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1. a) A square plate of size 1m x 1m and weighing 350 N sides down an inclined plane

with 2 uniform velocity of 1.5 m/s. The inclined plape is laid on 2 slope of 5 vertical
{0 12 horizontals and has an oil film of 1 mm thickness. Calculate dynamic viscosity

of oil. _ [4]
b) Suppose the water rise predicted by the capillarity formula exceeds the height of the
capillary tube. Does the water overflow? Explain with mathematical expression. 2]

¢) The two pipes are connected by a double U-tube manometer as shown in figure where
the brine pipe is connected to a tank filled with different fluids. Oil and brine are
flowing in parallel horizontal pipes. The pressure at the centre of oil pipe is 200 kPa.
Calculate pressures at point 2 & 3. ' [5+5]
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2 =2) Pressurized water fills the tank as shown in figure below. Compute the net hydrostatic

I force on the conical surface ABC. (8]
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b)

b)

4. a)

b)

b)

-

What is the significance of metacentric height? When will the centre of gravity and
centre of pressure coincide in case of plane immersed surfaces? ;

A water body is subjected to an acceleration in the vertically upward direction. At
what acceleration will the pressure difference .between two points, separated by a
vertical distance, h, be zero?

Given the velocity field V = (5x) i+ (15y + 11)] + (19t%) km/s. Determine the path

of particle which is at (4,6,2) m at time t=3 s,

The figure shows below a venturimeter where the reservoir open to atmosphere is

connected to the throat by a tube.

i) What is the fluid velocity in the smaller diameter section of pipe?

i) What is maximum height of fluid that can be lifted from reservoir (h)? Assume the
fluid in lifiing pipe is not moving.

An orifice plate is used to meas
water depth of 300mm. A rectangular orifice size of 300mm wide and 100mm high is
placed Sem above the canal bed. If downstream water depth in canal is 225mm, what
is the flow in the canal? Take coefficient of discharge of an orifice plate 0.63.

What is boundary Layer? Explain boundary layer thickness and displacement
thickness. Compute the ratio of these quantities for the boundary layer described by

[242]

(4]

[6]

[5+5]

[4]

1/7
the velocity distribution _Ef = [g-] : [1+2+3]

A jet of the water. 50 mm in diameter, is striking normally with velocity of 50m/sec at
the center of the plate which is hinged at its top edge and a horizontal external force is
applied at the bottom edge to keep it vertical. What should be amount of the applied
force? If the force is removed what will be the angle of inclination of the plate with
vertical for equilibrium condition?

What is the expression for the drag on a sphere, when Re of the flow is 0.2? Prove

that the coefficient of drag for sphere for this range of the Reynolds number is given
by Cp=24/Re, where Re is the Reynolds number.

1:400 model is constructed to study tides. What length of time in the model
corresponds to a day in the prototype? Suppose the model could be transported to the
moon and tested there. What then would be the time relationship between the model
and prototype? Given, 'g' of earth = 6 times 'g' of moon.

Sphere of diameter d and density p; settles at a terminal velocity Vina liquid of
density p; and dynamic viscosity p. Determine an expression of velocity in which

- -velocity-also-depends-on-aceeleration due to-gravity g-Use Rayleigh's Method. - - -

Ak

[3+3]

[2+4]

(6]
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a) The space between two large flat and parallel walls 25 mm apart is filled with a liquid
of dynamic viscosity 0.7 Pa.s. Within this space a thin flat plate 250 mm x 250 mm is
-towed at a velocity of 150 mm/s at a distance of 6 mm from one wall, the plate and its
movement being parallel to the walls. Assuming linear variations of velocity between

the plate and the walls, determine the force exerted by the liquid on the plzte. 18]

5) An inverted manometer is connected to the pipe and tank as shown in figure. What
will be the differential level on U-tube connecting pipe? - : [8]

. 5=0.83 :
e
“au.r :
_ 5=136

2. a) A tank is hermetically seaied into two compartments by plate AB. A cylinder of

diameter 0.3 m with two hemispherical end is protrudes above and below the seal AB
and is W&lded to the seal AB. what is the vertical force in ﬂ]e cyimdeﬁ - [8]

=500 kPa guga@

4 z5m .
=0 /‘ P2 =360 kP2 gage

Waler D =0.3m
TITIIIITIIT 7777

b) A buoy, floating in sea-water of density 1025 kg/m® is conical in shape with a

diameter across the top of 1.2 m and a vertex angle of 60°, its mass is 300 kg and its

cenire of gravity is 750 mm from the vertex. A flashing guiding light is to be fitted to

the top of the buoy. If this unit is of mass 55 kg, what is the maximum height of its ,3
centre of gravity above the top of the buoy if the whole assembly is not be unstable? :
(The centroid of a cone of height h is at 31/4 from the vertex) - [8]

A pressurised 2 m diameter tank of water has a 10 cm dia orifice at the bottom, where -
water discharges to the atmosphere. The water level initially is 3m above the outlet.
The tank air pressure above water level 15 maintained at 450 kPa absolute and the
atmospheric pressure is 100 kPa. Neglecting the frictional effects, determine (i) how
long it will take for half of the water in'the tank to discharge and (ii) the water level in

the tank after 10 sec. [6+2]
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b) Thex component of vclocity in a two-dimensional, incompressible ﬂow ﬁeld is given
by u= Axy; the coordinates are measured in meters and A = 2m's! . There is no
velotity component or variation in the z direction. Calculate the acc\.leratwn of a fluid
particle at point (%, y)-= (2, 1). Estimate the radius of curvature of the streamlmu
‘passing through this point. Plot the streamline and show both the velocity vector and
the acceleration vector on the plot.

4. a) Air flows in the entrance region of a square duct, as shown. 'I'he velocity is uniform,
Up = 30 m/s, and the duct is 76 mm square. At a section 0.3 m downstream from the
entrance, the displacement thickness on each wall measures 0.9 mm. Determme
pressure change betwea,n section 1 and 2.

76 mm

- 8:=09mm

b) A stream of air at standard condition from 2 cm dia. nozzle strikes a curved vane as
shown. A stagnation pitot tube connected to water-filled U-tube manometer is located

in the nozzle exit plane. Calculate the speed of the air leaving the nozzle. Estimate tnc :

horizontal component of force exerted on the vane by the jet.

Slagnatm rFmed vane
fubs’ -

=c) What i is Iammar Sub- ]ayer'? D1ffcrent1ate betwcen the ch:.ractmsncs of laminar and
. turbulent boundary layer. : :
‘5. a) InBuckingham — Pi method, describe the following:

® Guzdmg rule for selection of repeating variables. (ii) Rules for groupmg the
Pi-terms oil of kinematic viscosity 4.645 x 10” m?%s is to be used in a prototype in

18]

- ©

(6]

[2+2]

which both viscous and gravity force dominate. A model scale of 1:5 is also desired. .

What viscosity of model liquid is necessary to make both the Froude number and the

‘Reynold number same in model and prototype?  * . o [24244] -

b) - An aeroplane is designed according to the following specifications:

Weight=13.5 kN, wing Area =30 m’, Take off speed = 30 m/s

Model tests show that the lift and drag coefficient vary with the angle of attack of the
wing according to following approximate relations:

Cp=0.008 (1+a) C.=0.35(1 +0.20)

For small o, where & is the angle of attack measured in degn:e The atmospheric
density is 1.29 Kofm Find the angle of aftack that ensures tai;enoff at the design
speed and power required for take off. '

. kkk

[6+2]
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a) The space between two large flat and parallel walls 25 mm apart is filled with a liquid
of dynamic viscosity 0.7 Pa.s. Within this space a thin flat plate 250 mm x 250 mm is
-towed at a velocity of 150 mm/s at a distance of 6 mm from one wall, the plate and its
movement being paralle] to the walls. Assuming linear variations of \elocm between
the plate and the walls, determine the force exerted by the Fquid on the plate. [8]

b) An inverted manometer is connected to the pipe and tank as shown in figure. What
will be the differential level on U- tube connecting pipe? - [8]

<5=136

7
Wa'::r

2 a) A tank is hermetically sealed into two compartments by plate AB. A cylinder of
diameter 0.3 m with two hemispherical end is protrudes above and below the seal AB

and is Weldcd to the seal AB. what is the vertical force in tbe cylmder‘? - [8]

=500 kPa gage@ '
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b) A buoy, ﬂoatmg in sea-water of density 1025 kg/m® is conical in shape with a

: diameter across the top of 1.2 m and a vertex angle of 60°, its mass is 300 kg and its

. ' _centre of gravity is 750 mm from the vertex. A flashing guiding light is to be fitted to

the top of the buoy. If this unit is of mass 55 kg, what is the maximum height of its

centre of gravity above the top of the buoy if the whole assembly is not be unstable?
(The centroid of a cone of height h is at 3h/4 from the vertex) - [8]

A pressurised 2 m diameter tank of water has a 10 cm dia orifice at the bottom where -
water discharges to the atmosphere. The water Jevel initially is 3m above the outlet.

The tank air pressure above water Jevel i5 maintained at 450 kPa absolute and the
atmospheric pressure is 100 kPa. Neglecting the frictional effects, determine (i) how
long it will take for half of the water in the tank to discharge and (ii) the water level in

the tank after 10 sec. [6+
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a) The viscosity of one of the liquid in laboratery is determined by measuements of

thcar stress © and I'atE of sheanng strain —;‘; tested in smtable vzacomu_tsr Based on

bod
"

ﬂa;a Explam how }oa ‘arrive at }our answer [£]
[ @m?) _ [ 004 [006] 012 [018]03]052] 112 2.1 i
| du 1y 225 | 45 | 1125 | 225 [ 45 | 90 | 225 | 450 %

b) Under what condition - inverted’ U-tube manometer and single column inclined
manometer are used to measure pressure. ' ' 3]
¢) A cylindrical tank contains water at a height of 55 mm as shown in figure below.
Inside a smaller open cylinder tank containing cleaning fluid (S = 0.8) at a heighth. If
Pz = 13.4 Kpa and Pc = 13.42 KPa gange, what are gauge pressure Py and height b of
cleaning fluid? Assume that the cleaning fluid the kerosene is preventea from moving -
1o the top of the tank. Ay : [51

Air IV:@PA

Water

e p

55 mm : v
Kernbcne—r/ ‘L@ Ps L@ Pc

Write the Navier-Stokes and Bernoulli’s equat:on (demauc-n not required). Explain

:;--:s

—r

each terms in the equations with physical meaning. [4]
2. 2} The figure shows U-tube of base length L in which a liquid of dersity 0.85'is i llpd
such that it completély fills the base length only. If the tube is now rotated at angular
speed of 10 rad/scc as shown, find the level rise of liquid in cuter arm of tube. . [6]
- > L. 0}
- opha : -
]
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|
i b) Determine the force and its position from fluids acting on the doof as shown in figure.” [10].
|

- Door,
: : full-size view
! -R=3m

: 3 a) Consider; the flow dcscnbcd by the velocity field ¥ = Bx(1 + AT + Cy J. with

A=055", and B=C=15", Coordinates aré measured in meter. Plot the streak lines

' traced out by the particle that passes through the point (1, 1) during the interval from
t=101tot=3s, Compare with streamlines plotted throu,,h the same pomt at the
instants t =0, 1 and 2s. (no need of graph paper, plot in answer copy in precision as
faras possxble) = i [4+4]

b) D‘.r’ve an exp*essmn for ﬂow thrcugh paxuaily and fully submerged onﬁce [272]

¢) Show that the slope of C;polletu weiris 1:4. How camn you account for velocity of
appreach while computing the discharge over weirs? , [3+i]

4. 2a) The diameter of a pipe-bend is 360 mm at inlet and 150 mm at outlet and the flow is
tumed through 120° in a vertical plane. The axis at inlet is horizontal and the center of
outlet section is 1.4 m below the center of inlet section. The total volume of fluid
contained in the bend is 0.085 m’. Neglecting friction, calculate the magnitude and .
direction: of the net force exerted on the bend by water ﬂowmg through it at 0.23 m";’s
when the jnlet gauge pressure is 140 kPa. Take head loss in the .bend as 0. 25 Vei2g,
where V = velocity at inlet pipe. - - , 191

b) . Explain the duvelopment of boundary layer along a thin ﬂat plate held para.lle; fol .
uniform flow. Also point out the salient features. [7]

5. a) A pressure drop AP provides a measure of the frictional losses of a fluid as it flows
through a pipe. Determine how AP. is related to the variables that influence it, namely,
pipe dia. D, its lcngth L, fluid density -p, viscosity. i, Velocity V and the relative
roughness factor — = which is ratio of average size of surface irregularities to the pipe.

diameter. Use Buckxngham-rc method. 5 - [8]

b) Describe with the help of a sketch the vanahon of drag coefficient fora cyimdor over

a wide range of Reynolds number, = _ [8]
: ; Fiok g v o
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a) A pressure gauge consists of U tube with equal enlarged ends and is filled with water
on one side and oil of specific gravity 0.97 on the other, the surface cf separation
being in the tube below the enlarged ends. Calculate the diameter of each enlarged
end if the tube diameter is 5 mm and the surface of separation moves 25 mm for a

* difference in pressure head of 1mm of water.

B} Oil of viscosity g = 2 poise fills the small gap of thickness 0.2 mm. Determine the

el

»

(6]

6]

fiuid stress exerted on the circular bottom.

\ | /

40 mm~

60 mm

60° —
€} Wirite Navier-Stoke’s equation in three dimensional form (derivation not required).
i the flow is steady and incompressible; no flow or property variation in z-direction,
fully developed flow (no property variation in x direction), model the above written
Navier Stoke’s equation in simplified form using the assumptions. Can you develop
simplified velocity distribution equation from the simplified model? [142+1]

2. 2} A ftest vehicle contains a U-tube manometer for measuring differences of air pressure.
The manometer is so mounted that, when the vehicle is on level ground, the plane of
the U is vertical and in the fore-and-aft direction. The arms of the U are 60 mm apart,
and cortain alcohol of Telative density 0.79. When the vehicle is accelerated forwards
down an incline at 20° to the horizontal at 2 m/s” the difference in alcohol levels
{measured parallel to the arms of the U) is 73 mm, that nearer the front of the vehicle
being the higher. What is the difference of air pressure to which this reading
corresponds? : :

b) A tank full of oil (S = 0.8) as shown in figure. Determine total pressure and centre of
pressure on surface AB of the tank. Check your result with pressure diagram zlso.
Take length of the tank 6m.

i8]

[6+2]
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38 5)

b)

4. a)

b)

An incompressible, frictionless flow specified by ¥ = - 6Ax — SAy; X, ¥ in mciers,
A = Im/s. Find

(i) sketch streamlines y=0and y = 8m’/s

(ii) velocity vector at (0, 0) and its direction.

(ii)flow rate between sireamlines passing through points (1, 1) and (4, 1). [2+2+2]
Prove that in Cippoleti weir the sides have a slope of 1:4. A sharp-edged notch is in

the form of a symmetrical trapezium. The horizontal base is 100 mm wide, the top is

500 mm wide and the depth is 300 mm. Develop from first principles a formula
relating the discharge to the upstream water Jevel, and estimate the discharge when

the upstream water surface is 228 mm above the level of the base of the notch.
Assume that Cd = 0.6 and that the velocity of approach is negligible. - [2+6+2]

Two large tanks containing water have small smoothy orifices of equal area. A jet of
liguid issues from the left tank. Assume the flow is uniform and unaffected by the -
friction. The jet impinges on the vertical flat plate covering the opening of the right

tank. Determine the minimum value for height, b, required to keep the plate in place

over the opening of the right tank. : . 6]
: | S SN
~F E
: i He (!cnst
LU |
“Vater “Waler

Flow takes place over a flat plate exposed parallel to free stream. Mention
characteristics of flow and draw a neat sketch of the boundary layer development
showing, (i) Laminar boundary layer, (ii) Turbulent boundary layer, (iii) Transition
zone, (iv) Laminer sub layer. What is displacement thickness? [41
Water enters two armed sprinkler vertically 4t rate of 10 litre/sec, and .leaves the
nozzle horizontally. The diameter of both the nozzle is 1Z mm. Calculate the torque

required to hold the arm stationary. (6]
6= 60°
-~ ,"i\ . G
L :
Vi‘":‘l\‘\ ) ;_-3\1“ staft

: NZéne moied \&/_“5 el v
i R \4/ S et 2
| ri=060cm 22200 @] ot
I ] { 6_09'

The speed of propagation C of a capillary wave in deep water is known to be function
only of density p, wavelength A, and surface tension G. Find the proper functional
relationship, corpleting it with a dimensionless constant. For a given density and
wavelength, how does the propagation speed change if surface tension is doubled? i8]

 ‘The weight of a thin flat plate 50cm * 50cm in size is balanced by a counter weight

that has a mass of 2kg as shown in figure below. Now a fan is turned on, and air flows
downward over both surfaces of the plate with a free-stream velocity of 10m/s.
Determine the mass of the counter weight that needs to be added in order o balance
the plate in this case. ! [8]
o .
25°C 10m/s

il
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1. a) A manometer consists of a U-tube, 7 mm internal diameter, with vertical limbs each
with an enlarged upper end 44 mm diameter. The lefi hand limb and the bottom of the
tube is filled with water and the top of the right-hand limb is filled with oil of specific
gravity 0.83. The free surfaces of the liquids are in the enlarged ends and the interface
between the oil and water is in the tube below the enlargéd end. What would be the
difference in pressures applied to the free surfaces whick would cause the oil/water

interface to move lem. [10]
b) Explain Capillarity phenomenon. [i] -
) A 2.2 cm wide gap between two vertical plane surfaces is filled with liquid of specific
gravity 0.9 and dynamic viscosity 1.75 NS/m?. A metal plate 1.5mx1.5mx0.2cm thick
and weighing 40N is’placed midway in the gap. Find the force required if the plate is
3]

to be lifted with constant velocity of 0.15 m/s.

Cylindrical tank 2 m diameter and 4 m long, with its axis horizontal, is half filled with
water and half filled. with oil of density 880 kg/m’. Determine the magnitude and
position of the net hydrostatic force on one end of the tank. [

) A tube ABCD has the end A open to atmosphere and the end D closed as shown in

figure below. The portion ABC is vertical while the portion CD is a quadrant of radius
250 mm with its centre is B, the whole being arranged to rotate about its vertical axis
ABC. If the tube is completely filled with water to a height in the vertical limb of 300
mm above C find (a) the speed of rotation which will make the pressure head at D
equal to pressure head at C, (b) the value and position of the maximum pressure head

- in the curved portion CD when running at the speed.

- |

[5+3]




3. a8

i

250mm -
TA

Eﬂ.a-i

AT
Ao

. . - T AT rS g ]
Steady, incompressible flow in xy plane with V=—1 s where A =2m7/s and
X

- I o
‘é

coordinates are in meters. Find
i) equation for steamline through (x,y) =(1,3)
ii) time required for a fluid particle to move from x=1m to x=3m.

The velocity of a fluid varies with time t. Over the period from =0 fo t=8 s the
velocity components are u= 0 m/s and v = 2 m/s; while form t= 8s to t = 16 s the
components are u= 2 m/s and v =-2 m/s. A dye streak is injected into the flow at a
certain point commencing at time t=0 and the path of 2 particle of fluid is also fraced
from that point starting at t=0. Draw to scale the streakline and pathline of the
pasticle.

Find the time of emptying a cylindrical vessel attached with conical vessel as shown
in the figure below with the provided data herein. There is no inflow into the tank.
Orifice of diameter 10cm is at the bottom of the tank. Take discharge coefficient as
0.6.

2m
Zm

|
|
;/ 4m
I

4

——r

. e
i 1

Air flows over a flat plate 2m long and 1.5m wide at a velocity of 6.5 m/s. etermine
the shear stress, and displacement thickness at distance of 1.8m form the leading edge.

[343]

(41

[6]

‘Also determine the drag force on the face of the plate. [2+2+4]

The diameter of a bend is 300 mm at inlet and 150 mm at outlet and the flow is turmed
through 1202 in vertical plane, the axis of inlet is horizontal and the centre of the
outlet section is 1.5 below the centre of the inlet section, the total volume of fluid

contained in the bend is 0.09 m’. Neglecting friction, calculate the magnitude and

direction of the force exerted by the water on the bend by the water flowing through it
at 300 Ips when the inlet pressure is 130 KPa.

A river carrying a discharge of 3500 m’/s has a depth of 2.25 m width of 1500m.
From the point of view of availability of space the horizontal scale of 1:400 is chosen.
Assuming slope scale to be unity, determine the depth and discharge scales for the
model.

A jet plane which weighs 170 KN has a wing area of 25m%. It is flying at a speed of
200 km/hr. When the eagine develops 580 KW, 70% of this power is used to
cvercome the drag resistance of the wing. Calculate the coefficient of lift and

coefficient of drag for the wing. Take density of air = 1.25 kg/m®.

sk

(8]

(8]
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2) An oil and water manometer consists of U-tube 4mm ‘gﬁia{_meter with both limbs
vertical. The right-hand limb is enlarged at its upper end to 20mm diameter. The
enlarged end contains oil with its free surface in the enlarged portion and the surface
of separation between water and oil is below the enlarged end. The left hand limb
contains water only, its upper end being open to the atmosphere.

When the right-hand side is connected to a cylinder of gas the surface of separation is’

observed to fall by 25mm, but the surface of cil remains in the enlarged end.
"Calculate the gauge pressure in the cylinder. Assume that the specific gravity of the

water is 1.0 and that of the oil 0.9. [8]
b) Write down the expression for Navier-Strokes equations and Euler equations of fluid
motion in 2D with definition of each term. Also write their applications. _ [4]
¢} Explain the concept of control volume and continiuum in fluid mechanics. Define
viscosity with its expression. [2+2]
2. a) A pipe 25mm in diameter is connected to the centre of the top of 2 drum 0.5m in
diameter, the cylindrical axis of the pipe and the drum being vertical. Water is poured
into the drum through the pipe until the water Ievel stands in the pipe 0.6m above the
top’ of the drum. If the drum and pipe are now rotated about their vertical axis at
600rev/min what will be the upward force exerted on the top of the drum. [8]
b) 0.5m’ of ice floats in a cylindrical tank maintaining 4m depth as shown in figure
fq]
Lo

below. What will be the depth of water if ice completely melt in the tank?

0.2 m?

I / _Ice
7 water level I/ ;
= r 7 r

Cylindrical tank
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Ln

b) .

b)

b)

Velocity field 7 = Bx(1+ At)i +cyf with A=0.5s", B=C=is’. The coordinates are
measured iz meters.

i) Plot the pathline of the particle that passed through the point(1,1,0) at time t=0.
i) Plot the streamlines through the same point (1,1,0) at instants 0,1 and 2s.

A tank of constant cross-sectional area of 3.2m” has two orifices each 8.8mm? in area
in one of its vertical sides at heights 5m and 2m respectively above the battom of the
tank. Calculate the time taken fo lower the water level from 8m to 3m above the
bottom of tank. Assume C4=0.62.

Explain concept of Boundary layer thickness. Displacement thickness and Momentum
thickness with their applications each.

A jet of water with a velocity U and jet area. A strikes a flat plate normal to it.
Determine the force of impingement, power developed and efficiency

i) when the plate is at rest.
i) when the plate is permitted to move along the direction of a velocity u. Also
determine condition of maximum possibie efficiency.

iii) what would be the possible maximum efficiency if series of plates were to face the

jet in quick succession?

A -3mm diameter sphere made of steel (sp. wt. 75KN/m°) falls in glycerine {sp. wt.

+12.5 KN/m’) of viscosity 0.893 NS/m” at a terminal velocity. Determine the terminal

velocity and drag force on the sphere.

In. 2 flow through a small orifice discharging freely into atmosphere under a constant
head (H), the flow discharge (Q) depends on diameter of pipe (d), constant head,
dynamic viscosity (1), density of fluid (p) and acceleration due to gravity (g}. Using
Rayleigh's methods develop the relation in terms of non-dimensional terms.

A spillway model is to be built geometiically similar scale of 1/16 across a flume of
60cm width. The prototype is 12.5m high and the maximum head on it is expected to
be 2m. (i} What height of the model and what head on the model should be used? (i)
If the flow cver the model at a pamwla.r head is 20 lps, what flow per m length of the
prototype is expected?

*dk
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1. a) A stationary bearing of length 30 cm and internal radius 8.025 cm has been used to
provide lateral stability to a 8 cm radius shaft rotating at a constant speed of 200 rpm.
The space between the shaft and bearing is filled with a lubricant having viscosity 2.5
poise. Find the torque required to overcome the friction in bearing. Take the velocity

profile as linear.

b) In Fig. below, sensor A reads 1.5 kPa (gage). All fluids are at 20°C. Determine the
elevations Z in meters of the liquid levels in the open piezometer tubes B and C.

- : g A B

2m Air
) 1.5m| Gasoline
g B s
cmm= 20

C

2. a) For the geometry shown, what is the vertical force on the dam? The steps are 0.3m

high, 0.3 m deep and 3 m wide.

(8]

(8]

(6]




b)

b)

5 <a)

b)

(@) the volume of oil left in the tank when no more spilling occurs, and (b) the
pressure at the lowest corners of the tank,

A discharge of 12 Ips is passed over a 45 degree sharp-edged triangular notch under a
head of 21 em, The same discharge is passed over g sharp-crested rectangular notch of
length 30 cm, the head being 7.8 cm. Calculate the coefficient of discharge of two
notches. What is the magnitude of error that would cause 2 percent error in discharge
in the two cases,

A velocity for a steady, in compressible flow in the Xy plane is given by

e

flow field.

Water flows into atmosphere through 2 vertical bend nozzje assembly as shown in
figure below. The pipe diameter is 10 cm and nozzle exit diameter is 5 cm, The rate of
flow of water is 2400 Ipm. The interior volume of the assembly is 18.2 litres, The

2
head loss in the bend is 0.5 ;~ and in the nozzle it js 2 ;—, where V is the velocity of
g .

Define boundary layer Separation and stagnation point with the help of figure,

When a jet of fluid strikes series of Semicircular vanes, show that the maximum
efficiency of the system is 1,

The wall shear stress Twina boundary layer is assumed to be a function of stream
velocity U, boundary layer thickness 3, local turbulence velocity o', density p, and
local pressure gradient dp/dx, Using (p, U,8) as Tepeating variables, rewrite this
relationship as a dimensionless function,

A jet plane which weighs 19920N has a wing area of 25m2, It is flying at a speed of
200km/hr. When the engine develops 588.5KW, 80% of this power is used to
overcome the drag resistance of the wing. Calculate the coefficient of lift ang
coefficient of drag for the wing. Take density of air = 1.25 kg/m’.

*kk
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1. Derive an expression for surface tension and capillarity. A 15 cm diameter vertical

cylinder rotates concentrically inside another cylinder of diameter 15.10 cm both
cylinders are 25 cm high. The space between the cylinders is filled with a liquid whose
viscosity is unknown. If a torque of 12 Nm is required to rotate the inner cylinder at 100
rpm determine the viscosity of the fluid. [2+4]

2. In the figure below the pressures at A and B are the same, 100 kPa. If water is introduced
at A to increase P, to 130 kPa, find the new positions of the mercury. The connecting
tube is an uniform 1-cm in diameter. Assume no change in the liquid densities. [6]

3. a) Find the resultant pressure force due to water on a curved surface BCDEF of 10 m
length as shown in figure below. , [8]

b) Explain the use of hydrometer and shortly explain the conditions of stability of
floating bodies. [6]



) ¢) A closed cylindrical tank of 1 m diameter and 2 m high is completely filled with
water. If it is being rotated about its vertical axis with uniform speed of 100 rpm,
Draw pressure intensity diagram along surface AB and AC with values. [6]

s
-

EA =

2m

l

’ i
B i D

{
Imdia !
i
l

4. Sketch the streamlines represented by the stream function v = x*+y”. Find also the
= velocity and its direction at point (3,4). [3+3]
5. Water is pumped at 0.12m’/s from the lower to the upper reservoir as shown in figure
~ below. Pipe friction losses h; =27v?/2g, where V is the average velocity in the pipe
(diameter. = 15 cm). If pump is 75% efficient, what horse power is needed to drive it?
Draw TEL and HGL. - oo [5+3]

150 m

S 6. In figure below the flowing fluid is CO, (density = 3 kg/m®). Neglect losses. If p; = 170
kPa and the manometer fluid is meriam red oil (.G = 0.827). Estimate : () p, and (b) the
& gas rate in m*/h. :

2 d;=iOcm ) d‘)=6cm

[4+5]




10.

Ignoring friction losses, calculate the magnitude and direction of resultant force, exerted

on the bend when water discharges at the atmosphere as shown in figure below. Both

nozzles discharge water with a velocity of 20 m/sec. Consider the axes of the pipe and the

nozzles lie in a horizontal plane. [8]
d=12cm

Vi

R

Define boundary layer concept. Explain the terms boundary layer thickness, laminar
sub-layer and point of separation of boundary layer with sketch. [5]

Distinguish between pressure and friction drags. Explain with sketches, why the aerofoil
is designed as streamlines body. [5]

Distinguish between distorted and undistorted modeling. Explain the working principle
of dimensional analysis by Buckingham's IT theorem. [2+5]

Fkk
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Explain the determination of viscosity by viscometer. A pressure vessel has an internal

volume of 0.5 m’ at atmospheric pressure. It is desired to test the vessel at 3000 bar by
pumping water into it. The estimated variation in the change of the empty volume of the
container due to pressurization to 3000 bar is 0.6 percent. Calculate the mass of water to
be pumped into the vessel to attain the desired pressure level given the bulk modulus of

water as 2000 Mpa.

[2+4]

2. Define absolute and gauge pressure. Determine (i) the gauge pressure reading on the
pressure gauge and (ii) the height h, of the mercury monometer. Take liquid density = 800
kg/m’, vapour pressure = 120 Kpa (abs) and atmospheric pressure = 101 kpa (abs). [2+5]

Ly

i

,Hg

3. a) Find the resultant pressure force on curved surface ABCDE due to liquid with specific
gravity S = 1..1 take length of the curved surface (normal to the paper as 20 m.) [8]

4m
A




b) The U-tube AB and CD shown in figure below filled with water. The tube AB is
sealed where as tube CD is open 10 atmosphere. Find the pressure intensities at the
points A, B and C where it is rotating with axis Y-Y with uniform rotation of 60 rpm. 7]

|Y

Ly

¢) What are the importance of Metacentre? How do you determine the metacentric
height of a rectangular vessel in laboratory? {71

4. Velocity vector of flow field is given by V=2xi- 6x2y3). Determine the equation of
stream line. Also determine expression of y and ¢. [3+3]

5. Integrate Euler's equation along a streamline and obtain Bernoulli's equation (No
derivation of Euler equation required). What will be the Bernoulli's equation between two
points where there are head losses, work done by a machine (turbine) and energy supplied
by the machine (pump) between those points. [2+2]

6. a) What is Cippoletti notch? A tank of area A is provided with an arifice 40 mm in
diameter at its bottom. Water flows into tank at a uniform rate from the top and is
discharged through the orifice. It is found that when the head of the water over the
orifice is 0.68 m, the water surface rose at 0.0014 m/sec. but, when the head of water
is 1.24 m, the water surface rose at 0.00062 m/sec. Find the rate of inflow and the
cross-sectional area of the tank. Take Cq= 0.62. [2+4]

b) A venturimeter is to be fitted in a horizontal pipe of .15 m diameter to measure a
flow of water which may be anything up to 240 m>/ hour. The pressure head at the
inlet for this flow is 18 m above atmospheric and the pressure head at the throat must
not be lower than 7 m below atmospheric. Between the inlet and the throat there is an
estimated frictional loss of 10% of the difference in pressure head between these
points. Calculate the minimum allowable diameter for the throat. (6l

7. A 5 cm diameter jet delivering 56 liters of water per sec impinges without shock on a
series of vanes moving at 12 m/s in the same direction as the jet. The vanes are curved so
that they would, if stationary, deflect the jet through an angle of 135°. Fluid resistance
reduces the relative velocity at exit from the vanes to 0.90 of that at entrance. Determine
(a) the magnitude and direction of the resultant force on the vanes (b) The work done per
second by the vanes. : [5+3]



8.

S

10.

Define the concept of boundary layer. Explain the growth of boundary layer in a close

canduit (pipe flow). Give three examples of use of boundary layer concept. [lE3+1

An aircraft weighting 1000KN when empty has a wing area of 220 m”. It is to take off at
a velocity of 300 Km/hr and a 20° angle of attack. Determine the allowable weight of
cargo and power required for the engine. Take density of air as 1.2 kg/m’. Assume
coefficient of lift for the wing at 20°, angle of attack as 1.42 and coefficient of drag as
0.17.

List out the guiding rules for the choice of repeating variables in Buckingham 7 method.
Also state the rules that apply to form the groups of dimensionless n-term. A pipe line of
2 m diameter is to be designed to carry the oil at the rate of 5 m*/s with specific gravity
0.8 and viscosity of 0.042 poise. Test were conducted using a pipe of 20 cm diameter
with water having viscosity of 0.01 poise. Calculate the velocity and rate of flow required

for model.
* %k
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1. Explain the determination of viscosity by viscometer. A U-tube is made up of two
capillaries of bores 1.5 mm and 2mm respectively. The U tube is held vertical and
partially filled with liquid whose surface tension ¢ = 0.075 N/m. Find out the mass
density of the liquid if the difference in two menisci is 2 mm. Assume angle of contact is
ZErO0. [3+3]

2. Given: Container of mercury with vertical tubes d; = 39.5 mm Brass cylinder with
D =375 mm and H = 76.2 mm is introduced into larger tube, where it floats. Take
Sbfass = 8.5. [3+3]

1",

Krzzr] Tig

Find: (a) Pressure on bottom of cylinder
(b) New equilibrium level; h, of mercury

3. a) Find the resultant pressure force on curved surface ABCDE due to liquid with specific
gravity S = 1.25 take length of the curved surface ( normal to the paper) as 10 m. [8]




%

b)

by

The U-tube shown in figure below is filled with water. It is sealed at A and open to
the atmosphere at D. The tube is rotated about vertical axis AB at 1600 rpm. If the U-
tube is now spun at 300 rpm, what will the pressure be at A? If a small leaks appear at
A, how much water will be lost at D? {6]

Explain the metacentre with appropriate diagram. Write down the steps for
determining metacentric height in laboratory experiment. [6]

Consider fully developed two-dimensional flow between two infinite parallel plates
separated by distance h, with the both top and bottom plate stationary and forced

pressure gradient %Iidn'ving the flow (E—P is constant and negative]. The flow is
X

%

steady, incompressible and two-dimensional in x-y plane. The velocity components

are given by. [3]
1

d
Be=l Sty vt
dx

2p
Where p is fluid's viscosity. Is this flow rotational or irrotational?
A steady, incompressible, two dimensional velocity field is given by [31
V= (1+2.5x+y)i+(=0.5-3x=2.5y)]

Where 'x' and 'y’ are in m and magpitude of velocity in m/s. Determine, if there are
any stagnation points in this flow field and if so, where they are.

. Develop Bernoulli's equation based on Euler's equation of motion. Explain the four

applications of this principle in engineering. : [2+2]

a) Figure below shows a venturimeter with its axis vertical and arranged as a suction
device. The throat area and the outlet area of the venturi are 0.00025m> and 0.001m?
respectively. If the venturi discharges into the atmosphere, determine the minimum
discharge in the venturi at which flow will occur up the suction pipe. 7]




b) A sharp edged rectangular notch 30 cm long and a right-angled triangular notch are to
be used alternatively for gauging a discharge estimated to be about 20 lit/s. Find in
each cases the percentage error in computing the discharge that would be introduced
by an error of | mm in observing the head over the Notch. [5]

7. A 120° bend-cum reducer has 300 mm diameter at inlet and 200 mm diameter at the
outlet end. When the bend-cum reducer carries 0.30 m?/s of water, pressure at section
1(inlet) is 210 KN/m?. Assume no energy losses in the bend and determine the
components of force exerted by the bend on the flow. Assume the weight of the bend plus
water in it to be 1500 N. Assume section 2 (outlet) to be 0.40 m above sections 1(inlet).  [8]

8. Define the concept of boundary layer. Explain the growth of boundary layer along a thin
plate, when liquid is flowing over it, both for laminar and turbulent flow. Give two
examples of use of boundary layer concept. [1+3+1]

9. A thin circular cylinder of infinite length is placed transversely in fluid stream, draw
(Sketch only) the changes in flow pattern and drag coefficient with respect to variation in
Reynold number. Define the terms associated with the Aerofoil with neat sketch. [3+2]

10. a) Define distored model and its importance in mode] analysis. [1+2]—~

b) A pipeline of 2 m diameter is to be designed to carry the oil at the rate 5m’/s having
sp.gr. 0.92 and viscosity p = 0.04 poise. Tests were conducted using a pipe of 20 cm
diameter and water as a liquid. Find the velocity and rate of flow required for the
model pipe. Take p (water) = 0.01 poise. [5]
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