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Gpward foree qch’ng
on mMmeniscus = TCo50 X 21

Downward force = wi oF liquid column
= mxg (massof liquid
inside cap\lar )
DowNnward Byree = ng-hg - @
A} equilibyium,
ypward Force

T Ccos® xzyfp/ = Qﬁf’[h&
9 TCos® = thg

h__ 2 TCoS@
= vy

whese;
Q - pDen=it of 1iquid
g - Acein due 1o gravit]
x — zadids oF Capillary fube
T - Sqyface tension o |iquid
h- ht of liquid leve]

_ downward force
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‘F:x (€5510N 1%5 315€ OPltqtud quwllacy
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tube <Presbqre diPPf*afnce)
R )

Fxcess pressdie

Insideq liquid :.—25; CJ_)
daop
Pressyre diffesence =h§g - -- (&)
heg = 2T -G
d =5 )
In AOCP,
Cco5Q@ = %
R
= 7
R cos@




Pu’r, R=_= in eqp Cg))

050

heg = &
C

Co50

h¢g= _2Tcos

=

h = 2TCcoso

<y

whese,

h:‘ hei(jhf of liquid | eve]

Q= density of liquid
J- Acan dae to gravi

T = surface fension f liquid
¥ = rqdfus o? capillam ’rube.
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Fluids in Motion

Hydvodynamics

The bvanch 0f physics which
deals with te 5+ud7 of p'aropeah'&s of
Fluids in motion is called hydrwdynamico

Define fhe %How‘fﬂ&@)
i:] 5+€Qd7 Flow.

2] Flow line.

3] Stregm |ine.

4] Flow fube.

1] sSteady Flow *-

Flow in which measyrgbl e
pmpezfﬂ, Such as pressuv€ 0 veloci'ﬁi
of the fluid al a given point 15 conskant
over time is called Steady flow.

9] Flow |in€+
Dath of an individual particle in

a moving Alurd 15 calied as FPlow line.

3] shreamling s-
The curve Wwhose ’rqngen’l" at Cm7

polat in the Flow is in the ditechon 0f the

‘ D L : 19 calle
UEIOCi’hj of the Row at that poinf l\?sheqrglfneg

5
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_4_] Flow tube
An imaginary bundie of flowd

lines bound by an imaginary wall is caned
a bloew tube.
cathcal velocity - (Ve)
The velocity beyond which a
Sheamline Ploas becomes furbalent [s called

cntcal velocHL/.
Acccrb'diﬂé o 0Osbeone Rek{nOld‘ﬁjUﬁHCCll

Vﬁloch‘»l = 51’%5& AS,

Ve = Rn "
<d

aw heove,
Ve = crtical \)eloc)h of -flui*d .
Rn = Reynold's numbez
r) = Coeq‘—)ﬁfqeﬂ%‘ 0‘}[—) \)fscosf‘{’y
e = Densib of fuid
d = diamelex of tube.




Reynold's Number :-
QeanQ‘d‘s numbes 5 (‘j\"(rerv b77

2

Qn: VCQC‘

‘)
wWhese,
Vc’—“-Cﬂ'ﬁCCll \Jf’\OC(I"] of the detcu‘d
{ = Densih of liquid
¢ = digmeter OF tube
N = coefficient of vl‘saosl‘“j.
It has nounit & dimensions.
£) Tf value of Rn 7 1000, the Bow of
liquid is ldminav’.

$) 1P value ef Rn is greates than 2000,
the Plow of liquid is furbulent,

@ klhen Rn lies between 12000 to 2000,
then flow becomes ankCLCV'

Define the %Howl'gj_ }—erm@)

i) Steamline How.

9 Turbdlent Aow -

1) streamline flow &
| A Stecady Plow in which
C\djc\ce‘ﬂ_ lq“fetrS\OP a fuid move Sm00+hl7
Ovew each othes 1S cqiled Sheamline o

F.




lC\mihQ“ PIOCLD-

2] Turbulent Flow ¢
The lrregulay X QHSchdj Plow

0P q Fluid when \ts VPIOcil‘Ii ihcreases
be\;onc[ cmtical UG’locf‘L‘f IS KkKhouwmn as

Fibulent Row.

Diagsam

on O o

® ¢ -e ° o o P

e 6 ° ° 0— 08— —f> Ll'qqfd lCI"]eTﬁ

— e . .o Streamlines
—0 © 9 0 ® a ° =
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L.aminas Flow
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“Turbulent Flow
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_[xssotational Flow
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. Rotational Flow
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Define
JJ\/I'S(:osiJrk/_Z-

The pcropeesﬂ oP Pluid b Vittue
of which the selakive motion between
JiPfezent layers of a fluid expesience
Q drgging Ry is called Ufscosiﬁ/.

9] Ve\ou"nf_GmdienJr -
The ate OP change 0'{9 UelochLLi
Cdv) with distance (clcc) meqsyred fsom
a stakionany layes s known as velocity
grqdferﬂ-.

' ent = AV
’ \/eloqu\! aquaenf v /

3] Newton's law oF \/|‘5L05H}]t -
Statement =
i%b’ sheamline }Qloc,u) Fhe
Viscous fowce aching on any [ayezs 5
djrectly o0 pos tio nal ']Lo)
(d) azeq Of the layes (A)

(b) \/t‘floch‘y 5’crqcl|'er)jr (dv/dgo

Jo.



(Nathemakically i} iswritten qs,
@) FxA - Q)

() Fodv . --(2)
dx
from equalion @) &) ®€ have,

Foa ()
Pl

Y) = C‘,Ons]'qrﬂ' called coefhdaent O(P
Ufscosi{ﬂj
“ﬂ goef-ﬁcfej of vi5c05i+\/_3-
The coePAcent oF U"\SCOS'”LY
is defined as the vistous fooce pew
anit area per unit velocity gradient.

Uﬂi‘l‘ of T'] = NSImL oT clecqpofse (.51)
From Newton's law 0 F Vl\SCOEH—j)

— = dv

= V)Ag;

o heae,

17 — coePhicient OTD Ufsaos}%y
gy = Velocity gradient
X

i11.




Dimensions of 1 =[m[r*] [T

1Ns|m? = 10 pofse

=1 decqpofse.
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Stokels law *
Slrl\kmenjri-
The viscous force qdmg on ¢
Smal| ophese Pq\\ing Fhough @ medidm 19
C\‘\YELH\, pzmpoahonq\ o Hwe)
Radius of the spheoe (%)
its VelociwL'Y (V) Hwouﬁh Fluid A_
coefhcient of vfscosiﬁj C?) of the fluid.
mqlfhemohcq\]\/)

o r)w

F= kr]zf\/ /

? F= 6TTF)TV ’

wWheot,
i = cons’mnf 01'3 xpzrDPOK%'Oﬂa]iw

Tesminal velodfy:-
r 5
The constant maximum \ft’loci"r7
acquired by g body ?ﬁqlling through Q viscous
liquid is called as lerminal ve1oci+7-




Sphere of radi4?
sl pmemlonatfl ¢y Q
RS . = ophe’ 7
£ ? density oF =
Y s mass % sphere
e B P
175 S™Fa0n Aer\é‘\

llhen q sphest falls foough this UISCoUS
mediam, fooces qch‘na on sphewe A€,
()) Viscous force Fv Clch’né quqrd,
C”) A pthrust ,bqqun)r 'ﬁ)"rce aching in
ypward direchon.
Q”) Gmui\’i\h*cmq\ -fo'rce i_ um)jf8 of sphese

Total ypward force :’]D'rC\ldomechl
force

Rt =M

6ﬂqu+ wt. of liquid =mJg
displaced b]

2 Phere ' Mass

Vv, +(mags of liquid ) xd= op 4
6ﬂ(}’¥ i ‘
displaced Sphere
Densihy =_mass
volume

=M = ~_M

Iy St L

- 4 3
m Qtsﬂr
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dens\H ;m_ﬂ?f_é—
\/O um
€=

= 3

_ 3
eVt Quxdmrrg =S 4nTxd

ESTYQWJt A X:j)_mgxg = ?Yé}ﬂ“fgx(‘-}
6'(‘[[}“{\/-} = ﬁx%ﬂvsxg — %X%ﬂ’é&g
k= e 2F A
e =i (6-<1)

This 5 the expression fo teeminal vemdh/
OF the ophese
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Equalion of (ontinyily

[¢]
‘ ——
I

éjmi-cmerﬁ o
_T;”Fﬂ;e volume odte of Flow of an
incompressible flard foz a skeady Plow i5
the same theoughoul the Flow.
w heae,

A = Area of Cross section
v = speed of liquid




Mass leqvmg)
Mg = R A2Va AT

W gl
Volum€
N asas er)\.cﬁyg - (Nass \equin&
Ame _ Ama
At At
%ALVL :/ﬁ/ﬂa\fl
[

Beznoulli's Equakion

Statement -
I} Shales thal the sam of
pressdare energy ) kinekhc energy g potentia]
enexg) pes unik volume of qn incomppessible
non-viscods Flaid in Skeamline, irotakondl
P{ow vemajns comslhant,
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whese,
Vi,Vy = speed of the Fluid ak
lowses end R} uppes end
A1, b = Areq of Cross sechion at
the Jowes end & yppes end
Pr, Py = Pressure of the Fuid at
[owes end & uppee €nd
duy, dotp. = diskance pavelled by the
Auid ot lowes end & uppee
end.




The volume dv of te Plufcl)
dv = Atdecy = hdxa ----Q)

The net work 49ne€
I = Ps Ardocy — Po ppdo — )

Putling €3 @ 1 ®,
L) = Pidv-Padv

N o w,

mass of the fuid between P,

:Densi}\]) — Mass
volume

Mmass = Densih Xvolume
m=-<XV
m = Ox ALdeid

kfheh‘c enevd] of e Pruid between

PR @
) I¢El:é%YnVi"

GE =L Qaadwy = (M=)

Colential enesgy of the Fluid between
PR,

7




pPE=mgh
p.E. = QArdxigh
P.E-= g dvd hI]

Mass 0; e Pluid between R 8 3,
m = SKV |

W N

| m= SxAedre
|
kinelc enezdy of th

22—
R‘E. - mV

> Q__
KE = L Ardate Vo
9_
Q_.
k.E- = ,2_1:4 {dV Vo

le furd between R& S,

POFCH‘HQ\ eﬁearg7 of the fluid between

R3S,
PE = mgh
P.€& = ?Av.c\otzg'xhz_
.P'E— - ’fclVO‘lhz_l

The net change IN kinetic enesgy, ,
AR E = £ Q(Albts) Vom L Q(Ardaty) Ve

2 9
Ak E :-%_-_QdVVQ “%:—Qc{v\/j_

AK-E = -;‘—_-ﬁ’ cv (Vf—\/%) - - »@)




The net change in gravitatondl po}cr;-h'q\
Ener37)
AP.E- = RdVgha-SdVghi

APE =RV cm—m)] - ®)

The "OJFQ‘ mechancal eneagjj

K = AkE T AP-E-
=qbshfute €a" @), ) & ¢s) 1N
above equakon,

CPu-Po)gf = & g (v=w )1 S5 (ha-h1)
= L (Vv gChe-hr)

This Is known as Besnoullis e quation |
Bemoul\i'S eq” can be wrtkn A3,
o 0
O Pz 2V, - = ho —Rght
P:L P2—§"?V2_ 2_§VL + <4

(L_
Py 4+ L Ve T4hL = Pyt Aqve TR dhe

JIvL
PtLeyTRgh = constant
>




Ventut-Tube (Venhurimetes)

EEEEREEEEERERENEREEREE RN RREERERFEARERERRERER

The Vfﬂ"m’ﬂo*hbe s q device which
s used to measyre the Plow speed

0f incompeessible Pluid.
Applj Bennoullls equation,

Pa Jr%_QV%f ¢9hs =Pt ?Zﬁ\/f} Lgho_
At the same |evel,
- _ 2
Patlgur =Petigw,
P L Q‘_-L 2 -
Pa-Po= ZQVa~1Ry,
Pa-P8 = Lo (vavi
Now,

& quakton oF Ccmhnufhj)
A1 Vi = Aavo







