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Aslurry of thl .. .IS material givmg 1 5
a ~onstant pressure drop of 50 k kg ~f cake solid/m3 of filtrate is to
~hlssludge and the filter cloth to ~/cm and a temperature of 200C E be Olt,

m= 1.2><10
10

m-', e used gave a value of . Xperill1:
A.plate and frame filter Is 1:0 be I • ...utd : 3 hrs
give 2000 lit of filtrate in 1 h used. Calculate the total no of f rof one frame is 300 cm

2
r. The viscosity of the water at 20orCa~esreqUi Figures out of the right margin indicate full marks.

. ~lcp
. . ~

Fluid Mechanics
(CHEN 2102) Full Marks: 70 F

Candidates are required to answer Group A and
~ from Group B to £, taking at least one from each group.

are required to give answer in their own words as far as practicable. !T

Group-A
(Multiple Choice Type Questions)

(hoOS8 the correct alternatives for the following: 1
0

x 1=
10

'\1leratioof inertial forces to gravitational forces is called ---------- number
(alfrOude (b) Euler (c) Reynolds (d) Mach.

as
The-------------- is measured by piezometric opening.
(alDynamicpressure (b) Static pressure
(clTotalpressure (d) Point pressure

Foranideal fluid the Reynolds number is
(al infinity (b) zero (c) one

(d) 2100.

lForturbulent flow of the Newtonian fluid in a circular cross-section pipe, the ratio

ofmaximumto average fluid velocity is
(al 0.5 (b) 1 (c) 0.66 (d) < 0.5.

1~velocity profile for a Bingham plastic fluid flowing in laminar conditions in a

PIpe is
(a)Flat (b) Parabolic
~~ Flat near the wall and parabolic in the middle

Parabolic near the wall and flat in the middle.

~ ope.ration of a venturimeter is based on
(c~)Variable flow area (b) Pressure at a stagnation point

Pressure drop across a nozzle (d) None of the above.

q1\e~erage velocity during pressure driven laminar flow through a rectangular

(a) el is(1:) 1fl maximum velocity Cb) 2/3 maximum velocity
1/3 maximum velocity (d) % maximum velocity.

e
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(viii) A pipe of I.D.4 rn Is bifurcated into two pip" ofl.D. 2 m each. Th"ve"'g, . h h tub, foe

of water flowing through the main Pipe is 5 m/'. Assuming equal flow thc,: . th vernge velocity distribution in streamline flo~ t co~g ta (Q and
of the bifurcated section, the average velocity through the bifurcated Pipe in gb, ,.side~ng f1e td flow, show that the relation between friction ac or
(a) 5 (b) 10 (,) 20 (d) 45. ~n,an u. f- "

olds No.(Re) IS - R;
fI"fI .. f 350 mm to 700 mmdden enlargement of water main pipe diameter frflom

SU 0 E timate the rate 0 ow ..4
t:ydrauIiCgradient rises by 1 mm. s 7+ 5=12

I t with zero pressure gradient, obtain an
laminar flow over a flat .p a e ( . I) in terms of Reynolds numberFor' b d I yer thickness nomina

~ression for oun aA
ry

a a parabolic velocity profile over the plate.dwall shear stress. ssume
~ .

t 10 m3/h from a large reservoir restingIwaterat 20 °C is pumped at a con~ta~t ~~o~tower. The point of discharge is 5 m
a floor to the open top of an a s~ Pie from the reservoir to the

0:ave the floor, and frictional losse.s m the 50
h
mm p~oir must the water level be

a t t 3 J/kg At what height from t e resetower amoun o. ?
Group - B keptif the pump can deliver only 0.1 kW.

ir to a lower one through a straight,2.(a) A conical funnel of half angle •• drains through a 'mall hole of diamere," '_c flow, by gravity from one "",",,0 . 50 m and total length is 250
". • 2~ • J . d i . The pipe diameter IS m, .. cvertex. The speed ofhqUJd leaVIng the funnel ISv = V gy where y = height of inclinedgalvanize Iron pipe. h Calculate the elevation difference

.. en to atmosp ere. h - t Ifree ,u.-fa" above the hole. The funnel is initially filled to height y,. Ob •• I!ach "",",,0" is op fa 00 7 m' / s. AI" estimate the fraction oft e to a
exp""ion foe time "quiced to drain the funnel. Calculats the time requtrei """red to mamtam a flowrate °h' hness factor of the pipe is 0.15 mm, minor
so if the initial heighti, 1 m and •• is 30'. ••• occupied by minor losses. T5ec~Ug t it Is 1 viscosity of water is 10" m' /'

losscoefficient at entra~c~ IS.O. ~n tha e:ult ob'tained if the water was pumped(b) Given velocity field of fluid as V ~ 2x(1 + 0.5t)1 + yj, plotthe streaklme] "'" would be the modifications me" uired]
by particles that passed thcough the point (1,1,0) duclng t= 0 to t= 3 s. Co Ibrougha smooth pipe? (Moody diagram req 4 + 3 + 5 = 12
with streamlines through the point at t = 0,1,2 s (Rectangular graphrequired)

(ix) A pathline in a flow field is defined as
(a) Trajectory of a fluid particle of fixed identity
(b) A line or Curve such that tangent at any point represents direction of Vel

that point

(c) Locus of temporary locations of all particles that passed through a fiXed
a flow field at any instant oftime

(d) A line such that at every point of it, the fluid velocity remains constant

8'TEe

(x) Toothpaste is a type of
(a) Pseudoplastic fluid
(c) Bingham plastic

lTARY

(b) Dilatant fluid
(d) Newtonian fluid.

as far as

(c) Explain the concept of continuum hypothesis mentioning the
Knudsen number

Group- D

. . of 5. It has a throat diameter of 1 c~.a) A vertical ventunmeter has an area ratio h it the mercury in the differential
5 +5 + When oil of specific gravity ?8 fl?ws t~r~~g I Find the discharge through the

&augeindicates a difference m h~lght o. cm.
l'enturimeter if the coefficient of discharge IS0.98.

3.(a) Cla"ilY the device, used foe meaMement of fluid pressure and exp . .. I fa sharp crested rectangular weir in
celation between Ab,,'ute pressure, Gauge pce"uce and vacuum pressure- ~) Briefly describe the working pnn"j e ~btain the celation between theoretical
What are the gauge pce"uee and ab,,'ute pee"uc. at a point 3 metre b" ""'ucement of flow m ?pen ,ha;;,ne s. t i a triangular notch.
free mfu" of a liquid having a density of 1.53 x 10 ' kglm' if the atm i "",,"cge and head of "quod above e cres m .
pressure is 760 mrn of Hg? [Given, speciflc gravny of Hg i"3.6 and den ,it), 0 [ .• discharging into an open container, a,

Is 1000 kg/m'). .J Con'idee a 20 m 10nI>4 em diameter ~~:' The desirable flow rate is 8 L/' and the
oWn in Figure. The pipe inclination IS . d vi ity _ 0 18 Ns/rn" CalculateII.. . 900 Kg/rn! an VISCOSI _ . .

"'tUid properties are: density =. . Ne lect minor losses.tile Power required to pump the liquid. g
CHEN 2102
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(b)For a laminar flow of a Newtonian fluid, show that the velocity distribUti
circular channel with respect to its radius is a parabola.
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'ves for the following:

the correct altern~tl atter content has
(b) A centrifugal pump has the following dimensions: Inlet diameter =160 ern. ~ wiD'1higher volatlle m

diameter = 320 cm; width of the impeller at the inlet = 5 cm; Vane angle at ~e (a) Higher calorific va~ue taneous oxidation
(4)1) = 0.45 radians; and vane angle at the outlet (4)2) = 0.25 radians; width (e) Higher tendency 0 span
inlet (B1)= 5 ern: width at the outlet (B2) = 5 cm. . .' maximum for
Assuming shockless entry, determine the discharge and the head developed~ coal demand 10 India ISd try (b) Steel Industry
pump when the impeller rotates at 850 r.p.m. (a) Thermal power In us (d) Brick Industry.

5 + 7: (e) Cement Industry . rocess?
. .s a thermal cracking P

the follOWingI . f mingelil) Which process ~mong (b) CatalytiC .re or
(a) HydrocraC~mg (d) Visbreakmg.
(e) Hydrotreatmg ?

has the highest octane number.
Which type of compound (b) Oiefins
(a) Paraffins (d) Napthenes.
W~~~ b

t' n the multiplication factor must e
(b) Briefly describe the different types of fluidization. Explain what is meant l') For a controlled nuclear reac 10 , (b) >1

minimum fluidization velocity. Mention the different applications of fluidization. (a) <1 (d) None of these.
(e) =1 I pie in muffle furnace

. rmined by heating the coa :am
lV\) Volatile matter in coal. ISdete (b) at 850°C for 9 ml.n

(a) at 800°C for 10 ~m (d) at 925°C for 7 mm.
(e) at 900°C for 8 mm

l"'1 Cetane number is highest for (b) Paraffins
(a) AromatiCS (d) Olefins.
(e) Napthenes .

of a fuel is indicated by Its
('Iii) The cold weather performance (b) pour poin~

(a) CalorifiCvalue (d) Sn10ke point-
(e) Flash point

(d) Explain the working principle of a Pitot tube. What is meant by Sta
pressure?

nARY]

10xl=107.(a) Write down the relations between pump head, capacity and rpm for cen
pump.

.' temperature(b) Higher igmtlOn
(d) None of these.

as far

Group- E

R(a) A water softener consists of a vertical tube of 100 mm diameter and packed
height of 0.5 m with ion-exchange resin particles. The particles may be consid
spherical with a diameter of 1.3 mm. Water flows over the bed because of gravi.
well as a pressure difference at a rate of 200 mL/s. The bed has a porosity of
Calculate the pressure gradient

'e

(c) Estimate the terminal velocity for limestone particles of diameter 0.08 mm(de
2800 kg/m-) falling in water at 30 oc. The viscosity of water is 10,3 Pascal sec.

(d) Explain the significance of void fraction during flow of fluid through packed b~
3+4+3+2'

9.(a) Explain the significance of the concept ofPrandtl's mixing length theory in cast
turbulent flow and obtain an expression for the mixing length.

(b) The air is flowing over a cylinder of diameter 50 mm and infinite length wi~
velocity of 0.1 m/s. Find the total drag, shear drag and pressure drag on 1 rn le~'
of the cylinder if the total drag coefficient is equal to 1.5 and shear drag coeffiO

equal to 0.2. Take density of air as 1.25 kg/m>,
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