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Fluig:
Pluid Is a Substance which s capable oF r-'low}na o

deFOﬂming onder the action of sh'eam pornce. [ however smau

the ghean Fortce ma_t{ be] This defination of @ Fluid is alSo

known qs q clagsical definiHion op a Fluid:

o]

: 'y Elows oyt deform
As IOna as there is a Shean Forice pladd Flow

conﬁmousbg[. Example: Liquids, 8ase5, vapouwt

Dipperences between Solids and Fluids:
gheon fonce there lsa

: tion OF
I'n case of Solids under the ac b, TR

; e
depormation and this depormation does not chan& .
therepore depormation (de) is important in Solids When -H‘:IS
Shean force IS memoved, Solids Will try to comeback +o the

O:u'(c}inal position.
Th case of Fluids the depestmation is conHrwouvs as
long as there is a Shean Force and this depormadion Chan3e5

with Hme, therepore In Fluids sate of depormation ( dB/dt)

Is impostant than deporimation (dB). Arter the vemoval of

tr
Shean fFornce Flwid will Never Come back to its on;g‘ma.l

position.
¢ poy o static Pluid, the shear

; »
Force IS Zzero.
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chapter:{  Flwd propeties

A'n!d meaSwnaple chanactensbic is @ PﬁOPU"JH-
1. Density(mass density) Sk ‘
It is defined as ;abio of mass of
Fluid to its velume. ot Och:a,uﬂ sepiesent the q(uanﬁfg oF
‘maﬂw-c present in a 8‘:ven volume. It's unit Is kgim3. ang
'ts dimensiona) Pormula is [ML3]

1S taken as jp00 Kg/ms3.

pt pT, T+ PV

Densii:d depends on temperatuwte and patessune

T £l
f/

Noppopt

9. Specigic weight (weight dtmsil::ﬂ T[w]
Tt is degpined as the saho oF

We'ght of the Flwid to itls volume , its vnit s N/m3 and

tt!'s dime nslonal Formuwa —'[MEzT_z_]

us = We;‘ahj' op the flwd N3
Vol
W=z T_g.
v
[ 7%
v P
w= P9 Specifric welght of walten
= looox 9.8)
- P rgo i
(2 = 9810 V/m3
w T
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The densH-r\_f oF water For all calculation purpose
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)
' Note: pensity is an absolvude ,_C;uanﬁi:\t, where as Specipic
' Weight s not an absolute quanfity becavse it vasdes From

' location to Location.
)
3. Specipic 3nav;t9 tcg)

Tt is deFine

d as the nahoof density of

arnd Fludd:

Fluid to the density of stand
arnd Plwd 's waten andin

T case OF liqwd the stand
ndard Pluid eithen hadnogen and air ata

Case of 8ases the sta
une. Tt is vnitless and dimension less.

8‘lven temp. and pess
[me2T%] sy .
‘/S-a-op water is 1. ,iF SG °F quid is less than L it IS
Ughte)z than water . iF s-g

heawowrt than woafern.
 Note: Though terms Relative density and SP:{

i ) berueen
vsed irﬁenchongablg, there iS © diprerence s
8:70\;?1‘1’63 an€ srelahive density but ald

sp- gm";b&/")

oF Uqfw'd is 8real'er thon 1 it is

navify e

+hese tuwo:

“au sPecf,:fc
dens;hJ need not be

T+ is the measwt

ComPJ’teSS.Ib”Hy (p) e oF Chanae OF VO’Ume or ChQnS

8‘1ven mass oF Fluid.

— ——

necipnocal OF bulk ModwUs-

oF density with nespect tO

o ——— -

Ma}hemqﬁ'cauﬂ it 's defined as

Ie. '
K= bulk Modwlus

Be
or k= £dP
k=28 PV = mass *
-gv
Y fdv+ vdp=o0
w -lndV
P=-7 3 =

(Incompne.ssib:e Fluid )
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liguids axe 8enera,u.y treated as incompmressible and 8qses
ate trneated as compnessible.

As Eluid s treated as incompnessible pluid I
there is ne vardation of densit& wott p:—zessune.(i-e.;iﬁ;o)

Tsothermal Compsessibility of ideal gas:-

pv= MRT
3> P= PRT T=const:
dp _
af g BT
K= Pf}? sty RT ﬂ p=PRT

Tsothermal Bulk Modulus 'is equal to. prresswee.

2 4 P vty i3 m2 -]
p -F (UMOF Comp’regglblh)"j _>_’\_J_ l/pascal

Adiabatc bulk Moduus of an ideal 8g_§5-

pv'=c,
r
()=
}%m@ g J{.Y:.;_'Y:c
| P:cfr
5}5 = c}fff—'l
k= pdp e e
3 k=yfcp' K=-vyp
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p= =

re

: s gneater than
adja.bai"c butk Moduwlus a
Note: asS f 21

iso+heymal '

iSotheymal bulK Modudus. djajooj"‘c ek |
dpP P A g’a' pP= P ‘

k= —_— !'

ke 7 Kt | ‘

o i

dbo > dPe f i

|

cases wikh increase

nd It Incr
)s not constant 9 e the Fluid OFFET'S

PJ’(ESS' on.

Butk Modwlus

in pressure becavs

y com
moste resistance Port Fwrthe

P
P[ < P:_ < 3

kg?Kl

-____-__-. .
high speed gas Flow the Flow spesd IsoFten expressed in tetm of

the dimensionless mach No. derined as (Ma)= Speed oF Flow
Speed oF Sound

Sonic = Ma=1 ___%
Subsonic When Mact Gas Flow con opten be
Supersonic fuhen Mazd approximated gs incompressible

. Ma? '
Hypersenic When Ma?>1 IF the dens}{y changes ane

under 5., whichis usuaJJv the
Case INhen Ma <0-3.
OF Sound |s ?ven as -

c :\F%J k= Bulk Modewdus OR ;:lc.u‘d P= dens':l_-v

2 In compressible Fluwids ve,locH-H
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Viscosity
Need to define Viscosity:
Though the densities of water and oil

almost Same, their Flow behoviewr 18 not Same and hence a
PT!OPU(JH s J-Le_c‘u)ned to define b Llow behaviowt and +his
propety is known as viscos':f:a.
Deginition:

Iritennal nesistance offexed b&: one I.age;-: OF Fluid
to the cu:ﬁc»cemL La.vm is known os viscosity.

_ Jf Area(A)
F"/-,v == s / (ut+dv) it
98
dy
db
udt
dt=Hme (Noslipat the boundary)
dudt
Velocr'l:td 8nad.¢‘enj: dv tande = d\l{

dy
IFdB s Small tandg:- 4B

dudt

T:'.:-E A = constant
cx F xde
alg
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R
tle

T
. sy
dt ot
do '
db . Jess (smay)
de. ; ar s
= Is ycmde

Rlow- Is not easy.

B 41 vt : is more,
R :yt nece i3 u is more, yesistance
i sista
L isless, K€

less
eed by on®

' F
esistance CF

loyer and hence

e vfscos'ltg or d{‘f”"wc

= nepneserds the intexxnal

layeroF Fld to the adjacerf
F Viscosity O absolatt

Visco-
coefricient o

Sity or simply viscosity:

- 4d8 : ol -

' 9P - nate of angchut defponmatio
T= ugy : o on |
2l xate of shean stxain

dvu : :
.dd — VelOleg ana#,ew,

'Newtonian Eluid - 4
‘Bluids which Obe’ff Newton's law of V:'seos'ﬂy ane

known as Newkhorven Rlwd: Ale to Newtons law of VIISC.OS“'y
Shear gtness is dJ'-’tecH\y prieportional to yate of chear styain.
1 o : .
i T Ol ' paeeli= o o frs el
o dy dy
Valid rort Neugdonian Rlw'd eguM'on
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4y
slope T ut W
T «dB "
T "
d
T=-ndb U= const - L
|
&!: m % .“
' d

M= M = glope = constant-
dft &
Examples oF Newtonian Fluid! <
= Aiv, Water , petnol, diesel, Keroscene, ou{_Mmcund elc, o
Note: for a Newtonian Fluid Viscosity deesnot change W"-”'f -
rate oF deg:ommahon ,-
una:hon OF v:swgntg with tempenatune: ;
ds the intemolecclan distance s smau and hence -

Incase of Liguw'
- swe p:cmces

cohe
cohesive Fonces are lartge With increase in temp. co

decrease and the yesistance OF the Flow is aJsg ‘decrease.s,

therepore V!SCDSff"j oF a liquid decreases with increase invtemp"f E

Tn case of gases intermoleculan distance 1S lcm&e and
hence cohegive Forces arne Neghafble with increase in temp. - .
Mo,ecwwl disturtbance increases and hence nes:sf-ance tothe

Plo also increases Therer-‘?fe 'V'SCOS'HJ' OF 8as nevease with

w

mc.reqse n fempt’ﬂaﬁme Ve . [Py gAqS"‘ ,
R o | T4, molecan

K_‘CahES’VC i

aﬂrf-a.hon (distunb-

|
3P
(same mol) I' :
=it I 0 - qnceT So’ Vls‘:"s'ly
‘ 5 o gns increases with T 1D
Molecwes Al R L s ¢
g R e Pasill 5l i *“'"”““‘“
adhesive . In I:ﬂwd T'T‘ cohesi've F‘me"' &o.
y glass C‘d"FF . ; V;Qoosd‘y \l, Ml‘h increasen o
, glass{ waten) B

‘{:‘emp'-, e
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p/hu'd
\
“ T [fquid gas
molecudart
\ g'. #\q’ujdv Qﬁ""ﬂ)‘lon
as \L
8 austuwtbance
(ﬁfujd: F-(CF, MQ_[
lr'qr.dd—) FCCF)
gas-—aFCMAJ
> temp.
uUnit of viscosity:-
T = ,u_iﬂ-_)
- Sec:
. N- pascal
_.N_. = ,Lf TE- "'("‘ U—F m2
we MKS-
N-§ S LA KQ
m2 st 5 o hg‘f/mz
m# ——
]
- L T
Dimenslonal Fermuwla ©F M= [M J
vnit of vfs::osi'tz 1 cgs System:
S I 1 @M 1 4 poise
m-gs cm-Sec
5 1 K3 103 gm g0 gM . Lo poise
3 ] _ g  HE
m-g i02cm-sec cm-Sec
4 N-S _ o poise
m2
{ poise= 0-4 NS = O-4 PQScaJ-Seﬂ
m2
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Non- Newtoruan Flwds:-

WFlwds which do not obey Newton's Jaw of
Viscos}tg arce known as non- Newtorian Fluid.
The Genera) xelafionship behween Sheat Staess (T)
and velocity 8mdjeru‘ (dué‘y) is

[r: Al )”+BJ

case:l g=o; n»i1 Dilatentfluids (hon-collidal)

Q.lQ
e |c

A Fluwd is said tobe dilatent Fluwd For cwhich the apparent

(similian) Vl‘s<:os}£-\tf Increases with nate of deportmalion.

- Ex Rice starich, Suao.n in watex,

“As the Mapp. 1S ‘:ncveas'ma with depornmation , these Flwlds

le also known as shean thickenning Fluwid-
G
n
du 0N
= A('a?i)'w dilatent
114 Fluid
n- 4]
o A(d—(;J (’Q) B2
R it
i ]
[ 8Y dey
= }-ia,pp.(__) Ly
d oy
. { CCo.u_"dcu)
lastic FlufdS
gegy N4l pseudo p'a

sevdoplash‘c Fluid apparwnt VI

pana P

With nate oF deforemation.
Milk, blood: , collidal Solutions.
¢ ag the Mapp. IS U With derormation,

EX!

these rluidg s alse known as
Shean thinning Rlwid,

scosity decreases.

«

5

ih

fa f

f i

A Y A Y A Y

A

-
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psevdo- plash‘c

B

case:3: Giﬂgham plastie fluid.
B0, n=1

Ex: Toothpaste

sSuch Flulds aste comes under

| Rahefoay." T
B
‘Notc 9n case ofF b‘mﬂham l ‘ il
| plasHe Flw'd certain min- el > dy

Shean sgtress is ﬁea}w‘red Pore ccwsnnﬂ +he Flow of Fluid. ‘
below this shear gtness there is no Flow therepore it acts
‘like a 'Solid, AFter that it bebaves like o Plufd. such Fhids
Substances which behaves both Fluids and sol'ds anre knownqs
Rhelegical substances. and Study of these gQubstances S

gEnewn as ﬁhe!ogy. | 4
Ideal Ffwd A T b i viscous ohd incompessible

ks
IS knoewn as an rdecd Fludd. Though there is no ideal Fluld

in the analysis.
introduced For bwnamg SlmphCI'Fy 6f @nc N e y

i ]
! ¥ ' ) ‘d
J /
N Y oq) Fluid :
D POI’ ideal . * R
'C-'—‘O - J dU

1__.___,‘39
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< y &
W

S hom P\as ‘
l 05" pyewto™? 5

\ P\
solid i (i’ & pilatent Flud ._
] Q9
Q
9
)
[
) qy_ or d.-g "ﬂ

U ideat Flutd dy ... af
-
Fluids i
ool o g
‘ ¥ -
2 - entZ
; kpﬂé‘i}})(y, 'T',me‘jndepcndenj-_ 'nmedePend "
o A
Qp‘}}’)’ 4
v L i L 8 ki
Dilatent o e Einghom Thiwtropic  Rheopectic
a ;
£ plastic

M oA [

Rheopectic (M 4\)

Time Independent

'TNxotrapl'c ( EX- painds) (/‘-‘\U

2 Time
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