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. Find the displacement thickness, momentum th

Answer any FIVE Questions
All Questions carry equal marks
* % x * Kk

(a) Find the loss of head when a pipe of diameter 200 mm is suddenly enlarged
to a diameter of 400 mm. The rate of flow of water through the pipe is
250 litres/s.

(b) Water is flowing through a horizontal pipe of diameter 2 m at’a velocity
of 3 m/s. A circular solid plate of diameter 150 mm igf placed”in $he pipe to
obstruct the flow. Find the loss of head due to ob ion\in pipe if
C. = 0.62. [7+8]

ald energy thickness for
by u/U = y/§ where u is the
=0, where 6= boundary layer
[15]

the Velocity distribution in the boundary la; ivi
velocity at a distance y from the pl
thickness.

(a) Calculate the veloc @01
i. v =-x1In
i. ¢ =1/ 5
) Wri
%\ e,'streak line and stream tube
. Str

eam function, velocity potential function and flow nets. [7+8]

(5,5) for the following stream functions:

Two parallel plates kept 75 mm apart have laminar flow of glycerine between them
with a maximum velocity of 1 m/s. Calculate the discharge per metre width, the
shear stress at the plates, the difference in pressure between two points 25 m apart,
the velocity gradients at the plates and velocity at 15 mm from the plate.

Take p of glycerine as 8.35 poise. [15]

(a) A fireman holds a water hose ending into a nozzle that issues a 25mm diameter
jet of water. If the pressure of water in the 60mm diameter hose is 750kPa,
find the force experienced by the fireman.

(b) Derive Euler‘s equation of motion along a stream line. [10+5]
a) The pressure inside a droplet of water is 0.04N/cm? greater than the atmo-
g

spheric pressure. Calculate the diameter of the droplet. Take surface tension
(water with air) = 81N /m.

(b) A velocity profile of a flowing fluid over a flat plate is parabolic and given
by u = ay?+by+c where a, b and ¢ are constants. The velocity of fluid is
1.4m/s at 15cm from the plate. The plate is the vertex point of the velocity
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distribution. Find out the velocity gradients and shear stresses at y = 0, 8
and 18 cm respectively. [4+11]

7. (a) A suppressed rectangular weir is constructed across a channel of 0.77 m width
with a head of 0.39 m and the crest 0.6 m above the bed of the channel.
Estimate the discharge over it. Consider velocity of approach and assume Cy
= 0.623.

(b) A sharp crested rectangular weir of 1 m height extends across a rectangular
channel of 3 m width. If the head of water over the weir is 0.45 m, calculate
the discharge, Consider velocity of approach and assume C; = 0.623.  [7+8]

8. A rectangular lamina 3mx1m is held in water at a depth of 1.5m € he free
water surface:
(a) If the 3m height is vertical, determine the total pressure e on the lamina

and depth of centre of pressure.

(b) If 1m side lies in the vertical plane at the sa epth,then find out the change
in total pressure force acting and dept centr pressure.
(¢) Another circular lamina havin e ectangle is also kept at 1.5m

below the free water surfacg. the total pressure force acting on the
circular lamina and cen‘&) ur [15]

of
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1. A discharge of 2000 m?/s is to pass over a rectangular weir. The weir is divided
into a number of openings each of span 10 m. If the velocity of approach is 4 m/s,
find the number of openings needed in order that the head of water g%
is not to exceed 2 m.

2. Find the total pressure and depth of centre of pressure on a
3m and height 3m which is immersed inwater such th
angle of 60° with the free surface. The base of the pla
and at a depth of 2m from water surface.

ate makes an

to water surface
[15]

3. A horizontal pipe line 40 m long is water tank at one end and
discharges freely into the atmosphe end. For the first 25 m of its
length from the tank, the pi 5 ameter and its diameter is suddenly
enlarged to 300 mm. The heightYof water level in the tank is 8 m above the centre
of the pipe. Consideringfall lossesfof head, determine the rate of flow. Take f = 0.1
for both sections : [15]

4. (a) Explai e
iCpath line
ii. streak Iine
1. stream line and
iv. stream tube.
(b) A fluid flow field is given by V = x*y?i+y?zj-(2xyz+yz®)k. Prove that it is a
case of possible steady incompressible fluid flow. Calculate the velocity at the
point (2,3,7). [7+8]

5. Obtain an expression for the boundary shear stress in terms of momentum thickness.
[15]

6. (a) State the assumptions involved in Bernoulli’s energy theorem. Write any four
limitations of the theorem.

(b) The diameter of a pipe changes from 220mm at a section 6m above datum to
95mm at a section 2.5m above datum. The pressure of water at first section
is 400 kPa. If the velocity of flow at the first section is 2m/s, determine the
intensity of pressure at the second section. [7+8]

7. Lubricating oil of specific gravity 0.82 and dynamic viscosity 12.066 x 10? N.s/m? is
pumped at a rate of 0.02 m3/s through a 0.15 m diameter 300m long pipe. Calculate
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the pressure drop, average shear stress at the wall of the pipe and the power required
to maintain flow, if the pipe is inclined at 15 degree with the horizontal and the
flow is in downward direction. [15]

8. A hydraulic lift consists of a 25cm diameter ram which slides in a 25.015cm diameter
cylinder, the annular space being filled with oil having a kinetic viscosity of 0.025
cm?/sec and specific gravity of 0.85. If the rate of travel of the ram is 9.15m/min,
find the fractional resistance when 0.3m of the ram is engaged. [15]

* ok ok ok ok
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. State Bernoulli’s theorem for steady flow of an incompressible fluid. Derive an

expression for Bernoulli‘s equation from first principles and state the asgumptions
made for such a derivation. [15]

. Show that 1)=x2-y? represents on two dimentional irrotationaigflow d the po-
15]

[

Find the thickness of the boundary layer at the trai of¥smooth plate of
length 4m and of width 1.5m, when the plate is in h a velocity of 4m/s in

tential function

stationary air. Take kinematic viscosity of S m?/s. [15]
(a) A piston 886mm diameter an ng works in a cylinder of 900mm
diameter. If the annular s ith a lubricating oil of viscosity

6 poise, calculate the spedd of \descent of piston in vertical position. The
weight of piston a ial load are 11.8N.
(b) Explain the 0 of vapour pressure. [10+5]
icti rgurbulent flow through rough pipes can be determined by

Two resergoirs with a surface level difference of 20 metres are to be connected by
1 metre diameter pipe 6 km long. What will be the discharge when a cast iron
pipe of roughness k = 0.3 mm is used ? what will be the percentage increase in
the discharge if the cast iron pipe is replaced by a steel pipe of roughness k = 0.1
mm? Neglect all local losses. [15]

(a) Derive an expression for the depth of centre of pressure from free surface of
liquid of an inclined plane surface submerged in the liquid.

(b) Find the total pressure and position of centre of pressure on a triangular plate
of base 2.4m and height 3.6m which is immersed in water in such a way that
the plan of the plate makes an angle of 60° with the free surface of the water.
The base of the plate is parallel to water surface and is at a depth of 3.0m
from water surface. [7+8]

Lubricating oil of specific gravity 0.82 and dynamic viscosity 12.066 x 10? N.s/m? is
pumped at a rate of 0.02 m3/s through a 0.15 m diameter 300m long pipe. Calculate
the pressure drop, average shear stress at the wall of the pipe and the power required
to maintain flow, if the pipe is inclined at 15 degree with the horizontal and the
flow is in upward direction. [15]
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8.

(a)

Find the throat diameter of a venturimeter, when fitted to a horizontal main
10 ecm diameter having a discharges of 20 liters per second. Pressure gauges
inserted at the entrance and throat indicate pressures 158 kPa and 82 kPa
respectively. Take C; = 0.95.

If instead of pressure gauges, the entrance and throat of the meter are con-
nected to the two limbs of a U-tube mercury manometer, determine its reading
in cm of differential mercury column.

In case the venturimeter is located in a vertical pipe, with water flowing up-
wards, find the difference in the readings of the mercury manometer. Throat
section is 20 cm above the entrance section of the venturimeter.
mensions of pipe and venturimeter remain unaltered, as well as discharge

through the pipe.
* % * x * &
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1.

2.
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(a) Compare the advantages of using venturimetrs and orifice meters in fluid flow
measurements.

(b) A venturimeter of throat diameter 6 cm has a discharge coefficiet of .97, and
with a flow of 0.025 m?/s, the pressure differential is 10 Nfi*. Make calcula-
tions for the flow rate, when an orifice of 6 cm is installed imtheSgame pipe.
The discharge coefficient for the orifice is 0.62 andgthg presgurggdifferential is
the same. [7+8]

Derive the equation to find velocity at a particidar¥pdint® from the centre of an
inclined pipe through which a laminar flow 18 therdy [15]

An U-tube differntial manometemwas uséd t@ connnect two pressure pipes P and
Q as shown in figure 3. Thegpipe ‘R confains a liquid having specific gravity of
1.8 under a pressure of 95mN/m?. The pipe ‘Q’ contains another liquid having
specific gravity 0.9 undér a pressute of 180 kN/m?. Find the difference of pressure
if mercury is usedgfis @ U-tubg)liquid. [15]

@_

Figure 3

(a) A pipe line AB of diameter 300 mm and of length 400 m carries water at the
rate of 50 litres/s. The flow takes place from A to B where point B is 30
metres above A. Find the pressure at A if the pressure at B is 19.62 N/cm?
Take f = 0.008.

(b) Water is flowing through a horizontal pipe of diameter 250 mm at a velocity
of 4 m/s. A circular solid plate of diameter 170 mm is placed in the pipe to
obstruct the flow. Find the loss of head due to obstruction in the pipe if C.
= 0.63. [7+8]
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6.

. A smooth flat plate of length 5 m and width 2 m is moviag

(a) The stream function in a two dimensional flow is ¢ = 3x-2y+5xy. Verify
whether the flow is irrotational. Determine the direction of stream line at a
point (1,-2). Determine also the expression for the velocity potential.

(b) What do you mean by flow net? Cite any two examples where the flow net is
utilized as a tool in analyzing flow problems. Also show that the stream lines
and equipotential lines form a net of mutually perpendicular lines. [7+8]

A trapezoidal plate of parallel sides ‘1" and ‘21" and height ‘h’ is immersed vertically
in water with its side of length ‘I’ horizontal and topmost. The top edge is at a
depth ‘h’ below the water surface. Determine:

(a) Total force on one side of the plate

(b) Location of the centre of pressure. [15]

ith '@ velgeity of 4 m/s
in stationary air of density as 1.25 kg/m? and kinema ityWh x 107> m?/s.
Determine thickness of the boundary layer at the@uaili ge of the smooth plate.
Find the total drag on one side of the platefassumin at the boundary layer is
turbulent from the very beginning. [15]

In a 45° bend a rectangular air cress sectional area is gradually reduced
to 0.5 m? area. Find the mé@nituddiand "irection of force required to hold the

duct in position, if the ity of flowdat 1 m? section is 10m/sec and pressure is
30 kN/m?. Assume spe igh

f air as 0.0118 kN/m3. [15]
\ * Kk kK Kk
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