
Fluids mechanics

Fluid mechanics is the part of applied mechanics concerned with the 
behavior of liquid and gases at rest and motion



Basic characteristics of fluids

A fluid is defined as a substance that deforms continuously when 
acted on by a shearing stress of any magnitude

Solids Densely spaced 
molecules High intramolecular cohesive forces

Less densely 
spaced molecules 

Liquids Low intramolecular cohesive forces

Take the shape of the container

Gases No intramolecular cohesive forces

Fill any container volume they are placed
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Analysis of Fluid Behavior

Apply:
- Newton’s laws

- Conservation of energy

- 1st and 2nd law of thermodynamics


Fluid problems:
Fluid statics


Fluid dynamics

To study fluids we need to know the fluid properties



Fluid properties

Density [Kg/m3]

[m3/kg]

[N/m3]

Density of water as a function of temperature.

Measures of mass and weight

ρ = mass
volume

v = 1
ρSpecific volume

Specific gravity

γ = ρ ⋅ gSpecific weight

SG = ρ

H2O@4oCρ



Pressure

Define pressure: Surface, A

molecular action on 
the surface

Resultant force, F

Units of pressure: N/m2 or Pa


Absolute pressure: 	 relative to absolute vacuum. Notation: (abs)

	 	 	 Example: Patm = 101 kPa (abs)


Gage pressure:	 	 relative to local atmospheric pressure

	 	 	 Example: Pblood = 100 mmHg = 13.3 kPa



Ideal gas law

Liquids:  

- fairly incompressible

- density changes little with pressure and temperature


Gases:

-highly compressible

-density changes are related to pressure and temperature through the equation:

P	 absolute pressure

ρ	 density

R	 gas constant

T	 absolute temperature

(Ideal gas law)P = ρRT

R =286.9 J
kg ⋅K



Example

Solution: 



Fluidity

The behavior of a flowing fluid depends on various fluid properties. Viscosity, 
one of the important properties, is responsible for the shear force produced in 
a moving fluid.


Although the two fluids shown look alike (both are clear liquids and have a 
specific gravity of 1), they behave very differently when set into motion. The 
very viscous silicone oil is approximately 10,000 times more viscous than the 
water



No-slip condition

As a fluid flows near a solid surface, it "sticks" to the surface, i.e., the fluid matches the 
velocity of the surface. This so-called "no-slip" condition is a very important one that must 
be satisfied in any accurate analysis of fluid flow phenomena.


Dye injected at the bottom of a channel through which water is flowing forms a stagnant 
layer near the bottom due to the noslip condition. As the dye filament is moved away from 
the bottom, the motion of the water is clearly apparent. A significant velocity gradient is 
created near the bottom.



Parallel plate experiment

F F

µ
1

τ = µ du
dy



Example of common Newtonian fluids

Newtonian fluids: viscosity does not depend on shearing rate


Viscosity does not depend on pressure

But  it does depend strongly on temperature



Examples of common non-Newtonian fluids



Example: Flow between two parallel plates
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µ =  0.05 Ns/m2

V = 4 m/s

h = 15 cm

What is the shear stress acting on

a) The bottom wall?

b) The midplane?



Example: calculation of wall shear stress

U = 2 m/s

h = 0.1 m


What is the magnitude and direction of the 

wall shear stress τ?

Solution



Viscosity of some common fluids as a 
function of temperature

For gases:


Sutherland equation


For liquids:


Andrade’s equation 

µ = CT
3/2

T + S

µ = DeB/T



Compressibility of Fluids

Liquids

Bulk modulus:

EV = − dp
dV /V

= dp
dρ / ρ

Gases

Isothermal process:
p
ρ
=  constant

p
ρ k =  constant

k = cP / cV
R = cP − cV

cp: specific heat at constant pressure

cV: specific heat at constant volume

Isentropic process:



Speed of sound

Because of fluid compressibility, fluid disturbances (i.e., sound, etc.)

travel at a certain finite speed, the speed of sound, c. The speed of 
sound is related to changes in pressure and density: 

c = dp
dρ

=
EV
ρ

Changes in pressure are fast, the process is isentropic. For gases: 

p= a⋅ρk ⇒ dp
dρ

= a⋅k ⋅ρk−1 = k p
ρ

dp
dρ

=
EV
ρ

⇒EV = kp

Hence, c = kp
ρ

= kRT



Vapor pressure and boiling

Boiling: 	formation of vapor bubbles within the fluid mass, initiated when the 
absolute pressure in the fluid reaches vapor pressure

Vapor pressure depends on temperature

To boil: 

• At constant pressure, raise temperature

• At constant temperature, decrease pressure (cavitation)



Surface Tension

Equilibrium: 



Capillary action in small tubes

Rise of column for a liquid that wets the tube. Depression of column for a nonwetting liquid.Free-body diagram

γ ⋅πR2 ⋅h=2πRσ cosθ

⇒h= 2σ cosθ
γ R



Physical properties of liquid and gases


