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Introduction - Some Characteristics of Fluids

• What is a fluid? 

• What is the difference between a solid and a fluid? 

A solid is “hard” and not easily deformed, whereas a fluid is “soft” and is easily deformed

Both liquids and gases are FLUIDS

Example: we can readily move through air. 

This definition is quite descriptive, but not very satisfactory from a scientific or engineering point 

of view.



A closer look at the molecular structure of materials 

SOLIDS

A solid such as steel, concrete, etc.

has densely spaced molecules with large 

intermolecular cohesive forces that allow the solid to 

maintain its shape, and to not be easily deformed. 



A closer look at the molecular structure of materials 

LIQUIDS

In liquids such as water, oil, etc. the molecules are 

spaced farther apart, the intermolecular forces are 

smaller than for solids, and the molecules have more 

freedom of movement.

Thus, liquids can be easily deformed but not easily 

compressed.

They can be poured into containers.

They can be forced through a tube. 



A closer look at the molecular structure of materials 

GASES

Gases such as air, oxygen, etc. have even greater 

molecular spacing and freedom of motion with 

negligible cohesive intermolecular forces.

As a result, they 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.



Differences between solids and fluids 

Although the differences between solids and fluids can be 

explained qualitatively on the basis of molecular structure, a 

more specific distinction is based on how they deform 

under the action of an external load.

A fluid is defined as a substance that deforms 

continuously when acted on by a shearing stress 

of any magnitude. 



Differences between solids and fluids 

A shearing stress, force per unit area, is created

whenever a tangential force acts on a surface as shown by the 

figure. 

Common solids such as steel or other metals will initially 

deform (usually very small deformation), but they will not 

continuously deform or in other words they will not FLOW.

However, 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. 



Other materials

Rheology

Some materials, such as slurries, tar, putty, 

toothpaste, 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.

The study of such materials is called rheology.



Dimensions & dimensional homogeneity

Fluid mechanics we will be dealing with a variety of fluid characteristics. 

Thus, it is necessary to develop a system for describing these characteristics both qualitatively and quantitatively. 

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

velocity).

Whereas 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, 

• for mass a slug or kilogram. 

Such standards are called units, and several systems of units are in common use.

Dimensions & dimensional homogeneity



The qualitative description is given in terms of certain primary quantities, such as length, L, time, T, 

mass, M, and temperature, Ɵ.

These primary quantities can then be used to provide a qualitative description of any other secondary 

quantity: 

for example, 

is used to indicate the dimensions of the secondary quantity in terms of the

primary quantities.

Dimensions & dimensional homogeneity



Dimensions & dimensional homogeneity



The primary quantities are also referred to as basic dimensions.

Dimensions & dimensional homogeneity
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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 a page in a 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. 

In addition to length, a unit must be established for each of the remaining basic quantities 

force, mass, time, and temperature. 



There are several systems of units in use and we will consider three systems that are commonly used in engineering.

• International System (SI)

• British Gravitational System (BG)

• English Engineering System (EE)

System of Units



System of Units – International System (SI)



System of Units – International System (SI)



System of Units – International System (SI)



System of Units – British Gravitational (BG) System



System of Units – English Engineering (EE) System



System of Units – English Engineering (EE) System



System of Units 

Standard International (SI) British Gravitational (BG)

Length Meter (m) Foot (ft)

Time Second (s) Second (s)

Mass Kilogram (kg) Slug

Temperature Kelvin (K)
𝐾 = 𝑜𝐶 + 273.15

Rankine (oR)
𝑜𝑅 = 𝑜𝐹 + 459.67

Force Newton (N) Pound (lb)

Work (Energy) Joule (J)
1 J = 1 N.m

lb.ft
BTU (British Thermal Unit)

Power Watt (W)
1 W = 1 J/s = 1 N.m/s

lb.ft/s
Hp (Horsepower)


































