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FLUID MECHANICS

Fluid Mechanics is a branch of engineering that deals
with the properties of the

off
fluid
gg

at rest as well as
in motion

It is further analysed in following forms

L v s

Fluid Fluid Fluid
Statics Kinematics Dynamics

Fluid statics It deals with fluid in nest conditionmumstst

Fluid kinematics8 It deals with fluid in motion withoutmmmm considering the force responsible for
motionmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmoooooooooooooooooooooooooootttttttttttttttttttttttttiiiiiiiiiiiii

FluidDynami It deals with fluid in motion
by considering the forces oresponsib
for
byby motion

consideconside

In general matter exist in following States

A SOLID

B FLUID 7 LIQUID
GASES

A fluid is a substance which exists in Liquid and
GASEOUS phase

Fluid is capable of deforming continuously under
the action

capc
of shear
off d

force
ormiormi

shear sirens or
tangential stress However small the magnitude of
stress
gg
may be
ll

Hence in solids where stress is propotional to
strain in fluid siren is propotional

p pp
to

rate of deformation or crate of Shain
otionaotion

NOTE Mere continuous deformation of the fluid
means that when a constant shear

off
siren is

applied over the fluid it will continue to
deform
ppliedpplied

as long as sirers is present

But in case of SOLID deformation eventually stopsat fixed strainofof SOS angle
ded



FLUID SOLID

ti tr tasty te t tats tuts
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F F S
const const

0 0
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Tidd 0 shear strain
dt
d

t a 0

Hence in fluid we are more concerned with
Rate of deformationmmmmmmmmmmmmmmmmmmmmmmmmmmmmmaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaattttttttttttttttttttttttttttiiiiiiiiiiiiiiiiiiiiiiiooooooooooooooooooooooooo and in solids we are
more concernedeeeeeeeeeeeeeeeeeeeeeeddddddddddddddddddddddddddddd with

n
its magnitude

Fluid can also be stated to be in CONTINUUM for
its analysis

In macro system when the intermolecular distances
are very small

tem
as compared to dimensions of

the medium
veryvery

system we can assume that the
adjacent to one molecule there is another
molecule
djacentdjacent without any space in between
Hence the entire fluidanan man can be considered
as continuous distribution

dd
of man which

is termed as continuum

D
e

continuous distribution
I of Mars CONTINUUM

GLASS BOTTLE de

Fluid may also be defined as the substance that
is capable

y
of flowing and it has no

definite
capca

shape of its
owow

own
g

and conforms to
the shape of

p
container



Fluid can be classified as

a Liquid 8 It is a fluid which has a definite
volume and it changes slightly with

niteite
temp and pressure
For practical

pp
purposes it is considered to be

in compressible
practicalpractical pp

i.e
pp

donot show change in
volume

b had 8 It is a fluid which is compressible
posseses no definite volume always

expands up til its volume is equal to
alal

the
expex

volume of container it is
ee

placed in

NOTE A vapour is a gas temp and pressure ofwhich
vapovapo

is very near to liquid
p

Eg steam

c IDEAL FLUID 8 This are the fluids which
have no VISCOSITY SURFACE TENSION
and are INCOMPRESSIBLE

They donot offer resistance against flow

It is an imaginary or hypothetical fluid
considered only

gg
for
ryry

simplicity
hypothehypoth

in
caca

mathematical calculation
oo simsim

Eg Those fluids having very low viscosity may
be considered

fluidss haha
as ideal

eryery
fluid
visvis

Eg water
air

d REAL 1 PRACTICAL 8 All fluid that exist in nature
are Real fluids

They offer resistance against frow
posses viscosity surface

agaaga
tension
st

and compressibility



PROPERTIES OF FLUIDOo

A MASS DENSITY SPECIFICMASSmummmmmmNSITYNSITY SPESPE 8

It is defined as ratio of man of fluid and its volume
OR

Itis the mass of the fluid which possesses per unit
volume

UNIT
p MV kg1m3 91cm

MKS CasJune 2

Mars density of the fluid depends upon its Temperature
and
dd

pressure

with increase in TemperatureTTTTTTTTTTTTTTTTTTTTTTTTTTTTTeeeeeeeeeeeeeeeeeeeeeeeeeeee molecular activity
or Random nets increasesin

p
thus spacing bvivi w

molecules increases hence lesser number
p g

of
molecules would pack in same volume that
results in oreouced

p
man tensity

with increase in poserscure large number of
molecules can be forced intolarlar given volume

of
that desults in higher man density

g

At STP fwater 999.9 Kg Im3 1000191M
To 0 C
F Atm Pain 1.292 191in's

B SPECIFIC WEIGHTIWEILHTDENSITY T

St is the weight of the fluid per unit volume

r f units Nlm kgf m3
dyne1cm3

d 10 Nlm
1kg f 1m3 9.81 Nlm

It signified the force exerted by gravity over the
unit
eded

volume of fluid

PLTPLTPLT

P

dyn 10 Nlmd 1 m
1kg f 1m3 9kg f 1 81 Nlm31m3 981 Nlm3
dd
1 m31kg f 1m3 981 Nlm3
dyn m 0 Nlmdyne1cme 10 Nlm333d 1cm 10 Nlm333331cm 10 Nlm3dyne1cme 10dyne1cme 1

3
cm

l 3dyne1ced
1 3dyne1cmedyne1cme
1kg
yy
f
ee
1m3 981 Nlm3

ne1cmene1cme



g t varies from location to location as g varies
with location

r Pg
Thus r also depend upon Temperature and
poreisure as P varies

uponupon

p YT
At STP Twater 9807 Nm3 9810Nlm

rain 12 670 Nlm

c SPECIFIC VOLUME Su o

St is the volume ofoooooooooooooooooooooooooooofffffffffffffffffffff the fluid per unit wt or man

sue for fNorw

For problems involving gas use Su NM
n n n liquid use sus e

w

All the above properties P T Su for fluid depends on
temperature and

p
Pressure but its impact on

gases is
tut
considerably more than in

pp
liquids

d SPECIFIC GRAVITY h

It is the ratio of fluid of given volume to the
weight of standard fluid

ofof
of same volume

Vf Usf
trfluid

a w
Wfff 4

he WI 1
Vt Cst Ff

Gare
b't

rap YTTYTTr YTrap

Su I
Norw
II

h
Wstrfluid

h Wflue'd
Wstrfluid



hence U can also be defined as ratio of
specific weight or specific

dede
density of fluid

oo
to

the specific
weightweight

weight
pp

or specific
densityensity

density ofthe standard
pp

fluid
weighweigh

Four LIQUID standard Fluid is taken as
PURE WATER at 4 C

Foor GASES Std fluid is considered as
HYDROGEN or AIR at Sta temp f posers

since weight density and man density varies with
temp must also

sitysity
be reported when G

is reported
Tra

e VAPOUR PRESSURE CAVITATION 8 Pabsolute
f tr

PmindPvPdd
go.gg

Bubbleseeeeeeeeeeeeeeeeeeeeeeeeeesssssssssssssssssssss
cavity L t

Air

i E f I I f
a IiEE l Liquid

Zman

v
I 2 3 4 56 7

June25 At liquid air interface continuous exchange
of molecules

qq
takes place as liquid molecule

exchangexchang
escape from the surface

p
in to gaseous form termed

as vapour one to the energy posses by them

This vapour molecules exert partial pressure over
the liquid

pp
surface in general

p
space termed as

vapour poreisure

On increase in temperature as molecular activity
increases vapour porerscore also increases

ac

If absolute pressure impose over the liquid
becomes less

p
than vapour posers are of

q
liquid boiling of the liquid

pp
will
s

start

Hence it can be stated that the boiling of
liquid can start at any given temperature

gg
if the

q
poserswere above the

an
liquid
gg

surface
p

becomes
ff p

less than vapour pressure
high

Liquid with a vapour pneisure evaporates readily
and
qq

are termed
p

as volatile
neisuresure

liquid
pp

Eg Benzene

ur L QUIDD standardIQr LIQUID standard

HYDROGEN or AIR at Sta temp f posers
G S Std fluid is considered aGASES asGASES Std fluid is considered as

HYDROGEN or AIR at Sta temp f posers

PURE WATER at 4 CATER at 4 CE CP CE WAPURE
LIQUID

PURE WATER at 4 C



Hg has very low UP Hence it doesn't vapourises
even at very low pressure thereby it is used
in equipments

y
for
p
pressure measurements

y

v p of water at different temp is as follows

T.CC VP Kra

10 l Z
20 2 3
100 101 3 I atm Boiling start

cavitation gf in any flow system pressure at any
point in

anan
the liquid

systemsystem
becomes
p

Iers than
y

V P vapourisation startsliquiliqui
resulting in

pockets of
pp
dissolved
urisationurisation

gases and
resres

vapours

This bubbles movemmmmmmmmmmmmmmmo with flow of liquid into
the high porcisure region where they
burst or

gg
collapse
p

giving
g

rise to high
ey

impact pressure
Due to which VIBRATION NOISE EROSION SURFACE
PITTING and FATIGUE FAILURE Of the material
takes place
This phenomenon is termed as cavitation

with increase in temp up increases tendency
of rap increases hence tendency ofcavitationof raprap also increases

f COMPRESSIBILITY AND ELASTICITY

8,1cc cc cc cc c8888c,1,1c11
IiiiII iii

itconnective 1111111
c slov

C u 7

All fluids can be compressed by application of the
pressure and when this pressure is

oo
removed
of

fluid
pp

expand to their original
p

volume
similar
idd ex

to that of elastic
oror

solid
al



This property of fluid to undergo volume change
on application
propertyerty of

of porenure is
ergerg termed as

COMPRESSIBILITY
pppp

which is quantitatively related with Bulk modules
of elasticity

quantituant
K

BMOECK is defined as change in porersure per
unit change in volume

changechange
to the
orerore

original
ure pe

volume

Volumetric steers
volumetric strain ETI

unit Nimmi kgf m2 gmfkm2

At NTP Kwater 2 00 109Nlm2

Rain I 03 105 N1m2

Aim is 20000 or 2 104 more compressible than water

K is not const for fluids it increases with increase
in pressure as when a fluid man is
compressed its molecule becomes close together
and the resistance to further compression

togethertogether
increases

For eg Kwater almost doubles when pressure is

raised from talm to 3500ohm

K also varies with Temperature

For LIQUID with increase in temperature inter
molecular bond b w the particles

p
decreases

hence resistance
r

against
p
voi change decreases

thus more volume
ag
change occurs Hence

ee
K decreases

For GASES with increase in temperature
random motion of particles increases

p
that

further increases resistance
pp

to rot change
thereby lers volume change is observed

chacha
Mence

y
K increases

m2Kwater 2222222 00000000000000 109Nlm22K t 2222 000000000 109Nlm

Rain I 03 105 N1m222R i 2Rain I 03 105 N1m2

thus more
K decreases

ers volume
K increases



Now compressibility is quantitatively
related
coco

to
pp

bulk
b tb t

modulus
quq

as follows
y

D 1 units nd
compressibility K N

ndnd

on general
m const
m Pv
dm Pdu Vdp

Pdu Vdp

dpt

k DPP DP

K Pdf
dP

i 13 DP
PTP

Of DI o 13 0 fluid is incompressible
DP

if d
p
to 13 to Fluid is compressible

For liquids water at 20 C

P 1 Atm Pwater 998 191ms

D 100 Atm pwares 1003191ms

change in P 1003 998 100 0.49
998 negligible

Hence liquids are considered to be incompressible



Jun 26 For Gases

a ISOTHERMAL COMPRESSIBILITY OF GASES

PV m RT T const

D PRT
DP
Jp RT

we know K P DI PRT p
d P

Kisothermal P

compressibility B
so pt

b ADIABATIC COMPRESSIBILITYPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPRRRRRRRRRRRRRRRRRRRRRRRRRRRREEEEEEEEEEEEEEEEEEEEEEEEEE 9

Heat const

Pur const
F adiabatic const

r specificheat at const Preis
specific
p

heat at const Vol

Note Here sp heat is quantity of heat req to
raise

s
the temp of

q
1g of
y

a substance by
1 C Jlgmloc

Now
p my

r
const

p c P
dp
Tp
pp er

paTpTp idppaparaadaaiiP
pp

P
dd

K Pdate P Pry pr

Kadia Pr D I L
Kadia Tp


