FLUID MECHANICS

A fluiol is a substance that can flow when external force is applied on it. The
terma flulds include both liquids and gases. Though ligquids and gases are
termed as flulds, there ave marked differences between them. For example, gases
are compresstble whereas Liquids are nearly tncompressible. We only use those
properties of liquids and gases, which ave Linked with their ability to flow, while
discussing the mechanics of fluids.

Pressure = Foree / Area
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Pressure due to a liquid column
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Let h be the helght of the liquid columm tn a cylinder of cross-sectional area A.
If p is the density of the liquid, then welght of the Liquid column W is glven
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Relative Dewsi,tg

Relative density of a substance is defined as the vatio between the density of

the substance to the density of water at £2C; Relative density is also known
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as specific gravity
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Pascal’s law

Pascal’s law states that if the effect of gravity can be neglected them the pressure
in a fluid in equilibrivum is the same everywhere.

Application

— Hydraulic LifF
— Hydreul'c Press
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Hydraulic Lift (Application of Pascal 5 Laow)
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The most useful feature of fluid power is the ease with which it is able to
multiply foree. This is accomplished by using an output piston that is larger
than the tnput piston. Such a system is shown in Fig
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@Ahgdm ulle Lt is used to Lift cars of up to 3500 kg of mass. The platform of
the Lift has a wmass of 500 kg. The swmaller cylinder has a diaweter of dy = 25
evn. If the maximum force that the operator can apply on this cylinder is Fr =
100 N, find the diawmeter of the larger cylinder.
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Pressure Measurement bg Mawnovneter

The reLatLowsth between pressure and head Ls used to measure pressure with a
manometer

The Plezometer Tube Manometer

The stqaLest manometer Ls a tube, opew at the top, whieh Ls attached to the top
of a vessel containing liquid at a pressure (higher than atwospheric) to be
measureo,

Awn example can be seen in the figure below. This sbmple device is kinown as a
Plezometer tube. As the tube Ls open to the atmosphere the pressure measured is
relative to atmospheric so is gauge pressure.

The "UW-Tube Manometer

Usting a "U'-Tube enables the pressure of both Liquids and gases to be measurent
with the smme instriument. The "W s connected as tn the flgure below and filled
with a fluid called the manometric fluid. The fluld whose pressure is bemg
measured should have a mass density less thaw that of the manometric {Lw,d
and the two fluids should not be able to wmix readily - that is, they must be
mumisceible.
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A liquid X of density 3.36g/cm® is poured in a U-tube, which
contains Fg. Another liquid Y is poured in left arm with height 8 ]
8 cm, upper levels of X and Y are same. What is density of Y
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(a) 0.8 gfcc 1K) . -

Y X
(b) 1.2 g/cc 8cm¢ IlOcm

(c) 1.4 gjec
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An open U-tube conteins mercury. When 11.2 cm of water is
poured into one of the arms of the tube, how height does the

mercury rise in the other arm form its initial level E, rescuve at ["Ye csWve A{j
(a) 0.56 cm (b) 1.35 cm A - R
(c) 0.41 em (d) 2.32 cm
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A U tube with both ends open to the atmosphere, is partially
filled with water. Oil, which is immiscible with water, is poured
into one side until it stands at a distance of 10 mm above the F
water level on the other side. Meanwhile the water rices by 65 | _ A I -
mm from its original level (see diagram). The density of the oil ‘F -
is [2017] o~
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The right Limtb of a simple U tube manometer containing mercury is open to the
atmosphere while the Left Limb is connected to a pipe tn which a fluld of sp. Gr.
0.9 is flowing. The center of the pipe Ls 12 cm below the level of mercury in the

right Limb. Find the pressure of fluid in the pipe if the difference of mercury tn
the two Lintbs is 20 cm.
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Arehimedes’ Principle

Archimedes’ Principle states that when an object is immersed fillyy or
partially in a liquid, it experiences an upward force which is equal to the
weight of liquid displaced by the object
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A wooden block floating in a bucket of water has g of its

volume submerged. When certain amount of an oil is poured
into the bucket, it is found that the block is just under the oil
surface with half of its volume under water and half in oil. The

density of oil relative to that of water is [2019)]
(a) 0.6 (b) 0.5
(c) 0.8 (d) 0.7
F a2 —
"’ (F9ara=mi O
F ol . ; it
n o S ‘ U‘PT’Wvubl'dUJ. tv oil + W=t Wil balan @ w= 1P
= = Foif +Fuwate, =™
= Ly IA 3[ Fyom 1)
"9 (D8 +(5)ur =(F I
water Poil
pN pa," _‘1_ P K Colve | Jet = _3_
— *t= =< ? Py ¢
L A cubical block of side 0.5m floats on water with 30% of its
volume under water. What is the maximum weight that can
be put on the block without fully submerging it under water
(Take density of water =10° kg/m?) [2019]
(a) 87.5kg (b) 46.3kg
(c) 30.1kg (d) 65.4kg
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A uniform cylinder of length L and mass M having cross -
seclional area A is suspended, with its length vertical, from a f. D
fixed point by a massless spring such that it is half submerged ‘ art
in a liquid of density ¢ at equilibrium position. The extension K, Buoy
xo of the spring when it is in equilibrium is [2013] L ——
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An iceberg of density 900 kg/m” is floating in water of density
1000 kg/m®. The percentage of volume of ice-cube outside the

water is
(a) 20% (b) 35%
(c) 10% (d) 25%
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Constder a non-viscous liquid in streamline flow through a tube A® of varying
cross section as showwn bn Flg. Let ar and as be the arvea of cross section, vi and
v2 be the veloclty of flow of the ligquid at A and B respectively.

Volume of liquid entering per second at A = asve. If P Ls the density of the
Liquid, then mass of liquid entering per second at A = awvip. Stmilarly, mass
of liquid Leaving per second at B = azvap.
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According to Bermoulli’s theorem, for the streamline Aow of a non-viscous and
incompressible liquid, the swm of the pressure energy, kinetic energy and

potential energy per unit mass LS a constant.
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This equation is known 4s Bernoulli’s equation.
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& Torvicelll's law

Torvicelll's law, also kwnowwn as Torvicelll's theorem, is a theorem in Auwid
Aynamics relating the speed of fluid flowing out of an opening to the height of
fluid above the opening
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Let’s understand this concepty by solving few more numerical.....
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l 6 . The top of a water tank is open to air and its water level is
maintained. It is giving out 0.74m® / min water per minute

through a circular opening of Z2cm radius in its wall. The
depth of the centre of the opening from the level of water in
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the tank is close to [2019] - - _> >
(a) 2.9m (b) 9.6m T~ 1‘
(c) 4.8m (d) 6.0m '

veloc I:? = 9.8/ m|¢
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‘D Water flows into a large tank with flat bottom at the rate of

10*m®s™ . Water is also leaking out of a hole of area lem®
at its bottom. If the height of the water in the tank remains

steady, then this height is (2019]
(@) 1.7cm (b) 4em
(c) 29cm (d) 5.1cm
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Water is filled in a cylindrical container to a height of 3m. The
ratio of the cross-sectional area of the orifice and the beaker
is 0.1. The square of the speed of the liquid coming out from

the orifice is (g = 10 m/s?) [2005]
(a) 50 m%/s?
(b) 50.5 m%s?
() 51 m'/s* I 52.5 cm
(d) 52 m?/s? |
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A large open tank has two holes in the wall. One is a square
hole of side L at a depth y from the top and the other is a
circular hole of radius R at a depth 4y from the top. When the
tank is completely filled with water the quantities of water
flowing out per second from both the holes are the same.
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Then R is equal to [2000]
(a) 27 L (b) L
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Water is flowing continuously from a tap having an internal
diameter 8x10°m. The water velocity as it leaves the tap

is 0.4ms™'. The diameter of the water stream at a distance

=3
2x107* m below the tap is close to [2011] 4-_— axjom
(a) 5.0x10°m (b) 7.5x10%m Ar dv=a.umfs
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A submarine experiences a pressure of 5.05x10°Pa at a

depth of d) in a sea. When it goes further to a depth of dy, 4‘

it experiences a pressure of 8.08x10°Pa. Then d, -d, is do P= 5-0SXle Pa,
approximately  (density of water=10° kg/m>  and

acceleration due to gravity =10ms?) [2019] My s % ‘)

(a) 400m (b) 500m J , = S-0% x16
(c) 600m (d) 300m (" )
=P, = hyP3-h. P9
= ho \
" he = 303 s
Water flows in a horizontal tube (see figure). The pressure of A
water chianges by 700 Nm between A and B where the area | -
of cross section are 40 em? and 20 cm?, respectively. Find the : 2
rate of flow of water through the tube. (density of water = .
1000 kgm) 2020y | ©3 , L
A ’
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(a) 2720 cm¥/s Lo %v' = 920V L
(b} 2420 cm3's
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Viscosity is defined as the property of fluld which offers resistance to the
movement of one Layer of flulol over another adjacent Layer of fluld. When two
layers of fluid, a distance ‘dy’ apart, move one over other a different velocity,
say wand utdu as shown in figure, the viscosity together with relative velocity
causes a shear stress acting between two flulos.
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Viscosity is also defined as the shear stress required to produce unit rate of

shear strain
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The coefficient of Viscosity of a liquid is numerically equal to the viscous
foree acting tangentially between two layers of liquid having unit area of
contact and unit velocity gradient normal to the divection of flow of liquid.
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Caleulate the dynamic viscosity of an oil, which s used for lubrication between
a square plate of size 0.em xo0.em and an lnclined plane with angle of
inclination 20 degree. The welght of the square plate s 200 N awdl it slides
down the bnclined plane with uniform velocity of 0.2 wm/s. the thickness of ol

film is 1.5 mm

~
A= 0-8x0 .§=0-64m
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A square plate of 0.1 m side moves parallel to a second plate
with a velocity of 0.1 m/s, both plates being immersed in
water, If the viscous force is 0.002 N and the coefficient of
viscosity is 0.C1 poise, distance between the plates in m is

(@) 0.1 (b) 0.05
(c) 0.005 (d) 0.0005
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Stokes Law
When a body falls through a highly viscous liquid, it drags the layer of the
liquid trwmediately in contact with it. This results in a relative motion between
the different layers of the liquid.
AS 4 result of this, the falling body experiences a Viscous force F. Stoke
performed many experiments on the motion of small spherical bodies in
different fluids and concluded that the viscous force F acting on the spherical
bodyy depends on
(Z) Coefficient of Viscosity Mot the liguid
(if) Radius a of the sphere and

(LiL) Velocity vV off the sphervical body. [F d - 6 n M ﬂ
Dimfnsionﬁllg [t can be proved that |
Stokes Dmat
fFor muwla
w

by: Fao= 6TC Uy

Terminal Velocity T

Consider a metallic spheve of radius ‘a’ and density pi to fall under gravity in
a liquid of density pv. The viscous force F acting om the metallic spheve
Increases 4as its veloclty increases. A stage is reached when the weight W of the
sphere becomes equal to the sum of the upward viscous force Faand the upward
thrust Fi due to buoyancy. Now, there is no net force acting on the sphere and
Lt moves down with a constant velocity v called terminal veloeity

/hFd W= Fq+Fu Vel um

- f ': m¢ = cxuav + \ L
TN ] veloctty
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If the terminal speed of a sphere of gold (density = 19.5
ka/m®) is 0.2 m/s in a viscous liquid (density = 1.5 kg/m?), find
the terminal speed of a sphere of silver (density = 10.5 kg/m®)

Vo _19:52L2

of the same size in the same liquid [2006]
(a) 0.133 m/s (b) 0.1 m/s
(c) 0.2 m/s (d) 0.4 m/s
2 pta( A -4
S| v= =P _9( Pl
—_— e

Vol (Po-Pe)

. A ball of radius r and density p falls freely under gravity

through a distance h before entering water. Velocity of ball
does not change even on entering water. If viscosity of water

is 7, the value of h is given by
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2 . A solid sphere of radius Racquires a terminal velocity v, @ o
D % o M=PF é‘-?rk%

when falling (due to gravity) through a viscous fluid having a
coefficient of viscositys7. The sphere is broken into 27

identical solid spheres. If each of these spheres acquires a 3 3
© ﬂWK = 2?(%1‘6 )

terminal velocity v, when falling through the same fluid, the

ratio (v, /v,) equals [2019]
R
(a) 27 (b) 127 Q“‘"\"”“t "’[I= =
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(c) 1/9 v 9
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Ls given by

t= £ F ) [t

91 A large tank filled with water to a height 'h’ is to be emptied
through a small hole at the bottom. The ratio of time taken for

If the hole Ls is at the bottom of the tank, thew thme required to empty the tank

=0
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the level of water to fall from h to ﬁ and from ﬁ to zero is
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Laminar Flow

The flow Ls said to be steady, stream Line or Laminar if every particle of the
Liquid follows exactly the path of its preceding particle anod has the same
velocity of its preceding particle at every point

Crltieal vetocltgz veLothg up to which Lt Ls streamlined
Turbulent

Whewn the veloclty of a liquid exceeds the critical velocity. The path and
velocities of the Liquid become disorderly. At this stage the flow loses all its
ovoerliness and Ls called turbulent.

% Tonpulent
Rey nolod’s Numwlber @{)

t is a dimensionless mumber comprised of the physical characteristics of the
flow. An bncreasing Reynolds number tndicates an tnereasing turbulence of

flow.
It is defined as: P Aens‘ﬂ}
esh «Q vD V= \re\\ocafp .
Re = TInewha fov _ AVI D-Dia o pbe
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Laminar flow: For practical purposes, if the Reynolds number Ls Less than
2000, the flow is laminar. The accepted transition Reynolds nunber for flow

L a clreular plpe LS Re = 2300.

Transitional flow: At Reynolds nunmbers between about 2000 and 4000 the
flow is unstable as a result of the onset of turbulence. These flows are

sometimes veferved to as transitional flows.

Turbulent flow: (f the Reynolds number Ls greater than 2500, the flow (s
turbulent. Most fluid systems tn nuclear factlities operate with turbulent

flow.

Water from a pipe is coming at a rate of 100 liters per minute.
If the radius of the pipe is 5¢m, the Reynolds number for the
flow is the order of (density of water = 1000kg / m* e = du
coefficient of viscosity of water= 1mPas ) [2019] NS 'u_d‘[
w-
(a) 10° (b) 10
(c) 10 (d) 10°
n- .
%o \ " Rate o:F velyme -f-lOLO = ATV =00 LImn
—_— V= (00X10 " ) -
Re VD QFO 3-)ux 25 X)o
_LL - = /3‘;\‘ m|S
_ |ooox Z . loxie
- ——32 3%
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2‘9 The water flows from a tap of diameter 1.25 c¢m with a rate of n-
5x10°m3s!. The density and coefficient of viscosity of QQ - PN D Q - AD * N
water are 10%kg m™ and 107 Pas, respectively. The flow of w "
water is & V= qQ
(a) Steady with Reynolds number 5100 — \_P_ .D - e

Ud
} Turbulent with Reynolds number 5100 ALUAD

(c) Steady with Reynolds number 3900
(d) Turbulent with Reynolds number 3900 - ’4 Q P
D W
r
Twwulent) (i) _ U* Sxl6 x 1000
Bl X 1-28 x/at *16~

= Sloo

Venturimeter

It is used to mensure flow of Liquid tn tudbe

Ay
- V2, B C

S = Y \/elodfa at(®

S e =

——-—';r’i_ ‘;\H fr O & (O usima,ca-nﬁmuﬂj eg’
h Avizav,
i v = %vz_

\_/ mavomettn ysed fo measuve pY. diff et M2 @

[49 hfnd]

2, Vs h,=
+%9+% [’c\p h, ‘BL]



2.G | The heart of man pumps 5 litres of through the arteries per

P —densily ;j flowi 9 flwd

__R_(f;@ = 'Vzv .Pm-Mancmc*ru‘c

flwd densi f)

minute at a pressure of 150 mm of mercury. If the density of
mercury be 13.6 x 103kg/m3 and g=10m/s? the power

of heart in watt is [2015]
() 2.35 (b) 3.0
(c) 1.50 (d) 1.70

Tumpiwa nal,. v _

Pocoen = P. jT'—\ti— =hpq. &V
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