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Section A : Flow of Fluids, Hydraulic Machines and Hydro Power

A sphere 3 cm in diameter and of relative density 2.5 is attached to a string and is
suspended from the roof of a wind tunnel. If an air stream of 25 m/s flows past the
sphere then determine the inclination of the string to horizontal and the tension in the
string. (Neglect the weight and drag of the string).

[Take : Mass density of air, p_,. =1.25 kg/m? kinematic viscosity of air,

air

v, =140 x10° m?/s.]
Coefficient of drag
0.5 for 10* < R, <3x10°
Eo= g
0.2 for R, 23x10
[12 marks]
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(b)

Prove that the most efficient triangular cross-section channel is half of a square with its
diagonal horizontal
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Derive the expression for the efficiency of a Pelton turbine. Also determine the condition

for maximum efficiency and obtain the expression for the maximum efficiency of turbine.

[12 marks]
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(d){ A conical vessel having its outlet at A to which a U-tube manometer is connected is
shown in figure below. The reading of the manometer given in the figure shows when
the vessel is empty. Find the reading of the manometer when the vessel is completely
filled with water.
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A 30 cm x 15 cm venturimeter is provided in a vertical pipe line carrying oil of specific

gravity 0.9, the flow being upwards. The difference in elevation of the throat section

and entrance section of the venturimeter is 30 cm. The differential U-tube mercury

manometer shows a gauge deflection of 25 cm. Calculate:

(i) The discharge of oil

(ii) The pressure difference between the entrance section and the throat section. Take the
coefficient of venturimeter as 0.98 and specific gravity of mercury as 13.6.

[12 marks]
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12 (a)

th) + k) -
'}
) 4 k*H) - 181

3 Wb BHEHN of N
o i

A body has the cylindrical upper portion of 3 m diameter and 1.8 m deep. The lower
portion is a curved one, which displaces a volume of 0.6 m® of water. The centre of
buoyancy of the curved portion is at a distance of 1.95 m below the top of the cylinder.
The centre of gravity of the whole body is 1.20 m below the top of the cylinder. The total
displacement of water is 3.9 tonnes. Find the meta-centric height of the body.

e [20 marks]
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(b)

Air is flowing over a flat plate 500 mm long and 500 mm wide with a velocity of 5 m/s.
The kinematic viscosity of air is 0.1 x 104 m?/s. Determine:

(i) the boundary layer thickness at the end of the plate.
(if) shear stress at the end of the plate.

T
The velocity profile over the plate is i - sm( y and density of air is 1.2 kg/m?>.

., smy "*‘WW [ /
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(c)| (i) The velocity potential function for a two-dimensional flow is given by
o= (2%~ y?) + 3xy.

Determine
1. The stream function
2. The flow rate between the streamlines passing through points (1, 1) and (1, 2).

(ii) Show that in a triangular channel, the Froude numbers F, and F, corresponding to
alternate depths y, and y, respectively are related as

5
F_l 2_ 4+F-12
E, 4+F22

[10 + 10 = 20 marks]
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Q.3 (a)

Two large plane surfaces are 2.4 cm apart. The space between the surfaces is filled with
glycerine. What force is required to drag a very thin plate of surface area 0.5 square
metre between the two large plane surfaces at a speed of 0.6 m/s, if:

(i) The thin plate is in the middle of the two plane surfaces, and

(ii) The thin plate is at a distance of 0.8 cm from one of the plane surface? Take dynamic
viscosity of glycerine as 8.10 x 10~ Ns/m?.

4 [20 marks]
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(b)

A horizontal pipe line 40 m long is connected to a water tank at one end and discharges
freely into the atmosphere at the other end. For the first 25 m of its length from the tank,
the pipe is 150 mm in diameter and its diameter is suddenly enlarged to 300 mm
thereafter. The height of water level in the tank is 8 m above the centre line of the pipe.
Considering all losses of head which occur, determine the rate of flow. Take coefficient
of friction, f= 0.01 for both sections of the pipe.
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The resistance R experienced by a partially submerged body depends upon the velocity
V, length of the body I, dynamic viscosity of the fluid p, density of the fluid p and

gravitational acceleration g. Obtain a dimensionless expression of R. Also relate R to
some special dimensionaless numbers.

Wdl utvigble @ = K
T TR Y
M=6  0=3 0o o {undamunto] dimensiens  iwolved
o Wodums - men -
W LV and b T ﬂ\amhnq T avighley

[20 marks]
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Q4 (a)

A rectangular sluice gate AB, 2 m wide and 3 m long is hinged at A as shown in figure.
It is kept closed by a weight fixed to the gate. The total weight of the gate and weight
fixed to the gate is 343350 N. Find the height of the water ‘4" which will just cause the
gate to open. The centre of gravity of the weight and gate is at G.

[20 marks]
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(b)

(i) Explain radial flow reaction turbine. Describe its main components with the help of

schematic diagram.

(ii} A Francis turbine with an overall efficiency of 75% is required to produce 150 kW

power. It is working under a head H of 7.5 m. The peripheral velocity = 0.25,/2¢H

and the radial velocity of flow at inlet is 0.95,/2gH . The wheel runs at 160 rpm and

hydraulic losses in the turbine are 20% of the available energy. Assuming radial

discharge, determine:

47

The guide blade angle

2. The wheel angle at inlet
3
4. Width of the wheel at inlet

Diameter of wheel at inlet, and

N e e R,

[10 + 10 = 20 marks]
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Find the convective acceleration at the middle of a pipe which converges uniformly
from 0.4 m diameter to 0.2 m diameter over 2 m length. The rate of flow is 20 lit/s. If the
rate of flow changes uniformly from 20 lit/s to 40 lit/s in 30 seconds, find the total

acceleration at the middle of the pipe at 15% second.

[20 marks]
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R.5 (a)

Section B : Water Resource Engineering and Hydrology

For a catchment area of 12 km?, a 7 hr storm pattern is as follows:

Time (h) I 0= P S e
Precipitation (mm) |20 [ 40| 0 [30 50|40 | 5

The discharge observed at the gauging site is as follows:

Time(h) 0[1]2[3[a[5[6]7 89 [10[11]12]13]14
Discharge(Q)(m?/s) | 08|19 |34 |68 |58 |48 |40 |25[19 (15|11 6 | 3 | 0

Assume the evaporation loss to be 3 mm and the seepage loss equal to 50% of the
evaporation loss. Calculate ¢-index and w-index.
[12 marks]
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A tube well penetrates fully into a confined aquifer. The following data was collected
during observations. Calculate the discharge from the well.

Radius of tube well=20cm — T\N

Thickness of confined aquifer =25m — YWy 19 B

Drawdown=4m «— G\

Radius of circle of influence =300 m —s §

Coefficient of transmissibility = 125 x 104 m2/sec. —* |

Also calculate the coefficient of permeability. [12 marks]
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(c

e

Explain the advantages and disadvantages of canal lining in irrigation canal.
[12 marks]
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(d)

Determine the frequency of irrigation from the following data:
Field capacity of soil = 35%

Permanent wilting point = 18%

Density of soil = 1.5 g/cm?

Depth of root zone = 70 cm

Daily consumptive use of water =17 mm

(Take: Readily available moisture as 75% of the available moisture.)

W= %7 Qw?;l%‘/. 3= Vo 4m® L= 0-H

Gy = v foy | !

[12 marks]
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31%

(e)

Compares Kennedy's theory and Lacey’s theory for the design of alluvial canals. Also
discuss about the major drawbacks of Lacey's theory in the design of stable channels in
alluvial soils.

[12 marks]
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L.G (@)

(i) Calculate the mean precipitation for the area sketched below by Thiessen’s polygon
method. The area is composed of a square plus an equilateral triangle of side 8 km.
Rainfall reading in cm at the various stations are given in table below.

1 2
3 6
4 5
Rain gauge il 2 3 4 5 6
Rainfall reading | 10cm |[6cm [3cm |12cm | 3.6 cm | 8.4 cm

(ii) Discuss different forms of precipitation. How measurement of precipitation is

done?
[12 + 8 = 20 marks]
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(b)

In a wide stream, a suspended load sample taken at a height of 0.6 m from the bed
indicated a concentration of 1200 mg/! of sediment by weight. The stream is 6 m deep
and has a bed slope of 1/5000. The bed material can be assumed to be of uniform size
with a fall velocity of 4 cm/s. Determine the concentration of the suspended load at 2
m below top surface. Assume Von Karman's constant = 0.40.

(if) Table below gives the details for a certain crop. Using Blaney-Criddle equation and
a crop factor K = 0.80, determine the following :

1. consumptive use

2. consumptive irrigation requirement

3. field irrigation requirement, if water application efficiency is 0.75. The latitude

of the place is 30° N.
Monthly (%) of day | Useful rainfall
Month | Monthly Temp. (°C) | .
time hours of the year (cm)
August 23 7.20 -
September 19 7.18 1ih
October 18.5 7.50 0.6
November 16 7.30 -

(tii) Write a short note on quality of irrigation water.

[10 + 6 + 4 = 20 marks]
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A 12-hour storm rainfall with the following depths (in cm) occurred over a basin :
2.0,25,76,38,10.6,5.0,7.0,10.0,6.4,3.8, 1.4 and 1.4

The surface runoff resulting from the above storm is equivalent to 27.5 cm of depth over
basin. Calculate the average infiltration index for the basin.

Also calculate the average depth of hourly rainfall excess for a basin of area of 150 hectares.
The basin consists of area A;, A, and A, having average infiltration indices as given
below :

Area A1 | Ay | A3
Area (hectares) 40 | 60 | 50
Infiltration index (cm/hr) (7.5 | 4 | 0.8

[20 marks]
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.7 (a)

e

A masonry dam 10 m high is trapezoidal in section with top width of 1 m and bottom
width of 8.25 m. The face exposed to water has a batter of 1:10. Depth of water at upstream
level is 10 m. Calculate:

1. Factor of safety against overturning

2. Factor of safety against sliding

3. Shear friction factor

Assume coefficient of friction as 0.75, unit weight of masonry as 2240 kg/m?.
Permissible shear stress of joint = 14 kg/cm?. Based on the results give your remarks.

[Neglect uplift pressure and water level at downstream side]
[20 marks]
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(b)

(i) Describe various methods of surface irrigation with their advantages and

disadvantages.

(ii) For ariver, the estimated flood peaks for two return periods by the use of Gumbel’s

method, are given below.

Return period (years) Peak flood {(m®s)
100 485
50 445

What flood discharge in this river will have a return period of 1000 years?

[10 + 10 = 20 marks]
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(i) Whatdo you meant by ‘Stage’ of a river? List the different methods of measurement
of stage of a channel, by distinguishing it from gauge height.
(ii) Compute the flood discharge in a stream by the slope-area method for the following

data:
Area of cross-section (m’)| Wetted perimeter (m) |Roughness coefficient (n)
Section 1-1 206 65 0.045
Section 2-2 200 53.8 0.045

The drop in head and length between the two sections are 0.98 m and 125 m,
respectively.

[6 + 14 = 20 marks]
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(i) The base period, intensity of irrigation and duty of various crops under a canal
system are given in the table below. Calculate the reservoir capacity if the canal
losses are 25% and the reservoir losses are 10%.

o Base Period | Duty af the field | Area under the crop
P (days) (hectare / cumec) (hectares)
Wheat 110 1600 4800 }
Sugarcane 360 720 5800
Cotton 200 1800 2500
Rice 140 1000 3600
Vegetable 180 800 1500

(ii) Define the following terms :
1. Effective rainfall
Consumptive irrigation requirement
Net irrigation requirement
Field irrigation requirement

SL R

Gross irrigation requirement
[15 + 5 = 20 marks]
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(b)| (i) Explain the term “Exit Gradient”. Using Khosla’s theory, estimate the value of exit
gradient for a weir with a horizontal floor on a permeable foundation having width
b =10m, and depth of downstream sheet pile = 1.5 m. Given the difference between
upstream and downstream water levels is 4 m.

(ii) What do you understand by river training? State its objectives and also write in
brief about groynes, their types and support your answer with suitable sketches.

(iii) Design a regime channel for a discharge of 50 m®/s and silt factor 1.1 using Lacey’s
Theory.

[Assume any other data suitably]
[4 +4+12 =20 marks]
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In Muskingum method by McCarthy, the storage in a stream is given by S = K[xI + (1 - x)O]
where K is storage constant. Also, basic routing equation written for discrete time is

I +1 0,+0
(12 Z)t'[ 12 2]t:(52“51)

Derive from these the Muskingum equation of flood routing and determine the coefficients

therein. What is the sum of these coefficients?
[20 marks]
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