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scous Drag and Stokes Law:

Vi
o Anobject moving through L8 o .
= gh a fluid experiences a retarding force known as drag force. It

increases as the speed of the object increases

Fg=6mrv
where 1 is the coefficient of viscosity of the fluid

Viscosity:
Viscosity is the measure of the force required to slide one layer of a liquid over another.

L
o S unit of coefficient of viscosity is Kgm's"' and dimension ML'T"
Stokes law:
of viscosily # experiences a

A sphere of radius r moving with a speed v through a fluid
viscous drag force I'. and is given by Fp-Omyry

Terminal Velocity:
y downward is called

The maximum and constant velocity of an object falling verticall

terminal velocity.
=—4- and Wy ar
onrv

a particular point, moves

Fluid Flow:

¢ Streamline or Lamin

ar Flow: I every particle that passces
along exactly the same path as followed by p;nrliclcs which passed that pomnt carlier then

flow is called streamline or laminar

ar or unsteady | id is called rurbulent flow
It . o

* Turbulent Flow: Irregul low of the flu

¢ Conditions for idcal fluid
(i) The Nuid is non viscous

(ii) Ihe fluid is incompressible

(iii) The fluid motion 1§ steady

o ——
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Equation of Continuity: DT
* The product of cross sectional arca of the pipe and the luid speed at any pointalgy, thy
pipe is constant.
AV = AaV: = constant
* Itobey law of conservation of mass
Flow Rate:
Volume flow per second of the fluid is called flow rate
e [ts unitis m's’!
e lts dimension is [L3T)

Bernoulli’s Equation

I ? = constant
- o I g ) 4 — oV~ + peh = consli
* Bernoulli’s equation is expressed as. P+ p PE

e It obeys law of conservation of energy
Applications of Bernoulli’s Equation:

o Speed of efflux is determined by Torricelli’s theorem

V = /2g (h,-h,)

o Pressure of fluid increases if the speed of fluid decreascs.

e The effect of the decrease in pressure with the increase in speed of the fluid ina
horizontal pipe is known as Venture relation.

e Venturimeter is a device used to measure the speed of liquid low

L]

Venture relation is expressed as

l 3
)_p-, — !:
Pi-P; 2p\_

Blood Pressure:

* Blood is incompressible.

] » e 2 . A
Instrument used to measure blood pressure is called sphygmomanometer. It measures

_blood pressure dynamically,

* Blood pressure is measured in the

unit torr. 1 torr = 133.3 Nm=

* For normal healthy person (he svstolic pressure is 120 and diastolic pressure is 75 to 80 tort
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Chapter- 6
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- e Fluid Dynamics
OPICAL M -
fTopic 6.13 ULTIPLE CHOICE QUESTIONS
I An objee : Vis
= (a) cxti-(;.:::':_“"lnn t mﬁg and Stokes Law
Nernal fore, A fluid exper; 2 rotard:
drag foree ¢ Dl‘rlt‘lll;c a rctfirdmg force known as
(2)  mis denoteqg for 1 lcrm_mal force
A}y coetlicieny o 5 (d) gravitational force
(€) coellicient of « ISCosity
(3)  Stokes OF static frig; (b) coefficient of kinetie fric;
# Stokes law jg applicable o (d) ¢ nr-IL}Lm o kinetic friction
((‘C.)) ﬁph-ctjlcal i on octlicient of volume expansion
Or ideal ﬂu]d . .
) Drag force 8 (b) For small v slocites
g CCIS exproce : clocites
(2) 3z CXPressed by NdTA
R
(€) — e Y6
on
< ) 61
(3) Substances b (d) 65pr
)&l.mu.h which can not flow ¢yyj
d) large VIScosity casily have
(¢) Sl"!'tu“ \'iscosil}- (b) zero ViSCosity
(6) Which of the following e ) (d) none ni‘ll;c
(a) air & has the highesy viscosity '
(¢) methano] (b) water
72 . N .
(7) W !l.h Incereases in temperature, the vi 'M) 8 3gerin
(a) Increases » TRE VIscosity of the liquid
(c] n]u.\> Increase or (ICC]'C']\‘L‘ (h LIL‘C]'L‘EISL‘S
(8) As the sp e 1 (d) no chanpe
S the speed of the object iner ahge
< Increases sddeao §
(1) increases . CreaNthgrag foree
(¢) remain same :3; dccrcast:s
(9 \\}l- . ) i none Ui th‘SC
) t'!'lnmu asein temperature Viscosity of gascs
(@Mincreases (b) decreases =4 -
(€) may increase or decrease (d) no Cl;‘lni;c % @
(10)  Two beakers having same liquid of same height are at different lq
temperatures Ty and T such that Ty> Ta. Now if two identical =
balls arc allowed to fall freely there what is true?
() Ball-1 will attain Icis terminal velocity e L}
l) ;. -,.) 1 AT TAl * Irc .
( )/l_l 1l-2 \\‘|Il reach the bottom first _ . Beaker-l  Beaker-2
¢e) Ball-1 will have greater terminal velocity and will reach bottom sooner
(d) Ball-2 will reach bottom late yet will have more terminal velocity.
(11)  The frictional effect between different layers of flowing fluids is described in terms of
@) viscosity of fluid (b) velocity ol fluid
(¢) pressure of {luids (d) acceleration of tluids
(12)  Honey was initially at temperature Ty and then it is heated to a temperature Ta If

b

the viscosity of honey at Ty was 7, and at T2 was 1), then
(b) 1, <1,

(a) n, >,
‘(‘(d. =1 (d) Cant be predicted
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(13)  The dimension of co-efficient of viscosity is
\(“:}LMLT" (b) [M'T]
) !ML‘"I"'] (d) [MT"]
Ul
' Terminal Velocity s gin
(14) The maximum constant velocity of an object moving thr.ough the fluid is called
(2) escape velocity (b) drag velocity
¥ terminal velocity (d) fluid VCI_O,CH} N tio of
(I5)  Two fog droplets have radius 2:3 their terminal velocitics arc in ra
(a) 4:6 739
(c)2:3 (43 P %
(16) A spherical droplet falls through air such that it finally .a“al;:s %
terminal velocity. Which of the following v-t curves best represent the
curve for this motion? ik
Y-axis Al
T I F=W=mg
v
b =\-J\l~
(a) ————}' X-avis “)) "——"-—fr
Yeaniy ﬁ—::l
_;.,\-Ili\ : -p Ak
(c) FEE < e
(17)  The net force acting on

a body falling through the fluid s given by
(a) net force = drag force - weight .

_ (b) net force = drag foree + weight
(¢) net force = drag force / weight {dynet force - weight- drag force
(18)  The unit of terminal velocity is N
fa)ms’! (b) ms
(¢) Ns°! (d) ms?
(19) A fog droplet falls vertically through air with an acceleration
oy equal to g (b) greater than g
(c¢) less than g (d) equal to zero
(20)  The terminal velocity of spherical body of radius *r s Proportional ¢
{a)r? (b)r
(c) r2 (d) r!
(21)  If the radius of droplet is doubled then terminal velocity would be
S)umlf (b) doubled
quadrupled (d) one fourth
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Fluid Flow

S is shown in the f
respectiv

@) A pipe of non-uniform thicknes
through points A, B, C & D ang
flow streamlined at any point?

gure. A particle of fluid passes
¢ velocities are shown in the figure. Is the

(a) between A & B
(c) between C & D
(23) The formula one cars have g
(a) steady flow designed (b streamlined designdy

(c) T.urbulcnl des.igncd (d) Unsteady flow designed
(24)  The incompressible and non viscous fluid is called

(b) between B & C
hean’t be predicted

(a) "iS'COUS fluid (b) non ideal fluid
(c) fluid (dydeal fluid
(25) The dolphins have
(@) Streamlined bodies (b) turbulent bodies
(¢) Unsteady bodies (d) nonc of these
(26) A fluid is said to be ideal when it appears
(a) non-viscous (b) incompressible
(¢) to move with uniform speed ¢dyall of these

Equation of Continuity
(27)  Equation of continuity is given by the relation

(a) AiP>=A,P) WY A2Va=A1 V)

(¢) A2D2=A D (d) P,V =PV,
(28)  The rate of flow of liquid through pipes

(a) AV ' (b) V/A

(©AV (@) AV

(29)  The product of cross-sectional area of pipe and fluid speed is equal to
(a) pressure (b) volume

(@ Tlow rate (d) work done
(30)  If area of cross-section is decreased then fluid pressure

(b) Az
(c) Aj ' (‘1)/“0“’ rate remains same

(a) A,
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‘( )l.ll'llt)(’r flow rate js \
a) my=- .
; o2
m-s’! (h) m 5|
32) T} d) ms°
1¢ Jaw (d) m=s
= B]:l-“ of gf)nscn-;lti(nn of mass gives us I
E Vum:ulll S equation (‘I‘F{c’quulinn of continuity
an-derwall® : q el
33) The cerwall’s equation (d) Linstein’s equation

B r"df'fs ‘ilt two ends of a pipe is in the ratio of 2:3. the
Vo ends is in the ratio of

(a) 3:2 (b) 3:3

(c) 9:4 M:q

. Bernoulli's Equation
The law of conservation of energy is basis on the ‘
(a) cquation of continuity ¢ Bernoulli’s equation
(¢) Linstein’s equation ) () Van-derwall’s CL]LIH!]OIT“

35)  Which of the following cannot be explained o the basis of Bernoulli’s cffeet
(a) lift of an acro planc ﬂf;’if‘t of rocket
(¢) swing of cricket ball (d) working ol carburctor
36)  Bernoulli's equation is not applicable for
(a) swing of a cricket ball (b) lift of an acroplane
(¢) working of spray (a7 all of these
37)  According to Bernoulli's principle, velocity and pressure arc
Mm'crsc]y proportional (b) directly proportional
(¢) have no relation (d) nonc of these
38)  Bernoulli’s cquation is expressed as

] » ] 2 ag s
(a) P—-pv =constant ‘fﬂ/’+:/w1- + peh = constant

! 2 . ) I 2 th=c¢ . ..
(c) r +:/Jl' = /)‘L’h = constant ([l’) - :-’- Yo Ul i L) K constant

39) Theeffect uscd in perfume bottles and paint sprays is basced upon.
(.-.rf%(crnnulli's theorem (h) cquation of continuity
(¢) Finstein’s mass encrgy equation (d) Archimedes principle

'40) A horizontal pipe of non-uniform cross-scctional arca is shown in the figure. What

form bernoulli’s equation aquires in this case if ideal fluid passes through it?

A A

| I

-

2 2P T LEZ BT P rErT

J Ll
(a) Pv—;p\" +pgh=constant

('?‘)/; I ls
| +;p\"=cnnstant

-

(b) P+pgh=constant

(d) none of these

n the speed of fluid y the
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i'¢ theorem o+ 7}1“ & A
(41) According to bernoulli’s th 7 — yaluc-
| ! pas min
118
.Ij\

: e mayimum but
shown at which point *P" has maximul S

s minimum

(a1) at point B =P is maximum but re

-Uz’ﬁl pomt =A™ P is maximum but —pv
S

(¢) at point *C™
(d) remains same at every where
(42)  In Bernoulli’s equation the unit of expression *pgh” is same as that of
(a) lorce (h) work
i {Hpressure

(¢) density
In a pipe, water is flowing through the region in the pipe where streamlines arce

* s minimum

(43)
forced close together
(a1) speed is Tow and pressure is low (b) speed is high and pressure is high
@ySpeed is high and pressure is low (d) none ol these

(44) I a pipe placed horizontally on ground then Bernoulli’s equation ean be expressed as

] .
{ h) _j- P v

(¢) pgh dfal
Application of Bernoulli's equation

on the height below the orifice.

(a) P

(45)  Speed of efflux depends
(21) directy T ershy
(¢) doces not depned (d) can’t be predicted
(46)  Venturi meter is used to measure
(a) Muid pressure (b) 1Tuid density
(¢) I'luid viscosity d*)/hud speed
(47) A container is shown in the figure filled up with water. At which point ,Q
pressure is maximum?
(a) A (h)43
(c) C d)D
(48) ltorr=
’ﬁtJ/{SS.S Nm™ (b) 1333 Nm~
(¢) 13.33 Nm™ (d) 1.333 Nm™
(49)  The density of blood is
(a) 310 S times of water (b) 2 1o 3 times of water
'{dﬂ'quul to that ol water

(¢) 2 to 5 umes of water
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s0) 1torr equal to S
' fH
) 1mm P (b) 133.3mm of Hg
Sl P—— (d) Im of Tig
i1) In the .a. - aure of Q.47 if ap orifice is developed at the points shown such tp,,
a")j{ﬂ“-\ ol water comes out. A which point efflux can be maximum?
% c (b) B
- (d) D
2)  Theinstrument use to me

asure the blood pressure is

baron .
(a) i .'phvgmomanomclt r

¢) venture m
(c) eter (d) stethoscope

)  The high concentration of red blood cells incpeases its viscosity from
() equal to that of water h) 3 1o 5 times of water
(€) 2 to 3 times of water (d) 2 to 5 times of water

| o . o
) The venturi relation js given by

i— |
(a)/f‘.,“- P* = ;!7":: (b) P,-Q = ;/’"e
| S— 1 N
() £ +1 =5 P (d) Pz_!)l=§p"3
') Human blood pressure measured in
(a) Nm'! Ebﬂorr‘ wind
(c) Nm™ (d) Nm™ ’ (wond
)) A very strong wind blows above the house as shown in the S//;’!p
figure. The pressure on the ceiling is. i S
(a) inward (Bupward A
(¢) along ceiling (d) no pressure = senes
7y The systolic pressure is about s
(4()/1'30 torr (b) 115 torr
(c) 125 torr (d) 80 torr
3)  The blood pressure varies from high systolic pressure to low diastolic pressure of about
(a) 80-90 torr (b) 75-85 torr
«) 75-80 torr (d) 85-95 torr
9) Sphygmo means
(a) kidney (b) heart
(c) liver (Dulse
\0) Torricelli’s expression is written as
2.&’(/1, _h:_) (I)) - fzg(hl +h})
() V==l ~h) W) V= \2pgih ~h,)
ter high tank i g ; L
h1) cAﬂiquscr igh tank is full of water. If a hole appears at it middle then the speed of
ay+.42m/s
%mes (3) 43.4111:‘5
62) For which POSiIiDn Wi ( )4.‘.4!]]/3

smallest valyc
(a) sitting position
(eMVino nacitina (h) standine nacitian
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Chnpter-— e Fluid Dynamics

MULTIPLE CHOICE'QUSTION
(From Past Papers 2012-2017)
(Federal Board)

(1 The expression for terminal veloeity is LR L (FDR 2012)
) .“,‘ il
: ¥ o Jor
(@) ik O “‘]\ l“
i Yy
- . !
A v = b 2onr
\(e) v, Y (d) v - =¢ !
] ‘J,“D
(2) Which of the following curyes represents the motion of water droplet?  (FDR 2014)
\ v
i e TA,
(1) N (h) (
v .
‘/ A
(¢) { (d) — 1
(3) For which position will the maximum blood pressure in the body have the smallest
value? (FDR 2015)
(a) standing upright Hﬁilling
(¢) Iving horizontally (d) Iving inclined
(4) The SI unit of co-efficient of viscosity is: (FDR 2017)
(X’ﬁ\'um"s" (b) kem''s
(¢) kgm™s! (d) kgm's™

(5)  The property of fluid by which its own molecules are attracted is .s'_'.lid to be:
(FDR 2017)
(a) Adhesion th) Cohesion

rs : d) Surface Tension
(¢) Viscosity (d)
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Fluid Dynamics

Chapter— 6

—_—
HORT QUESTIONS

(From Textbook Exercise)

6.1, -
Definition:

Explain what do you understand by the term viscosity?

Ans: e .
“The frictional effect between different layers of a flowing fluid is described in terms of

viscosity of fluid.” Viscosity measures how much force is required to slide one layer of
fluid over the other layer. e.g: glycerin, honey and thick tar has highest viscosity.

Unit: kg m*'s™!

6.2. What is meant by drag force? What are the factors upon which drag force acting
upon a small sphere of radius r, moving down through a liquid, depend?

Definition:

Ans:
“When the body moves through a viscous medium, its motion is opposed by a force

known as drag force.™ OR

An object moving through a fluid experience a retarding force known as drag force.
According to Stoke’s law. drag force is given by the relation:

F, =6xnrv

This relation shows that drag force depends upon.

e Radius of sphere (r)
e Velocity of sphere (v)
Co-cfficient of viscosity of fluid (7)

e The irregular or unsteady flow of the

.
6.3.  Why fog droplets appear to be suspended in air?
Ans:  We know that as the terminal velocity of a body is directly proportional to the square of
radius of a body. i.e.V, o 1
As. the size of the fog droplet is very small, therefore, their terminal velocity is very
small and consequently, the fog droplet appears to be suspended in air.
6.4.  Explain the difference between laminar flow and turbulent flow.
Ans: D, WD S
FETNNEEa . AMINAR FLOWS i DW
tream line or laminar if

The flow is said to be s

L]
every particle that passes a particular point,
moves along exactly the same path. as following
by the particle which passed that point carlier
(a' Srearmiines Jamirar 134)
¢ In this case cach particle of fluid moves along a
smooth path called streamlined or laminar.

‘¢ For examples
|« Flow of water in wide and smooth river

¢ Flow of gentlc breeze.

* Flow of wind around streamlined designed car.

* TFlow of water around dolphins.

fluid is called turbulent flow.

)

Flae

]/
(b 1 imtlent fow
o In- turbulent flow, there is great
disorder and a constantly changing
flow pattern

e For examples
Flow of water from the top of

mountains.
Flow of water in the form of water fall,

¢ Very strongly flowing wind

e Water [low at sca shores.
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\ns:
8.

Ans:

6.9.
Ans:

“Where the Speed

Bt |
_______.._—-—--——‘_‘__'—-—--.\"

- of it applicatioy
_ ; . seribe some of 1 »
Ntate Bernoulli's relation for o liquid in motion and describe

Bernoullits Lquation

[t st

ies per unit volume i
~ . . . .1 . ‘r"-IIL'\ I’L '
ates that the sum of pressure. Kinetic and potential enere

o constant al everY poing o
o |l . , - (Tuid remains cons

steady flow of an incompressible and non viscous (Tuid rem

its path

. |
Mathematically P+—pl” + pgh=constant .

Applications
(i)

Liftin an acro plane.

(ii) Swing of a ericket or a Tennis ball.
(1)) Working ol a carburetor of a car.

) i % . .- . auslt.
(iv)  Operation of a chimney for smoke exhau

(v) Mcasurement of speed of a Iit]uiq. 1 here any dangér that el G
A person is standing near a fast moving train. 1 . i
towards it? i1l fall towards the train. When a fast m.(?\::-1%':1‘:;1:1']2:.\:[:
b e 1(111{”:1:%:‘1;”:]:1;‘&3 :ll ’Iil'dbL‘[\\L'L‘ll the train and the person is greater thi

ar a person the s ‘
l:;:']»d ﬂi} air on the other side of the person.

3 = constant
) . s Yy pl’ + pgh = const
According to the result of Bernoulli's equation /4 ¢

D) =

“Where the speed is high. pressure m“-hL ' j\ rson is less than the pressure on the other
» train and person is less
- . » pressure between the train and | "
refore. the pressure = 11 ards the train.
l-'hlk'l Therefore. there is a danger that the person will fall toware hl-[.‘ thecorem?
;l(; . tify the correct answer. What do vou infer from Bernoulli’s thec .
cntly o TN W AU slow.,

i) Where the speed of the fluid is high the pressure will be lt. \l

(..) Where the speed of the fluid is high the pressure is also high

ii ' ; . R i

E..i) This theorem is valid only for turbulent flow of the liquid.

1 » . 3 .

The correct answer is (1)

I'he correct ans ! . ) ) ' | ISP
Two row boats moving parallel in the same direction are pulled towards cach other
Explain. : _ IR o e
When the two row boats moving parallel in the same dircction then the speed of water between
the boats is greater than the speed of water on the other sides of the boats,
According to result of Bernoulj s cquation: P+ ;)—pl' + peh = constant
"\\'hur‘c the speed of the fluid is high the pressure will be low.™
Therefore. the pressure between the boats is decrensed
other.

and they are pulled towards cach
Expl

ain how the swing is pr
One side of the cricket bal] js |

oduced in a fast moving cricket hall,
then the speeq of air on the ghi,

ough and the other side js shining. When the ball is delivered.
Ung s greater then the speed of air on the rough side.
Accordmg 10 result of Be

rmoulli’s equation: [ P

)

i
5PV + pgh = constant y

18 high, pressyre will be

I. ¥ L] y » » " \
herefore, (e pressure on shipny side decre

low.™

ases and the b

all S\\'in(,z}-'. fownrde 1hs alia wila
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6.10.
Ans:

6.11.

Ans:
6.12.

Ans:

Explain the workipg of carburctor of a motorecar using by Bernoulli’s principle.

The carburetor of a car engine uses a Venturi duct to feed the correct mixture of air
and fuel (petrol) to the cylinders. Air is drawn through the duct and along'thc pipe to
the cylindcrs.‘/\ tiny i“.h-‘l at the side of duct is fed with petrol. the air through the duct
moves very fast. creating low pressure in the duct. which draws petrol vapours into
the air stream.

Air
Atmospherie Ve !
prc“[‘un: <« GAS —> Low
" Y pressure

For which position will the maximum blood pressure in the body have the smallest value.
(a) Standing up right (b) Sitting (c) Lying horizontally (d) Standing on one’s head
Correct answer is (¢) ) '

In an orbiting space station, would the blood pressure in major arteries in the leg
ever be greater than the blood pressure in major arteries in the neck?

[n an orbiting space station. there is weightlessness inside the space station. Therefore.
the pressure in major arteries in the legs will be equal to the blood pressure in the major
arterics in the neck.
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(From past papers 2012-2017)
(Federal Board)

(1) Explain how the swing is produced in a fast moving cricket ball. (FDR 2012)
(2) Define torr. (FDR 2013)

| (3) Certain globular particle has a density of 1246 kgm * it falls through pure water

| (.7 =8.0x10 ' Nm 2.\') with a terminal speed of 3.0 ecm h ', Find the radius of the particle.
- . ' (FDR 2013)

(4) Lxplain the working of'a carburetor of a motor-car using Bernoulli's principle.  (FDR 2014)

£ (5) What is torr? How is it related with Pascal? (FDR 2014)
- (6) [How is the acroplane lifted upward? (FDR 2015)
(7) Using Bernoulli's law brielly describe the working of a carburctor ol a motor car?  (FDR 2015)
(8) Watcr flows through a hose. whose internal diameter is 1.0 ¢m with a speed of 2.0 ms™,

What should be the diameter of the nozzle. if the water is to emerge at 20 ms 1

‘ (FDR 2016)
(9) Why fog droplets appear to be suspended in air? [xplain. (FDR 2016)
(10)  Water flows downhill through a closed vertical funnel. The low speed at the top is 12 env/s, the
flows speed at the bottom is twice the speed at the top. If the funnel is 40 ¢m long and the

pressure at the top is 1x10° N/m-. what is the pressure at the bottom? (FDR2017) .
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