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UNIT 1



Chapter 1
Properties of fluids

States of matter:
Matter can exist in three distinct states







« Matter consists of vast number of molecules because of
their molecular structure.

* These molecules are separated by the empty spaces.

A Molecules are closely spaced
[ Solids possess compact or rigid form

[ Spacing between molecules is relatively large
A Liquids has definite volume

[ Spacing between molecules is still larger than liquids

 Gases fill the entire volume of vessel in which it is
contained.



Fluid:
Wnhorm Precsure

A fluid is a substance, which is capable of flowing, even
a small amount of shear force(tangential force)can \mj.r I »L J \Mx

cause continuous deformation.
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Q. Statement I: Liquids have defined surfaces, whereas gases do not have.

Statement II: liquids have predominant cohesion compared to gases.



Attraction between the molecules of same substance.
Attraction between the molecules of different

substances.



Q. Statement I: If mercury is placed in hand it will not wet the hand.
Statement Il Cohesion of mercury is more than the adhesion

between mercury and hand.



Q. Statements I If cohesion is more, fluids will not wet

Statements |I: Mercury has more cohesion compare to adhesion with a
hand.



Vapour:

It is a gas very nearer to the liquid phase.

R e

EX: Steam



Mass density (or) specific mass@’)

It is the ratio of mass per unit volume. Dimensional fornyla -

f ~ Mass ~m Ky f _ M
Velume \V —;‘F N
£ =ML T°

d Unit of mass in M.K.S system ishilyg
A Unit of mass in S.I system is Kg

Note : mass is the quantity of matter contained in
a body, therefore mass is constant everywhere it
does not depend upon location and gravitational
force
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5 3 S)bm!y B YE:
fstJ_ $\uid \P&’rru-ﬂujd
6+ a | '
and {c{fﬂmd 1S WateY o 4°c
SLJM‘B‘( = -i = J_
Slh.l'&‘{
Smefmfh - " _ 12600 |<.°H1rf‘;3
Su = 13.@

1000 K‘ypf






Viscosity (or) dynamic viscosity (or) coefficient of dynamic viscosit(@,l)
v If a layer of fluid tries to move over another layer, the
resistance offered is called viscosity

v" Viscosity is the internal resistance hence called
molecular viscosity

v" A fluid exhibits viscosity in motion hence called
dynamic viscosity

Viscost
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Prove newton'’s law of viscosity:
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Linearization of newtons law of viscosity:
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Factors affecting viscosity:

Viscosity is due to:
1) Cohesion
2) Molecular momentum exchange(MME)

MME: it is because of collision of different molecules.
due to collision momentum transfer occurs in the
transverse direction resisting the flow.



Effect of temperature on fluid viscosity:

Liquid : T T => cohesion 1 => M :>TT Qé-l—\L
M
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Q. A fluid is one which can be defined as a substance that
(GATE - 96)
(a) Has same shear stress at all points
jb)/Can deform indefinitely under the action of the smallest shear
force
(c) Has the small shear stress in all directions

(d) Is practically incompressible



Q. With increase of temperature, viscosity of a fluid
(GATE - 97)
(a) Does not change
(b) Always increases
(c) Always decreases
MCreases, if the fluid is a gas and decreases, if it is a liquid



Q. The unit of dynamic viscosity of a fluid is

(GATE - 97)
(a) m?/s @/ﬁ-
Ok= (A) 5



Q. The dimension for kinematic viscosity is
(GATE -14-Set 1)

(8) —=



Q. The viscosity of a fluid is 0.5poise, specific gravity is 0.5,then the kinematic

viscosity of a fluid is 1 stokes.(answer up to nearest integer)



Q. A liquid of density p and dynamic viscosity p flows steadily down
an inclined plane in a thin sheet of constant thickness t.
Neglecting air friction the shear stress on the bottom surface due
to the liquid flow is (where 0 is the angle, the plane makes with

horizontal).

(GATE - 96)
(a%g t sin6

(b) pgtcoso



AE equilibrium, SF = Lygine
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Powerlaw: ) A=u: n=1,2=0
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Q. Group | contains the types of fluids while Group Il contains the
shear stress-rate of shear relationship of different types of fluids,

as shown in the figure

> shear stress

Yield stress

p

Rate of shear



Group-l Group-ll

P. Newtonian fluid 1. Curve 1
Q. Pseudo plastic fluid 2. Curve 2
R. Plastic fluid 3. Curve 3
S. Dilatant fluid 4. Curve 4

5. Curve 5

The correct match between Group | and Group Il is

(GATE - 16 — Set 2)
(a) P-2,Q-4,R-1,S-5 (b) P-2,Q-5, R4, S-1
(c) P-2,Q-4, R-5, S-3 (d) P-2,Q-1,R-3,S-4



Vapour pressure:




Vapour pressure is the pressure exerted by an
accumulated vapour on the parent liquid

If the vapour leaving parent liquid is in equilibrium with
the vapour coming back is called

—
» Temperature T VaPour pressyye T

— \/qF’au.‘r PYessuve o¥ Waokey
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Classification of Pressures:

1. Local atmospheric pressure:

The atmospheric pressure at a given location is called
local atmospheric pressure.

it changes from place to place.
2. Standard atmospheric pressure:
the atmospheric pressure at average sea level

M.s.L (Mean gea Level)

|L1c AVeYage hehﬁqt of tides OVeY a_ pPeyisd
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Q. The standard atmospheric pressure at a location is 101.3
Kpa(abs), vacuum pressure is 30Kpa. Local atmospheric
pressure is 1T00Kpa(abs). What is the absolute pressure at the
given point?

Sd- P. = P +P

Lam —  jJauge

= |00 — 30

= T0kR (abs)



Practical applications of vapour pressure:

« Mercury is chosen as barometric fluid

Boatometer is Used to wmeasure Jocal abm Pressuve. it
A e
(e
| | | Qﬁ"‘:c‘{\
Why Mercury is chosen as barometric fluid?
v/ Mercury has least vapour pressure and high density L AL oo o
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If a hole is made in the top of barometer(Torricelli vacuum)?

Result :
The level M the Fube and Yesevvor ave balanced.

P-S%h
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LJ
= 1000X9%IxX by,
LL‘;, = 1033.¢cm



Cavitation:

Low pressure
e :
Fluid region

Formation of bubbles
IS cavitation

\

O000

pitting

High pressure

O0O0O0

region

Pressure less than vapour pressure of flowing fluid
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[ Cavitation is due to low pressure
A High speed flows may cause cavitation

A Liquids shifted to higher altitudes will give low
pressure and hence causes cavitation



Effects of cavitation:

= Cavitation causes a lot of noise in the machine
= Damage to machine parts
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Surface tension:
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Surface tension is due to cohesion only, if influence
of air is neglected.

Surface tension is due to unbalanced normal force at
the interface of two different fluids.

It is the tangential force on the surface



Applications :

Insects crawling on water, dust accumulated on the
bubble and a small pin floating on water because of
surface tension.

Note :

The floating of the above objects is not due to density
criteria. It is because of the magnitude of force less
than that of surface tension.
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Factors effecting surface tension:

> N~

Cohesion

Temperature

Pressure
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Practical applications of surface tension:

Formation of spherical droplets




« A body will come to a stable state if it has least
energy

« Sphere is the geometrical shape having least surface
energy.




Statement I: mercury has more surface tension than_

water

Statement II: surface tension is primarily depends upon /
cohesion. Mercury has more cohesion compared to @

water.



Excess hydrostatic pressure:
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SoaP bubble:

X-X section

AP



Piessuse force, F = AP X 2_{—3-

Sutface tension force, FT = %—;— (75 GDE )

A Ewwlibiun, F = =
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Prescute force, F = APX(4d)
Sutface tension fovce, Fr= s x X4

At Equilibrium, C=f
N

APx(Ud) = «— (24)
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Q. Assertion (A): The movement of two blocks of wood welded with
hot glue requires greater and greater effort as the glue is drying
up.
Reason (R): Viscosity of liquids varies inversely with temperature./
(a) both A and R are true and R is the correct explanation of A

(b) both A and R are true but R is not a correct explanation of A

(c) Alis true but R is false
(d) Ais false but R is true



Q. The velocity distribution for flow over a plate is given by u = 0.5y-
y2 where ‘U’ is the velocity in m/s at a distance 'y’ meter above the

plate. If the dynamic viscosity of the fluid is 0.9 N-s/m?, then

what is the shear stress at 0.20 m from the boundary? u=05y-y"
(@) 0.9 N/m? —_
(c) 2.25 N/m? T —

m09 N/m? TI7777777 77777777






Q. A flat plate of 0.15 m? is pulled at 20 cm/s relative to another
plate, fixed at a distance of 0.02 cm from it with a fluid having p
= 0.00714 N-s/m? separating them. What is the power required to

maintain the motion?

(a) 0.014 W I“?““’"S 'mm.-'ingr Plal-;; W=20cm/g

(b) 0.021 W .y [

(c) 0.035 W . A e~ 8
22D

M042W ° /7%,,,,,,,;/'”'//-/;7777 w=0
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Q. A jet of water has a diameter of 0.3 cm. The absolute surface
tension of water is 0.072 N/m and atmospheric pressure is 101.2
kKN/m2. The absolute pressure within the jet of water will be
(@) 101.104 kN/m?

(b) 101.152 kN/m? — -o0mz Nfm
(oY101.248 kKN/m?

= 1012 KN/
(d) 101.296 kN/m? b m

d =03dCM

Excess Pressure pp = X

o
AP = D = X097 w60 =0.04skNm

' - T
1 M Pqi*m 0-3
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Q. The pressure outside the droplet of water of diameter 0.04 mm is
10.32 N/cm? (atmospheric pressure). What is the pressure within
the droplet if surface tension is 0.0725 N/m of water?

MO% N/cm?

(b) 10.32 N/cm? d = Q.04 mm

(c) 9.45 N/cm? EM - osa

(d) 8.595 N/cm?
¢ = 00725 N/m

X110
va
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Capillarity :

The rise or fall of liquid through small tube is known as
capillarity.

- If fluid rises, it is capillary rise

o |f fluid falls, it is capillary depression

Note : capillarity is due to cohesion of liquid and
adhesion between liquid and the walls of the tube.
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Weitt of Liguid W = V Veume

- 71'011’
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CaPl”fﬁj depression:
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Q. The surface tension of water at 20°C is 75 x 10° N/m. The
difference in water surfaces within and outside an open-ended

capillary tube of 1T mm internal bore, inserted at the water

surface, would nearly be

2
(@) 7 mm ,E\ ba— _ Fx75 bove =vYadius
(b) 11 mm ~ Said /000X +e80X 10X 2 ¥ =1mm
1o6t
15 mm = 59 £1000 ™M) d:&mm
4
(d) 19 mm 10



Cracbical Applications of Capillanity.

— 5&\" (or) Watey 7Vises |‘eﬁau@ﬂ Joots of a bee o H\e stem s clue.l"rb(af]“mb

—> Yi1se of oil H’f\fuugel wicked (amp.

—> Yise of blood im veing



Bulk modulus of elasticity: U< )

It is the ratio of change in pressure to volumetric strain

&



SV = C
d(sv] = d[<]

§dv+Vdf = o



Compressibility( [?>>

It is the inverse of bulk modulus of elasticity (k)

PP = k1 = Difficull Fo cmpvc55=7@ )



d Liquids are generally taken as incompressible.

Units:

k . ST => %@‘JB

TY)

m-'u
st =1
N



Bulk modulus & compressibility of important substances:

ko, =1.03+*10°Pa
Kyater = 2.06 * 10° Pa
Ksieel = 2.06 * 10" Pa

@ E)mr kml—w’ 2. 06K | Dq

= = 20000

E?le.-gf km .02%10°

Q EDumf ksmL 2.06%10

E) - = T =00
Steel ku-.rcf <0610




Pressure wave velocity:

The velocity with which a small pressure disturbance will travel in the fluid

medium.
~
k.

(= Pressute ave velocity — | —
(ov) S’

\’E’\OCH‘J of &ouncl

(ov)
Sonic \/e\oci’rj



Mach number : (M,)

\/ = \JE\Qulrj ot fjfwﬁ uid (@1’) objeclf

C = Prssufe Lave \)@lggjrj

If M, < 0.3, incompressible

If M, <1 , sub sonic flow

If M, =1 , sonic flow

If 1 <M, <3, supersonic flow
If M, >3 , hyper sonic flow



Q . A reservoir of capacity 0.01m?3 is completely filled with a fluid of coefficient of
compressibility 0.75 * 10®° m?/N. if pressure in the reservoir is reduced by 2 * 10/

N/m?2.

the amount of fluid that spills over is -5 (* 10%in m3).
. — E \ _
S V =0-0lm q A R ] i
B = 0T5%10 /N
L _
OfP = X RKI0 rxl/m‘2 -éi = o-"\fsmnqx;{m(;

. [ﬂ] > dv —9 1

= gf’“"’ xdwox 1
100

dV = I-%:-U_E}qﬁ?’




Q. Determine the velocity of sound in air if the mass density
of air at atmospheric pressure of 1bar is 0.92kg/m?

Sqf: Pz 1 bar

= o h {lbm’ = 100KN/m =10 '\J/mv@‘ola%
fm = 092 Kg/py
—
C - ‘__ % Fmr Tsotheymal Condition }{ = P}

§
— _)D__ —K‘Og

5 0—"‘1; B 330“"/5



Jeb velocity V =1%00 Kmph

= 900X % = ngm/s

[Ma] = _.\/__ 200

Jek

| <M, < 3 Supersenic £ low



Fot Tsobhemal Condifion:

C =




7

Differentiate between:
i) Liquids and Gases
ii) Real and [deal Fluids

Determine the intensity of shear stress of an oil having viscosity = | poise. The 7
oil is used for lubricating the clearance between a shaft of diameter 10 cm and its
!

journal bearing. The clearance is 1 S mm and the shaft fotates at 150 r.p.m.
Define capillarity anf_;l_? de':r__i'ye 1‘]‘1@ mula for fi ndmcr thE‘ caplllanty rise in a glass

tube. L L
ater oi dmmeter 0 U4 mm is 10.32 N/cmn®

(atmos.phuu. pre::.sure} Ca[culate the pressure within the droplet if surface tension
is given as 0.0725 N/m of water. :

M= 1 Ol N-S /] ——1 Y dy= cleavan e

N = |I50YPM = I 5mm
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Chapter 2
Fluid statics
Pressure :

It is the intensity of force per unit area

—> ComMPY<ssive

— Scalay quanhty

‘X
P " A —>P
X
—> <P
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Pressure in terms of a head of a fluid:

« Height of a liquid column required to create a particular amount
of pressure

P: L\mc’:{‘ WateY

- A
f
Y R=Yh = ¢3k
N h
; h o= b
- Al A Y
iﬂ_'ﬁ'ﬂ = T6cm of H}/ 10'3[(\0.“_{_‘

1 Tovw _ Lo
{-H?’/
= 133.4 f)



Scale of measurement:

Local atm.

P>

o O

abs

Absolute zero
Pﬂbs = Pﬁ i F%

= Local.abn T+ Fauge Pressuve

augje



Pascal’s law:

Pascal’'s law states that pressure is uniform in all
directions at a point for a constrained fluid.

kv WO
F d
?—E}iP —-——:;vlj \
;q\; E al} 0
A=
S F,=0; A/If AR C,
= dgm — | | - d
?{( ) P:a SNG (d%}il) =0 Sne = % = dlj:.dsime

dy = P |
2 dy 15@551ﬂe) Cosg = dx

FH=RA SRR () N

=dx = dscose



s k=0 O
(o) - @cos@(dm)_c% _ 0o
fodx = T, dscose
fdx = 72 d
= —@
Fon © X @ b -p <P



It is incompressible, inviscid, and It is compressible, viscous and
no surface tension has a surface tension

In fact ideal fluids does not exist All the fluids are real fluids
in nature

=1 AW, Watey

Anviscid = o Vis cosity [ﬂ:o]



Validity of pascal’s law:

v Pascal’s law is valid only in the absence of shea
stress

v Itis always valid for an ideal fluid

Case | - Tdeal §lwud
“HW

r(W: O)

Rest : U=0: u=o = ’T‘=#%Li=o (T=9 /

Mobion = U=+0 . M=0 => < =p /

Case 2 Real flud

R‘E’S{j . Uh=0:
Mo Sdu_ o /



_ ~d I _
Qig‘:d bw(_tl mobon:  UFO, MFO _76%' _O = T=0 /

4 o o du
=G >d3-

G]ene‘(ol l‘:)ncl‘kj mMothon '.uu#o;ﬂﬁho '. gl;_qho => T=gq ><

—_—
—




Application of pascal's law:

%_{[ A< A As feX Pa%c’afg L e
= P =R
S £
_ o~ D o .
7\ -
Udnauhgfqm_ /g‘
|:

<l






Mohr circle for a point in a fluid at rest:
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Hydrostatic law:

<~

N dn

..
H {dh

JH




=F =0
Pda + dw —(P+de)da =0

dw = drda
{d\/ = dpPds

Yda dh - dp dg
- Y Y

d P
Tsﬂf:Y o P
_ R dz

Rate of change of Pressure
DTt to Verhcal axis s

Jwen by hydtostahic Law.



Application of Hydrostatic law:

Case 1: incompressible fluid [ Y = Con 5{-an1-]

= o

L
Y <

her pop hov |

dP Y /“ TH

-, = — (;I =
an >\dpP = Yldk
P'—"O Lli-.)ﬁ



Case2 Compressible ¥luid [Y;&d

Y= Yo+ch
de _y
dh

dpP =[\0/0+CJK_JCN\

Cxcess Pressure



Q. Shear stress develops on a fluid element, if the fluid
(GATE - 92)
(@) isatrest x =~ WU=0 = T=0
(b) if the container is subjected to uniform linear acceleratior}:( U = Constant
(c) isinviscid X M=0=>T=0 % =0 =7 T=0

is viscous and the flow is non-uniform.

m+o: Y du

/) = F0D v




Q. If, for a fluid in motion, pressure at a point is same in all
directions, then the fluid is
(GATE - 96)
(a) areal fluid
(b) a Newtonian fluid

(cYan ideal fluid

(d) a non-Newtonian fluid



Q. In a static fluid, the pressure at a point is
UL=0 At~esl-

(GATE - 96)
(a) Equal to the weight of the fluid above

\/)/Equa in all directions
(c) Equalin all directions, only if, its viscosity is zero

(d) Always directed downwards



Q. If a small concrete cube is submerged deep in still water in such
a way that the pressure exerted on all faces of the cube is p, then
the maximum shear stress developed inside the cube is

(GATE - 12)

AL
(b)B :"P—(_P) 2‘7
(c)p

()i

N




Pressure measurement:

1. Piezometer: Limitations :
it is used to measure pressure at a 1. It is not suitable to measure pressure
point of gases
2. It is not suitable to measure high
4 pressures

3. It is not suitable to measure vacuum
or suction pressure




Manometer: simple U-Tube manometer

It is a thin transparent glass tube filled with a
manometric liquid

AS pef pqr_nfs Lo,
FX -P}r

FA +Tuha = Tohm

{FA - '(mhm -'ﬂ,qhd}

A

A

-




As peé FdﬂCnl‘S Law

PX':-'P}!

=0 PA+ 1’..:‘-1..1 +Tohm =0

Pa= - I:Tu‘m.a + Eehin )

Line of b.l«n:inf
Pressures .



Differential manometers: U-Tube 4

It is used to measure difference in pressure between two points
Px =r,r B
Yy ® ® Py -Pa =2 Pat Yihu =fg+ ’fq[hu-t]-l-'l’ﬂz
~ B |
ﬁ%‘fa = Tm%-Tyx
h
P ] Ap = Fa-fg = x[ fm—YuJ

Presste inltems of head ot wWavking £luid

Tu T T

Line of b.lnndnr pﬁﬁuﬂ!?,ﬁ

5. Yu

Sm‘

X = diftcsedid Levd of Manomebvic £lud. \ Hu x [S_ﬂ-l]
Su

Yo

ey

S

L%

= r'l"'l
fu



Inverted U-Tube:
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Q. Determine the pressure at A ?

o 7]
40 mm abs % d
-[ =160 mm of H?’—éommcﬁﬁﬁ/
Hg
= 1Qomom of Hey

(@) 40 mm of Hg
40 mm of Hg(vacuum)
720 mm of Hg (abs)

(d) 40 mm of gas (vacuum)



Inclined leg manometer:

The manometer with one limb inclined w.r.t vertical is
known as inclined leg manometer.



|t increases the sensitivity of the pressure
measurement

« Sensitivity : it is the ability to measure small pressure






Micromanometers:

d
. (A) E I
1

Vefune fall = Vdume ¥ise

A (&h) = O‘{-‘ﬂ



« The change in level of small limb is generally
considered as the change in pressure.

* The error in the above measurement is given by:

C = 2 x100

ﬁ



Pressure gauges:

Bourdon pressure gauge:
It is the mechanical gauge used for measuring high
pressures where high precision is not required.

Ex:  Automobile ‘|‘3f€ PYesSuye .

Aneroid barometer:

It is used to measure atmospheric pressure on gauge
scale.



Example: 2.10
The U-tube

in figure below contains two liquids meters o

in static equilibrium: water is in the right arm, and

oil of unknown specific gravity (S_)) is in the left.

Measurement gives L = 13.5cm and y = 1.55mm. The g
specific gravity of the oil is - |- Hc™ °

135 135
|35+15 150
=019




Hydrostatics : 020 “ \/mﬁf{]oﬂaﬁg theoin
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Flat Plate:

ORZZN =
dr = Pde
= Thda
df = Y % sinedA

F = fsiﬂagy_o{e
.ﬂ

Mostents of axea :

SIO\H = A X
A
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dM, = dF X
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Se cond Yoments of avea

o/
S'xo\ﬁ = Ly,
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Rectangular plate:

A

=5

e

r







Triangular plate:

OF

4K
I
—=|$







Q. Calculate the pressures at A and B In terms of

OLGE (’) a _ B/L\

i) In terms of m of water Vv
(if) = q2lYR = 1962 KN/m

Es ~ Yh, +%4 he

= 98INQ + \Sifu\nm

2m H0 )

Tm H
g B —
B = %62+ 13.6xq1x
= I‘S?,.ogek_”/w*{




(L)

7
P

= 1962 = Y he
= Sﬁul’]m

2
- —= _ Iq o ) MO'(' H
h e T OMTOM = |4q¢ i

p% = XA+ I1X13exqq) — 153.036kNn

o = Yoh,

Y =>hy= 1561 of Wate.

\\51}“:5_2}1:

ERTIETS




Buoyancy :

Definition:

If a body is submerged in a fluid either fully or
partially it is subjected to an upward force which
tends to lift it up. This tendency for a submerged
body to be lifted up in the fluid, due to an upward

force is known as Buoyancy.
e

« The apparent loose of weight is called buoyancy.



Buoyancy force is equal to the weight of the fluid «— Archimedes principle
displaced

It will act upwards

7
The point of application of resultant buo fo | <7 \Wﬂ/
is called center of buoyancy o, calen
C.B will be at the C.G of the volume of dlsplaceq\ B f
fluid. R B
Ca




Proof of Archimedes principle:

= N
LdF B :LH,
h,
h
T N
£F,=0 R hh-p

N
(AN .L

—
df = dF, +
=-dh+df,
= -Rda+P,dn
=—Yh da+¥h,da




Chapter 4
Fluid dynamics

Ene,zrgy Egn. ¥ APlicabion s Mowenhum Ean. & ApPlicabions.

> Bexnoulli's E9n



Revnoulli’s E9n

TE is based of Newton's cilnd L aw

=L = ma, (5: Sheeanline difec,ﬁon}

':p = PYessuve fovce QQ

ﬁg; = Favitational forvce .

®
@
®) F, = Viscous force
®

e = Tw bulant fotce

@ Es. = Su\ﬁcace tension force
@ E__ = COMPfeSSEbIe force .



}:_F’ *I'%‘I‘Fvﬂ‘ﬁ-‘f'%‘r% = Mas  —> Newton's eqn

I:{D+F3’+EI+>F{: =MAaA, —> ReBnOIdS M
Fo+Fe +§, = mas —> Naviex- Stokes eqn

*_P_H:g/ =Maq — Eu\fi{s cIn



Proof of Bernoulli's equation:

=SF = Mas

PdA - dul cosa - (P-l-%ds)dﬂ =dm.ag

—duWcose — 2P ds.da =dm.
=< dm.a
_dud® _ 2P gy =dm. ag
as 25
As = '_aq_5_+\'s—aq5
-1 -1

For a &\:l:nt!j £\ova: OVs o
-1
a5 — .'JS d‘u's
ds



dZ _ df" _ N CNE

—dw = d-;dv- = dm s_d_;

—Nd¥ 92 _dP gy - pdv v dV

ds ds ds
—Ydz - dp = §Vdv

dP+ ¢Vdv +¥d=z =0

{ _Elfi + VdV + Yd=z =o} Euler’s e qudhion

de_ + VdV + $d=z = Constant
s

o
i _i;- -|-_’~"Z +%z H} Bevnoullis equabion






Various forms of Bernoulli’'s equation:

1. Energy / unit mass
2. Energy / unit volume
3. Energy / unit weight




P stabic Pessuye

EV_ : Dynamic PYessuye .
<

Rise in PYessuve due ko dvop i
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P+532 - Piezomehe PresSure.
+ _

- : i + 2 =H
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3}_ : VE\ociJf\j head /D‘jﬁﬂfﬂ'l( heqd
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P
T
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Limitations & Assumptions in Bernoulli's equation:

Flow is steady

Flow is incompressible
Heat transfer effects are beyond the scope of Bernoulli’s equation
Bernoulli's equation is valid:

» Across a streamlines for irrotational flows
» Along a streamline for rotational flows

LN~

\E
. [Hﬂ-cHBH . #H

H,#Hy #

¥
NS Qofﬂtﬁonal Llow.




5. Involvement of hydraulic machines

Purﬂp'-
® (7) &
O/
Ho < H e
|
) 1y Eneygy 3a'|ned by the $luid
= H. _H
[ Q P FYom PumP  Pey umt. ot



AR =H.
Enevgy qiven by the Fluid to buibine



6. Valid only for ideal flow

AH = Hj-—H —
0, /xa-,w‘“ﬁ" . =

Eﬂel"jy 8]\/@‘) Fo the Hlud to ovevcome

H ~ o Yesistance to €\low




Note : in the absence of a pump real flow takes place
from higher total head to lower total head.

P A 4

oNey head tank

Sunp



Kinetic energy correction factor:(ot)
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Water power:

Rate of energy or work per unit time.






Velocity measurement:

P H
—t—t+ Z =
Y o RY
"
\/ _ H I .E.—\—Z)
Ly L4
= "Total Head _ Pjezomeh‘sc head
“Total heqd

Piezonetey
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Discharge measurement:

A=AV
ﬁg

J
Avy. Velocity of Slow.
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Venturi meter:

D.l \\\

@ Diffusey

[Di\’cfa'.:nt Porh an:]






PHP\,Q fQ‘a Ah
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Key points about venturi meter:

d = dia of main pi
 Designation of venturi meter: d, x d, ! | Pipe

. . 2
* Diaratio— =1/3t02/3 I,Pm(ﬁcalbj dy L_]
dl d: R

 Length of divergent cone is more than
convergent cone.
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Chapter 5
Momentum equation



Momentum equation:

_._?
F =ma

= 0 dV”
. C
- = dwavy

ot

—>
]: = the of Chqﬁjfi 0&‘ |
=
\b-dt— = &W)

LTopulse - MoMentym



Chaﬂge N Momentum € Wy

= (M), - ()

(m\f} m\q



Control volume:

A Free body diagram kind of modelling used in fluid
mechanics is known as control volume.

 To analyze the fluid flow certain volume is chosen

d There is a boundary of control volume known as
control surface.



1. CV can be static or moving
2. CV can be of any shape and size
3. The velocities drawn are perpendicular to CS






E = d{nv)
C = d(ﬁ)\fx) — (Tﬂ\fxl '(m\,?*\g

X

E)A\_'Pﬁ _l_EA&COé@ - Th(—VQCOS@) — 0V,

Ry = PA+BA0s0 +10(N 1V (050)

':V — ('M\er—(m\l\,)i -10
Ky — RASinO = MV,Sine —m )(é\

R

y = RAsie + 0\, sin0






Q. Water flows through a 90° bend in a horizontal plane as depicted in the

figure

©
s (%L’ - %P,,

Atmosphere

ot @

1

A pressure of 140 kPa is measured at section 1-1. The inlet diameter

marked at a section1 - 1is \2/—% cm While the nozzle diameter marked

at section 2-2 is % cm. Assume the following.



(i) Acceleration due to gravity = 10 m/s?.

(ii) Weights of both the bent pipe segment as well as water are negligible.
(iii) Friction across the bend is negligible

The magnitude of the force (in kN, up to two decimal places) that would be

required to hold the pipe section is

(GATE - 17 - Set 1)
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Momentum correction factor:(B)
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Assunphons:

() Neglect gtavity ™ Hosizontal jets.

) >

-—-—?LI

—>u
D S —TN [La&eb Caﬂl'aol:]

{No 5?\:1%{ of uqtet]



© Neglect fviction at the sutface of e plate.
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Case: horizontal jet striking normally on a flat vertical plate /C\\
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Chapter 3
Fluid kinematics
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Estimate the given expressions represents a flow or not?

1. u=x%+y?+5; v =y?+z; w = 3x?%yz
2. U=2x%V=2Xyz;, W = -4Xz-XZ%+5y?
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What is the condition for possible fluid flow?
u = ax+by; v = cx+dy
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Q. If u = 2y? + 6xy. calculate the component of velocity in y direction ?
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Deformation & Rotation :

Linear
deformation

Vorticity

Shear

deformation Circulation
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Classification of flow based on rotation:

1. Rotational flow

2. Irrotational flow

Rotational flow:

A flow in which a fluid element rotates about it's mass center.
Condition:

At least one of the rotational components should be non zero.

Wy #0 (6O Oy #0  (of) 195 +0



Irrotational flow:
A flow in which a fluid element does not rotate about it's mass center.

Condition:
At Leask one of H.g. 1nl-aJ'inﬂa-'- cumpancnt's shoud be =zevo.
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Stream function: ()

Definition:

a function is defined in a 2D flow field such that it

takes a constant value along a particular streamline.
dy =0 f¢ a Ponhiculer shtreamline.
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Fluid Dynamics



One Mark Questions
Q. The Pitot - static tube measures
(GATE - 89)
(a) Static pressure
(b) Dynamic pressure
(c) Difference in static and dynamic pressure
(d

) Difference in total and static pressures.



Velocity measurement:
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Q. The most appropriate governing equations of ideal fluid flow are
(GATE - 90)
(a) Euler's equations
(b) Navier stokes equation
(c) Reynold’'s equations

(d) Hagen-poiseuille equations
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Chapter 6
Flow through pipes

d It is known as closed conduit flow.
Q It is also called as pressure flow.
NP pipes:

Non pressure pipes: the pipes which runs partially full
and subjected to atmospheric pressure.

Examples : sewers, culverts.



Classification of flows:
v Based on the configuration of fluid particles while in
motion pipe flow can be classified.

v Reynold’s experiment is used for the classification
of flows.



Reynold’s number: (R,)

Inertia force

Reynold’s number (R,) = Viscous force

Inertia force:

It is the force due to motion of the body corresponding
to its acceleration

Viscous force:
The force of resistance against motion
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Formulae for Reynold’s number: (R,)

1. Circular pipe
2. Non circular pipe
3. Flow over flat plates
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Reynold’'s experiment:

Laminar to
Turbulent Flow
Transition in a
Pipe
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Head losses in pipe flow:

. Major losses
II. Minor losses

Contribution of minor losses in pipe flow are less than 5%
These losses includes:

= Loss due to sudden expansion 5
= Loss due to sudden contraction

—>\

= Entry loss

= Exitloss
8}—)-\/




Major losses:
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Loss due to sudden expansion:
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« Due to sudden change in cross-section(suddenly enlarged from
small dia to large dia), the fluid emerging cannot follow the boundary
of the pipe as the stream lines take diverging pattern as shown.

\/ = Velocity of flow in soalleY dia Pipe
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Q. What is the ratio of head loss to initial kinetic head, if the

diameter of pipe is doubled suddenly?

h-f (@) (e




Q. What is the ratio of head loss to final kinetic head, if the diameter

of pipe is doubled suddenly?
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Loss due to sudden contraction:
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Entry loss:
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Loss at exit:
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Connections in pipes:

1. Pipesin series
2. Pipes in parallel



Pipes in series:



Pipes in parallel:



Flow through syphon:
















































Q. A triangular pipe network 1s shown in the figure.

B Q=70

30

e
|

Q=100Yy cC
The head loss in each pipe is given by h, = rQ!® with the variables expressed in a
consistent set of units. The value of r for the pipe AB 1s 1 and for the pipe BC is 2. If the
discharge supplied at the point A(i.e. 100) 1s equally divided between the pipes AB and AC,
the value of r (up to two decimal places) for the pipe AC should be

(GATE — 17 — Set 1)
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Laminar flow:

Definition :

The flow takes place in the form of layers(Laminas) by
the virtue of viscous forces is known as laminar flow.




* Reynold’s number and kinetic energy of flow is low
* No inter mixing of fluid particles
* Flow is steady

 Viscosity effect is dominant therefore, newton’s law
of viscosity is sufficient to calculate shear stress.

 Flow is rotational

« Surface roughness does not effect losses in flow

Examples :
1. Settling of impurities
2. Capillarity in soils

) ] ESuSPended 5nhds]
3. Flow of blood in veins
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Boundary layer theory:



When a real fluid flows past a solid boundary, the viscous
region get concentrated in a very thin region adjacent to the
surface.

The flow in this region is known as boundary layer flow

The flow beyond boundary layer is ideal, irrotational with
almost uniform velocity profile.



B.L on a flat plate:









Turbulent boundary layer:(T.B.L)
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Boundary layer separation: X

O TInetia force
@ V15 cous foyce
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Less Losses and highed efficiency
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When a B.L encounters adverse pressure gradient, d7
flow experiences deceleration. — >0

d+
The B.L thickness drastically increases

A portion of B.L near the surface separates from the
wall

This region is characterized by formation of
eddies(Wake)

Losses increases



Factors influencing B.L separation:

e Curvature of the surface
Reynold’s number

Roughness or smoothness of a surface

TBL is lesser B.L separation
L.B.L is higher B.L separation
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For the velocity profile given in, find the thickness of boundary layer at the end of the
plate and the drag force on one side of a plate 1m long and 0.8m wide when placed in
water flowing with a velocity of 150 mm per second. Calculate the value of co-

efficient of drag also. Take p for water = 0.01 poise.
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