
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