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CE 2121

Fluid Mcchanics
Full Marks: 72

Time: 3 Hours
N.B.:- (i) Answer any SIX questions, taking THREE from each scction.
(i) Figure in the margin indicate full marks.
(iii) Use separate answer script for each section.
(iv) Assume reasonable value for any data missing.

SECTION-A
Q.1(a) Distinguish between 4.00
(i) *Atmospheric pressure” and 'Gauge pressure’
(ii) ‘Simple manometer' and *Differential manometer”

(b)  Derive an expression for the depth of centre of pressure from free surface of liquid of an inclined 4.00

plane surface submerged in the liquid.

(¢) A triangular plate of 1 m base and 1.5m altitude is immersed in water. The plane of the plate is

4.00
inclined at 30" with free water surface and the base is paraliel to and at a depth of 2m from water
surface. Find the total pressure on the plate and the position of centre of pressure.
Q.2(a)  Define and Explain the following terms; 4.00

() Ilm'ymfcy (i) Metzcentre (iii) Metzcentric height end (iv) Skl cquitibrivia,

(b) A spherical object of 1.5m diameter is completely submerged in a water reservoir and chained to the 4,00
bottom. If the chain has a tension of 5.30 kN, find the weight of the object when it is taken out of the
reservoir into the air,

(c) A solid mewllic piece (relative density =7.2) floats above the surface of mercury in a tank, What 4,00

fraction of the volume of metallic piece lies above the mercury surface?

Q.3 (a) Define the following terms: 4.00

(i) Stream line, (ii) Steady flow, (iii) Non-uniform flow, and (iv) Laminar flow
() Prove that stream lines and potential lines are normal to each other. 4.00
(€) A rectangular pool , 10m > 25m is to be filled to a depth of 3m. For a filling time of 2 hours, 4.00
determine the uniform flow required in m¥s. 1f 6cm hoses are available and the water velocity in

hose is limited o 2.5nV/s, determine the number of hoses required.

Q4 (a) Derive the equation of continuily for two dimensional incompressible flow. 4.00
(b) Discuss the applicability ol'qguation of continuity. 4.00 |
(¢) Water is flowing through a pi:pcl having diameter 600mm and 400mm at the bottom and upper end 4.00
respectively. The intensity of p;cssurt at the bottom end is 350kN/m and the pressure at the upper
end is 100KN/m’, Dclcrminc‘;bc difference in datum head, if the rate of flow through the pipe in 60
litres/sec.
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Q.5(a)
(b)
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Q.6 (a)
(b)
(c)

Q.7(a)
(b)
(c)

Q.8(a)
(b)

(¢)
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SECTION-D

Define the terms: (i) coefTicient of contraction (i) coefficient of resistance (iii) Flow net.
Define large rectangular orifice. Derive the equation of discharge through a large rectangular orifice.

An external cylindrical mouthpiece of diameter 150mm is discharging water under constant head of

4.00
6m. Determine the discharge and absolute pressure head of water at Vena-contracta, Take C,-0.855
and C, for Vena-contracta=0.62. Atmospheric pressure head =10.3m of water,
Define and explain briefly the followings: (i) velocity potential and (ii) Stream function. 4.00
Derive an expression for the rate of flow through a venturimeter, 4.00
A venturimeter with 200mm diameter at fnlet and 130mm diameter at throat s laid with its horizontal — 4.00
and is used for measuring the flow of oil of specific gravity 0.90. The oil mercury differential
manometer shows a gauge difference of 200mm. Caleulate the discharge. Assume, coefficient of
discharge as 0,98, _
Explain the l'crms: (i) pipe in parallel, (ii) Eqdi'valcnl pipe , (iii) Equivalent size of pipe (iv) Syphon 4.00
ex por s
Show that loss of head due to sudden oxpmitm in pipe line is a function of velocity head, 4.00
A compound piping system consists of 1800m of $0cm dia., 1200m of 40cm dia., and 600m of 30cm 4.00
dia. Pipes of the same material connected in series, What is the cquivalent length of a 40cm dia pipe
of the same material?
Differentiate between Laminar flow and .Turbulcnt flow. 4.00
Define Reynolds stresses. Sketch and explain veloei;y distribution curve for Laminar and turbulent 4.00
flow.
A crude oil of viscosity 0.9 poise and relative density 0.9 is flowing through horizontal circular pipe 4.00
of diameter 120mm and length 12m. Calculate the difference of pressure at the two ends of the pipe,
i785 N of the oil is collected in a tank in 25 seconds.
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¢ SECTION-A

gfﬁnc ﬂl:nd. QObtain an expression for the pressure intensity ata polnt in u Nuid.

| lﬂcrgnll:.llc bcl\\ccp i) Ab_solulc and pauge pressure i) Simple manometer and differential manometer.

n a pipeline water is fMlowing. A manometer is to measure the pressure drop for flow through the pipe. The

difference in I_r:vcl was found 1o be 20 cm. The manometric Auid is CCly (density of CCly= 1,596 gm/cm’). If
the manometric fluid is changed to mercury, what will be the difference in level?

.

l[?crll\'c an expression (or the magnitude and location of total pressure acting on inclined surface immerged ina
iquid at rest.

A trapezoidal channel 2 m wide at the bottom and 1 m deep has side slopes 1:1. Determine the total pressure

and lhc.ccnlrc of pressure on the vertical gate closing the channel when it is full of water,
A hemispherical bulge of diameter 1.2 meter is provided in the bottom of a tank. If the depth of water above

the horizantal Noor of the tank is 3 m, calculate the magnitude and direction of the resultant force on the
hemisphere. '

L]

Define the following terms: 3

i) Buoyancy ii) Centre of Buoyancy iii) Meta-centre iv) Mcta-centric height.

Explain briefly the following types of equilibrium of floating bodies:

i) Stable equilibrium i) Unstable equilibrium iii) Neutral cquilibrium .

A solid cylinder of diameter 5.0 m has a height of 5.0 m. Find the meta-centric height of the cylinder if the

specific gravity of the material of cylinder is 0.7 and it is floating in water with its axis vertical. State whether
ilibrium is stable or not.

cquil i ‘\_\\

Differentiate between:
i) Steady flow and unsteady flow i) Rotational Now and irrotational flow,
Prove the orthogonality of streamlines and equipotential lines.
A pipeline of diameter 40 cm carries water at a velocity of 2.5 m/see. The pressure at the points A and I3 are
given 3 kg,,’cm’ and 2.3 kg/em? respectively while the datum head at A and B are 28 m and 30, !\l}'hl‘ch
direction the flow will occur? {ﬁ% ’

[} A U

- ,

A= 28 m

—
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State and prove Bernoulli's equation. Why Bernoulli's equation for ideal Nuid needs 1 be modificd fon n.../ 4.00
fluid? _ w\@” N

. "‘g V-0,

Define frec liquid jet. For a free liquid jet in motion, find: _‘(. o % /C C\(x
i) Maximum height attained by the jet, h %\{\ N %\*(\ ) ,.\\\1 /- >';L 0
ii) Time of Nlight, T \@ " < ; > 7
iii) Horizontal range of the jet, r

A nozzle is situated at a distance of 1.2.m above the ground level and is inclined at 60° to the .hutitonl&.ll. The
diameter of the nozzle is 40 mm and the jet of water from the nozzle strikes the ground at a horizontal distance
of § m. Find the flow rate. }

. . N . i . )t

Explain the classification of orifices and mouthpicces based on their shape, size and sharpness. E’ i
i i ischi oh o larg angular orilice. .

Obtain an expression for discharge through a large reclangu ! ) o

A hemispherical tank of diameter 4 m contains water upto a height of 1.5 m. An orifice u{ diameter $om Ils

provided at the bottom. Find the time required by water i) to fall from 1.5 mto 1.Om i) for completely

. : - v -
emptying the tank. Take Cy=0.0. . " ‘
., N
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2) " Caplain briefly the following:
i) Hydraulic gradicnt line (HGL)

ii) Energy gradient line (EGL)

iii) Eyuivalent pipe

iv) Minor enerpy losses

(b) For a stcady laminar flow through a circula
and the average velocity is half of the maxi
(€) A compound pipeline 1650 m lon

; ! hid : ' . - new pipe,
mm for 300 m, is required a pipe of uniform diameter. Find the diamerir of the new pij
assuming the length (o remain the same,

Q%) Using Buckingham's = theorem, show that the v

V= ,lzgn;s(g £_

' Vil

where H = head causin

tb)  Explain the followin

J.U\

i he scction is parabolic .00
f pipe prove that velocity distnibution across the se¢
mum local velocity. ) B ;b
& madz up of pipes 450 mm diameter for 900 m, 378 mm for 150 m and

10 be replaced by

)

g flow: D = diameter of orifice

g similarities that must be ensure
1) Geometric similarity

. . e 00
clozity through a circular erifice is given by, 5

+ # = co-eflicient of viscosity; pp = mass Jensity
d between the model and the prototype

300
i1) Kinematic similarity
iii) Dynamic similarity
(¢)  Define Reynolds stresses. Sketch and explain velocity distribution curve for laminar end turbulent flow, 4.00
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N.B:- (,i' Arwerany SIX qoestions, Wking THREE fron eich seetion )
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(i) Use separate answer seript for each section.

( ) ASSLIe It-lil’ll.lblc V-“Uc ] JNy data m
1A} \“l n ll Han s.\ll\u‘..
b[:(, 1 lu’l““

Detine the I‘ollm\.mg terms: (i) Absolute pressure (i) Atmospheric pressure and (iii) Differential manometer
Converta pressure head of 100 m of water to:

() Revosene of specific gravity 0.81. (ii) Carbon tetrachloride of specific pravity 1.6,

J1)
-

) A Manaieier is attached tooa tank contafning three different Nuids, as shown in the Gz ue. What will be the
difterence in elevation of the mercury column in the manometer (Le, yin the figure)?
Plev bm — e
A pessane =30 M
Llev Sm
N (Sp Gr. =082
Flev 2m
Water
llev Om
Sesme. T ¥ Mereu
im ' ‘J‘ .1? &4
! -
A
Q.2(4)  Derive an expression for the depth ol centre of pressure fromi free surface of liquid of an inclined plane surface
sulunerged in the liquid.
(b)  Explain Bow you would (ind the resulians pressure on a curved surface immersed in a liguid.
() The 2 m diamcter cylinder in the figure is § mlong into the paper and rests in static equilibrium against the

ameoth wuli at poini B, Compute the weight und specifie provity o the eylinder. Assume zevo wall [riction ar
point 1y

Woater

/4 Define and explain the following terms (i) Buoyancy (ii) Metacentre (iii) Metacentric height and (iv) Neutral
cquilibrium.

Deicribe experimental method determination of the metacentric height of a floating object.

In the Bgure, 0 wedge of wood having a specific giavity of 0.6 in forced into water by a 150-1b force. The

wedpe s 20 width, What is depth d?

(b)
(«)

Derive the cquation of continuity for two dimensional incompressible llow.

?/(n)

(b) Given that w=xy and v =2yz. Examine whether teese velocily components represents two or
three-dimemsional incompressitle tow; if three dimensional, detenmine the third component.
) Ihe woter tank in the figure is being filled through scecion | at vy =4 m/s and throuch section 3 a
(c e

Q, = 0.01m> /5. If the water level /1 is constant, detenning exit vilocity vy,

[ e
77N l
19 v =0 CImYs
“~.-' ‘\L (Qh=0Cim
—

|
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\ om
" Q3@ Derive the equation ofcontinuity for two dimensional incompressible flow. 4.00
(b Write down the assumptions made in the derivation of Bernoulli's cquation, 300
‘_ (er Water flows steadily through a box a three section as shown m Tl L0
: S 4 A ' n, » =
i mothe Azure. Section 1 has dinmorsr of 3 inch and e flow H W =
; . Wil ) — Vater -
\ moas bofss Section 2 has g diameter of 2 ifich and ow out i iy e L")
i S0 Ips average velocity. Compute the average velocity and g N
volume fus at section 3601, 1 inel. 1 the o at 3 in or }‘[__—_(;)
{ out”? J
\ . . . y .
\ Q33 Prove that the centre of pressure of a completely submerged plane surface is always belowe the centre of 1.00
1 cravity of the submerged surface.
i by Draw the pressure diagrams on a plate when submerged in a Muid (i) horizontally (i) verticaliv 30
5 C E A s
| () inchined way, v
i - . ' ion of the rescultint foree v (o o N
(€r Find the magnitide and direction of the resultant foree due 1o S A S.00
{ water acting on a roller pate of evlindrical form of 4 m C Ne) dm
f diameter, when the eate is placed on the dam in such 2 way
! . 2 . : 13
that water g5 just eomg to spill, Take the length of the pate as 777 - Dam
f Sm /::/ ////):\\A
|
“ SECTION - B
: QS Define an orifice and a mouthpicce. What are the differences between (hese twao? 2.00
' - . . v hl
(by Detine vena-contracta. How is it developed? 200
(er - Derive an expression of time for emptying a hemispherical tank through an orifice at its botiom Lo
(d) A tank has two identical orifices in one of ity vertical sides, "The upper orifice is 3 m helow e Wt 400
! surface and dower one is Y m below the water surface. The point of intersection of two jets is I, The
' i honzontal distance of P trom orifices is & e the value of e tor each orifice is 0.96, find the value of ¥
i . . ' o . . f Al
/ Q0 Detine and explain briefly the followings; (1) velocity potential and (i) stream function run
N ) ' Bl H N 2 no
(O Dstngaish between pathlines, streamlines and streaklines, o
. . |‘
(Cr State and prove Bemouil's cyuation, | I' ’
' ' . H . \ A\ o
6h The following case represents the two veloeity components, Determine third companent afvelaciy sud I
' N ) o '
they sansty the continuity equation; v = v o 2y, . " '
. . e 100
LT Write short notes on the follow ng: ‘ ~
» " - . ) 9 B, g ne o
() Pipein parallel, (iiy Faquivalent pipe, () Fquivalent size of ihe plpe and vy Hydraulie gradient Hine of
A owang Nuid ina pipe. . L0
hy Eoumcrate the major and minor cnerpy losses in pipes 130 sectivels are TR
) g o y { SIS 1N Civoany N
(b Fhrec pipes o dength 800 m, 800 m and 400 m and of diaseters S0 cm, A0 ¢m “)"" e "f | l“h‘l ’.In PR
i i R e o . ! 1IN (NN I\ M
comectedin series. These pipes are 1o he replaced by assingle pipe o length 1700 m
the single pipe.
: anal 106
[ i " sseribe the use dnstonad ancdy o
CORGo Drhe fue damental quantities and secondary quantities, Describe the uses of .Illl;luv ;l‘:lunii““ Ly s Y
. . o e 2 oo Al N1 ) ol N
o W R s meant oy vepeating sariablos? Tow are the repeating variables uluntl« .r: l’ \ ||nl|n CQalepends S an
A . RO P fancular notch, Ass SR :
o hind e tonm ol e equation foy discharge O through o ~\|l<"l"tdrk_" i "".~‘: "'1"[‘11 deusity p. viscosity
- . iltion:s acceler and pn the density pooviscosit
e T el crtral angle o of the o)y be) 11, _tf"~“'Al'.'lM'.\' e beration g an C
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