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Introduction

Fluid Mechanics – the science that deals with the behavior of liquids
and gases in motion or at rest.

Fluid – is a substance in the liquid or gas phase.

Unlike a liquid, a gas does not form a free surface, 
and it expands to fill the entire available space



Introduction

Stress – is defined as a force per unit area.

The normal stress and shear stress at 
the surface of a fluid element.



Introduction
Application Areas of Fluid Mechanics
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Classification of Fluid Flows

Viscous versus Inviscid Regions 
of Flow

Internal versus External Flow

Laminar versus Turbulent Flow

Compressible versus Incompressible 
Flow

Compressible Flow : density varies.

Incompressible Flow : density is constant.



Classification of Fluid Flows

Steady versus Unsteady Flow

Steady : implies NO change of 
properties, velocity, temperature, etc., at 
a point with time.

Unsteady : implies change of properties, 
velocity, temperature, etc., at a point with 
time.

One-, Two-, and Three- Dimensional Flows
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System and Control Volume

System – is defined as a quantity 
of matter or a region in space 
chosen for study.

Closed system – consist of a 
fixed amount of mass, and no 
mass can cross its boundary.

A closed system with a moving boundary.

Types
– Closed system
– Open system (or Control Volume)



System and Control Volume

Open System (or Control Volume) – is a selected region in space 
where mass can cross its boundary.
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Density and Specific Gravity

Density,  , is defined as mass per unit volume.

m : Mass.

V : Volume.

Specific gravity (or relative density) is defined as the 
ratio of the density of a substance ρ to the density of some 
standard substance at a specified temperature (usually 
water at 4°C, for which                                ).31000
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Specific weight,  , is defined as its weight per unit volume.

𝛾 = 𝜌𝑔

Specific volume, v, is defined as volume
per unit mass.

𝑣 =
V

𝑚

𝜌 =
𝑃

𝑅𝑇

Perfect gas equation

P : Absolute pressure.

R : Gas Constant.
T : Absolute temperature.

V
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𝑊

V
or

𝝆 : Absolute pressure.



Density and Specific Gravity

Example 1.1
A reservoir of glycerin has a mass of 1200 kg and a volume of 0.952 m3. Find the glycerin’s a) 
weight; b) mass density; c) specific weight; and d) specific gravity. 



Density and Specific Gravity

Example 1.2
If 200 ft3 of oil weights 10,520 lbf, calculate a) specific weight; b) density; and c) specific 
gravity. 

2
17.321

s

ftlbm
lbf


Hint



Density and Specific Gravity

Example 1.3
Determine the density, specific gravity, and mass of the air in a room whose dimensions are 4 m 
 5  6 m at 100 kPa and 25°C.
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Vapor Pressure and Cavitation

Vapor Pressure Pv of a pure substance is defined as the pressure exerted by its vapor 
in phase equilibrium with its liquid at a given temperature.

satv PP 

A liquid boils when the pressure is reduced to the vapor pressure.

Cavitation is the formation and subsequent collapse of vapor bubbles in a flowing 
fluid.



Vapor Pressure and Cavitation

Formation of vapor pockets in pump



Vapor Pressure and Cavitation

Example 1.4

In a water distribution system, the water temperature is as high as 52°C. Determine the 
minimum pressure allowed in the system to avoid cavitation.

Hint: See Table A-3 (Cengel & Cimbala, 2014)
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Compressibility and Speed of Sound

Coefficient of Compressibility 
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Represents the change in pressure corresponding to a fractional change in volume or density of 
the fluid while the temperature remains constant.

In terms of finite changes
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ν : Volume

P : Pressure

 : Density

T : Temperature

Fluids, like solids, compress when the applied pressure is increased from P1 to P2.



Compressibility and Speed of Sound

The coefficient of volume expansion  is a measure of the change in volume  of a substance with 
temperature at  constant pressure.

Coefficient of Volume Expansion 
Represents the variation of the density of a fluid with temperature at constant pressure.
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Compressibility and Speed of Sound

T
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Propagation of a small pressure wave  
along a duct.

k ; Specific heat ratio of the fluid.

cp ; Specific heat at constant pressure.

v

p

c

c
k 

cv ; Specific heat at constant volume.

kRTc  R ; Gas constant.

For an ideal gas

Mach number Ma – is the ratio of the actual 
speed of the fluid, V, to the speed of sound, c, in 
the same fluid at the same state.

Speed of Sound c – is defined as the speed at which an infinitesimally small 
pressure wave travels through a medium.

c

V
Ma  V : Local fluid velocity.

h ; Enthalpy.
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Viscosity
Viscosity – is the property that represents the internal resistance of a fluid to 
motion or the “fluidity”.

A fluid moving relative to a body 
exerts a drag force on the body. The behavior of a fluid in laminar

flow between two parallel plates.

A

F


Shear Stress 

dy

du

dt

d




Rate of deformation d/dt

Drag force – is the force a flowing fluid exerts on a body in the flow direction.



Viscosity

The rate of deformation (velocity gradient) of a 
Newtonian fluid is proportional to shear stress.

Shear Stress

dy

du 
dt

d 

 : Dynamic Viscosity [kg/ms].

Shear Force

dy

du
AF 

Variation of shear stress with the rate of deformation 
for Newtonian and non-Newtonian fluids

Kinematic Viscosity


 



Viscosity

The viscosity of liquids decreases and the viscosity 
of gases increases with temperature.

Viscosity is caused by the cohesive forces 
between the molecules in liquids and by the 
molecular collisions in gases, and it varies 
greatly with temperature.

Tb

aT


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21



Viscosity of gases (Sutherland correlation)

 cTba  10

Viscosity of liquids

21610458.1 Ksmkga  

Kb 4.110

2510414.2 msNa  

Kb 8.247

Kc 140

Temperature range: 0C to 370 C

For air at atmospheric conditions



Viscosity
Example 1.5
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Data:

L = 40 cm = 0.4 m T  = 1.8 Nm

D = 12 cm = 0.12 m l = 0.15 cm = 0.0015 m

= 300 rpmn

Solution:

sm

kg


 158.0

The viscosity of a fluid is to be measured by a viscometer constructed of two 40-cm-long
concentric cylinders (Fig. below). The outer diameter of the inner cylinder is 12 cm, and the
gap between the two cylinders is 0.15 cm. The inner cylinder is rotated at 300 rpm, and the
torque is measured to be 1.8 Nm. Determine the viscosity of the fluid.
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Surface Tension and Capillary Effect

Surface Tension (s) is the intensity of the molecular attraction per unit length 
along any line in the surface.

22 RpR s  

R
ppp s

oi
2



pi : Inside pressure.

po : Outside pressure.

R : Sphere radius.
Forces acting on one-half of a liquid drop.

Note : The dimension of surface  
tension in SI units is N/m.



Surface Tension and Capillary Effect

The capillary rise of water
(Wetting fluid)

The forces acting on a liquid column  
that has risen in a tube due to the 

capillary effect.
The capillary fall of mercury

(nonwetting liquid.)

R
h s


 cos2


 : Contact angle.

 : Specific weight.

Capillary effect is the rise or fall of a liquid in a small-diameter tube inserted into 
the liquid.

Capillaries are small-diameter tubes or narrow tubes.

NOTE: The contact angle in air is
 0  for water-glass

=130 for mercury-glass
=26 for kerosene-glass



Surface Tension and Capillary Effect

Physical Properties of Water (SI Units) (Munson et. al., 2016)



Surface Tension and Capillary Effect

Example 1.6

What diameter of clean glass tubing is required so that the rise of water at 40C in a
tube due to capillary action (as opposed to pressure in the tube) is less than h = 2 mm?
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