7

/

= mgh'—'EmF:*Ehﬂ: (7)
7
For disc, we have, | = Ef"f‘: (2)
Also, v=rn = o= " (3)
r

Putting equations (2), (3) in equation (1), we get,

? > ? I 3 ’ﬁ"a
magh = —my* + —x—mr x —
g 2 r.‘é‘
v v 3v° 3V Yah
- gh = + = e R e "'=-_.§
2T e F m
& J‘FJS‘*S:?Q
— _9},:
\3 3

= (v = 11-9m / sec

Q12: A motor car is travelling at a speed of QG;m/sc.:- If its wheel hes
a diameter of 1-5m, find its angular speed in rad/sec and in rev/sec

Solution:
Speed of the car = v = 30m/sec, diameter of wheel = d = 1-5m

Radius of wheel = r = = = —2_— = 0-75m

Required:
(a) Angular speed in rad/sec = o = ?
(0) Angular speed in rev/sec = ¢ = ?

Calculation:
(a) We know that, v = ro
_v _ 30 =
— e = |® = 40rad / sec¢
/
b) o = 40rad / = e
(b) ra sec Trev = 2nrad —»7Trad g_-r_iJ

» i = 40 x — rev / sec

2n
= 6:369 rev/sec = | = 6-37rev / SEEJ
+++
“ ;
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I]E FLUID DYNAMICS

ﬂ:}; the following terms: (a) Fluid dynamics, hydrostatics,
> fluid frictior, (d) Ideal fluid
(:!

() Fluid:
B b(Znu which can flow is known as fluid- For example, oil, milk,
A sups -

gas etc are fluids- |

() Hydrostatics ‘and Fluid Dynamics: | |

e study of fAuid at rest is called hydrostatic: w'hn".-.: the stu‘dy of
properties and effect of moving fluids is known as fluid dynr.l-m:..fs- {n
fuid dynamics, ‘hydrodynamics’ deals with the study of hq[_"ds in
motion, while ‘aerodynamics’ deals with the study of gases in mo-

\ CHAPTER

waters

kion-
(¢) Fluid Friction:

When a body moves through a fluid, then an opposing force acts on
the body- This opposing force is known as fluid friction or dragging
force- This force depends upon the:

» Size of the body

r Geometric shape of the body —*

+ Direction of velocity of the body and

r Viscosity of the fluid
(d) ldeal Fluid: (ETEA 2016)
An incompressible, non-viscous fluid having constant density at any

Pressure, is called an ideal Fluid-

Q2 What is 4 fluid? Discuss briefly, the viscosity of a fluid and
LXplain_how the flow of a fluid is characterized by viscosity:
s Fluid:

A | k
“bstance which flows is known as fluid- For example, oil, water
iﬂs ttc.

"'--..____-_'—-__ e
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Viscosity of a_Fluid:
The resistance offered by different layers of a fAuid i

- . . : : it
known as viscosity: When fluids are in motion, the Viscost S flow, &

characteristic of fluids, which determines the : Tk
Coefficient of Viscosity:
The numerical value of resistance to the flow of Auids b
different layers is called coefficient of viscosity: Greater
cient of viscosity of a fluid, the fluid is said to be
will offer greater draaging force: The coefficient
represented by tne symbol “n "+ lts numerical valye

fluids are given in the table given below:

elween

Fluid Name Viscosity Fluid Name Viscosity
(Pa-5) A Pa-5)
Air -8 x70°5 Acetone 2:9x70*
Methanol 51x10" Benzene 7-00 x71073
Water g-91x10™ Ethanol 7-00x710°
Blood 7-6 X107 Honey 7-42

Effect of Temperature on Viscosity:
The viscosity of a fluid depends upon the temperature of fluid- In
case of liquids, the viscosity is produced due to intermolecular forces

of attraction- If we increase the temperature, the intermolecular
forces decrease and hence viscosity decreases:

In case of gases, the viscosity depends upon tL- .-<larity of molecules:
Greater the velocity of molecules of gases, 1;.':1::!!5* will be the w‘srasft?'
and vice versa- If we increase the temperature or . he 9as, the velodty
of molecules of the qgas increases and hence viscosit dezcreases’

Units of Viscosity: _
The 5! unit of viscosity is Pascal second (Pa-$), Dyne/cm’: Poist i$
another Anit of viscosity-

{ 1Pa-5 =1 poise, Icentipoise=107°Pa-5

"

il

———— i—

Q3: (a) State and pra;n stokes law- (b) Dgn'v; a mﬂthgmﬂg,ﬂf
_equation for ﬂi.‘_r.':f_:rﬂ_tfan_ and terminal velocity by using stokes 1aW_
Ans- (a) Stokes Law:

Statement:

rate of flow of 2 p ;y
uig-

:t:
the Coeff-
more VISCous and
of Viscosity s
s Fﬂ.l" dfﬁf:rr_ﬂt

tes = 11 e — 9 Fluid U,m_nmru - 295 |'|

ves that the dragqing force “F," act-
gt d

s L erical BOdY inside a fluid is directly | C: -
P |

e T
—

he radius of sph:r.-.:nf bﬂdy_ ve- |

s I |+ e
P,:;:ff‘ﬂ'"":'r”wm body and viscosity of the fluid- li
. of $P"
ity O |
lanatio” : l : l
ﬂF : r;jfﬂl‘"ﬁh ﬂnd .'Ft“dy on SPHEHI‘:E’J‘ ' \ !
{roke dd s - * | |
| piects of uniform density: Let a spherical | |
haped 97

- |
¢ radius w.» s allowed to move slowly with | : }
oy 0 raai

k234 T fluid of viscos- | Dimension of viscosity
I

oty " F. = 6anrv (ETEA 2011
3 . " g5 Shown 10 the figure’ D ( )
ey =
: law, we ,
\ow according €0 stokes s £ kg <5
m m
kave, rv -
AN sec
iay S W\") < %
— = . —
FoxV (2) n = =
And E,xN ___ (3 = n =kg/sec'm
3 - |mr IL-I
tombining relations (1), (2), (3 N~ | |
we get, =
Fbxqry = Fp = constant mrv
> [F,=6anry (4) (6~ = constant]

Equation (%) represents the dragging force acting on

spherical body inside a fluid- 9
(b) Caleulation of Acceleration of Spherical Droplet:
(ETEA 2009) |
When a spherical body [droplet] is moving through a ﬁm’a’:”, 1then :Its
Weight “w" s acting downwards while the dragging “Fp~ 15 acting
‘pwards: So the net force on the body is given oY,

Fuzw‘-Fﬂ = ma=mg-6nnrv
3 ’*M'_‘E

m
[F,, =ma
" oo
- :ng-‘s—-—m (5) w = mg
S o F. = 6anrv |
B
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Equation (5) represents the acceleration of

the droplet moving through the fluid-
Calculation of Terminal Velocity:

The maximum constant velocity of a body,
when forward directed forces are balanced
by backward directed forces s known as
terminal velocity of that body-

When a droplet is moving downward its ye-
locity increases until q stage comes, when
the weight of the droplet and dragging
force balance each—other- At thic stage,
there is no further increase in velocity and
the body moves down with constant veloci-
ty: Such velocity is known as terminal ve-

locity- At this Sstage, we put a=0 and
v=v. S0 equation (5) becomes,

ﬂ=9_a‘5:11ru,
m
% “eanrv, _ 6
e —. 3 f=
—N g ANrv, =mgq
|y, =_mg .
y I_ : éanr (6)

Equation (6) represents the terminal velocity in

terms of mass of the droplet-

Terminal Velocity in terms of Density:
We know that,

Mass = density x volume

.o :
== M=nX—nr

(7) 1n equation (6), we get,

4ror’g
v‘r — .
' I8anr
209r- l
= |Vy = (&)
9'] |

Equation (&) represents the terminal

Ternunal Accelerzing
'l-ﬂ.“ll‘tlt} ‘1 # O 'I._.\_ I':'I-.I-...'..:;d

Twe o #orn

rcdched . * 3=
F ig Vi

70 0-70 54
Sy dive” 5 4.2x10" 43
gsse ball (radius oy
3-7¢m) 2 -~
i : -5 ?4
mtane (radius FE 210 | 7~3*10
e - r 09
.rﬂam drop ( radius Q-2¢m) | 3-4x70 - | 1-3x710

— 1-"rer.1r _ Chp-6: Fluid L.‘"iﬂﬂ’ui:i -297|

ph sit e ——— =r-L
Mass Cross-sectional *  Terminal
) Area () speed
(m/s)

(7) Putting equation

For spherical body,

4 3
1'u|unu' = —nr

Rain drops  talling
froom Sk reach the
eround with o

¢ :".|| H.'lm .

ETEA 2010

velocity of the droplet in terms of density-

Graphical Representation of Terminal Velocity: A
' I

The graphical representation of terminal velocity is shown in the 3 .

(b)- The graph shows that the velocity increases with the passad

time and finally becomes constant-

e

4: Discuss the terminal velocity of a paratroopers?

(erea 2009
gns- Terminal Velocity of a Paratrooper:

er the ac-

tion of gravity at the stage when drag force o o
as terminal velocity of the parat!

-A
ft 1-0 when a paratrooper Jumps from

3 .t:“ ‘3
A
N ~ ) ¥ )
 seroplane, at the beqginning the air drag - -
i, S

force acting on his body is less than his | _= e~
weght and the net force is given by,

equal to his weight is Known
per- It is denoted by v, Paratrooper g4ains

terminal velocity twice-

Explanation:

J i

Frw-F, (7)
7 Masw-F,
w=-F
g= ___ 4 2
m (<) i which is showr

es do
With ¢his acceleration the paratrooper mov
M the y-¢ graph-

" .
- Terminal Velocity: s velocity increases due to

t“t I the paratrooper moves dow' . s directly F'""‘:-":'-""‘5’"'f"*-":"r"':hﬂIIr o
"¢ above acceleration- Since drag for = i

et =
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velocity, so drag force also increases: A

stage is reached when drag force be-
comes equal to the weight of paratroo-
per: At this stage tie paratrooper gains
maximum constant velocity which s
called 7' terminal velocity: In the graph
the paratrooper gains first terminal ve-
locity of 50m/s after 20 seconds:

2% Terminal Velocity:
When a paratrooper opens his parachute,

it dramatically increases the area of in-
tercept and the air resistance force be-
comes much greater than the weight of

paratrooper: This causes a rapid decele-
ration in the T terminal velocity of the

paratrooper as shown in the graph- But as the speed of the pare-
trooper decreases, the air drag force also decreases and once again a
stage is reached when drag force becomes equal to the weight of
paratrooper: This time the paratrooper gains 2™ terminal velocity
which s slow enough and he lands safely on the ground- In graph
the parachute is opened after 40sec and large drag force decelerates

his motion Within 50sec or so the paratrooper gains 2™

velocity which is quite low and nearly 8m/sec-

terminal

QS5: Explain the difference between stream line flow and turbulent

flow of fluids-

Ans: 1+ Stream Line Flow (or) Laminar Flow:
The flow of a fluid in which layers of fluid slide
smoothly past each other is known as stream
line flow or laminar flow-

The pattern of laminar flow is shown in the
figure: Such flow occurs in steady state- If an
obstacle is placed in the path of the fluid, then
the- fluid does not cross the obstacle and its
adjacent layer slide smoothly past each other

————————

—— —_— —ef
» » » _*’
g ol
— B

)

(|

5

£

——

T

gr‘ld tl

h othe

S

Jﬂ’ufd in which there ic a greater
e layer of fluid does not slide
cach other is known as turbu-

of turbulent flow is shown in the
obstacle is placed in front of the
the adjacent layers of the fluid do not slide smoothly
r The turbulent flow does not occur in steady state
ous changes occur t‘a:! the pattern of the flow:

Chp-6: Fluid D

ynamics - 299 |

}

od contind
on law ©

—_— =

,qua;an of continuity: Show that how it is based
£ conservation of mass? Give two examples from daily life
ted with the principle of equation of continuity-

uhich are_rela

e

Eyn 2015,
Ans: itntaﬂ‘lﬁﬂt-'

steady Flow,
surface 15 equal to

fxplanation:

(onsider a pipe
*A,", as shown in

tme interval “ At
Ax, =V, At

[t states

2016, BISE Mardan 2019, BISE Bannu 2017 [

that for an incompressible fluid in
the net rate of flow of mass inward across any closed

the net rate of flow of mass outward-

the figure:

is given by,

(7)

A" is given by,
-.5”, - ‘qr y -"ht]

Now the volume of the
through the cross-sectional area

fluid

(2)

ﬁu’ 2 Ilql z ur-l'it

P?th'ﬂg equation (1) in equa-
"o (2), we get,

(3)

$|MIlhﬂyl thﬂ
A" i o

having non-uniform area of cross-section “A," and

Lt “V," and “V," be the speed of a steady fluid at “A,” and “A,"
rspectively: Now the distance covered by the fluid across “A," during

(%)

volume of the fluid across “A," during

--...E" Mass of the fluid across “A,” is given by,

¢;me interval "

=


https://v3.camscanner.com/user/download

™

|Fﬂu5ab ﬂigms Notes = 1* Year
Am, =82V, (5) .

Putting equation (3) in equation (5), we get,
\vm, = 0AVNE (6)

Similarly, the mass of the fluid across “A.,"
\en, = 0A U0\ {7)

Now in case of steady flow, the total mass of ¢},

remains constant- 50 we have,
Am, = A\m. = 3Av, At =5A,v,At

= [ Av, = ’q.?""';_l (&)

Equation (&) represents the equation of continuity- Egyas;
shows that the volume flow rate across any cross-section m: i
OF floy

tube remains constant- The equation of continuity s the
matical expression of the principle of conservation of masfﬂth.‘
principle states that for steady state flow, the mase flow int o
volume must be equal to the mass flow rate out- .
Examples related to equation of continuity:

» Flowing of fluid in pipes o

» Flowing of gases in pipes and tubes

r Flowing of blood in aorta and capillaries

Q7: Show that the speed of fluid through any pipe is :'nrersgy-
proportional to the cross-sectional area of the pipe-

BISE Malakand 2019, BISE Peshawar 2019 |

Ans- From equation of continuity, we have,

'S,
Av, =Ry, = =15 7
v, = el (1)

In general form, equation (1) can be written as,

' 7

e EJ (2)
Relation (2) shows that the speed of fluid through any pipe is i
versely proportional to the cross-sectional area of the pipe:
The deeper part of a river has larger cross-sectional area as omP"
to shallow part of the river- So according to relation (2). the detP
water flows slowly in comparison to shallow water- However o

volume flow rates in both cases are the same- !

I gfpen by,

the p,

f
@8: Show that the volume flow rate (or) time rate of flow ©

volume is constant- _i

Ans: According to the equation of continuity, we have,

AV, <AV, = constant (1)

ETEA 2015
__a-"‘"’-‘/

WU =

of an incompressible flu

Chp-6: Fluid Dynamics - 301 |

)

P TTESMALT
gb Pl :
stion (1) can be written as,

equ
5;51":"# constant (2)
i gtion (2)’ i v, :
qu pcity = rate of change of displacement
y= Ve

V=%,
: t " -
E.H:Equam‘an (3) in equation (2), we get,
41 \
ki p A X = constant — E(H'1)=£Gﬂ5tﬂnt (%)
::;'an (4), Ax= volume =/, so equation (4) becomes,
In e4y

(5)

_—_‘_U = constant =

At By |
qtion (5) shows that the volume flow rate [time rate of flow
ﬁupgmmz] is constant- In other words we can say that, the volume

id passing through any point in unit time

through a pipe of non-uniform cross-section is constant n the

steady flow-

09: What is Bernoulli’s equation? Show that how it is based on
the law of conservation of energy?

ETEA 2010, BISE Mardan 2019, BIE DI Khan 2019

fns: The Bernoulli’s
ton was derived by a Swiss
physicist Daniel Bernoulli in
1738 This equation represents

equa-

the relationship  between
Pressure, speed and
Yon of an ideal fluid-
Explanation:

Consider an incompressible, non-viscous fluid flowing in a pipe in
" be the speed of fluid at

troce- . , _ n
0ss Sﬂct,anaf area “lq', e and‘ n'q‘? " rcSpfft.‘Vfl‘ly ThE . Wﬂ'rkdﬂnﬂ o

the Auid at “A,” and “A,” are respectively given as,
\w,=F . \x, - (1)

Mﬂ'ij":,:" X, (2)
the net workdone on the fluid is given by,

\w =
'--.._____:_-“w' i ""w-: (‘3)

eleva-

eedy state manner Let “v," and “v
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utting equations (1), (2) in equation (3), we get,

Aw = F,Ax, = F,Ax, - (%)
Now we know that,
£ 2
s— > P=L=F=PA, D
P /= 7] S
Similarly, F, =F,A, (6)

Putting equations (S), (6) in equation

(%), we get,

Aw = F’r"q- \x, - F;.'JH.PJI.?

Here, A \x,= volume
Similarly, A \x =v

(7)

=Vf

S0 equation (7) kecomes,

Aw =Py, -F,v,

s

For incompressible fluid, we have,

V, SV, =V

S0 equation (8) becomes,

Aw=Pv-Py
=0 Aw=(F,~P,)v

(%)

We. know that, mass= denrsity- volume

. m
= M=0Xy D y=—
0

S50 equation (9) becomes,

Aw=(R-P,)" ~(70)

Now dcfﬂ?r'df'ﬂg t; warﬁf*eﬂcrg’y theorem, we have,
Aw=AKE+ A58 N4 (77)

Here AK-E =—?-mv; -—F-mv," —— e (12)

& A\PE = mgh, -mgh:? (73)

Putting equations (12), (13) in equation (11), we get,
/

1w=5mv§ - :—g-mvf +mgh, - mah,

Comparing equations (10), (714), we get,
7

m
(P - P-*)?:,' =—mv; -Emvf +mgh, - mgh,

2

2 2
apasl¥s ¥
- . “I_.E ‘j'*?ha'Fhr:,
= "Pep =-{ﬁ 2.1 5 2
! 2 P v, Eﬂlﬂ", +Egh;.-h9h,

fiay -
’ E*EM’, +hyh,=P2+Ehv§+ﬁgh;

Unit af_m
Hint: P = ¥ _ m,
A g
=P __{‘_?_'_”_’__
m-?.H:J
=P = kg’ sec?
ETEA 2013
—_—

(74)

(75)

] M ____’/

h, -ﬁ.-Fl n;s 303

: . m equation (15) can be written as,
b

nerd
P35

2 15) (16) represent the Bernoulli’s equation' As the
tions '

,quatfﬂﬂ is derived by using wark—eﬂzrgy theorem, so it is
standing law of physics: It is a consequence of the law of
of energy, appfr'ad to an ideal fluid-

we can say that the Bernoulli's equation is based on

E:rnauﬂ;'s
aot @ free
gnservation

{ dsl

ther wor . .

ﬂ;,ﬂiaw of conservation of energy
the

_ance_of Bernoulli’s_Equation:
pe==== _}'-}:';SF equation plays an important role in analyzing plumb-
e hydroelectric generations and flight of aeroplanes: The
4 55'5‘:::' zzj:!" works on the pn‘nc:’pf's of Bernoulli's equation- Us-
j;t = u;j'f gquatfﬂﬂ, we can determine the fpeed of flow of a
:"dg:;:Zugh a pipe’ The device which is used for the measurement
ﬂ:bmgd pressure_is ba_s:d on Bernoulli’'s equation-

_0?0: Discuss the applications of Bernoulli's equation-

fns- I- Jets and Nozzles (or) Atomizers:
The Bgr;auup"s equation plays an important et
role in our daily life: We can apply its prin-
tple to many devices like jets and nozzles:
For this purpose, the air from the pipe is
evacusted due to which the pressure in the
pipe decreases: As a result, the velocity of
the fluid increases:

The velocity of the fluid can be further in-
‘reased by minimizing the area of cross-section of the exit opening

% the device- Using the above phenomenon,

Tube
we can drow water, oil etc from a container- !
Norszle
2 Filter Pumps: g r. .
umps are . . ." Warer r——
used to transfer liquids from low= |  —— =
Prﬂ!urg Zo . h uﬁ oy artia
e nes to high pressure zones - acuum
er .
PUMPp is a device used to produce par-

il vacuy

¢

A fie M in vessel attached to it""
h:_P”’”P consists of a tube with jet

| L

—ﬁ
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attached to t, in which water flows from the tube - ..
o 5
as shown in figure: When water reaches the jet section € jos

its
increases, as a result the pressure drops near jt- This dro “Peeg
sure allows air to flow in from the side tube Lo which ¢4

connected, thus air and water are forced together at ¢4,

P =res.
€ fojtlf 1
bottom ,¢

the filter pump- In this way a partial vacuum ;s treated jn ¢,
ves-

sel attached te it-

3 Engine Carburetor:
The principle of engine carburetor is the |
same as that of filter pump- The carbure-
tor of an engine uses the Bernoulli's theo-
rem to feed a suitable amount of mixture |
of air and fuel to the cylinder- The engine
draws air through a horizontal pipe to the
cylinder- This pipe is connected to the
fuel tank by a side tube: When the air
through the pipe is flowing with high
speed, the pressure of air inside the pPipe decreases- As a result, the
fuel moves to the pipe and a proper mixture of the fuel vapours
and air is formed which is then sprayed to the engine:

4: Torricelli’s Theorem [Speed of Efflux]: ETEA 2011, 200,
BISE Malakand 2019, BISE Peshawar 2019

Statement: This theorem states that
the velocity of efflux from an opening at
a depth “h" below the top surface of
the fluid is equal to the vertical velocity !
of a freely falling body from height “h"-
Explanation:

Engine Carburcis

Torricelli's theorem is a special case of Bernoulli's equation with t::
help of whick we can determine the velocity of a fluid com”} ¢
through narrow opening of a container-

Consider a fluid inside a container as shown in the figure: Let the
a narrow opening at point “B" through which the flud flows oY

ré §
¢ of

. 3 .
the container and let “}" be the height of the fluid above Pi”;{ e
Now we apply Bernoulli’s equation to point “A" and "6
given figure: . S

—

' Chp-6 Fl-uTn‘.l_Dg;‘I;T:"L::_T_:"]_ﬁ'

A: We have, P, = atmospheric pressure= p

At ﬂiﬂt*—’ 0
m,.’kt :.-h,.'lfr y h v We put v =10, because
&ﬂ]f’lﬁ_—fg: L:E hﬂ . 'H"'l[' lll‘l"LT \{IF'I W o t":lu!
-p. heig t=h, . move  Jownwards  ven
F"*wk,ﬂ-w of efflux of the fluid = v very slowly.
va ¥

Now the Bernoulli’s equation is given by,
ow

7
v
7
- p:ﬂi-ﬁgﬁ;""P*EaVE*aﬂ,':

7
o Loy =bgh -89k, = BV =89(h ~h,)
2

= B

= f—""?fhr'hz) h"h?-hl
2

5 v z2gh =|v=,/29h (1)

Equation (1) represents the speed of efflux of a fluid- This expres-
sion was first obtained by Torricelli and is known as Torricelli's theo-
um-i

The speed of efflux is the same as the speed of a ball that falls
freely through a height “h"-

The venturi meter is a device which

mm——
~—:I-|:rl<—

works on the principle of Bernoulli's —— |

tquation and with the help of which 0__97"?\‘:0
We can determine the speed of flow of ——
¢ flud thrﬂugh a pipe- ey
Explanation:

The venturi meter consist of a horizontal tube having a narrow part

" the middle, which is known as throat- Now from Bernoulli's equa-
tilﬂ'ﬂ, Wwe hﬂ"?‘:,

7
H+Eﬁvf+aghr=p:+%gvj+5g;,: (1)

”Er.g

both ends are the same height

fr
M ground level, so we put

=h =
**h 50 equation (7) becomes ‘

E"‘l-;- ! X
> M=p2+35,,§+§4ﬁ'
\_
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> Vi-vi=Z(R-P) (2)
From equation of continuity, we have,
Av,=Av, =v, =?’ (3)

2

Putting equation (3) in equation (2), we get,

Atv?

2 A; 2
PE -v:‘=3(F’:-P;)=&VE(F-?}E(E*%)
d 2
V(A -A3)_2 2_2A; (R-P,)
2 T e A
=A {3 (F-P,)
= " "E A7-A2) (%

Equation (%) represents the speed of fluid
ference-

We also know that,

P,-P, =3gh (5)
Putting equation (5) in equation (%), we get,
v, =4, E __b9h s, | 2gh_
o (A7 -A) “N(A'-A;)
]
= |v,=A, | £3p

: \.' (A7 -A%) (6)

in terms of pressure dif

“h"™ represents the differ
ence of lill”i\.l level in the
two tubes at point “1”
and point “2" of the g
en figure.

Equation (6) represents the speed of fluid in terms of difference of

liquid level in the two tubes:
6- Aerofoil [Lift on an Aeroplane Wing]:

It is a device which is designed in such a way thac the relative mo”
tion between it and a fluid produce a force which is perpend(dlar to

the flow: One of the examples of aero-

foil is the aeroplane wing which is de-
signed in such a way that fluid above it
flows faster than *“he fluid flowing be-
low it As a re-ult, the pressure above

the wing becomes minimum and below
the wing becomes maximum-

II-!FIL "\r‘l..‘..d I RLL

ph ilﬁ NI‘:E : il
a an HPWﬂl‘df force exists which s Perpandicu.'ar to the
s wad Auid: This provides “lift"” for the aeroplane-

we
7 ﬂgﬁéﬂi‘* ble fluid having a density

; ‘ncompressi

glood 15 ﬂ:ﬂ; to that of water: The red blood
mrﬂf_ﬂ::ﬂﬁ the viscosity of blood from 3 to
gells 1

120
¢ than that of water- Blood vessels are T \[\/
g time 2

id but they stretch like the rubber
m*”i’n Jer normal circumstances the volume
4 is sufficient to keep the vessels in
0 Hﬂﬂd oll the times: This means that there b
F;tt:f:ﬂﬂ in the walls of the blood vessels: As a result the pressure
:::.:,‘,J inside the vessel is greater than the external atmospheric
pressure’ _
sriation of Blood Pressure with Heart Beats:
The variation in blood pressure as the heart beats is shown in the
fgure: The pressure varies from high [systolic pressure] of 7120 torr
t9 ¢ low pressure [diastolic pressure] of about 75 - 80 torr be-
tween beats in a normal healthy person- The number tends to in-

trease with age due to the decrease in flexibility of vessel walls:
Unit_of Blood Pressure:
Torr or millimeter [mm] of Hg [mercury] are the units of blood

pressure due to their extensive use in medical equipments- Although

the unit of pressure in 5/ system is Pascal or N/m’
Ttorr=133-3N / m?

e beat

— 1T
i

Slood Flow Meter:
ﬂul human blood flows in | ™
fexible  blood vessels* The i

blood posses certain pressure
t tcf heart beats: The range -
’ this pressure lies between

Lonm of Hg = | torr

Stethescone

S -
”’- fm a'; Hg ta ?20 o aF Mg (Tarri
st T j"ﬂh value s known as -
Oli¢ ~ ) _ .
For m:s ¢sSure and its low value is known as diastolic pressure

of g

e arm “M9 the blood pressure, an inflatable bag is wound around '
\\F’” son* The external pressure is increased by inflating

e — —
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the bag, due to which the arm Squeezes and the blood ;¢ f—‘c ;
compress inside: When the external pressure becomes larger H,::J .
tolic pressure, then the vessels collapse and the flow of blpod o
at this stage:

Now the external pressure is allowed to decrease gradually by
release valve: When the external pressure and systolic
equal, then at this point the first surges of the blood
narrow scricture with very high speed- This flow o
manner: In this way, the systolic pressure of the perso
Now when the external pressure decreases further, then 4 stage come
when the external pressure becomes equal to the diastolic pressure- A
this stage, the vessels become fully relaxed and the flow of blood o
curs in steady state: i-e- in laminar form- The gurgle in the stethos
cope disappears: In this way, the diastolic pressure is recorded-

Solution of Examples & Assignments

Cuts o

Epf".l'r'f‘? ﬂ!
Pressure bffﬂ.'ﬂﬂ

flow through the

ccurs n tur&um:
N IS recorded-

e o 28 B
The radius of smail fog droplet in air is found to be 5-1 x 10%m

The coefficient of viscosity of air is 1-9 x 10° kg/m-sec- Find out
the settling speed of the droplet in air-
Solution:

j—

6)"_\!:{1 ifq#g.‘ Radius of droplet=r=5-1x10%m
Coefficient of viscosity-= Nn=71-9x10%kgm’s”
Density of water= =10’ ke / m’

Required:
Settling speed of the droplet=y, =7
Calculation:
o
We know that, v, = .?a;r (7)
n

Putting the values in eguation (7), we get,
[2x70° x¢© 8x(5-1x10° )? |
= v, ==
Fx1-9x70°
= V=29 8X10°m/sec = |v, =2-98 x10°m / sec

mJ/ sec

E;lpfz

———

m lobular protein particle has a density of 1246 kgm - [t

Flutd Dynamics - 309 ’
— s = —— e

g:t"’:'":’h water (having coefficient of viscosity 8-91 x 10
thro

i a terminal speed of 8:33 x 10° ms'- Find the radius of

falls :
pas) W

'Mrﬁdr

tfﬁ: : : . - ! 3
%L‘:; data: Density of protein particle=6=1246kq-m
Given 222

trrient of viscosity of water=n=8-91x10"Pas

iG! '

?l nal SPEEJ of Prﬂtﬂfﬂ Pﬂftrff¢=vf =8:33x10%m/ sec
ermi

Required: s

F:i'us of the part;d:- r=?

Caleulation:

25?-"‘2 . r; - 97‘]"-":

91] 209

- 7 h 1), we get,

tting the values in :quat:an_( F
& 'fgw-grno* x8-33x710° _667-9x70 ”_m,?
) 2x]246 x9-8 244216 _
= r?=20-0273x10"7"m* = r=y0-0273%x10 "m
2 r=0:165x10°m = |r =J’-ﬁxfﬂ_ﬁnl_
EXAMPLE 6-2. | sl
A garden hose of inner radius 1-25c¢m carries water at m
The nozzle at the end has radius 0-30cm- How fast does the wa-
ter emerge out through the nozzle?
Solution:
biven data: )
Rﬂdi'ﬂs aF ﬂﬂrdﬂﬂ hﬂiﬂ-‘-”ﬂ" =7-25¢m =ﬂﬂ?25ﬂ
Redus of the nozzle=“r,” = 0-30¢m = 0-0030m
Speed through garden hose

Required:

opeed Out of nozzle="

e know that, v, = (7)

r.?

=D
"'.? ]

e (1)
We kno,, that areg= n .
y e r“:‘i ﬂﬂd H: = TIP;
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Chp-6: Fluid Duynamics - 3117

e 2 — ”ﬂﬁh S NOLEs T — - —_—
| — - (S -;,;, W .
So equation (1) becomes, ~ > Fowing smoothly through a pipe: At one point the pres-
ardy, =mriv, = v, =riv, ﬂ#“f‘ % .2 kPa and the speed of water is 2m/s- Ylhile at anoth-
=’T-'z'-’: (2) qure -‘ft 5.3m higher the pressure is 3:7 kPa, at what speed is
il - 1 = P::t:r flowing through this point?
the

Putting values in equation (2), we get,

, = (0:0125m) x 2:60ms” Solution:
i (0-0030m)* given dﬂt;-* _ 33-2kPa=33:2X10° N
Pressure= 7

syre="Py" = 3-7kPa= 3.7 x10° Nm*
Pressure” _ = -7
Speed of water= Vi~ 28 s

3 =0m, Height="h"=2-3m

Hence | v, =45-1%ms”
The speed of the water from the nozzle is 45 7%m/s-

—

The heart pumps blood into the aorta, which has an inner radius of § pensity of wacer= "3 = 1000 kam
7*Ocm- The corta feeds 32 major arteries (each have an inner re- Required:

dius of 0-2lcm)- If blood in the aorta travels at o speed of Speed Of water="v," =7
25¢m/s, at approximately what average speed does it travel in the Caleulation:

arteries? Assume that blood can be treated as an ideal fluid? We know that the Bernoulli’s zquation is given by,

_.5ﬂfﬂtfﬂ'ﬂ: p +_{ﬁ,.,:" 3 1;}, = P;r + %ﬁp:: + ﬁgfl'_;.

Given data:

—w s *{ﬁ".fj +0gh, - P, - dgh;

Radius of aorta=r,=7em=0-0m 5
Speed of blood in aorta=y. =25cm/ sec=0-25m/ sec 2 - q | .
= \,_--P+—nv,‘+ngh.'P_~'ﬁ1h:I /
Radius of artery=r, =0-27cm=0-0027m A
Area of cross-section of aorta=A, =ar’ Putting the values in equaticn (7), we ¢rt.
Area of cross-section of 32 arteries=A, =32xr; P (32410 )o( A0 J+(TO00 38 0)-(37X10 )-(T1000xS5*23)
Rﬂ_gﬂfrﬂd: id . e = s \ -y L g S -
Speed of blood in artery=y, =72 HAFEOIRY ({(Z32KI0 I IRAIY PO ISANE ) (e 2
Calculation: 2 ;724107 %107 (37:2+2- 5 3-22:5| =2 )% _
From equation of continuity, we have, = 18857 s X 10° = hilo
= - e 2 . :
Av, =Av, = =LV, =32y, — y:‘.—rg,gmf ¢ s8¢ e =15-8m" /s = = Pascal

2 2
= r‘y,=32rv : = 4.5 | 4
r VY 2 Vs V 29°33m 7 sec = | v.=%m/ sec | Fipproa

v, = 5 Y, (7) ﬁr¢ﬂ=*ral
s J2xr =z

Putting che values in equation (1), we get,

=

Water s flowing smoothly through a c/osed pipe syscem: £t one

POIne & ‘ . = nt 3Im high=
U the speed of water is 3ms’, while at crother point 3m hig

i ¥ I

_[o-0o1)x0-25 a . &
v, ! 32(0-0027)7 ]mz’sec-a I8m/ sec ::, the spee | 4ms’- At lower point the pressure is 80 kFa+ Finc
g pr
= | v, =078m/ sec . %Mr’ at the upper point- rm——
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Solution:
Given _data:
Speed of water at one point of pipe=y, = 3m / sec
Speed of water at other point of PPe=v,=4%m / sec
Initial h:r'ght= h =0,
Height at other end=h, = 3m
Pressure at lower point

=P, =80kPa=80x70"Pa =80 x10°N / m?
Density of water=5=1000kg/ m?
Required:
Pressure at upper point-= P,=?

Caleulation:
We know that Bernoulli's equation is given by
1 L. 7 '
P +Et:-v,.‘? +0gh, =P, + ESV? +dgh,

(7)

Putting the values in equation (7), we get,

. g . 3 7
=5 a-ﬁ+35v, +59h,—.-2~r5v§-59h;

[ 1
— fl \I
Ff; i&?-ﬂﬂ’]+L§x?m.t3’}+{ﬁxx?-¥931ﬁ-: éx?’mﬂf" |*‘|'i'000*'9*313]

s

r ’
= PB= [80-:?03]+£§xr0’}+o-(3x?0’)—[29-#xm’ }}Mz’m’

= F,=10°(80+4-5-8-29-4|N / nf =10°[47-1|N / n?
=5 {P2=#?-?3703Nz’m3 or \P,=47:1KPa

1107 = kilo|

EXAMPLE 6-4; i

A cylindrical water storage tank has q horizontal spigot near the
bottom, at a depth of 1-2m beneath the water surface- (a) When
the spigot opened, how fast does the water come out? (b) If the
rad;'u: of spigot is 6-0 «x 10°m, what will be the volume flow
rate:

e
—— — == m—— =

Solution:

Given data:

Height of water in tank=h=7.2m
Radius of spigot=r=6.0x107m
Acceleration due to gravity=g=9-8 ms”

Flutd U I"hj__’j.-:; _ 3]_1

T

vo Torricelli’s theorem, we haye,
(7)

:-:_H’u:s in equation (1), we get,

——7.2 =J23-52 =4-85m/ s

9-8
thﬂ'tr
= E‘isﬁv
At
ar‘v— (<) sk
2 ¢ values in equation (2), we get,

putting th ;
_-?_"fs[j'-?‘”(s‘tfod) 14.35]:713 / sec = (314 x 36 x10° x4-85\ 7’ /sec

At
WV, 548.2x10°m’ / sec = 5-48 X10” m” / sec
=

Al

> [-I—I{ =5-48 x10™°m’ / sec
L AL

EXTENSION EXERCISE:
Eﬂ:: opening from spigot points upward, how high does the result-

ing fountain 90?7
Sol: Speed of efflux=V =4-85m/ sec
Height of resulting fountain=h=7
We know that,
U=J2_F'l' = V?=2gh
. e, " h=1-2m

D hE—

fsscnment 6.4

Upth of 2-Om from the top surface, vhich is open to air What

Atenk full of water has a (small) hole near its bottom at a .

5 the speed of the stream of water emerging from the hole?
lution:

?ﬂ;{gg;
Pth of hole = h=2m

e
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Required:
Speed of efflux of water=v=7?

Caleulation: According to Torricelli's theorem, we have s in equation (3), we get,

V=,29h (7) pytt!" 2X9-8x0-4

Putting the values in equation (1), we get, M,a-ﬂ‘“w &?-2571?9‘1)}'(5'3””9‘3 I
= \2x9-8x2 im/ sec =(V39-2)m / sec J 7-84 j\"’f’“

= U c6-3m 7 sec | . “s{ﬂ'ﬂ#‘”a J(I-SIFO*E'O'?*’?Q'EJ
‘ B =% | 7
A venturi meter measures the flow speed in the pipe: Suppose o I A 0‘3.’#.:?0 ‘1(7-6*&?)#?0‘ f;: F’;.Enﬂ':.-frj'm
ter flows through the pipe witk cross-sectional gre, of ra 3?4119' 7-69 ]m/u:
0-:001257m*, if the threcat has an area of 0-00031%m?, ang th; = U"\. 1-5 -
fluid heights in the vertical tubes are h, = 1-20m and b, = 0-80m. o i'a 3;4\(3-2_ 1m 7 sec =(0-314X2:3)m/ sec

(¢) Find the gauge pressure P, and P, (b) Find the flow speed in 1"1}:;0-?23"’/“‘:

the pipe-

—_—

Solution:

Given data:

Fluia height=h =7-2m, Fluid height=h, =0-80m
Cross-seccional area=A, =0-001257 m*,
Cross-sectlional area=A, =0-000314m?*,

Density =5=1000kgm’’

Required:

(a) Gauge pressures- F, 2.4 P =7
(b) Flow speed=v, =72

Caleulation: (a) We know thar, P =c,u
= B =dyh, {1
Puttin: the values in equacion (1), we set,

P=(1000x98x1-2)Fa=1i/5C"+a

— P=M-26x10°Fa -11-764Pa — |2 = HiToaPin
Sem. e rlu R
ﬁ'u:trng Che . . T edus Wi = wi JeF
, =[7000 x9-8 x0-EV|FPa -7 . » p ki Pa

— P-.r{':‘f " g

(&) For ventur:

~eter relac or

=

= i = —

j_'—;—,_,.’————: o S _
' measuring the flow of water in a pipe having
sectional area of 0-0038n?, a throat will cross-sectional area
- ' . -
H:EOFOOD.?M?: is connected to it+ If the pressure difference is meas
:'r:d‘ to be 2 4 kPa, what is the spud of th: water in the pipe?

Solution:

Given data:
(ross-sectional area of pipe=#A, =0 .0038m*

tross-sectional area of throat=£,=0" .00031m*
Pressure difference=P,-P,=2-4kPa=2: 4 x10°Pa
Density of water=3=1000kg/ m? =10°kg/ m’
Required:

Speed of water in the pipe=v=7
@I_g_”atr’an

We know that speed of water in a pi
e is given by,

=4, '2(P,-P,)
&AL

A venturi meter is

ipe in terms of pressure differ

——

T2 G4 x10°

~ Y=0-00037 e
\70° [f" .0038)° - (O ooosr)

e —

—
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¢ & '..--
L« 000037 i /
e ’ v ] g~
L g N QJ.F ¥ fﬁ .] . '__' e J't.'ﬂf{f 0 thf flti' ‘F"#J ﬂf f-‘"i 8ir aéroes
. V-8 o 24 O0m s when th
. 000037 |- T - 0.000&T A10 ,) o the wiing 1§ < - # tpead of the ar below
N e St L A0 - o © .
4.8 ’ ,Irqm/;- The density of the air is !:‘Hi#’ﬁ!' What is
. SR o el i =
I = 0-0003 = 0:00037 ‘ o Y 4. »
CTEETT N 10 (1 % - 0:00961) " < force on @ wing of aree 24O

L - L‘ t‘k.!i-‘-..:“n. -.* "J_"‘i L] ?I." - 00{]03?\ Jq"f] F ] ?{Ju
U =0 0003 270" v I39O 00312 5-9m / sec

L

Vo= . M5

/};::d't' Sp"ld‘ bl‘-‘lﬂw the wing=v, = 215m / se¢

‘f}kr‘ ghove tﬁ'l wing=v, v 290m / sac
4 ‘ |' " -
il farsd=] 28kg/ m’ Area of wing=249m"

EXAMPLE 66,

What s the aerofoil’s lift (in Newtons) on e wing of ares 88 4
the air passes at speed over its top surfoce et 280m/s and bes.

tom surtace at 1SO0m/s?

Sﬂfutmﬂ_

Given data: Surface area=FA = 88m”,
Speed at top of wing=v, = 280m/ s
Speed at bottom of wing=v,=150m/ s
Density of the airs = 1-28kea /7 m”

Required: Force =F=7?

- ____—_\ -fl‘ 'i v

Calculation: (Je know that, .'-'-’.--..rm.u'ue.-='r':”-k'-'r = P=-P
~rez :
= FeA(R-F,) (1)
From venturimeter, we have.
- - " Fy & -
-—P_=-_—’.\"'i_—r ) (2)
.
P.-lff."-;l esustion (2) n eguation (I). we get,
L
;I‘F li_ﬁ("i: -‘-'-
S8(vi-vi) (3)

Putting the values in equztion (3), we aet,
F=88x % “1.28 (280) -(150)° N

= F=56-32[78%00-22500|N = 56-32 (55500)N

= £=256-32155900N = JT48288N

-
- 5

L]
LY

8238 x10°N =3-2210°N =>|F=32210°N]

_d: Lit force O0 W*”f'r'?
Regdl=™

cskulation:
N row thats

it

Py — (1

Tom- n'.:.'rtuﬂ-"-"f“r' we have,

2.2 (2)

f s
g.%-‘-'za‘vz

equation (2) in equation (1), we get,

. ety
= .-=,=u§|,p_:‘-,.-f) (3)
g the values in :quatmn (3), we get,
£226 1 ’f‘“ ‘-(275)° M

£=15-36]57600-46225| =15-36 x 11375N
r=I78 ..-:O-QN =I?SJ'IG H::’ lr"'.*’?‘?"ffﬂ’a'u'!

L
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v b Decrease
d-Is zero
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~Nauab Physics Nowes — B

mMics -

?‘il

‘ble answer:

Choose the best poss!
7. For substances that do not flow easily [like i

Y value for the coefficient of viscosity. “ "y AT (1) shows that for terminal velocity, we take value of
a- Low J b High ¢+ Zero d- Negatiy,, qugm:;,, +9-8m/ sec*-
2. A unit for viscosity, the centipoises, is equal to which, 4 Eim;naf velocity the acceleration of a falling object is:
following? b b P t:’ ms> b 7 ms*
7 a- 10°Ns/nmt’ b+ 10*Ns/m’ /e 8 ms? d- +9:8 ms”
¢ TO°Ns/m’ d- 10°Ns/rr’ . F:’drnﬂ to equation of continuity Av = constant- This con-
Sol: We know that, r f::,,t is equal to:

| cgnt,pa,;sg;:?ﬂ"] Pascal-sec |1 Pascal =1IN / m*  Volume of fluid be Mass of fluid

(- Density of fluid S d+ Volume flow rate
frcording €0 equation of continuity, we have,

— ] centipoises=107(N/ m®) sec

—  |Tcentipoise = 710°N-sec/ m*
So option (@) is correct: - _%E:ﬁus'canftﬂ”t (7)
3. Stokes law is applicable only if a body is mov- - At AV
ing through a liquid with slow speed and F =an In equation (1) ) represents the volume flow rate of a fluid-
has...shape- . Sp option (d) is correct:
a- A cubical v b+ A spherical | g At the constriction in the cross-section for ideal flow, from
¢ A rough d- Any equation of continuity it follows that, the speed of fluid is:
Sol: According to Stokes law, Ja-Greater b- Less ¢+ Same d- Zero
Foappm = OFNV (7) |} So:According to equation of continuity, we have,
In equation (1), “r" represents the radius of gt 7 R S _Av, (1)
spherical body, so option (b) is correct- - o A f’%
4.  The net force that acts on a 10-N falling object, when it ¢ Due to constriction, the area of | j v
counters 4N of air resistance is:.. | cross-section “A," of the pipe | ()=
a ON b+ 4N Ze 6N d- 10N decreases- Now according to equa- | A l _
tion (1) when “4, ¥ dlarmancus Constriction

Sol: In given figure, the weight “w” of the object is acting doat

50 the speed “v,” at that end increases- So option (a) is correct:

ward while force of friction “F,," is acting upwards, 5
As water in a level pipe passes from a narrow cross-section of

force is given by,

Fre=w=F, =10N-4N = 6N

50 equation (c) is correct:
S+ A skydiver jumps from a high-flying helicopter- Before

terminal velocity, her acceleration:

Pipe to a wider cross-section, the
Pressure against the wall: Vi it
Y@ Increases b- Decrease — s e

Sal: ¢ Remains the same d- s zero

We k
et now that, Av, = A,v,

ressh!

a——
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b Viscosity of fluid
e d- Density of flud
J¢ P e has a cross=sectional area of 0-0007m? in which

Equation (1) shows that eain P
(€ ; ; :
greater the area of cross- \ Z ; rer /s ﬂﬂwf”f at 10m/s Tjﬁb Vi;“mﬁ flow rate js-
= . 4 /f i 'GGI mj/
section, smaller will be Y 0 00001 m s
. : ' - JO - 3
speed of the fluid and vice N :. . m/s : e jmﬂfﬂﬂ? m’/s
.ﬂ{?ﬂfm ' SPEE v my Sec

:A=0
LPred . .
ﬁ.ﬁrt fow rate is given by,

\ W/
e =0-0001 x]10
WoAV = 3

fﬁ,g-ﬂafmj / sec, SO option (b) is correct-
2 5t Jhciently high speeds the flow of viscous fluid becomes:
prramers b+ Stream line

* Non-vistous / d- Turbulent

¢ vater in the tank is T0m above the leak point: The speed
g The | the water emerges from the leak is:

versa: As in the given fig-
ure, “A," > “A,", so
speed of fluid in the wider
region will reduce: Now
according to  Bernoulli's

principle, when speed of fluid decreases, the pressyre a;?
that region increases* 50 option (a) is correct- el

10- A 4m high tank filled with water is drilled with four ident;

small holes at im, 1-5m, 2m and 2-5m from ¢the battamw:-

tank, the speed of efflux will be greatest from the hole g4. with whic
Ja Im b- 1I'5m ¢ 2m d- 2:5m ' . 10m/s S b 14m/s
_J.ng:Hﬂf‘ght I':-'?(- tﬂﬂ#:h:#m £ ngm/‘s d' 0'?.’”/5
v=7

g h=10m, speed=
40 .PE_QE « J2x9-8 %10 =14m/ sec —=v=14m/ sec

Let h=Im from bottom, h,=1-Sm from bottom, h,=2m from
bottom h,=2-5m from bottom

Now speed at T hole is given by,
v=\/24h,, (1)

= v,=2q(h-h ) =2x9-8X(%-1) m/sec

= |v,=7-7m/ sec

Similarly, for 2™ hole, v,=\29(h-h,)

Bs V=4

G option (b) is correct
5 When the radius of the artery is reduced, the blood pressure:

7' fﬂfrggjgﬂ' v b- Dﬂﬁrﬂﬂfﬂd

¢ Remain the same d- Is zero
Sol:From equation of continuity, we have,

= V; "’\."2'*9'3(4'?‘5)!??/5;: = |v,=7/m/ sec Av, = AV,
: o P
Similarly, for 3 hole, v,=\24(h-h,) s wiyeadVy DR, ardv,  [A=ar’]
=J2X9-8(4-2)m/ sec v

J; _ (4-2)m/ se 2 vy (1) A —_—

= |v;=6-3m/ sec £ — , —
- : LWl .

Now for 4** hole, v, =|29(h-h,) = 2x9-8(%-2'5) fquation (1) shows that when : s I Aeny

rdus “r," of artery is re-
dued, velocity of blood in artery will increase: No
Sernoulli’s principle, when velocity of fluid increases,
Mid decreases: Thus the pressure of blood in artery will decrease

% redius s reduced, so option (b) is correct

w according to the

the pressure of
if

= v, =54m/ sec

As v, > vy > v, > v,
S50 the speed at height of Im from bottom of the tank will b¢

o

greater: 50 option (a) is correct-
17- Venturimeter is a device used to measure the: L
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i d while a human could break a bone in such a fall
€
uﬂdﬂm'ﬂg

tion:
| Questi nd_Explana®io .
Q EStlﬂnS Rt_!’i‘?ﬂs he termnal velocity is given by,
- th'ﬂt t 1€
Give short answers to the following questions- e no'e e (1)
s - —
Qi: From the top of a tall building, you drop twa:-;\ Ve ® Ganr
a e-t,

balls, one filled with air and the other with

ity hat the terminal ]j;‘,--
water- - | shows th —
reaches terminal vm’an’EE first and why? Whic Bz Equﬂt!ﬂ" f)ﬂ calling body dgpgndi upon \\ /
Ans: When we drop two table-tenns ~—d gelocity ﬂ'g' greater the mass, high will
I b
balls from the top of  tall building =N mess

Fe.
such that one is filled with air and

the other with water, then the bagll

Hall
filled

wilh aur

filled with air will reaches to
terminal velocity first-

Reasons and Explanation:

3 4.1
l.l1 o - b

its

(7)

Now when velocity becomes terminal velocity, then we put
v=v. and Fo=w

50 equation (7) becomes,

w=bnnryv. = Canrv, = w

w

Eanr

of the body s dr
ght of the object: i-e- greater the
Il be its velocity for attaining termin
As the ball filled with water s mort

weight of the body, greater i
al velocity and vice versa-

heavier than ball £lled with
time for attaining its term,

take less time for attaining
with air will reac,

nal velocity while the air filled ball wil

'ts terminal velocity: Thus the ball filled
S Lo its terminal velocity first-

R2: Why can squirrel jump from o tree branch

—

to the ground and run

away undatnaged, while q human could break o bone in such a fall?

Ans- A fqurrref JUMps from a tree branch

.y

—

to the ground and ruf

 terminal velocity before

air: 50 water filled ball will take more |

4 cerminal velocity and vice versa-
T

the mass of squirrel is less than the
w . +

E ¢ of man: Also when it jumps from
mas

the tree. it falls
legs and tail* Due to less mass and ex-

tended legs 1ts terminal velocity remains

Large surface area s
|. exposed to drageine force

down with extended

=

low: As a result, the squirrel gains its
the

ground- Thus it lands on ground in safe

end sound conditions-

reaching

On the other hand, the mass of the man
is greater than the mass of squirrel- So

| ess sutface arca s exposed.

its terminal velocity remains high due to to dragging force 1

its heavier mass- So when the man jumps N
from the tree he cannot gain its terminal velocity before reathing
the ground- As a result, he feels great pain while landing on ground
due to accelerated motion-

=

—

Q3: How does the terminal speed of a parachutist before opening a

parachute compare to the terminal speed afterward? WWhy is there
8 difference?

fns: The terminal velocity of a parachutist before opening the para-

thute is different from its terminal velocity afttr._‘ft?pgﬂ{ng'fhﬂ para-
thute-

Reasons and Explanation: ™
The dragg,'ng force dﬂpgnd'g upon the expose surfmcl afea af the d |
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e —

= ¢ Yyngm .
ing object: i-e* greater the exposed surface area

of tf;; ;:;“ : Len We places our thumb over the end of , garden hose, jts
er will be the dragging force and low will be jts t:rmr’:afry::'-ﬂ.t- "W:ﬂt,-gnﬂf grea decreases' As a result th: SPHTJ of outgoing wa-
and vice versa- ﬂmt! (105 asest 1N this way, the water can be squirt over g greater
Case-1: Now when the parachutist js falling yor METE
down without apem’ng para:ﬁut:, the exposed J:i;gﬂﬁﬂ.
surface of parachutist to ajr

resistance s
minimum- 50 the parachutist experience less
dragging force than its weight-

high terminal velocity as shown

___.-'ﬁ; does smﬂ'kﬂ rise faster in ﬂ'_. Ihfmn:y' on a Wl;ﬂdy day?

%ﬁ smoke rises faster in a chimney on g windy day due to
fns:

r = | Eh!‘mne!r-
‘
j: e —— j 3 an' IIE

Thus "t Pas‘::s Figa Flﬂ-.hu'.lﬂn:'a,ll.ni.
in figure (a)- = mm'ﬂt—“——-:_,
: | +F

is falling down

Case=2: When the parachutist
with open parachute,

1T L
4R “," rgiﬂ.ﬂts th: ve- —— > ~» |4~L'1'1~w|--g
h:rgt SUFFHI‘:E ﬂ‘rﬁd lis ex- ut Flar r:::.lnd ﬂutFI'CfE th: * i - W il
posed to air resistance- As g result the para- ¢ Tﬂf locity and “v,” ‘represents
mne
trooper experience large dragging force and Ts 21 chimney

hence posses low terminal velocity as shown in

the velocity of smoke m:.ﬂdﬁ Smoke hus i

: ] ¥ the Cchimney: Let P, L!w ﬁ; )
figure (b): Thus there is a difference in ter- FIE: Pacachunint ¢ fitog o.4 woresents the pressure of w7
minal velocities of paratrooper before opening T F::' moving wind and “P," Vi<V B N
the parachute and after opening the parachute due to different ygl- rlprrgftﬂtf the pressure of o
ues of dragging force- smoke inside the chimney: - A
Q4: You can Squirt water over g greater distance by placing ya;r- Now when wind passes over |
thumb over the end of 4 garden hose, than by leaving it complete-
_ly uncovered- Explain how

h the chimney with high speed *“v,"
this works?

1+ then according to Bernoulli's

theorem the pressure “P," in that region remains minimum- (W hwhe

the speed of “U," of the smoke inside the chimney

pressure “P,"

Ans- Water Squirt with greater distance by
placing a thumb on the

end of garden hose
than by leaving it compl

etely uncovered-
Eaﬂ_ms__ﬂﬂdjfp{ﬂﬂﬂﬁﬂﬂ:

is low, so the
inside is high as compare to the pressure outside the

thmney: j-e-
R.-:mrdmg to the equation of continuity, When *y, >v. " and Py =P
we. have, Due to the Pressure difference, the smoke rises in chimney faster
gl;! =A.y, :}v_?=f—'3'- 1) m—dﬂy. "e* when wind are moving fast over the chimney:

“: 2 %: Two boats moving in parallel paths closed to one another risk
Equation (1) shows that the speed of fluid /'QQ Solliding. Why?
cm:rgr:ﬁ‘ m:t F‘ra:: an  opening s inversely ""l % 1
Proportional to the areq of cross-section of ‘
that opening. ;.,. SMaller the area of cross- 3 ::!L_T‘“ﬂ ?ats Moving in parallel path closed to one another risk
Section of the Opening, greater will be the _“" A oyt s
‘peed of outgoing fluid and Vice versa- —

Outs; Ue Co pressure difference between the two boats and
Side the two boats.

_"‘1‘ - _:
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High

Pressure = P,

Low
Speed of water

i Speed of
on c:-lh::rhu'd:'.: of I Ilgh speed of water et 5::1?“[
I'H.-‘ﬂl ‘h 3 uvlu M"“ een mat "v-." LW
Iwo boats :

Vi>V, and P,>P, or P,>P

Reasons and Explanation:
When two boats are moving parallel in water, the water betwe
the two boats is moving with high speed “v,”- While the water
present on the other side of both boats are moving with low spesd
“v;"+ Due to difference in velocities, a pressure difference exists be
tween the boats and on other sides of the boats- The pressure “P"
between boats is minimum and pressure “P,” on the outer sides of
the boats is maximum- So both the boats are push towards low
pressure region i-e- towards each other- In this way risk of collr
sion between the two boats increases due to pressure differente

According to Bernoulli’s principle, this differet..c 1
en by,

~=essure is §iv

R‘P;-'-%ﬁ(vj*vf)

—
—= —

Q7: A cricket ball moves past an observer from left to right, spim

ning counter clockwise: In which direction will the ball tend to def
lect? =

———— —_— —

Ans: When a cricket ball moves past an observer from left to right
spinning counter clockwise, then the ball will move away from et
observer, due to pressure difference above and below the ball

———— e

Let a cricket ball is moving with velocity “v"” from left to T ight and
spinning counter clockwise as shown in the figure:

M ———

-

- - from the figure, that

s cle _ _
pove the ball will passes with
the alf . Iig uvz"- [t 15 bﬂE@HFE the
reate’ SPH of the ball and motion of
0

V>V \ — "

. P>=p ’
* mat;graﬂm" While the air below F-@ \
e ] w speed P
p; bﬂ” Wf” pHSEES W.'th fﬂ P ball 15 Inoving from lefi o T'l'g‘-‘ll L
thé

< because the spin motion of

oy, 46 ! nd motion of air are opposite in direction- In this way,

che ball :,,qrgrgnﬂ exist on the top of ball and below the ball such
I

sure _
F:stv >V, and P, <P, or p>P;
3 I;ardfna to Bernoulli's theorem, the difference in pressure is
Now ac

given by,

R ol

Fquation () represents the force which gives an extra curvature .ta
the cricket ball and as a result the ball will be deflected from high
pressure side towards low pressure side: Thus the ball will move
way from the observer:

@: I aerofoil lift the aeroplane in upright position, how do the pilots

ncke the aeroplane’s fly upside down?

fins: The pilots make the aeroplane fly upside down by increasing the an-
fle of attack by pointing their nose up or down-

EEEﬂ_’Lﬂ{?_cf_ Explanation:

o fly upside down, we need a wing which is designed in such a way

“at it can still ' '
provide lift even

h‘.h,-_,-, inverted- On a conventional
v the aerofoil is curved on
usi:f?T side and flat on the un-
the top ’:Tiu.:h a case, the air over
Pare ¢, t:""'f-mar,_ quickly as com-

 ar below the wing: The

=

p——
\\x_ __.———-_'____
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difference in pressure gives the wing lift upwards-
The wings of aerobatic planes are
curved on both upper and lower -’F'””“f"um_,\
sides- With this symmetric design, e
the plane can fly either normally or | anac
w b m & 5

inverted e pilot can flip from I.ljll'{'a.,]“-.q;‘_-l_l -
one to the other by altering the a floy,

& _-l-‘-‘---‘
angle of attack- The angle of attack is the angle between the flg,.

ing air and a reference line on the wing: The arngle of attack ¢gn
- I f#.

crease the lift as well as the drag and thus provide more thr
ust

with the aircraft engine and thus keep the aircraft in safe cond-
tion-

H

_&9: Why do the golf balls have dimples? ¥

S —

Ans- Golf balls have dimples, so that can move up in

- the air very
high and can travel larger distance-

Layers of air

Reasons and Explanation:
“——‘mm.__—‘___ﬁ_qaa_j_' @ P;.l.}"‘l-t'.; !-I'I*.DEU’:!}'

Consider two balls as shown in the With greater speed

—> Ball without
dumples

)

figure: Figure (a) represents a ball
without dimples while figure (b)

represents a ball with dimples: In case

/\ Lavers of air
of ball without dimples, the air passes A\ wibiien

lj:_“_.._"' < = +«rh low speed
sSmoothly with greater speed- While in e

Fig (1 n
case of ball with dimples, the air sebisi

bends more around the backside of ball turbulently o .: ro dimples

In this way, a thin layer of air clings to the surface of the ball
which reduces

Moves up in the ajr easily and trayel larger distance as compare to @

ball without dimples-

fuel tonsumption?
Ans: By using wind d )
9 wind deflectors on the top of truck cabs reduce dréj°

e —

el )

———————

the consumption of fuel:
rce

fo
rn’ g :
; sons and_Explanation
[Pl .

E—L' (ﬂ) a truck 1s mov- £

In fiqure . - \ir cannot passes
hway Wl'tha“t hav— Ii— ‘-mfmlhl}r .]l‘I.JLtnl‘.'

i on h'f 2reater ar resistance

4 deflectors: The air
passes smoothly over
{k .ﬂ'ﬂd as rﬂiﬂft thﬂ

'
4 i

{;nﬂﬂﬁ

" . ] resis Fig a: Truck without wind deflector on top of their cab
ai 'L T
faces larger air T -
trﬂfk |
tance’ | hus ﬁfi: cng:ng O (-'

Alr passes smoothly
and causes less ar
résistance

the truck needs to do more
work against air resistance

ad hence consume more

fuel _
i figure (b) a truck is Fig b: Truck with wind deflector on top of their cab
i

moving on highway having | —
wind deflectors on the top of their cabs- The deflectors enable the
sir to pass over the truck smoothly. As a result, the truck faces
less forces of friction of air- So the engine do less work against the
low air resistance and thus consume less amount of fuel- Thus by
using wind deflectors on the top of truck cabs reduce the consump-
tion of fuel-

iif‘-

"-q.../'? .-;LLQ.:LJJL__’.;'J;JL-*I".E-_JF e ©

Rl 2/ PR Py N Turﬁ:..;ﬁ’ 4P E’Wiﬁf’ u"?ﬂ"{:-dj e &
“osp p W chiun 6 e g i Sold skt s e S @
"'-'f-qt;['lﬁwalu)Pigjlq__wPILfl;;h;Jh““ig—J; IU‘ = 8
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Nayab Physics

Give extended response to the following questions:

QI: What is viscous drag? State and explain Stokes low-
Ans- See answer of question no 3 in the text-

Q2: What is terminal velocity? Derive mathematicq] relation &>
terminal velocity by using Stokes law- ion fo,

Ans- See answer of question no 3 in the text:

—

@3: Derive mathematically the equation of continuity, and relps, »
» 2 't

to the time rate of volume flow- How equation of continuity s bgs,
on conservation of mass?

=

Ans- See answer of guestion no 6 in the text-

Q4: Derive mathematical expression for the Bernoulli's equation-
How Bernoulli’s equation is based on conservation of enerqy?
Ans: See answer of question no 9 in the text-

@5: Using Bernoulli's equation, what is the speed of efflux from ¢
leak at the bottom of large storage tank?

Ans- See Torricelli's theorem in the text-

Q6: By Bernoulli’s equation, how we can determine the speed of
the fluid in a pipe?

Ans: See Venturi meter in the text-

—

Q7: What is aero-foil? Explain aero-foil life on the wing of @
aeroplane-

—

Ans- See article aerofoil in the text-

Q8: Use Bernoulli’s equation to explain the working of engine “"
buretor and perfume bottle spray-

e
Ans- See article engine carburetor and jet and nozzle in the text’

- & = __—-._—_.,.-l'
SIS LTy Gz BarSfip Lo b =7

A ...LU’};{{L;.-—-"'

h faii

Numerical Problems

L ——

ﬂ;t equal drops of oil are falling through air with steady ve-

P 0-1ms’- The drops recombine to form a single drop, what
MmLabe- e terminal velocity?
uvie=: : 1 = =0-
‘ fﬂl"m;ﬂﬂf Vﬂ-’ﬂffty of 5’”9": oil df‘ﬂp % 0 Im:f_slc radius = r
; “m™ represents the mass of each individual
“-tda and “M" represents the mass of single O OO
e z& r the combination of eight drops: S50 we OOOO
drop arve ' Eight o1l drops
|
have,
Gmilarly, if “V" represents the volume of each
individual drop, then the volume of the single
drop after the combination of eight drops is giv-
Single drop of
en by, md?u:. “R™ after
V=8V the combination
ey E'IRJ -8 31,_3] ol eight drops
3 3
> R'=8" = R’ =(2r)
= R=2r (2) ‘
Now the terminal velocity of big drop of radius “R" is given by,
, Mg
v = 3
" 6mR (3) |
Putting equation (7) and equation (2) in equation (3), we get,
s Smigs 8] my (4)
6mx2r 2| 6mr
" equation (%), M9 - terminal velocity of individual drop=v;
nnr
*0 equation (4) becomes,
P Ur-'-a-(uf):}u’::#‘,rr (5)
”tt;ng the value of “v,” in equation (5), we 9¢%

T =[410-?)m3'555 == O-4m/ sec
e
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e

Q2: Water travels through a 9-6 ¢m dicmeter £,
speed of 1-3 m/s- At the end of the hose, the wotis @ .w.tlr,
through a nozzle whose diameter is 2:5 ¢m- (@) Whae § & Y5 ou
of the water coming out of the nozzle? (b) What diam SPess

e
et |
is required to give water speed of 21 m/s? € nogy),

Solution: e
Given Data:

Diameter of fire hose=d, =9-6cm =0-096m

Speed of water at one end=v, =1-3m / sec

Diameter of fire hose at other end=d,=2-5¢m=0-025m

Required:

(a) Speed of water at other end-= v,=?

(5) Diameter of nozzle [other end] for speed of 2Im/sec=4 -~
Calculation: .

(a) From eguation of continuity, we have,

= oy oo T 7
H,F', ﬁ;,v; = nnLv, =nrov, Lﬁ:-_-[ri-f
£
2 2 2 LV
— Iy, =piyc =17

d
HEJ"‘E . - an

d r, =5‘1 S0 equation (1) becomes,

dy
v =;xuj=df'f, — =dl.2'.i",
"E i: d;’ F'..i‘ dj (2)
e

Puth'ngrth: values in equation (2), we get
, = (0:096)% x1.3
| _ (0-025)*

= | v;=719-2m/ sec

(b) For SPEEd V, =

=

,mz’uc= 19:2m / sec

2Im/sec, the diameter of nozzle “d," is given by,

2 d*y
dt=_1"1
2 S (3)

<
Putting the values in s

42 (0:096)% x7.3 quation (3), we get,

27 = d:"S'?JIﬂ'*
T .'df = !FE_._?_'_;__T EERESER Y
‘:__ A ?O M

= |d,22-4x10%m] or 3
= ) or [4,200%4m] or [d,= 2%em

ics

NGUI— » tank has dimensions O0-30m wide by 1-Om long by

5
Q3: A :'gh' i the filter should process all the water in the tank
0-60m 3 hour, what should the flow speed be in the 3-Ocm

once "‘"r'l’f ube for the filter:

nput t

A fl: 6;1{_#_” p_ﬂ@:

plutiof- == j;g.ggm, Length of tank=L =1m

£ tank=h=0-6m, Volume of tank
h=(1mx0-30mx0-6m)

_, sy =0-18m’
;rm. =3hr=313600=?0300u:
- jt=fﬂ'3ﬂﬂiﬂﬁ

d = 305;71' = 0'031"”

Diameter=

quur'r‘zﬂ'.'

Flow $pud'=v=?

Calculation:

We know that volume flow rate is given by,

! 52 2]
£= !lﬁ-‘-‘:'.r":'[{E} :'_Z_ai_'
At | L2 | 7

_42
AN L o 42[41;\: %
At 4 W rd°\At,
Putting the values in equation (1), we get, 100cm = 1m!
= ¥ s ! A \m / sec =0-02359m/ sec

" 374x(0-03)° | 10800 |
2 |\V=0024m/sec| or V=2%cm/ scc‘l

 —

Q4 A venturi meter is measuring the flow of water; it has a main
diameter of 3-5¢m tapering down to a throat diameter of 1-Ocm-
¥ the pressure difference is measured to be 18mm Hg, what is the
Speed of the water entering the venturi throat?

§ﬂ_{qtig_n: Given Data:
. 2aut
m::tr.r of one end- d,=3-5cm=0-035m
m:ttf‘ of other end- d,=7-0cm=0-0Im
3 :rr. difference = P,-P,=18mmHg
. I-P -
2=(133 x18 ) Pascal = 2394 Pascal

\'\_

me -Hg =133 Pas.-:aﬂl
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Area of one end=A, =, e pank=h=14m

~ &:t.?.?ffxt’jﬂ.ﬁ)))me=9.52-t?ﬂ“‘m" 1 of efflux of water=v=? % ==
Area of other side=A, = T:j " 3‘?412‘?'0?)3 - ) Volurme discharge per ko %%=?

= A,=7-85x10°m? on- ot

D-:nn‘i‘:y of water=5=1000kg/ m’ | e E—qf sl (1) [Torricelli’s theorem]
Required: “@ ld, \n y

the values in equation (1), we get,
“@'}g.gxfﬁ)m!’ sec =V =16-6m/ sec

Velocity of water=vy, =7

Calculation: v=|
We know that the speed of water by venturi meter in terms of (%) e S i AV ’
pressure is given by, flow rate= —=Av
v, =f, | =G i) 7 sV [dY 2
ol E(Hf'ﬁ;) () S il'i:nr'?\f :‘-ﬂ—'—:"(—é] v \H=”r‘-r=5_l!
. At
Putting the values in equation (1), we get, ¥ 42
AV _md'v
v,=?-.5*5xm'5\/? . 2(2394) i S = (1)
00 . Sl oA 5 32 '
0[(9 B2x10°.) - (g5 210 ) ] Putting the values in equation (1), we get,
= v,=7-85x10° = il AV 314 x(6x107° )2 x16-6
1000(92-6 x10°* -67-6 x10™ | T 4
= =7'35-"?0‘5J =3 : Y - 469-12x10m? / \ e =Tstian
r 10°(92:6-61-6 x107) y At il Im® = (100¢m)*
; 4*31?0; AV - - & 4
= v, =7-85x105 N — = HED. -6 6,,,.3 =im 107 em
7 J(92'6-0-6?6‘) = 69-12 x10° x10°ecm” /sec
4-8&x10° 4y.5

AV
= v,=/-85x ?O"J or \:—=ﬂ'469cm3 / sec

=7 -5 ol i
97.98 =v,=/-85x70" x]0 92 At
=j- ! . =2 _ 7'3510'23 £
= v,=7-85x10"J0-05 = v, =7-85x10" x0-23 = 7 ®: What is the aerofoil life (in newtons) due to Bernoulli's prin-

= |v, =018 m/ sec

r‘?5-' A small circular hole SDOmr-n in diameter is cut in the side of ;
t
“Vely? (Take the density of air as 1-28kg/m’)

“Ple on a paper plane of wing area 0-OIm® if the air passes over
the top and bottom surfaces at speeds of 9m/s and 7m/s respec-

a large water tank, 14-Om below the water level in the tank: Th

top of the tank is open to the air- Find (a) the speed of efflux of -S.G';[l!tqu: ‘
the water and (b) the volume discharged per second: i 'SH-MF':E: fAirea of wing=0.01m?* = A=0-0Im’
Solution: i

at ;
b top of Wing=v,=9m/ sec
Y of air= '

0=1-28ka / m?
:‘\\ 5 m

spud

Given Data:
D eng;

1 imJ/ sec
Diameter of hole=4 = Emm=6x10"m
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Required: Rerofoil lift=F=7?
Caleulation: We know that,

Fressure=
rFea

. ;::-p__:% = F=A(R-F.) (1)

From venturi meter, we have,
E"‘“:i‘*"'l“::'vf) (2)

Futting equation (2) in equation (1), we get,
s %*“(v.f -v?) (3)

Putting the values in equation (3), we get,

F=0-01x % x1.28(9°-7%)=6-4x107 (87-49)

= F=6-%x707x32N =20%-8x10"
— |F=20%-8x70°N, or F=G-2048N or [F=0-2N

Q7: During a windstorm, a 25m/s wind blows across the flat roof of
a small home- Find the difference in pressure between the air inside
the home and the air just above the roof, assuming the doors and
windows of the house are closed- (The density of air is 1-28 k¢/m’)

Solution:

Given Data: Speed of air=v,=25m/ sec

Density of air=5=1-28kg/ m’

As the doors and windows of the house are closed, so we take the
speed of inside air to be zero i'er put v,=0
Required: Pressure difference=F -P, =7

Calculation: We know that,
7

Fi-PJ:E..i(vj-v;"] (7)
Putting the value sin equation (1), we get,

P -P, =[%;;-23(252-a")]m’m1

=~ P -P,=06%Xx(625-0)N/ m*

= [R-P,=400N/m?| or [B-P,=400Pa
+ 4+

-7 Oscillation = 337 |

—— L '

17 | OSCILLATION
.--;"_,.-—-———_\—

..--?-13;; ne and explain oscillatory motion: Give examples of oscilla-

tory motion”
Ans’ pscillatory_Motion:

Definitiont: The back and forth moticn of a body over the same
Defimier=—

path shout its mean position is known as oscillatory motion-:
rplanation: |

The oscillatory [vibratory] motion can be
itiated when a body is displaced from ,
its mean position due to external applied <
treer When the external force is re- ‘

moved, the body moves back towards its
mesn position: O the way its velocity [Meanvoster #__.
o |
Eutiem __-,..In';*\uJ

increases and becomes maximum at mean
position: As a result the body does not
stop at mean position and moves towards the other
position- On the way its velocity decreases and finally comes to rest
¢t extreme position The bodu then moves back towards meah posi-
ton due to restoring force: In this way, the body performs oscilla-

side of mean

Yory motion about mean position-

Eamples of Oscillatory Motion:
» Motion of a body attached to an elastic spring’
?' Motion of wires of a sitar:

- Motion of simple pendulum-

2 Define the following terms: Periodic

motion, vibratory mo-

t;d' vbration, - time period, frequency, displacement, amplitude
an an ]
lqn!. 1. requenc \

Esﬂfﬂdfc J—
mohhﬂ' o — mQtfﬂﬂ-

ch i s known as
\‘l’"rh IS repeated in equal

;ntervals of time |
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