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Fluid	mechanics	

• Pressure		

• Varia+on	of	pressure	with	depth		

• Pressure	measurements	

• Buoyant	forces	and	archimedes’s	

principle	

• Fluid	dynamics	

• Bernoulli’s	equa+on	

• Other	applica+ons	of	fluid	dynamics	
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Fluids
A	fluid	is	a	collec+on	of	

molecules	that	are	randomly	

arranged	and	held	together	by	

weak	cohesive	forces	and	by	

forces	exerted	by	the	walls	of	a	

container.	Both	liquids	and	

gases	are	fluids.

h@p://www.ny+mes.com/2011/01/11/health/11really.html
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Fluids

Uniform/Confining Tensional Compressional Shear

Fluids	do	not	sustain	shearing	stresses	or	tensile	stresses;	therefore,	the	only	

stress	that	can	be	exerted	on	an	object	submerged	in	a	sta+c	fluid	is	one	that	

tends	to	compress	the	object	from	all	sides.
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Pressure
Density	=	mass	per	unit	volume	(kg/m3)

⇢ = lim
�V!0

�m

�V
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The	units	of	pressure	are	newtons	

per	square	meter	(N/m2)	in	the	SI	

system.	Another	name	for	the	SI	unit	

of	pressure	is	the	pascal	(Pa):

P ⌘ F
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Pressure	(symbol	P)	is	the	force	applied	perpendicular	to	the	surface	of	an	

object	per	unit	area	over	which	that	force	is	distributed.	Pressure	is	a	scalar	

quan+ty	because	it	is	propor+onal	to	the	magnitude	of	the	force	on	the	

piston.
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Compressibility	is	a	measure	of	the	rela+ve	volume	change	of	a	solid	or	a	

fluid	in	response	to	a	pressure	change.	

•Compressible	fluid:		

Gas	

•Incompressible	fluid:		

incompressible	flow		

(isochoric	flow)	refers	to		

a	flow	in	which	the		

material	density	is		

constant	within	a	fluid		

parcel—an	infinitesimal		

volume	that	moves	with		

the	flow	velocity.	Ex,	

most	of	liquid.

Compressibility
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Types of pressure
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Fluid statics

Consider	le_-right:

Consider	top-bo@om:

Ptop

Pbo;om

Ple< Pright

htop

hbo;om

Fluid	sta+cs	is	the	part	of	fluid	mechanics	that	deals	with	fluids	when	there	

is	no	rela+ve	mo+on	between	the	fluid	par+cles.	Typically	this	includes	two	

situa+ons:	when	the	fluid	is	at	rest	and	when	it	moves	like	a	rigid	solid.

Liquid	with	density	⍴
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From																																																																																								,	we	can	get

8

Variation of pressure with depth

Fbottom = Ftop +Mg

Fbottom
A

=
Ftop
A

+
Mg

A
Pbottom = Ptop + ⇢g(hbottom � htop)
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(1)	Pressure	and	shape	of	container:

http://w3.shorecrest.org/~Lisa_Peck/Physics/syllabus/
phases/liquids/ch19liquid_images/ch19_images.htm

Ptop

Pbo;om

Ple< Pright

htop

hbo;om

Liquid	with	density	⍴
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Ptop	=	P0	(Atmospheric	pressure)

Pbo;om	=	P

Ple< Pright

htop	=	0

hbo;om

(2) How	does	pressure	change	with	ocean	depth?	

Variation of pressure with depth
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Variation of pressure with depth
Ptop	=	0	(Empty	space)

Pbo;om	=	P0		

(Atmospheric	pressure)

htop	=	0

hbo;om	=	Height	of	the	Earth’s	atmosphere

(3) Es+mate	the	height	of	the	Earth's	

atmosphere
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Example-1
A	container	is	filled	to	a	depth	of	20.0	cm	with	water.	On	top	of	the	water	

floats	a	30.0-cm-thick	layer	of	oil	with	specific	gravity	0.700.	What	is	the	

absolute	pressure	at	the	bo@om	of	the	container?	
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Barometer
A	barometer	is	a	scien+fic	instrument	that	is	used	to	

measure	air	pressure	in	a	certain	environment.	

Pressure	tendency	can	forecast	short	term	changes	

in	the	weather

Vacuum

h	=	?
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Example-2
Superman	a@empts	to	drink	cold	water	through	a	straw	of	length	

m.	The	walls	of	the	tubular	straw	are	very	strong	and	do	not	collapse.	With	

his	great	strength,	he	achieves	maximum	possible	suc+on	and	enjoys	

drinking	the	cold	water.	

l = 12.0
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Example-3
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Hydraulic lift

Pressure	is	exerted	on	

fluid	in	small	cylinder,	

usually	by	a	compressor.

Pressure	is	exerted	equally	in	

all	parts	of	an	enclosed	sta+c	

fluid:	Pascal’s	law.

Though	the	pressure	is	

the	same,	it	is	exerted	

over	a	much	larger	area,	

giving	a	mul+plica+on	of	

force	that	li_s	the	car.

The	force	in	the	small	cylinder	must	be	exerted	over	a	much	larger	distance.	A	small	

force	exerted	over	a	large	distance	is	traded	for	a	larger	force	over	a	small	distance.

h@p://hyperphysics.phy-astr.gsu.edu/hbase/pasc.html
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Pascal's law
A	change	in	the	pressure	applied	to	an	enclosed	fluid	is	

transmi;ed	undiminished	to	every	porIon	of	the	fluid	

and	to	the	wall	of	the	containing	vessel

h@p://hyperphysics.phy-astr.gsu.edu/hbase/pasc.html

Blaise	Pascal	

(1623	-	1662)

h@p://hyperphysics.phy-astr.gsu.edu/hbase/pasc.html
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Pascal's law
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ds
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Example-4
Mercury	is	poured	into	a	U-tube	as	shown	in	the	Figure	(1).	The	le_	arm	of	

the	tube	has	cross-sec+onal	area	 	of	 	cm2,	and	the	right	arm	has	a	

cross-	sec+onal	area	 	of	 	cm2.	One	hundred	grams	of	water	are	then	

poured	into	the	right	arm	as	shown	in	Figure	(2).		

(a) Determine	the	length	of	the	water	column	in	the	right	arm	of	the	U-

tube.		

(b) Given	that	the	density	of	mercury	is	13.6	g/cm3,	what	distance	 	does	

the	mercury	rise	in	the	le_	arm?

A1 10.0
A2 5.00

h

(1) (2)
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Example-4



N. Srimanobhas; Fluid mechanics 20

Why do deep-sea fish not get crushed 
by pressure on the sea floor?
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Archimedes's principle

The	buoyant	force	on	a	submerged	object	is	

equal	to	the	weight	of	the	fluid	displaced.	

h@ps://www.livescience.com/58839-archimedes-principle.html

Archimedes	of	Syracuse	(c. 287	–	c. 212	BC)

h@ps://www.
britannica.com

/

science/Archi
medes-principle
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Archimedes's principle

The	buoyant	force	 	on	a	ball	that	

replaces	this	parcel	of	water	is	exactly	

the	same	as	the	buoyant	force	on	the	

parcel.

⃗B
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Archimedes's principle
Totally	submerged	object An	object	floaIng	on	the	surface	of	

a	fluid
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Example-5

At	0	°C:	

Density	of	ice	=	~0.92	g/cm3	

Density	of	water	=		~1.00	g/cm3

https://commons.wikimedia.org/wiki/File:Iceberg.jpg

What	frac+on	of	the	volume	of	ice	will	be	

above/under	the	water	when	the	ice	is	

floa+ng	in	water?



N. Srimanobhas; Fluid mechanics 25

Example-6
Archimedes	supposedly	was	asked	to	determine	whether	a	crown	made	for	

the	king	consisted	of	pure	gold.	According	to	legend,	he	solved	this	problem	

by	weighing	the	crown	first	in	air	and	then	in	water	as	shown	in	Figure.	

Suppose	the	scale	read	7.84	N	when	the	crown	was	in	air	and	6.84	N	when	

it	was	in	water.	What	should	Archimedes	have	told	the	king?		[given		

!"#$%&'=	103	kg/m3,	!()*+'=	19.3	x	103	kg/m3	]
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Example-6
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Consider	an	object	that	is	floa+ng	and	

sta+onary	in	a	liquid	as	shown	in	the	figure.	If	

we	displace	the	object	by	a	small	amount	from	

its	equilibrium	posi+on,	show	that	the	mo+on	

of	object	can	be	described	by	SHM.

Example-7



N. Srimanobhas; Fluid mechanics 28

Example-7


