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Fluoid Mechanics cHAPTER 0.2
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1 - Eluid Pmperhes

(s define az a substance Which s |

— Fluid ;- A Fluid
capable of f!omn\? and deforms oont-inuoslﬁ under v —

‘t‘lﬂe action of _sha_qring Stresses. A shear Hforee
15 the component of -the force wWhieh s -tangant-iaL
to a flud surface.
Flui'cis
Y\
L_';qu{d_ Grases
~— Fluid Mechanic s - Eluid mechanics is that branch
of science phich deals with the behaviour of the
fluids Cliquids or Qqse,s) at rest ae wdl as in motion.

This branch of science deals pith the static,

Kinematics and dynamic aspects of fluid. The

5Tud:f of fliids ab rest is called flud static,
pressu re forces

The study of fluids in motion where
are. not considered, s called fluid kinematic® and

if the precsure forres are alse considered for
the fluid in motion that lbranch of science Is

called flud dy Namics
B
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1.2 Propertie: ‘
_ pDensity or Margs C|omsH'a-Z— Dens’ubj or TNASS dengbj
— = e /
! ' o of the mass
of a flwd i¢ defined as the ratio m
£ a flud to e volume . It ts denoted the 53mbolg(rhb)
'?‘he, do,nsffg of Uqwds 'may be considered as constant
S ile aar BF gaves smhangés with the variatien of
PrésSure, and "tem{Jerﬂl'Ur?- |
Mass of Fuid K3
1 3

. g Poiy
dQnsdJ Jotama of Fud , ™

The value of density of water (s 1660 kg [rT
1 is rat'it?or'

_ specific weigC or weight densii =3

Looraht of Flwid _mass of

specific eight (w) =
) 8 volume of Hliid V‘blum"«"'FF{uJA'

weiahrmf a fliud to i velume . |
F’H‘{*g_ 83'

|
]
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_"'_%EQ_‘ifi—C wf—SF%}QC— Volume of 4 Fluid fe define
as the vyolume of fluad oc,e,ufio_d bd a onit mass
or Volume per unit mass of a Huid e called spec Fic

velume . : 2
Specific volume _Nolume of flud P Bl

Mass of flud By k?'

specfic volume is the reciproeal of mass densif:a:.

e 58@_(_7_%_%@% v SPQdF'C 8FC\VH'\lI s defined ge
~the ratio of the we.\ﬂkt’ densi‘t\T of a Flud +o We,iakt’

densﬂj of a etandard £luid-
for Liquids. the standard Fflurd 1s taken Water

For gases, the standard fluid is taken air
sPed{l'-c am\riw s alte called relabive dens',?
_ Weight™ densi £ Lgud
\SLiqujd " a hj e L\q

We,nak]' densnl& of walter

\Saa.so..s = We,iﬂl«r' dens?t:j of gas
Wezgk'r de’nsit\j of cur

o Mﬂf Z——\lisco.siw is define as-the -PmFer’c:s
of a Fluid whieh offerr resistance 4o the movement
of one Lal’ler of flud over another adJ acent quer

of the Flwud. Wheﬂ two La3e,r3 of - Clord? Gy
d’l_gmn&‘ (dg’ G_Per’ move. dne. over —th, O_‘,her_ a‘_

different Velocities, =2y wU and u+dU, the vism:(j
Thge eay with relative velocily comses a shear stress
aaHY\a between the fluwid layer
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" Unit of Viscosi

[.2
The *op Lal.jar causes a. shear otress

on the adjacent Lower Ladar while
the \ower La\\jer causes a shear

shress on 'H(\e, aclJ'chnL’ top nger.‘

shear stress s PVDPO§HonaL 4o +the rate of

This
change of veloaly with rez;Pee,('-l—o‘ !
i AR b l
d
3
T = '\ra’i\l
and

.IS —th, C‘Onbrant' QF PmPOYHDﬂ ’

W\r\ere (u-(mu)
—the co-efficient” of dﬂnqm‘:r_ ‘V'JSCA.‘;I?

[s known as

A _ cheor stress  _ Force/prea
= e E
\

€
Dy o sheor strees
e BRI = L
F i

Len
c.lnqnje ’E distance -

= __@Q-ﬁMQ 2 N/Y&Sw
hreA
we know Neo fo Fascal whichis represented bj fa.
g1 onit Viscosity = ﬂ—-} P
i 3=s
Mks onit of v:'SCosi{:j - kqf. s
m?—

cG L onit of VI'SCOSI‘U -4 d&ng,_ Sec
cm®

The numgric,al cenveraipn of —the unit o{: Visoos':fl—’

fom MKS unit to CGS unit

F-see _ qgIN-ser (- =q&IN
M (g )



= Mmass x Accelerntion
[ New = | - m)

i

1000 3m x loo C.m: ,05 gmxcm

Sec:?-

= 106d\\fne (' dyne = Qm“cm

Sec®

lgb-se¢ . q.glxm Y dyne-se% _ q.gixio w

2 cm “em?) o4 e

m

_ ag.| _cl\»me{i@___ q%.1 Poise

cm

lj_af see _ Q%INSW— q%.| Foise

S - o Pas
Cpishce 0t DS, =P ™

| centl Paf_SQ, - —l-Pofsw = 6.1 N-.sec

j DO Mm%+

—— Kinemahc Viscesitys. 3+ 1e defined as-the raHo

befWeen -the dynamic viscesityu and density of
Flwd It i< denoted b‘(f k@ COLFEGJ‘K Sﬂw\z;L D (nu)

U~ - Pynamic viscesiby

Densifg, ¢

onit of kinemabc viscasitay,

W il = Foree . see Maas - length gop

P

T | vt Sy &
/m.% .fz_il—(—;"_
k? maAS/Lmat‘l'\z
o (i Hh) = _YﬁL
<
<ee

2
= Cm
| Stoke /S% wa)wrl | ,0 m/su



—k\/or\iahon of \/"lswsi'i-a With temperature
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Temperature  affects 'tke,viscosif\lff-_rl’\& Viscosi

of Lliquid olecrease With the increase of temperature
Wwhile the \/I'SCbSHﬂ of 3@0_5 increases with the
increase of temperature. \

This is due to reason that the viscosus forees
in a flud are due to cohesive forces and molecular
m?menwm transfer ( molecwtar interéhanae}

1n h'c'ufd —the cohesive forces predominates the
moeleccwlar momentum ,"ﬁmﬂ,sﬁ:f‘ duQﬂ‘l‘o C_lOSQ,\!j packed
molecules and With the inecresse in temperature,
the cohesive forres deereases 3ith +Hhe resullof

| decreqsina v n'sc:o_siha,

: |
For liquids = R IW]
Lahere M= Viscosity of l,'\ﬁtu.id ab t'C inpeise
M; = Viscesity of lt'qujd at D¢ in pelse
N, p = gre constante for the Ulqw'cl

-2 .
For waker M =l FIx10 polse, = 0-0336¥ & B= 000022}

In casec of Sagse.s +he cohesgive 1%rze are

aemall and moleecwlar momentum transfer predominales
With the increase in 'Z'e,m.‘:nerai-ure,} molecidar

mo mentum transfer increase and hence v,‘-_scagi-\-a
iNncreasSe

For a. 8@5 b= M ket ,31:2

M, = 0.00001F o= 0.000000056,,810.11‘67,:75'7
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0 { 1deal hid
‘ — Ve)odiy Gradient (‘ffﬁ)
n | 0 P
wWhere A= flow consistent
| A(%i)+tu n =flow b "IPJQ/K
! = ehqvi our
L]

To = Yield _gtrwtndv‘ |
o ddeal Fuid:- A Fluid, which s incompressible and is
having no Viscosity is known as an ideal Fluid . 1deal
Huwid is onl\aj an imq3'mar3 fluid as all the {lwds
=0 » A:[\)‘;O,I},:O .
- Real Fluud: A Fluwd which possesses vjscosity (S
known as reol Flud. Al the fluids, in actual grackee
are real flwds.

—+« Newtonian fFluud:- A real fluid, in hich +the shear

stress s direaHH, proportonal to rate of chear stvain
Cvelocd-g ﬁradient) fs known as a Newtonian fluid.
A=r\)"n:( 2 To=0
— Pseude plostic ;- Fluide for which the flow behaviour
index n s less -than .um'ly are Called psweudo plashe
(eg.) colloidal Sb?'o‘tﬁ"”f miltk, czmaqg N&lLaGe=0
— Dilatant Huwud:— flwds for which the How lbehaviour
index N Is grester than unity are ealled Dilatant fuid
E-a Concen trated 2o lution ostgaE] N> G=o

e 'Icfe.ﬁxl plastic or g;inghqm Flwid - This awbstance
tndicates no defsrmaHon Lohen atressed

: ‘ : te a
Certain Eoint (yield stress)and beyond Hhat i
behayves (ike o Newtonean -P{vj%.
= A:A)", n=|

— Thixohopic swbstances:— Flidde phich show an épparent
dacreaso tn Viseesity with +ime. (Jelly aints)

-~ Rheopectic swbstances:- Flidd whieh shew an apparent
incresse. i Viscosity WITA HMC [y Cin Ll et in8)
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1.4 Conegpt o onttnUBM & |4

The concept of ceontinubm & a kind of idealization
of the continuovs descriptton of matter where the
properties of the matter are considered as continuous
funcHon of space varialklaes . AH‘kouﬁh an\\f malter e
composed of several molecules,the concept of
ConHNoum Qssumes a contHnuous distrlbuHon of mass

within the malter or system with no empty spaxe

.5 sutface tensien:-
Surface tension is defined as the tensile foree qct'mg
on the surface of a Liquid in contact Rith o. as
or on —the curface between -twoo immisgcible liquids
cueh that the centacl surface bohaves Like
a mMmembmnce vnder tenaion. The ma%nih{d@, of
this forec per onmt ten th of the free surface
Rill have the same vacque as tho <aurface
e-"le"ﬂtl per Lnit area . 1t is denoted b:., Hreek
letter O'CSF\C}MC') <1 onit as N/,

Froe aurface Mks Onit as kjf—/m
A 4 C
=Wl = = Cor\s'roler thyree molecuwles
E:,:'EE%@*: A @, C of a liquid n
g T Y 3 a mass of Ligwd The
SR _A”:—":: molecnle £ is O:H’mct-g,d

g eV o JE & o St il

w all direetions Ae,qc,dl\\j
b\tj <urroondi molecudes
of -the L'uqud—- Thus the r"esu.lf‘ant'hzsme. actin
on ‘the moleecwles A is =ero. auwl the molecule g,
pwhich I8 aitusted near the free surfzee is acted
upen Loy ward and downward forces hich are
on balanced . Thas @ net reswltant force on moleade
3 s acking in the downward direction. Tie
reledidesd, aituated on the $reo surFace, o
Sainid does %PQHQHQQ, a resm%mﬁ dewnward force/

A:/!L;MQ, molecwles on the frec surface experience AN



Thus -the ']oree, surface of the Ll'q(,q'al act like
o ve ~ttuin {—{lm under tension of the <curface
of -the L'uluid act as ‘t*\'towal’\ it iy an elasH

mem lerance. bnder tension.
—— 2 urface tenzion on L&qwd DYZS‘-P\Q[-
Y L
Consider a smalt sphencal dvoplel” of a

Licyw;d o-F radiui'r\
L ot the droplel” i cwl into two halves.

"(/. 4 D Tens le foree due to surface tenson
d P aets avoond the civeumferencz

_ 0 x civeumferende

.‘-’(’Q,nsilo, : v
gd*
2) Pressure foree = PYg S0 v
under eq(,ilu'bﬁ'um con di1Hon pxh = b
= G'K”
[il=wm
Vi

E=4

— Surface_tension o Hollow libble

— ; prz = O’xﬁd+0'>'”(d'
%/JP ?: = -gﬁﬂﬂ”gd

nd*

5d )

Force. Aue 1o pressure
= deﬂ_

Force. dug to urfece tensid’)
= Ox2a2xl
pxffxL = oxalL

_

[F-2°]
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1.6 M_ our pressure—
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A\\ quds have a ":endenaj 'th Q_\/qPomt-e_ or

Vapoﬁz&%@ VﬁPDﬁ'zai‘fon dQFends \,\.FDT] the Pre\/ajll'

pressure and temperoture cenditions. “@
Consider a Uquid ( waker) enclosed in a

closed space.. Lot the temﬁé@v@ and pPressure o-’F

Ll‘qvu'd i« standard cﬁmospheﬁc,—ﬂno, Liquud mo lecnles
en@ra& estopes from the free curface of

lf\avin& :
the Uguid- These VopoUr molecwles gel aecamulat

.lﬂ The SP&CQ/ lbbetween the .
octed moleeules are N

of the vessel. The el :
a ﬂa«seows ctote and Qxe,rt‘"\‘\rxajr pn partid
Ukﬂ(wd— curface T pressure

Vopout pressure OM —the »
f& knpwn os the Vi our p resswe of qu&.

1n other wovds it s
o ¥ Uquch s converted in-to vapour ot 3‘1\/@')

'te_mf:arahir@ ;

1.3 W:—— 14 the pressure al” an
) g N Lolow o Snmal

Liguid folls ‘
“thevre il be Local Lol
bwbb,% Wit -Form—[’kg, clowd

Vogo O
4 cloud of Vo : Hhe _ﬁowinﬁ
ve. where
Y acl Py—gz,bufe.«.

—the pressure at Which

Po‘mr
+he
and

davies will 3::1."

Liquid ’ . L dan ime
v yi1se o !
—?\j& CC:! Q'FSQ', %- -'ﬁ ‘.ﬁk ¢ olid _Qu,rf:&—LQ/‘ The

F tevial from the adolni lboun
maotler J Tl\lﬂ),—nu:é Sl G

and cavities ave formed on
koW =5 L

roﬂ




& Compressibitf{y and Buk Modutus ;-
Compressibility; {s the reciprocol of the bulk

.1 -
modulue OP elastci ,K which s define as the ratio
of COMP"Z_?-SSFV@ strese 10 volumetyic ebrain.

—’:dv"_— Cansicle,_r VD\ume\f O'F a

Py

T eisten . i
] f:jkp certain fluid eonteine
i .l in & Pu‘_s-{-on Cﬁhl"\d&l"
SARAAY MR arranﬁa,meml" as showm Gﬁ.
e o losed. in
-4——\-/# | ot ¥ =Volume of agos encle o b

P - pressure o—F 30/5 when V‘o\qu,'lsV

¢ ‘ na
Lot -the volume of qos docyreases trom ¥ to (v-dV) a

“+tho preésure/ s ‘neveased to CP{—d/F)
W F p o
Rulk. modulus k = lncrease ot re;s%:r
volrmetrie <tvodh
n means -the volvme

" dP (—Ye 3@,

A2 Adocreagas po 1N
_..cld/ Q¢ e'j:fmo_,t Fm&ur&)
K = —-____EV
| ay \ :
Compressibilfy & qiven ba e
nelaip, betwaen), Bnlk vooddl © Prosswe gor o 008

—w BelaHo
O) for 1eotheymal Process:-
_P - constenl
L
tzwvt'
=z cons
pY “Ydp

a’:ﬁumr\wa +‘v‘d1> :o.;lpo(‘v’: ~Vdp = p= v

Ferl

) For gdiababic prewss
_E = constant,

Cun ol g
diferentinting- PIY dY +Vdp =2 s
prad¥ + vdp=c = prdv=-¥dp pr="g

P\/Y:—_ Constarnl



|.6
-9 E_‘lﬁi_”ﬁf;_%““ CO‘FMQH{H ‘s define as o phenomenoen
of hee or fall of a Wquid surface 'n o cimaul
+ube relative to “the aﬂ{]aﬂ-e—ﬂl' eneral [evel o-F—L'urw'A
When the tube is held vertHcally in +Hho Ligenid -
The r*is.e of Lquid surfac is' lenown ax CaLlDl'”q
nse NINI"Q- the faul of ~the Lquud <urface i knpwn
as caf::(lavd; deressionox fal

gcosd 8 g cos®

e

i f | !

__'l_:-‘—. h e w—_ed‘v‘

- Aimquad T T - - =P =
e Lc‘,[giu "—r"lu!;
- l'\e'ea)\t' of -the Uqﬁ in the tubo
0 = Surface tension HF Ldd

Qe = Am%\o- aF contact ot u;.ru:.d and almsm

dﬂ)j@»ﬁh Q(-drzﬁo"\@ﬂr’lall-w"’)
~
©
~
5 =

“The woiam— of ligquid of keﬁxakt h inthe +ube
9.?;(\/0\»%@

—
—

= dxh
g 4

VerH el Cost:ono.nl' of the Surface tensile fore

- O circumferer\co_x cos®

-

- Oxrdxcosé®

—

For eguabibriom gd&ﬁxQ?: Gx Hdxces®©

l’l g 46‘605@
B ggd




