Mechanical Properties Of Fluid

Fluid-

Fluid Ly the name given 3o a substance which
begins Fo flow whan extenned force is applied on it,
The fdds do not have +hair own shape but toke Hae
shape of the Contauring vessel.

The. byanch o% ph».a,s{cs whith deals with +he study
0f fluids at vedt L called hydrostatics .

The branch of physics which (& with the Study
0} fluds m mohon & called namics.

Pressune of Liquid- \0
The normed foree (éd by lquid at rest on q

Fen Sunface 1n Conta Hh b 3y callud Hhyuat.

The normed .\,&\'( or Hwust) extrted by Liquid ot
At per  unit of the sunjface in Cordact with it,

1A Callad  pr j Liquid or hudrostatic pressure.
_ Force - F_
Premure = ——— i A

S Un;-t - N/m"— oY M .D:mm;om - EMlElT-zj

Almosphenie Pressune —
force exented by air Column on Unit CY0ss - SecHom
Pua of sea Lwed B Coalliol atmosphenic predune.

latm = 1.01%x10°5 Pa = 1.61 bon

{ | ‘
< Barometes iA wsed o meoswre admosphouc presseL.




h= LcCor®

- h
o¥ L'Coae

2] Tn case of capillany o insufficient Jength te. L < h,
the Lquid will not overflow from the uppen end -
The MLquid ojter Yeach,hng the
Upper. end will increase the yadius
o 1ts maniscub  uthout changing
Nadure Such Hhod -

el B o T
I¥ L<h +en R'>R \& e e

3] Rise o Liqwd in CA{)‘W tube does not vialete +he
low  of Conservation o Y -

uj Weight of MO@J\:; Column -

&

ANYXT = Wu'gkf o}y L‘qw‘o\ Columny




The prevsuse differnance botween hydhastadie
provswee. (P) and admorphiric pressune Po ia  Colled gauge

pYe/sufl
P - po = P%h

* Gauge pressunt B adways measuwned with e hp of
“manometer.

Density (£) -
maxs per unit volume of a Subs LS cupined as
denAity . X

Densi =\’/"“’” Q’%\ p=M

olumaQ
ST Unit- Kg/m? ,\&Qmen&iom - [M'C27e]

Hhe flud

ST Unit - N/m2 Dimensions - EM’L:Z-T"‘___]

¥ Speci fic Weight of pwu, waden at 4% L 3.8 KNjme



Relotive density-
I+ 4 defimed ar +he mdo of Hhe dunsidy of
e given fluid 4o the density of pune waten at 4%.

Relative demsidy = cendidy of given Flwid
denuty of pune water at 4°

X Relahve dentity A a unrtless scalan quandify .

ND‘I'Q- ° O%
1. Iy m; mass o} Liowid ok den.s!'%\’, and mM, masA ofy

Mquid of densihy f ance ,

Desity oY Mixhi\\ i = fc:;x

oY My + My

m; 4+ ma
£ £

2 I v vol(%sgt Yiquid of dentity P, and v, volume.
ol ﬁqu_io\ o deMH‘-j £, axe wmived then

By = Mmix  _ £V +8v,
mx Vo -
mix V| +V7_




Pascal's Law -

Tt the granty effect Uy ignoved +Hhan the pressure
at ewry pod of lquid ot wert i» Aame.
oY
The change m premwe ot a PQJL‘HC.LL{Q/\ Po'mi: of
the  enclosed  Liquidl n equilibrium of rest is tanwmithed

equally 20 ald obHwn points oh Hhe Liquid and also +p
the wodls of Hhe condainer.

Applicodions — hyadvaulic jacks, Ljts , breaks etc.
Working of hyevaulic Lijt - o O%

It as wsed o Lijs 'Hﬁ@vy loads by applying

a Smedl -force.- \0
Prexaure applied = _';J‘ &Q

A\

Pressure  transmtted :—%

° 2 1
By Pascal's Llaw \prwsm
1A 'h'an\l‘H'Cd , So thodt
Fy
5 2 ==

- Upwand fovce on A, s B = Fiafs
A\
Ahs AL > A, therefore F2 > F .

Y

Busyancy and Buoyant Force —




—

r—;wajanc T A T object BT B Liquid N iy

WTAT 7T e object Liquid B Molecwdes B UAplo o
AT %, .@‘5 HKOT .Uqu-{‘al £ Molecudes 3TAT In'ﬁ-;j

Posihon B i B 18R ohject TR TB oy, oy E
obect B Liquid I STET AEweT £r By F=A L
coqyarnt foyce =T Buoyancy HEA &

L_r“o
e &

Avchimede's  Psumciple -

:Ij‘ S’rc?d'v: that +he buoyant Afevce on a body
that & Parholly or totally imwmer im a lqud }s
equad o the weight o} +he —Hué)\ Uplaced by it

Let a body 14 1mmersed N\ e —
M a Llqud o} denatty gQ(‘ A y
Top Sunface of the boda@f’éhienceb A=

a downward Hoxce F,

Fi = AP =@+fﬁhl]
Lower. face og@booh/ wl)
expeoruinced Q word Aforce Fo L= ha-h,

Faz AP, = AP +P3ha]

As hy > h) 2o F, W greaden than Fy,s0 thed
Net Upward fovce F =R -F = AP [h-h)])
' F = ApgL = VvP3 [ V=AL]

0¥ > mg =< Nef@M’ o-b-_‘H\.L Huid ddplacd

L% Loss |y, ' ' Lawd = Welghd of the
o e kg G Basty ¥ SN fluj o&jlq&cl

PV LI T ATV v -

\




- A | dent ofy the moand
1)  Upthyuat o¥y buoyaney A4 molepen 0 =
—sj'uze Pduv_s'tt«., oy the bodw . T+ depends wpon 'ﬂ\:; 'volumde
of 'H7\L booly nstde Hie Flud and nedwre of displace
Fludd Colnsity of the fud).

te.  Upthvust o« Vin  and Upthmust o« §

. Upthvist on a fully submerged body AN mMmore In
Sea weader +Hhan in fresh woden becaunre fn D P

uP"’hYWSt = \/m _Fa,
Douwm Hwwst = ma Cm= ‘“. %'ﬁrv. boch.(j
¥ Upthrust 3T down-Hhvust v 3 e F

2:] Due to upthrust the «Me@ the body decreared.
Abparent ieight 5~ Aciua) Waight — Uptmust

WO‘PP —‘"\ = b Wwp

- =wli-£
Wepp = Vo 73 | Wap sw[i-L]

Whowe £ and o are clensity of Liquid cmel body vespecuely,
AMso  Loss in weight = Wapp — W = Fup

Appancnt Wed
Actua clut 3o buoyancy
RT3 %S
= X 3Ixq
- . - -

- - - .




3 Using  Avchimede!s Ppdnaple e can ditermme veledive
olevw{-y of < body as

Relative demtity = —Sersity of body
devaity of waden at 4%
R' D. - b\leia»i\i' O:f' bod/"

Weight of equal volume of) wedey
R.D. = Weight of body _  IWeight ob body

Woden Hivuat Loss obc;daw m weder
R.p o Weight of body in &y
Welght in aiy — W N water
oY D. =
loherne w‘ anol Wa QM\@ 0% booby in Ay and Mcr

Yespech vely. \
S



Floaton -

whan a bod/«, ol denAL’ﬁj o and wvolume v 4
Completelly immevsed M a Liquid ofy dansity €, the forcey
aoh'-n% or1 the body axe

L weight o Huwe body W =mg = Vog olrected verk
downwands -H'h—ouah Cerden off 3«uv'7-hj 0 the body.
1) Buoyard Fovce oy upthwst Fm = VPG cuyected verh

Upuwards thyougih Cendye of %Yom-hj of the dsplaced
.bCfUuol [-e. Centar o buoyancy-

Case 1| I} ole'n&rh., ok bodw 43 31'1 than thed o}
Liqud (o >p) then

So t+he body will sink j-o ,
betom of Hhe ixquuol '

Wopp = W ~ Fp, =

Wopp = Vc‘g(l—q_{'%w 1—

mée.ZI _Denm:t?\ the body JJ.MU'L Hhan Hhad o
Ligwid (os< ) ‘H'\Ln W < Fm

So the body will float pevet
Submerges i the Liquidl. Tvi Hs
Cate the body Wil meve up and
the Vvolume 0b Liquid oUaplaced by
Hne boobf will be less Haan Hhe

volume of booly (V) e Un <\ .
Hence Wagp = W — Vin P9
oY Wapp = Va3 — Vin g

Whowe Vin 'H‘\-L volume. oty boab./ n $he _L.qudd



cosed] Ip clensity of the body s equal to #he
dentity o Lquid (o = ¢) Hen W=z Fy
so the b wil) oot
submv.gw\oi‘lz\ the Eqw&fu;;, \ [
will be M neuhr) equilibrum.
Wogp = W = Fp, =0
A’PPQh.Qf\f NQ}%’I\“’ Wepp = 0

vog = VLP§ S| Vo =z v,.P

X The akove thres Caser Constitut @ law of Hoation
which stafes thod a body i in a Lquid 1§
weight ofy the Liquid diapl y the immersed pasdt
of the body it ot teastQelual o Hae weight of

the body. g\ﬁ

Note - %&Oﬂ\é&\ﬁomme immersed in Liquidl Jia

F

"‘hg‘ a X - - — - ~—
Ce=d- al 573 ba o i

. e — - ~— - . > o
. il —P— - o

Q\O Vian = 2V




Hydyo Dymamics

Typer of Ffluid Flow —
4] Steadsy and Unsteady flow -

The How m which 4he fluddl characteristics

Like velodty, pressune and oduntity ot a point do not
chomae_ with Lime +Hhen o L3 Called steady Fows.
' Iy the velocity , presswrne and densily at a

Porrd M Hie How vaner with tme Han o s called

unsteadsy  fow- %
.\O

2.] Streamline Fflow — %)
The fow In which c*panﬁc.la oy the Liquid
passimn H'wou.ah a poemnt vels along dhe same path

and with +he Same 1y ab the preceding panticle
passes 'H‘\’ruuah Haod A Calluol stream Line How.

A Streamlive ia
ov Cuwwed ) Such tangent Jo it
at any point the divecton of
Hhe Flow of Liqdid at that peint

Note -
The HFwod Streamlines Canmot Cyoss each othey and

the g-tai'vs. 4 the Cvooocling of Streamlines at a place,
the greader s the velocity of Liquid particles at that

place.

3.] Laminar Flow —
T L +he How in which the FAuwid parhicles move
QJO"% well defined shreamlines which are Straight ancl pavallel.




In damimar flow tHhe velocities ot dffeunt points in

the fuwd may have different magnitudes , but Hwre
divechons ane panallel. Thus +he paxticles move In e
foxm of layers glicing smeothly over Ha adjacent loser,

Lamina o} iffow

bu\f'H'\ SUC(%; iy
k-'a»kw vd,od;:jy ‘.'/ — 7/
Q(Z — /
| ~ SAnty Su/zjac_t.
N
U Tunbulent Fotd-— Q’

Twebuwlent fow iAQn rreguan  fow N which
te parhcdel Can m e§h zig- zag way dus to which
edclies formaton Foue ce which axe rvespontible for

Ng'l'\ enthgy iosse/Qs{\'
&g. eddues @ N by +he

Sides of tlaxs o} Q
Yivey byidge

Caitical Velocily (V) -

The C‘n’HCa\J vdod‘hj 48 Hhat Vdod-}g ok L«'qu.(cl
Hew updo which s flow ia StreamLined and above.
which 1ts flow becomes tuwbuwlent .




REynolcl'.s Numben. (NRg) -
Reaynold’s numben 12 a Pure_ Number tohich dd“’m;hes

the natune of flw of lguid tHhroughh a pipe.
= Pvd whene Yf < dentity of the fiuld
) = VISC,DSH'\_-} Ob :{-4w4
V = mean speed of Lt
nd ok = cameter of +Hhe' tube

NA

(L) I © < NR< 2000 then How Us streamline [ laminas .

(i) T Ne > 3000 +hen How o tob .
1) T 2000 < Nr < 2000 Hun oo ma.-é\ MINOA 0Y tukbudent

<2‘°*

N\
X2
&



— - —

 Equation of Continuity ~

The continwity equation s +he mathumatical expression
Lof the law of tevsenvaton ofy mass in fluid dymamics.
| In dhe steady Fow ok
- masd bof fluid enteung info a ,
Cfube im a paxhcuwdan Lime Ay

. | NG
o s oot o s X8
of flwd Jlaving the dube. W= vA2 © 2,
2 b4

m -

_—4_:_- B ’2_: :> ,ﬁ A|Vl - -P'LAI-V‘- %
oY AV = AN, .\—

[ A ]
oY AV = Covwwtavd \&
* Volume oy waky o 'rg v 4
pen sec. Yemaunh &'.
i .

oy A & v Q{\
Hence the ‘@ of Ffow 5
will mcveare Iy Cross- SecHon A

decveases and vice - versq.

€g- Whan water falls fwom a 4ap
the velouty of falling weder
Undeh Hhe GeHon of gravity wsl)
Imerease with distance from the
tep (e Vo> V) - Alp l”l

So Im accovdance with tHw e

Continuity equaton Hae Cyoss secHon :
of the twater Stream woill decrease
(ire. AL < A) and Hhe falling stream '
of water hecowes naxyower.




Energy of a flowing Fluid-

[t is the energy
possessed by a
liquid by virtue of
its pressure. It is
the measure of
work done in
pushing the liquid
against pressure
without imparting
any velocity to it.

Pressure Energy

Potential energy
It is the energy
possessed by liquid
by virtue of its
height or position
above the surface
of earth or any
reference level
taken as zero level.

Pressure energy
of the liquid PV

the liquid

Kinetic energy

It is the énergy
possessed by a
liquid by virtue of
its motion
velocity.

or

Potential ener@’ﬁnetic energy of

the liquid -é—muz

&

Kinetic energy per

of the liquid P

the liquid pgh

Pressure energy P—oteriti*
per unit mass of per@ mass of | unit mass of the
the liquid £ Ihg ligdid gh liquid L v2

P \ .
Pressure en otential energy | Kinetic energy per
per unit vo per unit volume of | unit volume of the

liquid % e

Bernoulli ‘s Theovem ~

Accofo!,ing do Hua Haeovem 4he Aotald enx M
(Presswre enorgy , potental energy , Kimehc erendy) per
unit Veolume oy mass o} an imcompressible and non-viscoun
fluid in steady flow Hawough a pipe Yemains Constand
%muahou +he How -

P+ 2PV% 4 pgh = Constunt [ Energy pev unit velume)

—



oY

% + .\_LL} -1-8)1 = Constant [Enué;gpvz_ un)t mass]
i PPS 4+ YT 4 h = Constant 4@5 per unit wdahtj

23

Hm%x‘acqlud‘pr. head , h Jds Callic] Hhe
¢ gravitationad head’ an%igl i3 callud welotidy head

Appli Q of Bempulti's Theovem

1.1 Attac¥ion between two Closey parallel mmr'ma boats

When the Awuo boots move
Siole by side m Hhe Same direchon
Haen the waden In the Yegion
between +Hhem mover fastex Huan
Hrat o the vemote 3idlex.

Henee  accoreling 4o Beynowlli's
Huorem the presswre between them
Yeduces and hence dut Ap pressune
diffenence they are pullid fowands
each Othen. and may even Collide .




2:] Wovking of an asvoplane -
Due Fo specitic shape v large, P small

of wings of +he awroplane, when

tHhe Awhwoplane Yuns , &y passes A
ot highen speed over it as —"/\*;_-
Compored Fo its Lower susface. r’@a’;
Thu du ffeuunce of auy gpeed —\—/—_)_
above and below +he wings,
Creades aQ prexiuwre cuffewence |
duc 4o whith an wupwand fowce Called ‘d_ynamic Ligt?
(= preswe ol fernce x awma oY L%‘a ) acts on the
plane T} +his foxce becommer gt @).. tHhan 4he weight
of the plane , then the plane % I rlse wp. '

* Since path o} Pm;h'c.le Q\D@ ngey Han petth oy

v small, P large

> budl the Aime perivol yeach oot Pa";rvf’ A and B
T%rxd'wdj ad que,o& at VA >Ve arid Pa< Py .

3,] Achon o} sgm.g%ov atomizey —

In SPY&Y\ Yy means ofy p
moHon of A n P Iin a cylinder ° 7;

. ,}k:i‘,‘ . (Y 44 papsed over R
Qa e T olpped in Juiqud Jv be

Sproyed - Hi speed aiy (Creates :
lﬁwa*jpr%éuhg.h ow,))v. Hhe Aube <ue
to which Liquid yises in 1t and
13 then blowon off in very small
druplets with expelled air.

u.}] Blowimg off yoofs by wind Storm — % A
when wind blows with q i, el
high velocity above a Hn yoof, —27
Lt creater a Jlow pressure in |
accovdance with Revymouwlli’s principle. D j




However Hhe pressure below the Yoo ((Imsiole Hae
voom ) i3 AHIl cdmosphoic » So dux 4o this Uffexence
of prevyure the voof ol ﬂb*?.d up and 44 than blowon
off by the wind.

5.} Mognus Effect (Spinning Ball)-

Ternis and cricket players
wsually experdence +hat when a Maoaus Force
boll 44 Hhvown spinning , it moves °9
a)onca a wued path.

Thisa 48 due 10 Huwe aly which
2 being dragged yound by the
Spinming ball+ tohen +he ball sping

the doyexr of the aiur wwuno\\LQ M
altp moves with He bal.
shown in H3. the ves velocity of aly increases

o the uppen side avr%te uceh on the Jower aide -

Henece +Hhe on Hae upper side betomer
Lowesr. than that & Lower side. This prexsuse iffevence
exexts a fovece %e. ball due 0 which 1t moves

along A W‘Q\ ath. This 4 Known as Magnus  effect

6.] Verdwumeter -
T+ 1 a duwice used Aoy measuring the yede o}
flow of Liquid through Pip%
Lot P‘,P':_ and Vl.,v'z_c(hL
pressure and velocity ot poind A
and B suspechvely, +hen by
Bevnowllis Hrovem

R +irPv* = B4ty

B—P =2 (w-v) Both the points have
= savne  potential energy



b ‘ g
m

Q= AV
VI = AV
Also P, - Po = P3h o

Hence Poh = £ (v
Lw-vi) 2| 28h= Vo -\

oY
2gh = & - &%
. Az Ar
_ A
Q@ = 2gh_ ATA;
AT - A3

= [ : 06
R = AAs -—z,g—— 6\
IR-F

TM aj
) _ YOSS o SeC._ ‘OYI WQ '
'd . "‘ |S‘ S"uulr




Tovricellils Law of Efflux -

Ip a Liguid i filled in a vessel wp do haight
H ond a hole 13 mode ot o dipth h below t+he free
Swrface of the Lquid.

Lt V & the vedoaty

with which the Liquid tomes out
o hole at ¢ Velocity of the liquid imside the fonk
at point A L zevo.

Totad

ot poind A R (o.*mospheﬁc pressure)
ond C showld he same, - .
‘ &- - No Presswrc
Arpplyin% Bernowlli's Huiorem I A 'I of Liquid
at A and 0, we get ﬁ - - - y
Po+ P3h = R + LPv> ) i
oy

e J&%\& ______ v Y

» Eqmo»q U sam }Q& thad 0f taaelg fo.lhn% bodv«_./ aften
-fodb’n% H’WO\Q\ . and (S Known as Tovicelli’s Lauw.
Note-

¥ Now wfu-hng equation of uniformly accelhaded
mohom I verhical clrechon.

H-h = 0o + 49t

{:}E'(_glb_). Or + =|Zh

-}
Horyzom tal Range R = Wt = J2gh xj?_(H—h)
)

3

R = ?_Jh(H-h.) Or

R = 2] hh,




* By us'ma maxima - MmMAa
Range will be yaximum  Whan h = H-h
| oY h = %’_.

Reax = 2[4 (H-8) 2 [ Rnax = H

¥ I A and Ao ame the area o Cross Sechon o tank
ond hole gnd the hole i ot the botom taen

Time quuinal 30 make CMPH —@hmk
‘\ A




viscosity -

Viscosity A the pwpedy o) tw fluid b
virtue 'Ob which t OpPoses . the Ydaﬁvebmoh'onﬁ:;waa
its adjacent loyevs. T 1 the fluid ficHon or internal

'(_,{'l'DY\' , '
n The m:fo's.naj tangendial fovce which vy 4o verand
He veloarve wotion bepween Hhe lojexs JA  callec) ~iscouh

fovce -
¥ Viscows fovee 4 due 4o intermolecidan Ffovcor .

Newton's Law of Viseos ty -

I+ stodes that the viscows - @ F aching betwen
two loyers of a Mquid flowing {Adtveam Lined moHon
cepencls  upon rFol\ow\*na two s
(i) F o« A AQCom‘aci'-wuq of the layers

oY F_'Q(Ad__v. .&

| et
wwn@cuup!m

Coefficient of Viscosity
Of the Lt'cfuid-

dx ::

IbA:i and 4V = { +han F =7l

The Coefficient o} Viccosity of a Liguiel s olefined o
the. viscous foxce pes unit anea of‘ condack between Jwo
loyens kav;nﬁ a unt velocity 3md.4erd'-

] | -' -‘
ST Unit — N-S/m> Dimensions - [MLT .



Dependency of Viscesity of Fluids-
(1) On Temporstune-

Since. Cohesive fovces clecreares with mcresne in
temporatwe . Thowfore Wwith the ¥ise M temperatune
the. viscosity of lguids decreases.

(2) On Prxmyzwr -

Lith  incveare In prossuke. Hre viscosity of liquids
(excq:’r wcuwz.) Imcreases. The Viscodl @ waoder dlecveased
wAHh Imcvease M presdwd . ,L&)
(3) On denaity - A
The V‘|$Ubsl+3 o{; +Q Liquds Like Irwﬂe\j Coltan.,
8—'3C€’Juﬂ et 4 more % that of +Hhn hqwo\s LiKke.

weden etc,
Ny

Poiseuille's F@ -
Tn casedop sSteady fHow of Liquid of vistosity N

in a copillaowy dube of Lma/fh L and wyadiws ¥ uUnden a
preswuw olifperance P acyoss tt, the wvolume of Liquid
-flowmg per secomd U4 8«Wn bg

Q = dv = Py
o gL

With the hdp of poiseuille’s formula, tHhe Coefficient of
viscosity of a Ligud can be cletexmined.



Stoke's Law -

When  a body mowes through a fuwid , +Hhen Hhe
Huwid  exents \iscous force ovr Hae body 4o oppose its

motion.

Yadiuh ¥ mover wsith velocity v
’H'\wua)'\ A flid  of Vistosity M
then the viscous fovee opposing
the motion of the spherc Ja

F = é6rinrv

\

N
\OA W = %nr%—g

Accevoling Ho stoke's Law i} a4 Sphowe of

Fw = %":"3"‘3
clensity P

@ ]\F{, = 6INYV

Diffevence  beturen @M force & Fyichon -

(1) Fwichon jcmr ends oy Mons 0f Phe boob\j but

V)iscowh

es ot da.'oencls oN Moss .

(D)
(1) V?scow:%ce cupends on velodty of body but
frichon foree cloes not olepends  on Velocity.



7 :
Tesummal Vdod'zi - (wr) 3

As the body falls Hwough a medium, Uts velsc]
goes ov) ?Y)Crtcus:'ng cue o gravity. Thewpore Hhe opposing
viscous force which acks uwpwards also goes on i'ncrecufng-
A stage reaches when the +ue wu‘a*d' of “Hhe body (s
Just equal o the sum of the upward st due 4o
buoyancy and +he upward viscous force. A+ Hus stoge.
there A no med force o accelenate the body -

Hence the body starts falling bredy with a Constard
veloeity which 4 callid Aerminal velogy . '

Fm - Fv - WO\O%
> 4neieg 4 emu*c,): nreg

Vr 5.-5_. ?-(o-;ln g

&
&

oY




