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Supplement Questionsof FLUID MECHANICS

Paragraph for question nos. 1to 3
A cylinder of radius R is kept embedded along thewall of A dam asshown. Takedensity of water as p.
Takelength asL.

The vertical force exerted by water onthecylinder is

2
(A) prR2Lg (B) &2'-9 (C) zero (D) None of these
The net torque exerted by liquid on the cylinder is
2pR3L R3L R3L
(w2 ® =5 CRSS ©)0
Theforce exerted by liquid on the cylinder in horizontal direction is[Neglecting atmospheric pressure].
(A) 2R2pgL (B) R%pgL (C) 4R2pgL (D) 1.61 R%pgL

A rectangular bar of soap has density 800 kg/m? floatsin water of density 1000 kg/m3. Qil of density
300 kg/m®isslowly added, forming alayer that does not mix with the water. When the top surfaceof the
oil isat the some level asthetop surface of the soap. What is the ratio of the oil layer thicknessto the
soap’ sthickness, x/L ?

}x

L

A) = B) = o D) S
A 15 B) 7 © 15 (D)
A smal body withrelative density d, fallsinair fromaheight 'h" onto the surface of aliquid of

relativedensity d, where d, >d, . Thetime elapsed after entering the liquid to the instant when it
comesto instantaneousrest insideliquid:

2h d, 2h d; 2h d; 2h d,-d,;
") g d ) \/Z d, —d, © g d, (®) g d;
An open cubical vessdl isstanding on an inclined plane, angle 45°, asseeninfigure. Itswallsarethin
and it iskept from diding down by asmall wedge (C). Thevessel isfilled to its half with mercury and
aniron sphereisfloating on the surfacefrom point A in the direction of point B. When doesthe vessel
tipover ?

(A) When the sphereisat A

(B) When the sphereisat B

(C) When the sphereisat mid point of A and B

(D) Inall the positions of the sphere, the probability of tipping isequal
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Theforce F needed to support theliquid of density p and the vessel ontopinfigureis:

tube area =a

h Fixed
HI
Frictionless massless
J piston of area A
F

?

(A) polha~(H-N)A] (B) pg (H+h) A (C) pg HA + pgha (D) pg (H-h) A

A cubical sealed vessel with edgeL isplaced on acart, whichismoving horizontally with an accel eration
‘a asshowninfigure. The cubeisfilled with aideal fluid having density p. The gauge pressure at the
centre of thecubical vessel is L

L L O
(A)Epg (B)Ep(g+a) L|[.-
i m— - 1— a

O O

L L
(©) 5 pa (D) 5 p(g-2)

A bent arc shaped seded glasstube filled with water is accel erated horizontally with acceleration a. A
small air bubbleinsideitisfoundto bestuck at 1 cm fromvertical axis. Neglect surfacetension. What is
the acceleration of the tube.

ﬁﬁ ‘. a—>
9 9 :
(A) NE toright (B) NE to | eft (C) J/3 gtoright (D) /3 gtoleft

A fluid container iscontaining aliquid of density p isaccel erating upward with acceleration aalong the
inclined place of inclination o, asshown. Then the angle of inclination 6 of free surfaceis:

1 —1j a+gsina 4| a—gsina 4| a—gsina

(A) tan {g cosJ (B) tan { gcosa } (C) tan {g(l+cos<x)} (D) tan {g(l—cow)}
A water barrel standson atableof height h. If asmall holeispunched in theside of the barrel at itsbase,
itisfound that theresultant stream of water strikesthe ground at ahorizonat! disance R fromthe barrel.
The depth of water inthebarrel is

R R? R? h
() 5 (B) - © (D) 5
Thereisalmmthick layer of glycerine between aflat plate of area 100 cm? & abig fixed plate. If the
coefficient of viscodty of glycerineis 1.0 kg/m-sthen how much forceisrequired to movethe plate with

avelocity of 7 cm/s?
(A) 35N (B) 0.7 N (C) 1.4N (D) None
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A sphere of massmisreleasedfrom rest in astationary viscous medium. In additionto thegravitational
force of magnitude mg, the sphere experiences aretarding force of magnitude bv, where v isthe speed
of the sphere and b is aconstant. Assume that the buoyant force is negligible. Which of the following
statements about the sphereis correct?
(A) Itskinetic energy decreases dueto theretarding force.
(B) Itskinetic energy increases to amaximum, then decreasesto zero dueto theretarding force.
(C) Its speed increasesto a maximum, then decreases back to afinal terminal speed.
(D) Its speed increases monotonically, approaching aterminal speed that dependson b but not on m.
(E) Its speed increases monotonically, approaching aterminal speed that depends on both b and m.
A bent tubeislowered into water stream asshownin thefigure. Thevelocity of the streamrédlativeto the
tubeisequa to V =2 m/s. The closed upper end of the tube located at height h, = 10 cm above free
surface of water hasasmall orifice. To what height h will the water get spurt?

(A)5cm (B) 10cm (C)20cm (D) 40 cm

A metd ball of density 7800 kg/m? is suspected to have alarge number of cavities. Itsweight 9.8 kg
when weighed directly on abalance and 1.5kg lesswhenimmersedin water. The fraction by volume of
the cavitiesinthe metd ball isapproximatdy :

(A) 20% (B) 30% (C) 16% (D) 11%
A hollow wooden cylinder of height 'h’, inner radius R and outer radius 2R is

placed in acylindrical container of radius 3R. When water is poured into the
container, the minimum height H of the container for which cylinder can float

insidefredy is H
hpwater hpwood " , =

) 0 et Proot B C)h o 1’

*) Pwater T Pwood ®) Pwater (©) (D) R

Water jet coming out of a stationary horizontal tube at speed v strikes horizontally a massive wall
moving in opposite direction with samespeed. Water comesto rest relativetowall after striking. Treating
A ascross-section of jet and density of water asp. Select the correct alternative(s)
(A) forceexerted on thewall is 2pAv?

(B) force exerted on the wall is4pAv?

(C) rate of change of kinetic energy of water jet striking thewall is8pAv3

(D) rate of change of kinetic energy of water jet striking thewall is zero.

A fixed container of large uniform cross sectional area A resting on a horizontal

surface holdsthreeimmiscible, non-viscousand incompressibleliquidsof densities
p, 2p and 3p each of height H/3 as shown. Theliquid with lowest density isopen

|
I
|

to atmosphere (having pressure P). A tiny hole of areaS (S<<A) ispunched on H/3
the vertical side of the container at aheight h (h < H/3). Determine nal| 3 R
(i) theinitial speed of efflux of theliquid through the hole. X

(i1) the horizontal distance x travelled by theliquid initialy
(iii) the height h_ (< H/3) at which the hole should be punched so that the liquid travel sthe maximum
distance X ...
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A siphon tubeis discharging a liquid of specific gravity 0.9 from a
reservoir as shown infig. find

(a) find the velocity of the liquid coming out of siphon at D

(b) find the pressure at the highest point B

(c) find the pressure at point C, here g = 10 m/s?.

Dl |_¥_
AN

A cylindrical vessel filled with water upto height of H stands on ahorizontal plane. Thesidewall of the
vessel hasaplugged circular holetouching the bottom. The coefficient of friction between the bottom of
vessel and planeisp and total mass of water plusvessel isM. What should be minimum diameter of hole
so that the vessel beginsto move on thefloor if plug isremoved (here density of water isp)?
Showsthetop view of acylindrical can mounted on aturntable. The canisfilled with water. At adepth
h below thewater surface aretwo horizontal tubesof length | and cross-sectiona areaa, with right-angle
bends at their ends. Show that, asthe water jetsemerge from the tubes, thereisatorque t exerted onthe
system given by the expressiont = 4pgh (r + 1)a, where p isthe density of the water.

N

e—1/7 —> — —i

A cylinder with movable piston containsin it air under pressure P; and a sogp bubble of radius r.
SurfacetensionisT and temperatureis maintai ned constant. Determinethe pressure P, towhich theair
should be compressed by moving piston into cylinder for the soap bubbleto reduceitsradiusto r/2.

Thefigure showsaninverted U liketube with straight limbsof unequal radii r, =0.25mmandr, = 0.50 mm.
Both the openendsof thetubeareimmersed be ow thefree surface of water. Theair ispumpedinto the upper
part of thetubeat such pressure so that thewater inthewider tubeisat level withthewater outsde. Findthe
height h of water in the other limbs. Take angle of contact as zero and surface tension of water =

7 x 102 N/m.
AN

A soap film isformed on a vertical equilateral triangular frame ABC. Side BC can move vertically
awaysremaining horizontal. If misthemassof rod BC, and T is surface tension of soap film find

A

(a) thelengthof BC in equilibrium.
(b) thetime period of small oscillations about the equilibrium position.
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Thereisan air bubble of radius R inside adrop of water of radius 3R. Find theratio of gauge pressure
at point A to the gauge pressure at point B.

A long vertical capillary of radius R is dipped in aliquid having surface tension T. Find the gauge
pressure at the mid point of theliquid columninthe capillary. Take angleof contact 6.

A U tube has 2 tubes of radius1 mmand 1.5 mm what will bethe differencein water level intwo limbs?
Given : Contact angle g = 0°, surfacetension = 7.5 x 10-2 N/m.

Two equal drops of water fall through air with asteday velocity of 10 cm/s. If the drops coal esce. What
will bethenew termina velocity.

Two balls of same material of density p but radiusr, andr, are joined by alight inextensible vertical
thread and released from alarge height in amedium of coefficient of viscosity = n. Find the terminal
velocity acquired by the balls. Also find the tension in the string connecting both the ballswhen both of
them are moving with terminal velocity. Neglect buoyancy and changein acceleration dueto gravity.
Water fillsareservoir, open to the atmosphere, to height H = 5m above the centerline of a horizontal
exit pipe at the bottom of thereservoir. Thefirst section of the pipe hasradiusr, = 2 cm, the unknown
velocity thereisv, and this section of the pipe hasamanometer in which the water risesto an unknown
height h above the centerline of the pipe.

Thewater |eavesthe second section of radiusr, = 1cm, with speed v,,. Assumetheflow isincompressible,
frictionless, irrotationd, and steady. Also, assumethereservoir issolarge compared to the pipe, that the
water level inthereservoir isamost constant.

() What isthe speed, v, of the water |eaving the exit pipe?

(b) What isthe speed, v, , in thefirst section of the pipe?

(c) What isthe height, h, of the water in the manometer?

(d) What isthe volume flow rate of the water flowing through the exit pipe?

A largetank of (height h, =4m) water hasahose connected toit, asshowninfigure. Thetank issealed
at thetop and hascompressed air between the water surface & thetop. When the water height h,, is3m,
the gauge pressure of air P, = 1 x 10°N/m? . Assume that the air above the water surface expands
isothermally. What isthe velocity of flow out of the hose when h,, has decreased to 2m? Assume ideal
fluid flow. P = 10°N/m?

h,=4m |||
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A wooden block (having cross-sectional area A), with acoin (having volumeV and density d) placed
onitstop floatsin water asshowninfigure. If the coinislifted and then dropped into water, find

-

(a) changein the submerged length (1) of the block.

(b) changein the water level (h) in container. Cross sectional area of the container isA; & density of
water isp.

A vessel A filled with water communi cateswith the atmosphere through anarrow glasstube A passing
through thethroat of the vessel asin thegivenfigure. A holeF ish, = 2cmfromthe bottom of the vessd.

(a) Find thevelocity with which thewater flows out of the hole F if the distance between theend of the
tube and the bottom of the vessel ish, = 10cm

(b) Alsofindthetimeinwhichthewater level invessel fallsby 5cm.
Given areaof cross section of vessel is 1000 timesthe areaof hole.

Bucket A containsonly water ; an identical bucket B containswater, but also containsasolid object in
the water. Consider the following four situations. Which bucket weighs more ?

Column-I Column-I1|

(A) Theobject floatsin bucket B, and the buckets (P) Bucket A
have the same water level

(B) Theobject floatsin bucket B, and the buckets (Q) Bucket B
have the same volume of water

(C) Theobject sinks completely in bucket B, and (R) Both buckets have the same weight
the buckets have the same water level

(D) Theobject sinkscompletely in bucket B, and (S) The answer cannot be determined
the buckets have the same volume of water from theinformation given.

A bottleisfilled withwater, abovewhich alittle air at atmospheric pressure
ispresent. Plugs are blocking the three small holes (A, B & C).

Column Column 1
(A) A & Careopened (P) Air comesinto the bottlefrom upper most open hole
(B) B & C are opened (Q) Water flowsout of holesB & C
(C) Only Cisopened (R) Very littlewater comesout and the flow stops

(D) Alltheholesareopened (S) Pressureof air insde bottle above the water remains unchanged.
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(B)
(D)
(©
(B)
(B)
(D)
(B)
(B)
(A)
(B)
(B)
(B)
(B)
(©
(B)
(BD)

() 22 (2H-30) (i) x= | 5 2H-3)

h—ﬂ
@ity h= 3

(a) 10 m/sec, (b) 4.15x10%Pa,
(c) 6.4 x 10*Pa

2uM
npH
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P, =8P +24—T
2791

0.028 m

V3m

T

@l= _g , (b) timeperiod= =

4

TcosO
R

Gauge pressure =

5mm
10 x 228 cm/s

4
—’O—g[rl2 -nr,+r] g7ng|rl2 r,—rr,|

(@ 10m/s, (b) 25m/s, (c) 4.688 m, (d) 3.14x10~
2md/s

V=29 m/sec.
9= epane LYYy )
@ _AP’() A Ap A p

(@) J_ mis, (b) — J_ sec

(A)-R(B)-Q(C)-Q(D)-Q
(A)P,S,(B)P,Q, (C)R (D) P.Q,;S




