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~  Course Contents

~ Chapter 1: Fluid Mechanics|Basics
Chapter 2: Kinematics
Chapter 3: Momentum and energy in inviscid flow
Chapter 4: Potential flow:

Chapter 5: Linear water waves

Text Books:
1. Introduction to Fluid Mechanics. Fox, McDonald & Pritchard, 9™ Edition, Wiley.

2. Fluid Mechanics, Fundamental and Applications, 4™ ed., Y.A. Cengeland J.M.
Cimbala, McGraw Hill, 2017)
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Learning Objectives

» Basic introduction to fluid mechanics

» To know a brief history of fluid mechanics and some
of the pioneers in various aspects of fluid mechanics

» To refresh some basic knowledge of dimensions and
unit conversion

» To learn about some of the properties of fluids most

relevant to fluid mechanics
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-— Learning Outcomes

=~ By the end of this unit, Student should be able to:
» Differentiate between a fluid, a liquid and a gas.
» Describe what fluid mechanics is all about.
» Name some of the historical figures that have a huge impact on
the development of fluid mechanics over their years as well as their
respective contributions.
» Recognize the importance of dimensional homogeneity in
engineering calculations.
» Handle unit conversions without error.
» Have a working knowledge of the basic properties of fluids

relevant to physics and engineering.
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Chapter 1
Fluid Mechanics Basics

S’

1.1 Introduction to Fluids
» Flow
» Pressure
» Properties of fluids
» Viscosity.

1.2 Units and Dimension Used in Fluids
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* Greek word “HUDAR” , means —
“WATER” '

* It’s that branch of plgsicalwand
engineering science deals with water

( at rest or in motion)

* Or its that branchyof physical
science which 1sbased:on
experimental observation of water
tlow.

WHAT IS

/ o
* Mechanics of_s

* It’s that branch of physical science

which deals with the behavior of fluid
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system

force = rate of

Fluid Mechanics \1 e

transferring momer

Fluid Mechanics is a study of the /
behavior of Fluids either at rest (f/ziid
statics) or in motion (fluid dynamics).
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The analV81s is > relate continuity of
mass and energy with force and
momentum.

Fluid is a substance Wthh dﬁ@; C

cnn.tmumlslv under the actloniof
shearine force = + -+
U_O}) S )) = f e
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" What Is Fluid Mechanics?

S

-
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* Fluid: a substance that continually deforms (ﬂoévs) under
shear %CJJ
applied shear stress 22 (95> b (L 5y o

év(é,w Mechanics: science concerned with behavior of physical

bodies when subjected to forces

&~ "+ Fluid Mechanics: the science that deals with the

behavior of fluids at rest (f/uid statics) or fluids in motion
(fluid dynamics), and their subsequent effects on the

®)
surroundmg environment
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Natural flows and weather Boats Aircraft and spacecraft
© Vol. 16/Photo Disc. @ Vol. 5/Phoro Disc. © Vol. 1/Photo Disc.

Power plants Human body Cars
O Vol. 57/Photo Disc.

Wind turbines Piping and plumbing systems Industrial applications
© Vol. 17/Photo Disc. Photo by John M. Cimbala. Courtesy UMDE Engineering, Contracang, \
and Trading. Used by permission.
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Important of Fluid Mechanics
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S C History

Faces of Fluid Mechanics : some of the greatest
minds of history have tried to solve the mysteries of
fluid mechanics

- — -

Bernoulli MNawvier Stokes Revnolds Prandtl

0 ARCHIMEDES (285-212 BC) - BUOYANCY "}J )) o ;‘) \
e,

U0 BLAISE PASCAL (1623-1662) - HYDROSTATICS

U0 DANIEL BERNOULLI (1700-1782) — ENERGY EQUATION

“aolaote” ~

W ges At
U ANTONIE CHEZY (1718-1798) — VELOCITY IN CHANNEL -~

11
0O HENRY DARCY (1803-1858) - GROUNDWATER FLOW o«:} RV RTEN

0 JEAN POISEUILLE (1799-1869) — INAR FLOW (‘_‘o’;..s-'m,m &
“ A\
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Difference Between Solid and Fluid

o/

(FL‘J[/ /u\)\

, ITEM 1
! ol

-Have oY

preferred »>+2
shape

- Hard & not

0 y ar~ s
casily . 5

deformed -y~

- 2% - Cannot

= ?/ deformed

’js continuously
7 under shear
force

o) u Qm))

- DQQS ngt 0'.\—-"13 -

have an I
preferre\é shape

- Soft & easil 2e% i
A Z}i,id\/t

- Deformed . )9)

continuously - A
under shear Py '
force . \uo N
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Condltlons of Flulds

N
N w»"”d)

é The study of
1ncompres51b,ﬂmd

under static conditions

(hydrostatics) -\

YuznLG &1
 That dealing with the
compressible static

gases- aEIOSHtics , -
o

CUDeals with the —

N
Q,L’/\‘?og/“y‘-‘

velocities,
accelerations and
pattern of flow only

R G
* Force and energy
causing velocities and
accelerations are not
deal under this head.

o
C’/)\7 OL-R
o ég\\p)\v

8 Deoéﬁvlth the- ="
relationship between
g;lgcmes and
Aaccelerations of fluid

1th the FORCES @
ENEEEEE causing

them.
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QUESTIONS

1. Draw molecule of solid, liquid, gas

movement, closeness of particles.

3. Discuss shape, volume

Discuss 1n terms of arrangement, particles

Solid Liquid Gas
Close
Arrangement|together| Closs Far apart
of particles | Regular tageher Random
_— Random
pattern
Movement of vidrara MoVE Move
- S onthe | around |quicklyin all
salsi spot |each other| directions
. O
Diagram ' O
(J e O

14
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\/ % State of Matter
o2 Olo X, il W

> Gas:doesn’t have any definite volume or shape -

Liquid « Gas

—

08 %po L% <0

'008(0% ?f Q ;si Y

IO % £ 9

go/ P‘i e 9
\ q d /"
—— \‘L(-u—/"l_) u-’,JJ ¢$ &, Sa)) S8\ 2 ?’_—_“.9—5“
= Flmd-is-a=subStance that is capable of ﬂowmg It has no definite
shape of its own. It assumes the shape of its container. -

» Both Irquids and gases are fluids.

Examples: Water , milk, keigsené, petrol, emulsions etc. S / )
\ ; )
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B - TR 2 | \’%‘;,m;‘:ﬁ 2
@ﬂncepi';“ﬂf Fluid &

r L:‘ \.,g o - . o~ 7 0_37-.;:' é\'\_ss.\
In Fluid: == ) "').-j\"":”?.)\f“” > .:.4-0-9 SV o

-The molecules can move freely but are constrained throug

o _.-cohesion. S AT
-This force 1s 1nterchangeable from one molecule to another.
..fbvf G2 e Use oo

For Gases:

Polar or Charged Obj ect

>l5,95 A u(d\ CrD L )P anld I
- It is very weak Wthh enables the gas to disintegrate and move away from its contan’f'n'l

- A gas is a fluid that is easily compressed and éxpands to fill its container.
[ ]

- It fills any vessel in which it is contained. There is thu
-gj‘j D8 PN SIS ) U n s saaD 2 el D
For Liquids: (Aree sudace ) 22—

- It is stronger which is sufficient enough to hold the molecule together and can with

stand high compression, which is suitable for application as hydraulic fluid such as oil.
;ﬂ%\:ﬂ%‘;(}-us; L As) u,‘E D—Lg ¢ n/cx'vté_J,mc ales? a2 S8
- On the surface, the 1n uid re ion and

Py SN iy G T U BB Wop e a5t W i i
ol oy .



\/ **Important Facts**

. (,_e:e )L,,,P' :93-5::‘.-’
» In fact if a shear stress 1s acting on a fluid it will flow and if

=

a fluid 1s at rest there 1s no shear stress acting on it.
= - 1] g
(oF M B\ L2 EEA /
Fluid Flow ———3p Shear stress  Yes
Mgl
Fluid Rest » Shearstress No X

J A fluid is a substance that flows under the action of shearing

forces u=dll s & . If a fluid is at rest, we know that the forces on it
e T—

are 1n balance.

u\/ | 3
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. D‘fstinctiofi/ between a _§9_1id and a f;lll_id 1s made on the

basis of the substance’s ability to resist an applied shear So
Sa

(or tzir_lg_q_rglz_tj) stress that tends to change its shape.

05N o LV 2 W\ \S’:C.S anlad, ol SR
tress

e A solid can resist an applied shear by deforming, ¢———

* a fluid deforms continuously under the influence of shear

-

= — 5 7
ool S Lo TV LW) LY ) Clm s s g
stress, no matter how small. = &~ = '

— 7 () — v
c.\fDLa—L} I"?)_}?W‘*ﬁ’)ca’%] \K_[QJ\J\._,;\Q, * /

v' In solids stress is proportional to strain, = )

2 02b\ U oo Ly e el 5@ ¥ G '@ Stvess

v" but in fluids stress is proportional to strain rate.

* When a constant shear force 1s applied, a solid eventually stops

: : : </
deforming, at some fixed strain angle, whereas a fluid never stops
deforming and approaches a certain rate of strain. T

550 oo Qs A8 90 /\;C;-;?-’V%}L's Jo o5 vouls S L e ’\(3‘7-[’ S
FC g’ > Vo Yo 22l ptstt /
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‘\/léﬁid Dgformation between Parallel Plates

Side view

Force F causes the top plate to have velocity U.
What other parameters control how much force is required to get a
desired velocity? —  <*L~
%N
/

Distance between plates (b)

Area of plates.(4)

N~ [ ~\

Viscosity!

19
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___/ " Shear stress in moving fluid

N’
», If fluid 1s in motion, shear stress are developed if the particles of the
fluid move relative to each other. Adjacent particles have different
velocities, causing the shape of the fluid to become distorted.
A : Ao 8 _F_
* On the other hand, the velocity of the — |
fluid is the same at _every point, no ,
shear stress will be produced, the ) . LS S— i
fluid particles are at rest relative to
gl Moving Shear
eachother. 7 plate s force
 Forces acting along edges e New sartcls
(faces), such as F, are known as .. particles position
shearing forces.
(-49’ Fixed
surface '
=

A fluid is a substance, which deforms continuously, or flows,
when subjected to shearing forces o }
0

\ J e \
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parison Between Liquids and Solids

Liquid

v" Liquid confirm the shape of
vl

container

v' Liquid can flow ,

v Molecules of liquid are distinctly

(a

apart

v" Liquid have relatively less molecular
attraction

v" Liquid are slightly compressible

——

v" Liquids cannot sustain shear forces

solid

v" Do not conform the shape of container

v’ Solids cannot flow
v" Molecules of solids are close to each
other

v Solids have more molecular attraction

v" Solids are highly incompressible

v Solids can sustain shear

21
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\ \_/ Distinction between solid and fluid?

v" Solid: can resist an applied shear by deforming.

N’

(Stress 1s proportional to strain)

=

v" Fluid: deforms continuously under applied shear.

W=

(Stress 1s proportional to strain rate)

S op

Fluid % %%
wid i

n}:‘;p\*

V

i

yress = &= F AL M!L
— v

4
VY
I
[ S of Y =\
s\ meos S U
5 8~ D
:.r:-‘u:sl._..-s-l-'-(’\
F_ .V
Rty
e’
N’

g4cCS = _'E;
A%
Solid
o2t
Contact area, Shear stress
A \ T=FA  Force, F
[ \ .
&, Deformed
rubber
7 |
Shear
strain, o
o0/
Py id

[
IR M @z
W E=e

e
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J \./U ﬁits an;I Dimension Used in Fluid Mechanics -

WHAT IS
o2 UNITS?

WHAT IS
DIMENSION?

a3

Q )
* Standardized system of * Measurable p\lri)perties used to
measurements used to describe a body/system
describe the magnitude of * The standard element, in
the dimension terms of which these ,
* A properties that can be dimensions can be described =
measured quantitatively & assigned

numerical values. 23 et

vu | u\ /



-l Various System of Units

N’
The primary quantities which are also referred to as basic@m such as
L for length, T for time, M for mass and F for force. S b
The various systems of units include :
1. System International Units@
2. English Units (EI)
Quantity SI Unit English Unit
If_t_ligf_b (L) Meter (m) Foot (f7)
Mass (m) Kilogram (kg) Slug (slug) = Ib*sec?/ft
Time (T) Second (s) Second (sec)
Temperature (o ) Celcius (°C) Farenheit (°F) -/
Force (F) Newton (N) = Pound (Ib)
kg*m/s’ 24
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Units and Dimension

4
I_Newton: Force required to accelerate 1 kg of  Factor by Which Unit
- mass to 1 m/s? Is Multiplied Prefix ~ Symbo
1 slug: is the mass that accelerates at 1 fi/s’ '012 ra 1
when acted upon by a force of 1_[b 10 giga G
10° mega M
To remember units of a Newton use F = ma Kilo k
(Newton’s ond Law) :(: i_lu.l() l;-
[F] = [m][a]= kg*m/s>=N = kg m/s? ’ e t
107 deci d
! ()2 et :
To remember units of a slug also use F = ma => : o> LL.I;I[.I )
N mobinc fhsecfy
= = 2) = JH* 2 - micro i
[m] = [F]/[a] =1b/ (ft / sec’) = [b*sec/ ft 07 - ‘
: . : : 107" pico D
1 [b: 1s the force of gravity acting on (or weight 10-15 in l'

of ) a platinum standard whose mass is 1018 | |
atto a
0.45359243 kg <2 e

] 3, u 5 /



mass M

4,/" ° ® L L
) Derived Units e
_ Trme T
Quantity S1 Unit Dimension
velocity m/s ms LT
S - o 2 _* _!
acceleration m/s” ms ~ ¢
force N
) m/SZ- kg m/s” kg ms - MLT"™
energy (or work) Joule J
N m,
kg m~/s” kg m-s” MLT?
power Watt W
N m/s Nms
kg m/s’ kg m’s™ ML*T
pressure ( or stress) Pascal P.
N/m~, Nm -~
kg/m/s” ke m's™ ML T
‘i i -V\ -9
density kg/m kg m_ ML~
specific weight N/m’
kg/m~/s” kg m™s~ ML T
relative density a ratio 1
no units no dimension
JJ‘-m Viscosity N s/m” Nsm™
o kg/m s kg m's” ML'T'
|) . 9")\ surface tension N/ml Nm'.l: "
Uf"p \ kg /s kg s MT
5 o = o
* 9

26



/7 Physical Properties of Fluids ~\_ :-:;c

Fluid properties are intimately related to fluid behavior
Density Specific
C_apillarity Voluimne
Specific
Surface . Weight
Tension PhYSICal
Properties = specific
Viscosity  of Fluids Gy
Buoyancy C%&lb O
Piessure urface
‘Tension 27 O




-2 =5N/m2_
Pressure p= =>Mm <5ty
Y - . . ! L) ® o
O’J| - *‘4) {é. \,:’
LS 'or? P
Highest Lowest
Pressure acts Pressure %/ Pressure

perpendicular to the
surface and increases at

_ greater depth.
‘M. ) = ’ \..jJ ) a\')ms

orce
pressure = f—

ared

a> LS, a3,k o _d!
¢/ Pressure is the force per unit area, where the force is perpendicular to the area.

28

< A measure of the amount of force exerted on a surface area

N
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Density ~ = oy

Regardless of form (solid, liquid,
gas) we can define how much
mass 1s squeezed into a particular
space

= (;fd.oape 7 o 5—2’-75\5\:5*”

Density of a material is defined by
the amount of matter per unit

volume.

Density of material may be
referred to in many ways.

29
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)] N\ 'CJ /'
\/l N ~ Mass Dens1ty, p l00®) +
Yy Definition b 8/ cm’
_ Density of a fluid, p, 1s defined as the mass per unit volume

* It 1s denoted by the Greek symbol, p.

.. mass =,
: /p= Yy — p — 3 |
kg v — o volume N~ &
P water— 1000 kgm-?, Pair =1.23 kgm'3 _:p\pyyd c\!’ > "\-‘-\}%k_/ _.:‘,-\:nj\

or.;.»-o N'_,s., (A AT B/

» If the density is constant (most liquids), the fluid is o)
[ A'_;,
incompressible. U ol A V2 LUer W ket O s Y9

» If the density varies significantly (e.g. some gas fluids), ®)
the fluids is compressible. Py Vs e &l s oo LS v
DueN MG Lh
(Although gases are easy to compress, the flow may be treated as
incompressible if there are no large pressure fluctuations).

M})“”(—’}'} 0'7(‘ o, 8 Yo' __ﬁ__e,e,) J a—/_vs'\J'\-'J_a-O' “—>\'~P _‘\f Kuv:;\ \4'_/.-—3

e

30




" P=m V= e P
| v

\\_/ﬁ;z;mple: | 4

A tank is filled with oil whose density is p = 850 kg/m?. If

the volume of the tank is V' =2 m?, determine the amount of
mass m 1n the tank. m=_PV
_ s ol
Solution: = 350X = 7 7
Oil is a nearly incompressible substance and thus its density is constant.
m=pV
Thus,
= (850kg/m?)(2m) = 1700 k OLL
m = (850kg/m’)(2m) g L
p = 850 kg/m"' U'/
m = .')If[oo IC)
31
— N) 9



| N\ SG SRERIPAVYY
\/ ) Relative Density at Specific Gravity,|SG
=

UC® 20,5t S\ Fodt (g0t & ‘a'yLdL__F)J.g'»_ﬁ‘ & SG

Definition
«* A ratio of the specific weight of a substance to the specific
weight of water at standard temperature (4°C) and atmospheric

pressure. SG = e o F».S‘QS = k—fL = Ss
shel et JG B
P y ﬂ.
SG = s S "j“/ "‘["/
IO 7/ \/\ 2 e SO
w@4°C  Tw@4C 5
|
Units: dimensionless E
= i W_'j S G Sink;"""" alr S:nkmvx:]watm 5‘"90'\;;1.'301:511
50 o 3
<*Unit is none, since ratio is a pure number. SG is a dimensionless quantity
32 v
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Py ¥ Fo ol S
J i Spec1ﬁc Weight,y §

_ Definition

volume . £ e RTINS s
‘sForce exerted by gravity, g, upon unit volume of substance

my
~ 7/ 7 W . . 3
~ y = — = p g p = the density of the material (kgm™)
/ ' \4 g = acceleration due to gravity (ms2)
AN (3#:-*’ X S o= 3 s
Units: N/m3 - :

yWater=9-81 X 10° N/m?
. < I \/ i ) |
(c-)\.,-""‘\\\f’,)\ﬁ-p) v -.V_Y\ CA“"S 5o < DN "_}‘ fyj"’ﬁ;1

Specific Volume: Represents the volume per unit mass of fluid.

=

Specific Volume is the inverse of the mass density. v=V/m or v =1/p

—
V’% :\j\? 53 A\ )



_EAercises:

A =
A reservoir of o1l has a mass of 825 kg. The reservoir has a
R V S
volume of 0.917 m’. Compute the density, speciﬁ§ weight, and
specific grggity of the oil. P = 25 _ 900 k9) ™
Solution: s o-avf
p =t B = 900kg / m’
volume Y 0917 X:Uag):qoox"f-gf 5
B ) = $524 dil=
t
v =8l T8 _ 55— 900x9.81 = 8829N/m’
volume V <G = 909 - 0.9
. 900 |06
SGoil - p011 — " —0.9 "/
Pw@acc 1000
34 O
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)ensny, Specific Gravity, and Mass of

AI1r 1n a room

——
~ Example: g;\';o AE N edh ey NS (3 €

Determine the density, specific gravity, and mass of the air in
a room whose dimensions are 4 m < 5 m x 6 m at 100 kPa

and 25 °C. PV=m R P = JPET

Solution: The density, specific gravity, and mass of the air in a
room are to be determined.
Assumptions: At specific conditions, air can be treated as an

1deal gas.
Properties: The gas constant of air is R = 0.287 kPa. m’/ kg. K

Analysis: The density of the Mermined from the 1deal-__

gas relation:

P=pRT s

\J et

N’



— - £ _ 100 - W1 kg tmY

. — P

\_i/sqlution: -~ RY  45.287x (25%293\5)
| 6 m
y Density of Air in a room y /

P 100kPa AIR 5m
P = 100 kPa

p=——= e |
RT  (0.287kPam’ / kg K)(25+273.15)K | 1=25°C /
O = 1.17kg/m3

-
» Then the specific gravity of the air: 86+ Yawr = LITF
\.7C\,)J 106G
Lair 1.17kg/ m>
SG = —"—= =0.00117 T

Pater  1000kg / m> =

» Finally, the volume and the mass of the air in the room are:

\_)0: _V\V/'\_ =
ey _ 3
Volume: V=4 m) (5 m)(6 m) =120 m W= P xV
ST AUXS %L s

mass: m=pV=(1.17 kg/m?)(120 m?) = 140 kg. = i
o
o

B e . 9 )



‘ A
Gases: ”Boyle’s Law” ‘J’-\*’/'J

y i i . ) . ~
» The primary difference between a liguid and a_gas is the digtance between

~ the molecules.

« In a gas, the molecules are so widely separated, that there is Jittle

interaction between the individual molecules. s
. IDEALGAS. &b 008!
* Independent of what the molecules are. ,.3
, G
> Boyle’s Law Lt v f
* Pressure depends on density of the gas. - . Eix

* Pressure 1s just the force per unit area exerted by the

molecules as they collide with the walls of the container.

;lS,) T2 L@ s s e A 06 oo (ovjeas e

| Double the density, double the number of collisions with the
,ga/ —_— S Nt

wall and this doubles the pressure. S 7
- e
\ 4 - \




\_/ Boyle s Law
&S

:‘_'_A‘__ U Wy
/ =/
* Density 1s mass divided by volume. L

T el SN ps N‘z@,a»’uﬁaﬂf-"w L.is

* Halve the Volume and you double the

density and thus the pressure.

Boyle’s Law: is the Pressure -Volume Relationship
M‘/\_f
e At a given temperature for a given quantity of gas, the product of
the pressure and the volume 1s a constant. Pv= & c
of & facrian "
PallV | |
¥ 0.5 V()s oo
Px. V= constant | | PV=v
P.V=P.V T R TR T 0 o5 10 o
1 1 2 2 P 1/P




Li

Na

Rb

Fr

Example

/e

| 2A

Be

Mg

Ca

Sr

Ba

Ra

o

Elements that exist as gases at 25°C and 1 atmosphere

3B

Sc

La

Ac

4B

Ti

Zr

Hf

5B

Nb

Ta

Db

6B

Cr

Sg

7B

Te

Re

Bh

——
Fe Co Ni
Ru Rh Pd
Os Ir Pt
Hs Mt

Cu

Ag

Zn

Cd

Hg

3A

Al

Ga

Tl

Vi

4A

Si

Sn

Pb

=/

8A '
58 Ba s | i N
N|] o] F / Ne |
P S Cl | Ar
As Se Br Kr
Sb Te I Xe |
Bi Po At Rn

A sample of gas contained in a flask with a volume of 1.53 L and kept at a pressure

b ~’
of 5.6x103 Pa. If the pressure is changed to 1.5x10% Pa at canstant temperature, what
i ? 3
\J 2~ will be the new volume? \[1 = PI‘V\ _5.6X10 V.53 _ 05+

-\

)

4
L.sxi0?,
\

ot

)



"\)b\/': qué Va= ISV 4
Example: Pt"‘=- +26 f 2 = Vl

. A sample of chlor'bne gas occupies a volume of 946 mL at "/
_a pressure of 726 n'lmHg. What 1s the pressure of the gas
(in pmHe) 1if th.g volume 1s reduced at constant

temperature to lg&,mlz:?
PixVi=P,xV, Pz'z\&'\% g
P, =726 mmHg p,=9 =4 e
154
V=946 mL V=154 mL — 446>
P, = P xV, _ 726 mmHg x 946 mE~ — 4460 mmHg
v, 154 mt &/

~ N " o



/N 4 d.,“""\,‘-'d\r«?l;' %

e Ideal Gas Law -’
&, / ass
 Gases are highly compressible in comparison to liquids, with ® )“-J
~ changes in gas density directly related to changes in pressure and

temperature through the equatlon osr>

N\ Ky
poe PpRt 0 'UQ

Where, P 1s the absolute , P 1S the’ gas density, R 1s the
gas constant, T is the ab: P=rET
. . . P = nM (Q,T
* SI unit of the temperature is the Kelvin scale. V
T(K) = T(OC) +273 Py=nRT
* General gas Law: P —o R-331Y

PV=n RT|, n=m/MM , (MM: molecular mass) 4 ..o p o

Many gases can be treated as ideal gases :
*Alr — nitrogen, oxygen, hydrogen, helium, argon, neon, krypton and carbon™

dioxide. O] | O )
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/e ~  Pressure

On a microscopic scale, pressure is determined by the interaction of

. o o P . . - _ o R E
~individual gas molecules Z WA o N N

* Intermolecular bonds are strongest in solids and weakest in gases.

Where molecules in solids are closely packed together, whereas in gases they
are separated by relatively large distances

solid

e

Pressure
gage

The arrangement of atoms 1n different phases: O

a) Molecules are at relatively fixes,pesitions in a solid
b) Groups of molecules movesabouteachrother in the liquid phase

¢) Individual molecules move about atgandem in the gas phase.
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\—/B’i’gssure 1s.due to the netsforce of the molecules in a fluid

" colliding with the walls. _’/U,f.ﬂ'}\ “';g,:p £ BUN sdess 25)) el
| g N’

T v' A very large number of collisions happen each
second.

-~ 7 ' v Each collision exerts a tiny net force on the wall.

"« A fluid in a container presses with an outward force
against the walls of that container.

Pressure 1s defined as the ratio of the force to the area, where the

force 1s perpendicular to the area. F o= 22 el
a5 (
The SI units of pressure are N/m?, also defined as
F/ N the pascal, where 1 pascal =1 Pa =1 N/m?.
Nm-2 p= — Other units: ‘ | 5
= A— m?  atim=1.01x105 pa " 1-©! 25 ¥ro
(Pa) | mmHg = 133 Pa </
M _ 1 kPa= 103 Pa
R 1 psi = 6890 Pa

N’
» This is the Absolute pressure, the pressure compared to a vacuum.
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/ \ Atmosphere Pressure

\ . (' #’ N.w 3 (..IJ’/ 3'|M_$-
) The pressure and density decrease W1th 1ncreas1ng ight in the atmosprkere /

v F
P=— 7"""\

Vacuum
~ A Space The global average
Hgs | .. i T iy "fndw sea-level pressure is
- pressure approach
Wallsofan |- . - .| zero in outer space. 1 atm
Atmospheric AR | = wdasd
pressure ) contamer\ i.;f-:;f.’ -2. Because of gravity,

the density and

pressure decrease

with increasing height. Column
of air
10 miles

’ | Air

y - 1. The air’s density and
——
pressure are greatest

at the earth’s surface.

- Barth \

fax

» Standard atmospheric pressure = 760 mm of Hg = lexn

] atm = 760 mmHg = 760 torr = 101.325 kPa.
{y

v = ~
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\_/“ ~  Gauges Pressure

~ N’
_ Pressure gauges: such as tire gauges and blood pressure
monitors, measure not the actual or absolute pressure p but what is

called gauge pressure Py Wb—"'f’ v f‘:" ..
y.;-l/;“ G ¥ a2 0
- )J\
where 1 atm = 1.0]1.% |H5 Pa. d\:‘ﬂ“ /‘f_pﬂ.J“-’T’J? X

* 1.6 “120 over 80” means the maximum gauge pressure in your
arteries is 120 mmHg or 1.6x10* Pa. Q— 120 mmHY "
)

5
P‘-‘- ['G'X\OHT L-ol X105 20X 1.0 xr1o-=1.EX

 The actual, or “absolute” pressure in your arteries has a maximum of

= p, + 1at |
P =Pg alim //_//;-J‘E;
=1.6x10*+ 1.01x10° Pa=1.17x10° Pa

Po B 4 Bt
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\// ) Absolute Pressure ‘
(A) ) 6 L) La ) = (o) dHdae )y i
Pressure measured above f= ?g,—r § aken
a perfect vacuum (zero)
IS known as absolute pressure

Absolute pressure = Gauge pressure + Atmospheric
il ] T -
S, ‘o0 NP
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— VYariation of Pressure with depth
L IS L D 008 ¢
Pressure in a fluid acts equally in all directions
b\ 2 Car b2\ 5 By

Pressure in a static liquid increases linearly with dep‘th ” j

RN . \/\N*"""
L |
x

2\ —
pre&eire) Tt dp= pg 4 ']1\\ increase in e A
[HCrease depth (m) e J
. . .  feepdh
The pressure at a given depth in a continuous, static body of
liquid is constant. v |
WL\,VZ/V _____ s P1=P2=P3 u
P2 7y
(qg}‘gﬁ)\@h&w\ bP=J:3AL\‘
-
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Exandple: (a) What are the absolute pressure and (b) the total
~force on the bottom of a swimming pool 22.0 m by 8.5 m
whose uniform depth 1s 2.0 m? (c) What will be the pressure

~ against the side of the pool near the bottom? A "‘“}’Tf -
The absolute pressure 1s given by P=P,+pgh, and 1 / ‘ 7

N’

S

the total force 1s the absolute pressure times the ared>of the
bottom of the pool. P = Fy+Paem= LIlx + Lo1X107

@ P=R+pgh=1013x10 N/m’ +(1.00x10° kg/m* )(9.80m/s* ) (2.0 m)

S
f’— J000 x 9.8 x2 x \-aA3X16° — |2\ Y10 Pa
Nlmt

=(1.21x10° N/m’

®) F=P4=(121x10°N/m*)(22.0 m)(8.5 m) =[2.3x10'N

. , b)Y F=Ph=1.2140 4 85422 =5 3010
(¢) The pressure against the side of the pool, near the bottom, will be the s

same as the pressure at the bottom, 5
L2l x\O7 P

P=|1.21x10° N/m® 5 1
= NS J.
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