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STUDENTS OBLIGATION

• attending classes on time and regularly.
• being prepared for classes with all necessary supplies.
• Students need to respect the ideas and opinions of their classmates
in and outside of the classroom
• If you are more than 10 minutes late, you will be declared absent.
• The homework and assignments should be submitted on time.
• The students have to participate in all quizzes and exams



INTRODUCTION 

•What is a fluid? 

•A fluid is a material which is incapable of supporting shear force 

••What is a shear force?

•A Shear is a force that is applied tangentially to a material element.



Solid can support static deflections; fluids need a container. 



DEFINITIONS 

Mass: is the property of a body of fluid that is a measure of its inertia or resistance to a 
change in motion. It is also a measure of the quantity of fluid. 

Weight: is the force exerted on an object due to gravity. It depends on both the mass 
of the object and the acceleration due to gravity.

W=m⋅g

2sm/kg * N = 

Mass = Volume * Density → m =V × ρ

3mx kg/ 3mKg = 



UNITS 

•Main units are: Length (L), Mass (M), and Time (T). Most of the other quantities like 
force, pressure, power, and more can be derived from the main three quantities: LMT. 



THE U.S. CUSTOMARY SYSTEM

•sometimes called the English or British Gravitational ( BG) Unit System, or the Pound-
foot-second system. 



Force = Mass * Acceleration 



THE INTERNATIONAL SYSTEM OF UNITS (SI) 

Acceleration due to gravity, g in SI units = 9.81 m/s2. 



TEMPERATURE CONVERSION



PRACTICE 

C 0F to 0100 Convert . 1

F0C to 055 Convert . 2

R0K to 250 Convert . 3

K  0R to 0500 Convert . 4

F0R to 0500 Convert . 5

C0K to 289 Convert . 6



USEFUL CONVERSION 





PRIMARY DIMENSIONS IN SI AND BG 
SYSTEMS 

Big to small = *
Small to big = /



SECONDARY DIMENSIONS IN FLUID 
MECHANICS 







COMMONLY USED PREFIXES FOR SI UNITS 



EXAMPLE : 1

What is its mass in kg? . 2s/ft32.174 = g when exposed to a standard earth gravity lbf1000 body weighs A 

Solution :

) 2s/ft32.174 m slugs)(= (lbf1000 mg =W = F = 

m= 1000/32.174 = (31.08 slugs) *( 14.59 kg/slug) = 453.6 kg.

The change from 31.08 slugs to 453.6 kg illustrates the proper use of the conversion factor 14.5939 kg/slug. 

H.W (1): What will be 1.0 lbf equal in Newton’s?

Answer ( 4.448 N) 

H.W (2): What will be 1.0 ft.lb/s power equal to in SI units (Watt). 

Answer ( 1.356 W)



DENSITY
The density of a fluid is its mass per unit volume. 

Density of water in SI units                              Density of water in BG units

Density is calculated at standard temperature and pressure (usually at 60 F, and atmospheric Pressure) 



SPECIFIC VOLUME

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



SPECIFIC AND UNIT WEIGHT ( SPECIFIC 
WEIGHT) 

The specific or unit weight (γ) of a substance is the weight of a unit volume of the 
substance. 

) 3 m/kNor , 3ft/lbg  ( .ρ= γ

● Unit weight of water: 

The specific weight of water for ordinary temperature variations = 62.4 lb/ft3, or 9.81 kN/m3. 



SPECIFIC WEIGHT OF A GAS 

The specific weight of a gas can be calculated using the equation of state:

Where  



If we divide both sides of equation of state on molar mass (formally called Molecular Weight), M 

The product of the number of moles, n and the molecular weight, M is the mass of gas, m. 



SPECIFIC GRAVITY
The specific gravity of a substance is the density of that substance divided by the 
density of a reference substance (usually water) in the same units. It can also be 
defined as the dimensionless ratio of the weight of the body to the weight of an equal 

68 at Solids and liquids are referred to water (volume of a substance taken as standard. 
while gases are often referred to air free of carbon dioxide or as standard, ) Co20 = Fo

as pressure) kPa101.3 = 2in/lb14.7 atmosphere = 1 and Co0 = Fo32 at hydrogen (
standard. 

Which means that, the higher the specific gravity, the lower the volume of displaced liquid? 



EXAMPLES 
Example: 2

what is its density?, 3ftlb/52If the specific weight of a liquid is 

3ftslugs/ 1.615 = 32.2 /52= ρg/γ=ρg       .ρ= γSolution: 
Example:3 

what is its density?,3 m/kN8.1 If the specific weight of a liquid is 

3mkg/ 826 = 9.81 /8100= ρg/γ=ρg       .ρ= γSolution : 

Example:4

3mwhat is its specific weight in N/kg, / 3m0.70 If the specific volume of  a gas is 

Solution :



EXAMPLES 

specific what are the values of its density, , 3mN/8600 If a certain weighs . 5 Example: 
C?. 015 and specific gravity relative to water at volume, 

3mkg/999.1 C is 015 Note water density at **

Solution: 

3mkg/877 = 9.81 /8600= ρ

kg/3m0.001141 = 877/1v = 

s= 877/999.1 = 0.877   



COMPRESSIBILITY

Compressibility reflects the stress-strain properties of a material.
Stress: internal response of a material to an external pressure
Strain: measure of the linear or volumetric deformation of a stressed material



Compressibility (β): Compressibility measures how much a substance’s volume decreases when pressure 
increases.

𝛽 = −
1

𝑉

𝑑𝑉

𝑑𝑃
Where:
𝑉= volume
𝑃= pressure
𝑑𝑉= change in volume 
𝑑𝑃= change in pressure 

Key Points:

It tells how easily a material can be compressed.
High compressibility → volume changes easily (e.g., gases).
Low compressibility → volume hardly changes (e.g., liquids and solids).

Units: Paିଵ

Example:
Air → highly compressible
Water → slightly compressible
Steel → almost incompressible



Bulk Modulus of Elasticity (K) : The Bulk Modulus measures a material’s resistance to compression.

𝐾 = −𝑉
𝑑𝑃

𝑑𝑉
It is also defined as the reciprocal of compressibility:

𝐾 =
1

𝛽
Key Points:
Large K → material is stiff (hard to compress).
Small K → material is easily compressed.

Units: Pascal (Pa)
Examples:

Air → small bulk modulus (highly compressible)
Water → large bulk modulus (~2.2 × 10⁹ Pa)
Steel → very large bulk modulus



RELATION BETWEEN COMPRESSIBILITY 
AND DENSITY

Density is:

𝜌 =
𝑚

𝑉
If volume changes due to pressure, density also changes.
Since mass remains constant:

𝑑𝜌

𝜌
= −

𝑑𝑉

𝑉
Using the compressibility definition:

𝛽 =
1

𝜌

𝑑𝜌

𝑑𝑃

And since 𝐾 =
ଵ

ఉ
:

𝐾 = 𝜌
𝑑𝑃

𝑑𝜌



PHYSICAL INTERPRETATION OF DENSITY 
RELATION

•When pressure increases → volume decreases → density increases.

•Materials with:
•High bulk modulus → density changes very little with pressure.
•Low bulk modulus → density changes significantly with pressure.

For Gases:
Large volume change
Large density change
High compressibility
Small bulk modulus

For Liquids:
Very small volume change
Very small density change
Low compressibility
Large bulk modulus



Summary for Compressibility  Equations

And 

dp

dV

V

1


dp

d


 1


(Relation between compressibility and 
volume )

(Relation between compressibility and 
density )

Liquids are usually considered to be incompressible, whereas gases are
generally considered compressible

β = Compressibilty



Example  6

Example  7

35
1 psi=144 psf



VISCOSITY

Viscosity is the fluid property responsible for the resistance to any force tending to cause one layer 

to move over another. Or Viscosity measures a fluid’s ability to resist shear stress

To understand this property, consider a hypothetical experiment in which a material is placed 

between two very wide parallel plates, as shown in Fig.



Results:

Where μ is the proportional constant 



BY OBSERVATION: 

38



Assumptions: 
• Small gap thickness 
• v is not too large 

39



40



A fluid for which the constant of proportionality (i.e., the absolute viscosity, μ) does not 

change with rate of deformation is called a Newtonian fluid, and this plots as a straight line in 

the following figure. The slope of this line is the absolute viscosity, μ. 

41



The equation of a straight line, y = mx is similar to Newton’s law of viscosity, τ = μ dv/dy. 

The ideal fluid (term for any fluid which is incompressible and inviscid), with no 
viscosity (μ =0 ), falls on the horizontal axis, 

while the true elastic solid plots along the vertical axis. 

There are certain non-Newtonian fluids in which μ varies with the rate of deformation. These 
are relatively uncommon in engineering usage. Typical non-Newtonian fluids include paints, 
printer’s ink, gels and emulsions, sludge’s and slurries, and certain plastics. 

Viscous and inviscid fluids are identified in the context of friction. A viscous fluid causes 
friction when it flows. If the friction is negligible, then the fluid is inviscid, and the flow is 
considered to be ideal.

42



EXAMPLES 

Solution

Example :9 



Example 10

Solution



OTHER FLUID PROPERTIES
1- Surface tension: a force that tends to pull adjacent parts of a liquid’s surface together, thereby decreasing 
surface area to the smallest possible size

]. 2−MT[and it has the dimensions σ, The symbol for surface tension is 

The higher the attraction forces (intermolecular forces), the higher the surface tension.  Surface tension causes 
liquid droplets to take a spherical shape.

0.48 and mercury has a value of  about , 1−N·m0.030 and 0.020 Most organic liquids have values between 
1−N·m

The liquid in each case is in contact with air. 

For all liquids, the surface tension decreases as the temperature rises. 



Example of surface tension

•A water droplet forms a round shape.
•A paper clip can float on water if placed gently.
•Insects like water striders can walk on water.



COHESION

Cohesion is the attraction between molecules of the same substance.

Water sticking to water.

Examples:

Water droplets sticking together.

Rain forming drops.

Surface tension happens because of cohesion.



ADHESION

Adhesion is the attraction between different substances.

Water sticking to something else.

Examples:

Water sticking to a glass surface.

Wet clothes sticking to your skin.

Water climbing up a plant stem.



CAPILLARY ACTION

Where: 
h capillary rise in the tube 
σ surface tension 
θ angle of contact between water, and tube. 
γ specific weight of water 
r radius of the tube.

**h is inversely proportional to r**



2- Vapor pressure

All liquids tend to evaporate or vaporize, which they do by projecting molecules into the space above their 
surfaces. 

Ordinary evaporation is a surface phenomenon - some molecules have enough kinetic energy
to escape. If the container is closed, equilibrium is reached where an equal number of molecules return to the 
surface. The pressure of this equilibrium is called the saturation vapor pressure. 



Definition: Vapor pressure:

The pressure at which a liquid will boil is called its vapor pressure. This pressure is a function

of temperature (vapor pressure increases with temperature). In this context, we usually think

about the temperature at which boiling occurs. For example, water boils at 100 oC at sea level 

atmospheric pressure (1 atm abs). However, in terms of vapor pressure, we can say that

by increasing the temperature of water at sea level to 100 oC, we increase the vapor pressure

to the point at which it is equal to the atmospheric pressure (1 atm abs), so that boiling

occurs. 



Example 11:

Solution 



Example 12:

Solution 


