Fluid Statics

Fluid etrstice deals @with behaviour of floid eohen 4—lnea are at
dest and Hewe is nO pelative motion between fluid paoticles.

Density (3)

[Te alengi—!—d of substance s defined 33 mauc P2y unit veolume .
= W_S_S(_mi
Vol bme (\V)

Relative density | specitic gravity L¥g)
The oelative denﬁiia of substance 12 He yatio of its dergi.\a
o +he dengi#-& of watey g+ 4%.
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T8 a+4c

The deneH—d of comter @+ 4%c (s Lalam??
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- -ﬁt:f'o"ae z:c:-!-iﬁa Pefa-?erﬂdiculafa' +0 9 SU‘HD-ZCE’, | & called 'H’11rt.73+.
feﬂ.c@e‘;ﬁh-\- of the .QicZ1Uio\ N @ Beakeo @+ +he bottom.

Rascal’s |aw of Pyecsure

sSlatemend-:
tohen @ Pressure is applied fo an enclosed Uiquid, +Hhe presevie
s equally tyansmitted to evewy porkion of it
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Ft‘g.%ﬂssure on each position in liguid vegse! is same



Suppose A vesse| CDrj-l-Elfhit“u@ watrer wi+n +thiree OPeﬂiﬁas X,
and = of diffevent covee cecHsn awvea A,An and 20 respectively.
These openings aue closed with 2 -\—iehjr Piston 4o Keep woates in
Hhe vessel. tohen @ fowce F! is applied on x inward, Hhe Fovcel
Needed +0 kKee D +ne pfs-\-o'ns gl He camne pesihon N Y and =2 A5€
F/og @nd =2F ftre—SPec-l—iVE\d Then .

Peeccuire a2+ each DP@ﬁih@ (P) = Ep= fé/%.: % = F/ﬂ

SO +he pwessure IS equ*alld \oarymi+Hed .
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2. H&Jdﬁauli’c Jack

3. l—bdmwlfc baake

4. Hi(jh pressure @wates je+ cu4—+in6
5. Teetn 5c-a|='m6

Ohen +he bcac:%j 1S ‘ﬁmb Oy ,D*atar-l—i'a'ﬂd ‘mmessed N = .]ﬁufd,
+ expesierceg mn OPthaLgt eohich e equal o the weight of He fiuid
dicplaced ‘:6 Hhe bod&j-.
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Buoyant force

Upward bouyant force = Weight of the water displaced

SupPPese = b@dd hes weiahjr of ‘D newdon in @iy and @hen i+12 1m merced
n Uaguid, Hhe w@a)ﬂ- of Hhe bOde N coill e C@L.Tﬁeh,‘accoqdi?ﬁ
o Agchimedele painciple,

053 in @+ of body in Lguid = Upthaugt = WO— W)

Upthrust ov Buoyancy
The vpward foTce exevteq by @ Froid on an obyect which

's completely or paTHally immersed in the Foid i Called UpHITUSH o7
buoyancy: Obfect ha3 lessey weight in Fluid.

Poessure in fluwid
The foyce pey- LNIT 2Fe aCA-t'rﬁ no*'a’mal\d on a sovface.
P‘: F/ﬂ
For Liguid
., = wrof ligqua _mg _ 9xvxg _ 9xKxhxg _ oh
P= A - - _g—‘ = @
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Painciple of Ploatation
The f£iuid in which boold ﬁloaJrs slhould delopcate 09 dst\ace

the fluid of its own ageight +o float.
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C=3e 1

¥ = bcda el cmmp\e-‘-e|d immegsed (N Riquid, i+s weight ‘W' acts
Ve_,ﬂ'4-|'calld downward and +he vpthyui (O’ of dePlaced ,Qiquid 20+
veshically vpeoRvd. If +he oeight of body OF velome (V' i3 greaier Huan
He Upthaust, Hhe body will aink in Qz'qufs\ and woill e a+ +he boyHom

of +he centaines:

S0, W >0 wheoe ,
09 ?%@ > ?g\/ﬂ 9=.dene,f+tl 0% bbdd
. 0>9 9= densﬂ-a of Liguio

Hence +he body will sirk in @ diquid if Hae density of body IS
6’6?224-&‘1\’ Hhan the densiw of .Qjc:(ufc:b as \n -I?{&j_

C=a3e 2
I+ w=uv, +he bc:aalzj qUust SiNks ard semdain inside the .Qjc‘uic:l

coith vppes surface Neaw the Riquidi=zs 1n £ig.2
60, s =)
O . Q%@ = Qe¥8
: Q=9,q

(25¢ 3
IF +he maM oF Hne bodckj s smalley +Hhan the VPHATUSH T.e <,
+he boab eil] float on +he surface of Riquid a8 in £ig. 3
S0, G <ZU
Og, 9\#6 Ag’mf/@
. © < Qg

Note:
A bodd woill float in .Qjca[wid if 1l denei+d e emalley Hhan Q_xquicl_
Co D :ﬁto’a{—mﬁ bodd dn‘gplacec Hno ,Q_i.::loic! of ite owN to_oeiahk‘men;
U= ma
0T, S2Veg=3Vg whege,,
oy, Vo /iy = $/8 Vo = Volume oF digplaced Liquid which
s equal +0 volume of body inSide
Riguid



SurFace Tension
e P'a'DPE‘a“-\-O‘ of Hc\gi’d at+ res+ béj Hhe vigtve of aohich
s suvface behaves \ike = 5-\@13-1—1@%;&:‘ e b anNé and toies +o

Oceupy minimum possible sutface 20eq s called surface lension.

OR

1+ 15 +Hhe ﬁowce pes uNi+ Ier)g-l-h of ah) t'maaiha‘afd Y he dv g N
in plane of liquid surface Acking m5h+ angle +0 Hhis Yine

Fu‘a_euu’ﬁ‘a&e +ensiomn on -ﬁca'ee 5urﬁface Eaf- _Qiﬂtﬂl'd
Tf F be the imaﬁna@a line of leQﬁJ_h ‘D Then .
Qauafﬁce rension (T) = F/)p eﬂ”-@

Oni+ = N/pn (ST)
ZDan@/Cﬂﬂ (CS)

Dimehnas on- MU =3 T_[}'\111“52_']
(LD

Foom eqﬂ@
F=TxL
If a +hoead of lema#—h ' Floa+s on Qic‘ui'd,+he rot+al length in
contact with ﬂjc\ufd surface is 22 Then,

Force of souvface tension (F)=T x 28

If & =irg of negligible +hickness and gadivs ‘o* Floats on Liquid
audface ; then leha-\—h of fﬁﬂ@ in contact with liquid susface is (2% 2ny)
50,
F=Tx 2(277)
=4nol



Molecvlao —W\eo‘a’d Df— \%Ua’ﬁacé?i Tension

N\

1-'-{5, Molecolay Foure in liquid

Consides a2 moecvle (A’ of Liquid Bn‘@ wel\l beloww Yhe foee suvface
of Liquid.Ps +hic melecule 18 arrvacked b@ Hhe neighlbou 1ing molecules

\dina o +hin +he apheae, Hhe vesu)tont Fovce duve +o 211 Hhe molecules

on A s zegoo Considey anothes molecole B on Hhe surface t::'-ﬁ
the liquid, +he molecvle B expediences fooce of atdoacton due
to Hhe meolecvles lying in He lowes hald of the sphere. The sesutant
of all of +hese fogres is downwward. (SO +he wplecvles on +he surface
expesiences maximum downwayy fosce Fou equilibaiom ; &
5ae»+em must have minimum Potential €NRYgY, SO +neTe 1O LG
be miNimMUMm NUMbes OF mHplecules on Hye i quid sorface which
is poascible Oh'\a cohen Ghe ﬂi:{uid curface fa mirimom . That
'3 C@hd +Hhe Qiqufd suyface comtiacts Rike stgetched elagHc

mera YN e .-

Seme exampl e explaining surface rension

Jhaead on @ soaP L1l

.F\oa%‘ha Nneedle

. When a dgy boush is dipped into wated, ks haiy gpread ovt

Susface %neca’aa

We knoew +Hat faee suvface 0f Liguid dlways had Lendencd
lo contoact and occupies minimum LY face area. I He gurface
ayea of Liguid has to be incveamsed, wosk has o be done. The

0%k done & stowed in Liguid sunface film ac i4a potential erergy.
The potential enevgy peo LNit avea o +he surfgce film ig

cal\led oo face Eﬂeﬁ.‘}fad-



I+ is also defined as +hat +the amouvnt of ook done in
'!PC“O’E'Z?SI'ha +he aosed Of gsurface £i)rm #hferou(ﬂh Uh{A-Cj.

(oot done. in increasing surface avea(w)
j__h(l"a‘ﬁflﬁe. i 5U'U‘£*'ace Does CAQ.)

sSurface enexs H (&) =

Relalon betlween avidace tensiorn =nd e face energy

A 2 2
o
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r—faz.5ur-;?ac‘.€ eh%%ﬁ =Ve's &Jﬁiace rension

Consides 2 'UEC-}EH@U\EI& foarme AR of woige in which BC is
mMoveable. Noc@J dip +Hhe ;f-’fo'ame_, 1) 50‘&:!![:’ solution, 9 +hin ﬁi'lm ' S
formed which pulls the(@ive BC towagds |ef+ due to svuTiace
rension . ITF T’ ias cuvfmce rension 0f +he Lilm and 'R’ (S +he lengHh
of wive Bc, Hhen +he force (F due o svdFace tension is 6“/@7

b@.

Fc TXQ___%
L Ps +Hhe ?Hm hag 4o SU‘G‘ﬁaCQS 'n Cort+act
it Aiv so tot=) lena%—h of coive (Bc) ‘g 20.

Suppose Hhe wive 18 Now moved +heough o distance ‘W frorn BC
o Bl aaainy- suvtace tension fooce ‘B! so Hhat Hae gurface
avea of £ilm (ncreagse. Tr ovdea to incoeaise the film aaesn,
(oot has 4o be dore aﬁaing-l— .

wost dong in mc:rezasma surface area = F x dis*ance

= o2T0K

Theoeaise in sutface 2%7ea = 2 (XN ) = 20



NotdD,;

Su*'a‘j?*ace ehaca“aej (€)= LD 2T - T
AR 7oA

b'w, Suwﬁace lension (s hume%-fC'aﬂd
E’_crua1 +o surface enevd Y

Excegs paessure on cueved surface of @ Qquid
Fov comved sugface, +he pressure dn i3 convex Side is less

+han pressure in concave sde.

Excegs pPoessLre inside @ Riquid doop

oy -

L
‘----'-

1:{8- Cwceaa PE%LJYE 1'h8f'dla = Qiq{.nt'd Ci‘?“DP

Consides =2 c:lra@p oFf gadi LS ‘R’ +he mplecules Iama on the sugyface
oF Liguid daop dve +o surface tension will expedience 8 yesultant
fosce BCHing Tneoavds pegpendicular ro the suwface As a oesult
e poessure inside +he. dcaDP must be 5*3‘8'214-2‘3 Hhan pPressvure
DoesaLye cvitside i+ The excess presSsure Meide the CQWP ceoi ||
poovide g fooce acting oLtmavds pespendicolas 40 +he sordace
o balance the segultant fooce due o auvaface 4ension.

led ‘T be Hhe suvaFace +ension and P be +the excess pressure
ingide +e daop SuUPPOSe due to excesSs PIesSsuIR,+heae be INcreask
N adivs b(\j dR. S0, oL done by excess peessuoe,
> = Foare x dieplacement
- (Excess pressurex Ayea) x Tncrerse 1N 7adi us
W= PXx47ARZXxdAR ~eg" @




Tresedse in sur+ace awed = ring) surface — IniHal soyface

aveg A0 Eg

- An (R ARV 4ARPT

ax (PZ42RdR+ dRE) — 4R%

_ 4750l +srpdR +4vd R — 4/ P
since dR 15 vewy swgll it is nealem—ed

AR = W RAR

» Incgease in suvface enevgy = AP X Surface +ension
- 8~ RAR XT
cince Incoease In suoface enev gy ‘s +he ook dore l:@ +he
exceac PIRSSVTL; &0
Ok done = gmwRdRT. eqn@
Foom eg(@d aand eqn@
i -3><4:;'7—5<6\-P\= SARLSRT

oy, P= 2T
2

1y
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Excess prvessure 03 QT bubble
Since, ai9 bubble has Dh\a one Baee surface ,so excess

poessuLYe IS given by

E———

o Fin- Fout = &

Excese pwessure inside J?.ic:‘u{al bubble o soop bubble
6ince, quufd bubble has +wo @We Eua’:ﬁﬂﬁ’—efso excess

poessLve 1S e b@

R'ﬁ—' pEJU"‘ = 2X g - ﬂ_
R R

Shape ©f liquid surface
The auvrface of liquid ie vsvally coyved wheae i+ 'S in
contact with @ oolid The curved surface of Uquid 1S called



menigcus. The shape of meniscus s detesmined bd &e1a-1—ir6 &W
oF¥ cohesive anda adhesive ﬁemrce BC-HH@ oh +he melecuvle .

AR+ convex meniscus,

Cohesive fowce > Adhesive foace

A+ CcoNncTve meniscug,

cohesive fovte < Adheaive foace

Angle of Contact

When @ Lquid is in contact with a selid, +he angle betweer)
Hne +an8em- dgawn o +he Pyee gugface of ‘he quuid and +he surface
0f +he o0lid @t +he point of contgct measvwred inside +he Liquid
15 called angle of cortact T+ ia denoted bd o

Water
(A) Acute angle (B) Obtuse angle
et wall of contained J b Do ot wes wall of containes

The additien of del-mraerﬂ }o Liguid Qowews itg surface +ension and

decxease *ar\@le of centact

ﬂnalz of contact foo,

Pure water and clean glass - o°
odinagy comtery and glegs - @ (acute)
Meﬁcvfca and g\ess - 14 (bbtuse)

Angle of contact depends en
iy Nalove of 1ic3‘wio| and solid in centact
2% The mediuvum +thad exicts above faee aurface of Liguid



C-apill‘a‘a“i#d
The oise oz fall of ligquid in @ tube of vesy fine bowe 19
c2lled cmpill@aoity oF capillagy acton.

— — —

A - 4 — < — v 4
- . N — N B
(a) (b) (c)
B < 90° ;h = 4+ve 0=90:H=0 6 > 90°:h =-ve
Ffa-.l. Fg9.2 FfG-B

- A ﬂiqwid @whose E“}jifé’ of contact ig legs Yhan 90, suifess c= PiH‘araa nSe
as in figl which consict of water and angle of Contact @ lesg

+Hhan g6°

. A ﬂiquid twhosce. ‘ar\61e 6f contact (g mowe Hhar g souffeas capi-
\l'a"a‘d dep'are_es{on A8 N «.E!'@'g ecohich congrer o We—‘aﬂu%’d 2Nd
ana\e @f con+acyt ‘8 move Hhan 9o.

. I angle of contact is 0°, +he Ligoid will neithed avse nov Fall
ag 1n 3‘3{6‘9_.

Examples of capillavity

. Oil oiges in cotton wicks, of lamps -I-M:muah +he small ¢ Pfllam’ej‘
between +Hhoeads.

« B blo+H ng PePe® Qbsovbs Nk ba cmFi1\=a@ajrac+n‘oh.

Measuwsernent of surface Tension by Capillagy Rige Methoo

Tcos 6 Tcos 6B

Walls of
Capillary

- Liquid
& 7

Fi9- Capillany gise method




Consides @ capillaty +ube of vadiuvs ‘o’ open @t both ends and dipped
into Qiquid Cea- AYey) which hag concave mmeniccus. Llet L0 be the apgle
of contact, th' be +he hei(tjh-l— of Qiguid @iseg,'S be +he G‘lQth*iaj of
quwio\ and ‘T! be +he stfa’f*ace tensiorn oFf Qic[uicl-

The. suo face tension fovces causes +he Lig vid +o exest
a8 downwasd divected fovce ' T’ on +he walls of tHhe +ube TS force
T! mcts along the +mngent @t Hae point of contact A,B Foom
New+on's +higd l[ae of motion, Hhe tube exexts an equal and
OpPosite Teaction (N’ The weacton (N=T) can be esolved nto
two components Taine (along hooizont2!) and TCeso Ca\@ha
VveoHczl) The hoaizontal componen+s cancel +o each ohneo
whewseas +he vedtical components ave added which pulls +he
Qiguid vpoadd. The comporent Teces@ adis a\ohﬁ ‘the aohele
cj‘?jcumfefts-eﬂc_e of meniscug

Total vpwoadyd Foore = TCCSP X 2N T
volome of Qiquid in +ube abe\e fave covrface of Jliqui'ol (V) = Volome
of ca\fnd@cr o¥f Hefa\-\+ b anad gadius o9 + volome of
C{jlfna\exr e:u‘jp heiﬁhl— (2 ana ?.rfac:{fus‘ﬁ’ — VVolume @39
hem;‘&-l::»hev o Gadiws ty
V= 7volh 4+ wolo — L? ‘ﬂ@ﬂ‘ﬁfg
- na2h 4 o2 — .g-nrfa'%

— "2h + A Y
=

P V=72 (h+ )
t@eiﬁm of Qiquid colvmn = Mass of Liguid colomn x 8
- 8xVXx§
= 3RV (h+Th)4
Foor eqwﬂibm‘um,
Total Lpwavd forsce = Weght of Liquid eolurn
ox, TS0 X Ay = 7 T2(h+ ‘%)5

oy | = P ( Pt ) 8
2CO 3O

achen +he +uvbe ic of Ve Fine booe, s rm’attj be haa\QQA-ec)
commpRTed o \'ﬂfa‘rﬂ-(h’ so curface +enaion becomeg,



655 1 = th“hﬂ

EE—

2COS0

= 2T(es0
‘B’Qa

LThis expression (s called ascent foomolg. Tn
this case angle of cont+act ‘e amcule Note Hhat HagIow +he +obe,
e 8%&4-6‘3" S He heiah{— to which +he Qiclwl‘d QIses.

Viscosi 4@7

The onf:ew%j of Hoa oy viodve of which an internal
FoicHion comeS into pl-qej when Tluid 18 in motion anc OPpPoSes Hne
velative motion of i+8 diffegent layers 'S Cuiled viscosity

NetorHon?s |am of \/iemsﬂa

_____9..- ____________________
N

Fixed s5o0lid susface —
Fi’g.miﬁfeg@n+ 'z yess oF b‘qoid :F\Dt@fhg over Solvd surface

(onsidey @ Qiqu‘d :F\@eadr@ Steadily ove @ Fixed Solid hopizorn+a
sodace The layew of lLiquid vmoves pavallel 40 +he fixed surface.
The layey in contact with the £ixed svifFace 15 constant wohile +he
selocities OF othey fayess inueases vnifermly LPLATIS. (orsider
teoo layess AB and cw HOVing with @eelocities 9 and d9 &4
a distance ‘o’ and (oA +da’ j&tmm ﬁixec? sooface afgs]:?ec—!—ive\d_

Accoading 1o New+ton, the viscous fpice ‘F’ depends upon
% :Difa‘ec;-\—w poopooHional o area (B’ of Hhe l2ayevs in contact ie
F XA
> Divecty pvopooHonal o veloc iy 5mc4ier)+ be }-ceoeen Hhe layers ie

Fo Q¥
AR



Cmmbiniha Hhese +e>o ﬁ':ac:A—ora*s 3

Fof do
o of
oy, F=-nAdY | _ YO
e il
Coheoz
N= coeSFicient of wviscosity (Tds valve depenal open Nafore
of fiqoid)

(—\ve) si@r» shewms Hhat the diveckion of viscous fovre (B) s opposite
+o chow divection 039 M otion 039 ,Qﬁqu{cs\-

If A=1 and 2% =1 Then foom eq"@ we have, n=-F

S0, Cc:e_fﬁ{c:ien-!— .Dfl \Qt'SC@SE+d O'E .D.iquffc} 'S al@_ﬁmec;\ Qs +he Wwigceud

fwce 'aC,HI'“@ Peo LhHi+ 29ea D;E +he '\*aye_ﬁ %gy,r‘%ﬁ Uﬂ'l‘*' @g:__']@ai..l_d
quadient pegpendiculas +o +he digection oF Flow of +he Liquid.

N+ *ar)d dimens: O Dﬁ 0,

= i -‘\12 D = Aen m"'z ec
AEY) w2z /e T Pl e =
0o = ,::Ddﬁe cri L sec

= Poisge.

1 poise = L détne cr 28ec = 107 PN X ﬂ_o"’m"zx 1.5€C

- O.1L N m_p_ﬁe(‘_

1 dec'ape:n'se_z. 1o poise = A N N Z<sec |

Dimension — - L’Mt-i-]—-ij

ST onit = K(j 1) R - T

Stoeamline and Tutbulent Fo®

tohen +he Llows of ||‘c'¢_:>ic4 18 such +Hhat Hhe \/eioc_i#d oF eveay
paighicle &t any point of He filoid is constant, Hhen the Plow 1a
caid 1o be smada 07 Stgeamiine £ oew.



“)
Ea tream line
NS~ Flow tube
(a) (b)

(a) Stream-line in a liquid (b) Stream line flow of liquid.

(onsides =& liquid Flowmg thoovgh @ 4ube . let +he Path Followed b('j the.
pasticles 0F +he liquid s yepresented bk = line ABRC. Llet+ Yy, Y, ard
Vg be +he velocites of = peoticle 0f Hhe I{qul‘d a+ poin+ A, B
and C mspechiveH on ite path. Tf all the succeeding pavticles of
+he Fluvid move along PRBC with YelociHes Vy,V; ang Ug O+ A, B
2nd C fﬁeSPec_Hva'\d,-l-%e flow of liquid ig 54eadd oy Styeam-
line fleco . The Pavth 18 Enown =s &@dd oY st+rea@amliine. T@o

etoeAm)ine Neveds caose 1o each othes.

(mminas Flo@

Tf =2 liquid s j?mwina over @ howizen+al sug face wih
stemdy Flow and $ow in the fowm of layey of diFlegent YelociHes
(ohich do not mix widhi@ach othey; +hen +he flow of liquid i3
called |laminar £ od.

Tuosbulen+ flow

F'id- Tovbolent+ Flow

(Dhen =a ligoid moves woith \slemc_i’rd 6ra—e<a4—ef?r +Hhan +s (oitical
\5Le1oai+d,4—he mo+ion 0f ‘+he pPaticle of liquid betomes olu‘é@{rde‘esw
b i%fa—edu\a‘o’* such @ Pow is called +urboulent $Fow.

eg. Smoke Foorm cigarette oising @ showt dietance
Flo oo E).-P coste Ju_e%— behind beat oo S hif?
Ais Flow behind mHoOVing Fogin



CoiHea| Veloc,H—d =10% Reynold’s Numbed
When the fluid Flowe thaoygh a tube cwoith swviall velocites,
mot+ion will be atgeamline bot ON increasing t+he \Qelociira when i+ becomes
6we*a+e%* +heln cegtain imiting value, the motron becomes tugbulent. The
limiting veleCity below wohiclh Yhe $luid is atveamline and above which
i+ is fuabvlent s coitica) Yelocity
The coitical elocity (%) depends on
b CoaabProtecyk ot @Jeacasa+d e:af Lrotd Cn)
> Density of +he Piuid(0)
iy (gteral dimension of +he tvbe (77)
New vsing dimension,
let, Ve=KknZ¢Pgc
Oheve, k=dimensionless cons+ant

CLr-tg =miir-1 98 pme®gbrig”
LT-j_ . Ma—LbL—‘E—Bb+aT_E

0T,
Accowoing to painciple of homogendity of dimension,

d+b=0 . R A
—a-zb+c=4 b=-41
and —a=-4 C:z—A
Rence,
Ve=knte g™t o ki
O
el

T+ & called pedno\al’s fmqu\‘a

(obhede); K= Qe_dno\d’s NuMbe

. For stxemmline Slow, coitical @emdr@ ahould be \*a'zrae_ and fovr
lcaaae ¢ e\ \De_loc,i-f—d, n mMust be |<ara.e,, Q and 9 ™MuUSY be em4all.

« Fog Naovow -Lubeg,i?edhold’s Nnombes 1S Loon. Pftedr ez‘xceedma

Hhis nbmbed +he §10a becomes +urbulent Thus,it 18 pure Numencal
valve and is iﬂdeFEﬁcj'en-l- of +he 5ds4em of unite veed.



Poisevill €25 j‘zoﬂmm‘a

Studied the Stoeamline FHow of Fluid

——
Viscosity . ——»

F{a,sweamh'ne, flow of \|'quid

- The volume of l{c:‘ufol ﬁmmma P second C@) -l-h%ua% A C‘quH*'a"aej
+tobe (g
L> fj)'i‘areg-ld poopottonal te +he diffecerce of Poessure (AP) betweeon
e +oo ends of +Hhe +obe
@ = AP
;)_}S_)ifaecﬂ-ld Fitropofti“-l-{ onal o +he jgc:ua“-l% powey of radive (o) C)£
Cquill‘ana +obe

() ot
3r Invewsely psopottional te Hie |en8-|-h (2 of capillayy tube
Q74
Combinir@ Hezce Factovs, WOe cae-l-

S OPYT
i 0

07, & = ;7\"&13‘3’4
InL

X C?: 7;‘;1%—4 —%Qac‘u{%-&d Poiseuille’s equa—h'on

COhese.,
K:_%E 2 Pca*oporaﬂ-ion‘ah'vl—@ constant-

Applications:

Lused to stody Hhe Huid feeding by incecks +Hhal have sucki ng
MOV PaTS.

9. Dedeamine the blood Flow theough +the veins in the bedy .

3. Peacyibe Hhe minesqd] el metbon in fibre pooduction .

4. I+ is 'qFPHeol o the Plocw of h‘a]uid «\—h'a-tu.@]q draﬂinhir@ SHIA .



Stoke’s Law

When 2 small spheaicarl b"di] falls Yhoough @ Wiswus fluid,
the I2yed of fluid in contact Wirh the body also moves wWith e same
velocity. But the lagers of fivid a+ a |agge distance £oom ﬁalun@
body semain vNadistuobed . Thus , He 125“”8 body Pooduces a welative
Mot eon between diffesent 244ex of Rluid A the vel ociPy increases
the oppesing fouce also incgeases.

Boda afyrewr a-‘m‘aihfna 2 CeY+ain ve\ocj+<j sSt2aets mowrzﬁ
wWith conste N+ v&lﬂc}%@ ‘N +he Floid- This constant VEIBCH—C!j =
cglled ‘eominga| va\oci-laa

| S Rea'wica-ed stovrels

T F,=6nnrv foormula
N : Viscosity of the fluid
r : Radius of the particle
v : Velocity.ef the particle
l F,: Drag.force
Fg .

Gravitational force

Fig- © bodd £a1|;f@ ‘0 £iuvid produces a oselative motion
behoeen diffegert layess of fuid

Applicatons:

L eteamination o wefficient of \wiscesity of Nquid

Q. DDeteaminAtion o} value quQ c_\'\afaao_ oN an electyon.

3. while jU’m‘Piﬂﬂ foom an Ateplane , pavachuie help us Yo land
521-?26 on +he eaoih.

4. Rgin dWDFs do not acqwi‘ve hi@h ve,\ociﬂrd duvina fwfz fall, if His
does Not haippen © Peason moving in Tain Woyld ae+ Huot

Deteamination oF \WSCOSi Y of liquid Uéina atoke's |aw
B0

Fg A bal F=lling thoough Wiscows "”‘]"—’H chue 4 Y gl +



le+ ‘T’ be the vadive 0F ball —Tiallir)ﬁ —I—hftrebt)@h He wiacous fluid

of d’ehsi—i-d (&' and coefbicient of w‘gcaﬁi-\-d ‘' let W' be Hre
density oF maAterial 0F He ball. The vagsiovs Fovces acting on
+he bc:cla 2%¢e:

z THs mefﬁm (1) ' dowon waad directon

. uPcaafavl thavst (V) equa) 4o foeja'h«'i- of dn'sP\‘aced £10id

¢ Vistovs daag foace (Fd) in divection opposite to dlivection of

motion of boda

When ball ¢ j‘iaﬂir@ woith Yerminal welocity (V) Then,
D owwN /g f@ﬁrce = UPQDEJM ﬂeD?ﬂC’G
or, N = t“a—\-u
°w;, Mg = 67T NY + Loer‘ahll- of ,Qjca'wid dis placed
(ohese, %:GWH\Q—‘rﬁqom store’s |aw
07 fXV)fa- = bV +_ (X VX4
oF, GRITNM\? = § X vxd - 6 XVx§
°T; e7TNY = Vg (©—6)
ov, 2@z n :%ﬁ-fz@ (&)

Oﬁ—; YL'_'-_ cg ra\:g-gatgj_é-)

N = %%(9—6)5

LyTWis ig Yhe ekaession foor coefficient
D£ kﬂ.{SCc::Qi“-d Dﬁ Hﬁ\LPI‘a\ (N} :]El uid

Equation of ConH nuilra
£

| v:% _B

A'I

U s—
Ffa. 5&@% flow of liguid +haovgh @ pipe of diffeaent

QoSS sectional| 2 e

(Conaides Hhe sieady flow of non-viecous liquid thaovgh @ pipe
of Vauying co08s=cectonal avse’ let AL, Vi, S be +he capss Sechional



aved, Yelocity of Liquid and densi% of liguid @t point A of Hhe

tube oegpect Ve\zj.ﬁiﬂﬂi 2T Ao,V 1G9 be +ho (spss seckional zivea, el ocity
of liguid and denaHat of liquid @t point & ©f +he tube.

Volorne EJ:]? |ic10id er‘)-l-e%’{ﬂ@ pes second 2+ A= Ay X \9_1_
Masg @j? Iia‘uid en-l-efa'ind poy” second =2+ A = B X \Jy X ?i
S| l'ﬂ?ﬂaj
Mass @ﬂ? liquid 1eﬂvfr6 pey second 24 B = Bo > \92X SJQ_

1T Hweae (e no loss of liguid in +he +uobe and flow is 54eaddj ,Then
A X\ %S4 = Bg¥ Vg X Ngi
Tf +he Lquid {e incempeessible Hhen density venvain same $,-%,
ALV = Ao Vo
A9 = Conatant
WThis 18 called equation of continuity
TWis equaton atates that ¥ Hhe @ea of cooss section of pipe

becomes \a*zrae*ﬁ“,%aliqmdls speed becomes smmalley and wvice
VeTe8 - T4 1 uvugsed in Besnoulls es‘-"lt_)ﬂ—\-f@r‘)..

Enataaéj of Lic‘uial
1. kinet+ic Ehe@:radj ¢ kE)

K‘E:_']Q;_-M\Q?“
KE pery LNt MELg = Y2™VT L g2
TR A
2. Petential Enesgy (P.E)
PE = wmgh
~ _ mwgh _
PE pes onit massg = ! f;,tﬁ__] - gh

3. Pressvure enea gy
The enEW87 Pc:ﬁﬁaﬂéed ‘E&j ]ic:{ml'o' bd 1 otue @f

te pYessure ‘e c=1|)ed Pressvre enes gy

- - . . .

- . . .

'_'_@j_jf‘?ll — Picten
""" ) ol




Foace on pieton = PxA
If dot be arngll distance rmwved bd +he Pigfl-ol’),,—l—\aen
wook dene = PA xda = Pav
This ook done ig equal +o the pressure enevgy oF |iquid,
Poegsuve eneagy Tor volume dv = pdv
Mass of liquio haumﬂ volume dV = 94V

Daescure eneq o uni+ mage of Qiquid = Pev | B
L% 88 P= qut oay - ©

- Tolal eneagy of liquid pes unit 289 = L 24 gh+ %

Begrnoolli s Theooemnn
S5+2+emeint.

Fot +Hhe stoeamline flow 6f an idea) fluid (incompressible
and non-viscous) +he +ot+al cNev S (Porss e enNeTgY =+ Potent-ial
eneqgy + kinetc enesgy) pev LD MAass gemains cons+ant at

everﬁ CO055 ~seCH on +hooyghout +he £loeD.

_ P \$2
= ——+8h+_i_ Cona+ant

h ;|

‘ Streamlined Flow of Ideal Fluid

e e eSS e — |
l‘-ea. Beorn ool g Theooe o

(onsides & +ube xy of vagying aeea of co0sS-section -H”ftfoua}‘\
which an ideal Riquid is in stoeamline flocw.le+ B, AL h ;¥ and
P, P25 hy Vo be +Hhe pressure , geea of coosSs section, h&fa\rrF
and elocity of flow> @t points x anay vespectively



A+ point X,
Fosee @cHNg = H AL
Sigtarre roavelled bd Riquid in Hime At = ¢, x At
~ kJogk done = Fooce X disF\acemen+
= RA LA

wwen +he lfquid MOoVves ifz‘%‘@m ¥ 4o x! N Hme At ) 440 Hquid &

Y moves +o ¥! Joi ng ook ﬂa@ihe-ir +he poessure R, et Y at
+the S@mMe HMe.
Sienilaaly
Woor dene by +he Fivid against poessute Py @Y = BRg ¥, ot

The et wosk done on +he liquid by Hhe Pressure €nerygy in moving
He liguid feom X 40,
IN= B A\ At— RA\F, At
IO EGIU‘ZH-!'E:N oF ch—;'hUH—d -

F\-J_\QJ_: ﬂg_\g'(z: \j = _?_

SO,
W= RY-BY=Rk) T
39} p 2k 28
M= mM2ss of liguid <ansfegoed

Theseace in PE oF Hquid (APE) = m&hz—mﬁkl L bo>hy7J
Thesegce 'n KE OF liguid (AKE) = .lém'\?f—_ l/({i’]\?f‘ L 9v>a,, 2>V |

ﬁcamwding 1o Woek Ene%’@y Theogem.
INoat done = APE + AKE

0D, (Pj_"' Pg) %— i mg ( hQ_' }'\,LJ —+ J/Q_m C\?ch" W_,]_‘Z-D

07 %_ %, = 5%“8\"\1_"‘ ‘/'2_\?;“ '17"2\93:2

o, Ry L g2. R !

Lo Gahe?_‘a*a )

P -’r(‘j\’\ s -\iﬂz = Constan+
o o
TN +eama OF peg- LN+ volume

P+ 9gh + E’gz:_ Corgient-




when & Liquid Flows +Hhoough 2 hovizontatl pipe, the height hy=he
Hhen eguation become,

S Z 2 .
P.L LS Q*:EE—I—“’L'@CZ'
2
b —PSS— —+ ..\9_-2 = Constant

A pplications:
L. Atomiseq 07 SPIBYeT

INhery +we asubbes bulb B et the erd 3 A
of Pipe- (s sguweezed, He @iT blowss in +he g-bq}_\«/ T'}s-ﬂ
tobe T ceoith \ﬁialm AF?eo’ Iﬂscccpvclin@ +0o - 3
RBeanowuli'g Heowvem, tohen Hhe @i blows
N +vke T, +he presaunre in i+ becomes Fg Atonisew and Spagy
less +Hhan +re poessure ih vesse] (M vessel R
Due +o +his, the liquid v1i8es LP IN“Hhe tube T and 8 pushed ouF woith
aig thoough +he nozzle (NLIN Hhe form of spr8y

9. Flew> medewd /Ventue meled

Fla. Flow meder oF Vent-Loi meleg

T+ consists of 400 +ubes A and B (onnected By navTow fube B
vging +00 +bes = =nd £, He diffevence in puessore of the liquid
ﬁtow‘ma -Hﬂmuah A and B can -founc;\ ot let AL, ALY ard Ag, Py
Y9 be +he coosg-secHona) mwes, Pressure ard ve\mf.lzj of +he

quwid in +he +vbe & and B ‘?!‘E".SFE&.—WEI@.




The volome ©F ,ch’t.:ai'cq ﬁ\ac@it@ Pe<o second Hﬁwugh +he
+ube e 6f\/‘€ﬂ by
V=A% =RV,
Since +he pipe ‘s howizon+al, hy=hg and applying Begneovli>s
Hneogem , woe 8Q+
o w Il 2 + Vo?

° 2 ¢ o
D9, ___pl_ % = _\9‘2(1 \9.1&
4 S 2 2
0T, E.L_P'z_ _ \9:2, i
9 2 EP__ F . Mg _9xvxg _ 9xAxhxg
| a0 T
0%, Fi-—%,— = 98-V - 3hg
aial. ?[% g‘z

H_L AZ

0T, 5h= viipn,t Aaf)
A2 A

0w, Vi 2fHAL AT
)

o, \(_ﬂ\“ AL ﬂq,
(A AL )

[

= AR _Q__ih
rdet e

Hence, +the wate of Flow pf Q_icluid cah be calcolated by measum‘tgﬂ
h,since B, Ay ave known fow given ventugimeted

3. LS+ on an =aesoplamne

The shape 6% Hhe =evepane Wings 14 5\1‘8%—}% convex vpwaogd
and concave downwgd- Thevefooe ,+he speed of a@ia gbove +he @wiNg3
become mOYe than He belomw Hhe minﬁﬁ. So,the presguie below +he
wings i move Hhan +hat sbove the woings. Due +o +Hhia difference

N pressure, 2 vextical |If acks on an Sevropane



4. 8pinning ball

If =& +ennis ball is hit at an angle by bat, i+ Spins as i«
toavels in @Y and expesiences a &dew@wnys Foore which c=vses
i+ +o cuwve in a‘iuam.'ﬂ:;c; ‘a dve 4o 2o \gema c;\czra%ed o Lhd
bd +Hhe @innﬁrﬁ ~all, ihac-a"eas\'ﬂa the aigflow 'n one side =nd
deczezsing on othews exde. A pgessure diffecoence ie Yhue created.



