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CE 253 — FLUID MECH’ANICS AND MACHINERY
(Common to Mechatronics Engineering)
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Maximum : 100 marks

Note : Any missing data can be suitably assumed.
Answer ALL questions.

PART A — (10 x 2 = 20 marks)
Discuss about the importance of ideal fluid.

An open tank contains water upto depth of 2.85 m and above it an oil of apecific
gravity 0.92 for a depth of 2.1 m. Calculate the pressures at the interfaces of
two liquids and at the bottom of tank.

Discuss - momentum flux.
Write the Hagen-Poiseuille Equation and enumerate its importance.
Brief on HGL.

Explain the working of impulse turbine.

A water turbine has a velocity of 8.5 m/s at the entrance of draft tube and a
velocity of 2.2 m/s at exit. The frictional loss is 0.15 m and tailrace water is 4 m
below the entrance of draft tube. Calculate the pressure head at entrance.

Define — Specific speed of turbine.
Discuss - slip and velumetric efficiency.

Brief on the working of double acting reciprocating pump.
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PART B — (5 x 16 = 80 marks)

If water vapor in the atmosphere has a partial pressure of 3700 Pa
and the temperature is 30°C, what is its specific weight? If the
barometer reads 101 kPa abs. what is the partial pressure of the
(dry) air, and what is its specific weight? What is'the specific weight
of the atmosphere (air plus the water vapor present)? ®)

Velocities in a 210 mm diameter circular conduit, meagured at radii
of 0, 34, 64, and 85 mm, were 7.1, 6.9, 6.0, and 4.9 m/s respectively.
Find approximate values (graphically) of the volume flow rate and
the mean velacity. Also determine the ratio of the mean velocity to
the maximum velocity. 8)

Or

At a depth of 6.4 km in the ocean the pressure is 638 bar. Assume
specific weight at the, surface is 1025 kg/m? and that the average
volume modulus is 22,060 bar for that pressure range. What will be
the change in specific volume between that at the surface and at
that depth? What will be the specific volume at that depth? What
will be the specific weight at that depth? What is the percentage
change in the specific volume? What is'the percentage change in the
specific weight? ®
A flow field is defined by is wu=3y, v=2xyw=>52 Derive
expressions for the x,y and z components of acceleration. Find the

. magnitude of the velocity and acceleration at the point (2, 2, 1).

Specify units in terms of L and T. ®

The discharge of water through a 40° bend is 40 litres/s The inlet of
the bend is lying in the horizontal plane and the diameters at the
entrance and exit are 200 mm and 100 mm respectively. The
pressure measured at the entrance is 110 kN/m?, what is the
magnitude and direction of the force exerted by the water on the
bend? ' ®

Air flows without heat gain or loss through a uniform horizontal
pipe. At station 1 the pressure is 1140 kpa abs, the velocity is

‘.27 m/s, and the temperature is 20° C; at station 2 the pressure is

850 kPa abs. the velocity is 35 m/s, and the temperature is 10° C.
Between gections 1 and 2, find the head (mechanical energy) loss in
J/N; the change in enthalpy. Assume the air is a perfect gas. 8)

Or
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A Venturimeter of throat diameter 0.085 m is fitted in a 0.17 m
diameter vertical pipe in which liquid of relative density 0.85 flows
downwards. Pressure gauges are fitted to the inlet and to the throat
sections. The throat being 0.9 m below the inlet. Taking the
coefficient of the meter as 0.95 find the discharge when the
pressure gauges read the same and also when the inlet gauge reads
15000 N/m? higher than the throat gauge. 10)

An orifice of diameter 16 cm is inserted in a pipe of diameter 32 cm.
The pressure difference in a mercury-oil differential manometer is
52 cm of mercury. Caleulate the flow rate of oil if the specific
gravity is 0.02 assuming coefficient of discharge as 0.64. {6)

The flow rate in a 260 mm diameter pipe is 220 lit/s. The flow is
turbulent, and the centerline velocity is 4.85 m/s. Plot the velocity
profile, and determine the head loss per meter of pipe. (10)

Water at 20°C enters a pipe with a uniform velocity (U) of 3 m/s.
What is' the distance at which the transition (x) occurs from a
laminar to a turbulent boundary layer? If the thickness of this

initial laminar boundary layer is given by 4.91yvx/U what is its
thickness at the point of transition? (v — kinematic viscosity) 6)

Or

If the diameter of a pipe is doubled, what effect does this have on

the flow rate for a given head loss for laminar flow and turbulent
flow. ) (10)

A 200 mm diameter (f = 0.032) 175 m long discharges a 65 mm
diameter water jet into the atmosphere at a point which is- 75 m
below the water surface at intake. The entrance to the pipe is
reentrant with ke = 0.92 and the nozzle loss coefficient is 0.06. Find
the flow rate and the pressure head at the base of the nozzle. {6)

Use dimensionless analysis to arrange the following groups into
dimensionless parameters: Ap,V,7,g and F,p,L,VUse MLT
system. (6)
Consider an impulse wheel with a pitch diameter of 2.75 m and a
bucket angle of 170°. If the jet velocity is 58.0 m/s, the jet diameter
is 100 mm, and the rotational speed is 320 rpm, find the force on
the buckets, the torque on the runner, and the power transferred to

the runner. Assume v, =0.9v,. (10)

Or

o PRp—
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A centrifugal pump is to discharge.0.12 m¥s at a speed of 1400 rpm
with a head of 30 m. The impeller diameter is 275 mm, its width at
outlet is 50 mm. The manometric efficiency is 78%. Calculate the
vane angle at the outer periphery of the impeller. 8

Discuss the performance characteristics of reaction turbines in
detail. ()]

An inward flow reaction turbine has internal and external diameter
28 0.85 m and 1.0 m respectively. The hydraulic efficiency of turbine
is 0.92 under a head of 60 m. The velocity of flow at outlet is 3 m/s
and discharge at outlet is radial. The vane angle at outlet is 18° and
width of wheel is 75 mm. Calculate guide blade angle, turbine
speed, vane angle at inlet and power developed by the turbine. (10)

Discuss the working of rotary positive displacement pumps. (6)
Or

A centrifugal pump running at 1440 rpm has an impeller diameter
of 0.42 m. The backward curved blade outlet angle is 35° to the
tangent. The flow velocity at outlet is 10 m/s. Determine the static
head through which water will be lifted. In case a diffuser reduces
the outlet velocity to 40% of the velocity at the impeller outlet, what
will be the increase in the static head? 10

A reciprocating pump handling water with a born of 110 mm and
stroke of 205 mm runs at 38 rpm. The delivery pipe is of 90 mm
diameter and 30 m long. An air vessel of sufficient volume is added
at a distarice of 2.6 m from the pump. Determine the acceleration
head with and without the air vessel. ©)
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