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Answer ALL Questions
The figures in the right hand margin indicate marks.
PART – A: (Multiple Choice Questions)                                                                                    (1 x 10 = 10 Marks)

	Q.1.  Answer ALL questions
	[CO#]
	[PO#]

	a.
	The specific gravity of a liquid has
	
	

	
	(i) the same unit as that of mass density
	(ii) the same unit as that of weight density
	1
	1

	
	(iii) the same unit as that of specific volume
	(iv) no unit
	
	

	b.
	Which of the following contribute to the reason behind the origin of surface tension?
	1
	1

	
	(i) only cohesive forces
	(ii) only adhesive forces
	
	

	
	(iii) neither cohesive forces nor adhesive forces
	(iv) both cohesive forces and adhesive forces
	
	

	c.
	Which of the following is the correct relation between centroid (G) and the centre of pressure (P) of a plane submerged in a liquid?
	1
	1

	
	(i) G is always below P
	(ii) P is always below G
	
	

	
	(iii) G is either at P or below it.
	(iv) P is either at G or below it.
	
	

	d.
	 What will be the shape of the pathline for an one-dimensional flow be like?
	2
	1

	
	(i) straight line
	(ii) parabolic
	
	

	
	(iii) hyperbolic
	(iv) elliptical
	
	

	e.
	When is orifice called ‘large orifice’?
	2
	1

	
	(i) If the head of liquid is less than 5 times the depth of orifice
	(ii) If the head of liquid is less than 2.5 times the depth of orifice
	
	

	
	(iii) If the head of liquid is less Hence, 4 times the depth of orifice
	(iv) If the head of liquid is less than 1.5 times the depth of orifice
	
	

	f.
	 Which is the cheapest device for measuring flow / discharge rate.
	3
	2

	
	(i) Venturimeter
	(ii) Pitot tube
	
	

	
	(iii) Orificemeter
	(iv) None of the mentioned
	
	

	g.
	Which among the following is the correct formula to find out the shear modulus(G)?
	3
	2

	
	(i) E/2
	(ii) v/2
	
	

	
	(iii) E/2(1+v)
	(iv) 2E(1+v)
	
	

	h.
	Which among the following is an assumption of Hagen-Poiseuille equation?
	4
	2

	
	(i) Fluid is compressible
	(ii) Fluid is uniform
	
	

	
	(iii) Fluid is laminar
	(iv) Fluid is turbulent
	
	

	i.
	A reciprocating pump is a class of _________
	4
	2

	
	(i) Negative displacement
	(ii) Positive displacement
	
	

	
	(iii) Zero displacement
	(iv) Infinite displacement
	
	

	j.
	The force analysis on a curved vane is understood using______
	4
	2

	
	(i) Velocity triangles
	(ii) Angle of the plate
	
	

	
	(iii) Vane angles
	(iv)         Plate dimensions
	
	




PART – B: (Short Answer Questions)                                                                            (2 x 10 = 20 Marks)

	Q.2. Answer ALL questions
	[CO#]
	[PO#]

	a.
	Define Surface Tension.
 Surface tension is defined as the tensile force acting on the surface of the liquid in contact with a gas or on the surface between two immiscible liquids such that the contact surface behaves like a membrane under tension.
	1
	1

	b.
	List the types of fluid flow. 
Steady and unsteady flow Uniform and non-uniform flow Laminar and Turbulent flow Compressible and incompressible flow Rotational and ir-rotational flow One,two and three dimensional flow.
	1
	1

	c.
	List the instruments works on the basis of Bernoulli’s equation. 
Venturi meter; Orifice meter; Pitot tube.
	1
	1

	d.
	Define Vapour Pressure. 
When vaporization takes place, the molecules start accumulating over the free liquid surface exerting pressure on the liquid surface. This pressure is known as Vapour pressure of the liquid.
	2
	1

	e.
	Mention the range of Reynold’s number for laminar and turbulent flow in a pipe.
 If the Reynold’s number is less than 2000, the flow is laminar. But if the Reynold’s number is greater than 4000, the flow is turbulent flow.
	2
	1

	f.
	What is compound pipe or pipes in series? 
When the pipes of different length and different diameters are connected end to end, then the pipes are called as compound pipes or pipes in series.
	2
	2

	g.
	Define Priming of a centrifugal pump. 
Priming of a centrifugal pump is defined as the operation in which the suction pipe, casing of the pump and a portion of the delivery pipe up to the delivery valve is completely filled up from outside source with the liquid to be raised by the pump before starting the pump.
	3
	2

	h.
	How are fluid machines classified? 
Fluid machines are classified into two categories depending upon transfer of energy: 1. Turbines – hydraulic energy is converted to mechanical energy and then electrical energy. 2. Pumps – electrical energy is converted to mechanical energy and then hydraulic energy.
	3
	2

	i.
	Define volumetric efficiency. 
The ratio of the volume of the water actually striking the runner to the volume of water supplied to the turbine is defined as volumetric efficiency
	4
	2

	j.
	What is mean by Draft Tube? 
The draft tube is a pipe of gradually increasing area which connects the outlet of the runner to the tail race. One end of the draft tube is connected to the outlet of the runner while the other end is sub-merged below the level of water in the tail race.
	4
	2



PART – C: (Long Answer Questions)                                                                             (10 x 4 = 40 Marks)

	Answer ALL questions
	Marks
	[CO#]
	[PO#]

	3. a.
	A tank of 1m length and of cross-section shown in fig. 3 a contains water. The tank is made of 4 mm steel plates.
(i) What is the force on the bottom due to water? (ii) What are the longitudinal tensile stresses in the side walls AB if (a) the tank is suspended from the top and (b) it is supported at the bottom?



[image: ]
Figure 3b
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	10
	
	

	
	(OR)
	
	
	

	b.
	For the hydraulic jack shown in Fig. 3b find the load lifted by the large piston when a force of 400 N is applied on the small piston. Assume the specific weight of the liquid in the jack is 9810 N/m3.
[image: ]
Figure 3 b

[image: ]
[image: ]
	10
	
	

	
	
	
	
	

	4. a.
	A wooden block of specific gravity 0.75 floats in water. If the size of the block is 1 m × 0.5 m × 0.4 m, find its metacentric height. 

[image: ]
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	10
	
	

	
	(OR)
	
	
	

	b.
	In a fluid, the velocity field is given by V = (3x + 2y) i + (2z + 3x2 ) j + (2t – 3z) k Determine: (i) The velocity components u, v, w at any point in the flow field; (ii) The speed at point (1, 1, 1); (iii) The speed at time t = 2s at point (0, 0, 2). Also classify the velocity field as steady, or unsteady, uniform or non-uniform and one, two or three dimensional.
[image: ]
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	10
	
	

	
	
	
	
	

	5. a.
	A Francis turbine of specific speed 100 develops 15.2 *103.  kW under a head of 200 m. The overall efficiency is 0.86 and the velocity of flow is constant and is equal to 10 m/s. The hydraulic efficiency is 0.89, the ratio of width to diameter of wheel at the inlet is equal to 0.1 and the area occupied by the thickness of the blades is equal to 5% of the area of water way. Workout the area, guide blade angle, vane angle, peripheral velocity and velocity of whirl at the inlet. Assume axial discharge.
[image: ]
[image: ]
	
	
	

	
	(OR)
	
	
	

	b.
	A Kaplan turbine develops 50*103  kW under a net head of 30 m with an overall efficiency of 85%. Taking the value of speed ratio = 2, flow ratio = 0.6 and diameter of the hub = 0.35 times of the diameter of the runner, then calculate (i) the diameter of the runner, (ii) speed of the turbine and (iii) specific speed of the turbine.
[image: ]
	
	
	

	
	
	
	
	

	6. a.
	The impeller of a centrifugal pump is of 0.3 m diameter, 0.05 m width at the periphery and has blades whose tip angle inclines backwards 60° from the radius. The pump delivers 15 m3/min and the impeller rotates at 1000 rpm. Assume that the pump is designed to admit radially and calculate (i) the speed and direction of water as it leaves the impeller, (ii) torque exerted by the impeller in water, (iii) shaft power required and (iv) lift of the pump. Take mechanical efficiency as 95% and hydraulic efficiency as 75%
[image: ]
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	(OR)
	
	
	

	b.
	A single acting reciprocating pump delivers 9 litres per second of water against a suction head of 4 m and a delivery head of 16 m while running at a speed of 60 rpm. The diameter and stroke of the piston are 200 mm and 300 mm, respectively. Determine (i) the theoretical discharge, (ii) coefficient of discharge, (iii) slip, (iv) percentage slip and 
(v) power required to drive the pump.
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(a) When suspended from the top the stress on the side walls,

G = 4414 T —348 KN/m? (Ans.)

(0.6+0.6+1.0+1.0)x

1000

(b) When supported from bottom the stress on the side walls,

o 1.324 =103.4 kN/m® (Ans.)

(0.6+0.6+1.0+1.0)x

1000
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Area of small piston, a = %dz =7 % 0.032=7.068 x 10~ o

Diameter of the large piston, D = 100 mm=0.1m
Area of large piston, 4 = % D*= Z % 0.12="7.854 x 107 m*
Force on small piston, ¥ = 400 N

Load lifted, #:

Pressure intensity on small piston, p = % = ﬁ =5.66 x 105 N/m*
. X

Pressure intensity at section LL,

P = £ + Pressure intensity due to height of 300 mm of liquid

a
_F . s 300
vl =566 x 10°+9810 x e

= 5.66 x 10° +2943 = 5.689 x 10° N/m*
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Pressure intensity transmitted to the large piston = 5.689 x 10° N/m>
Force on the large piston = Pressure intensity x area of large piston
=5.689 x 10° x 7.854 x 107 = 4468 N
Hence, load lifted by the large piston = 4468 N (Ans.)
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Solution. Size (or dimensions) of the block = 1m
x0.5m>x04m

Specifice gravity of wood = 0.75

Specific weight w = 0.75 x 9.81 = 7.36 kN/m*

‘Weight of wooden block = specific weight x volume
=736x1x0.5%x04=1472kN

Let depth of immersion = / metres.

‘Weight of water displaced

= Specific weight of water x volume of the
wood submerged in water
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=981 x1x05xh=49hkN
Now, for equilibrium:
Weight of wooden block = Weight of water displaced i.e, 1.472=49 1

) _ 1472 _ .
or, h 10 0.3m
.. Distance of centre of buoyancy from bottom i.e.,
h_03
=2-22-015
OB 3= 0.15m
and, 06 = 0—;‘ —02m
BG = OG-0B=02-0.15=0.05m
I
Also, BM = 7
‘Where, 7 = Moment of inertia of a rectangular section
_1x05° 4
= B 0.014 m

and, 7 = Volume of water displaced (or volume of wood in water)
=1x05xh=1x05x03=0.15m’

_1_00104 _
BM = =015 0.069 m
‘We know that the metacentric height,
GM = BM-BG (-G is above B)

= 0.069 —0.05=0.019 m (Ans.)
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Solution. Given:  Velocity field, V' = (3x+2y)i+ (2z+3x)j+(2r-32) k
(7) Velocity components:
The velocity components are:
u = 3x+2p,v=(2z+3%), w=(2r-32) (Ans.)
(ii) Speed at point (1,1, 1), V,

a1y
Substituting x =1, y = 1, z= 1 in the expressions for #, v and w, we have:

u=(+2)=5v=02+3)=5w=(2-3)
7=l
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=5 +5"+ -3y
=25+25+47 - 121+9
=47 - 12t +359

Vo= V47 —126 +59 (Ans)

(iii) Speed at 7 = 2s at point (0, 0, 2):
Substituting 7 = 2, x =0,y =0, =2 in the expressions for «, v and w, we get:
u=0,v=2x2+0)=4,w=(2x2-3x2)=-2
P =+ +w=0+4+(2=20

or, V(o,o.z) = /20 =4.472 units (Ans.)

Velocity field, type:

(7) Since ¥ at given (x, y, =) depends on t it is unsteady flow, (Ans.)
(i7) Since at given 7 velocity changes in the . direction it is non-uniform flow. (Ans.)
(7ii) Since V depends on x, v, = it is three dimensional flow. (Ans.)
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Solution
Refer Figure 22.15. LetN, =100, P=152x10° kW, H=200m, n, =0.86,
V5=V, =10mss, 0, =089, (B/D,)=0.1, 4 =0.05xD,B;and ¥, =0.

H
si4 /4
oy 100200 o
P 520
1000P 1000x15.2x10° N

Since
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The actual area of flow is given by,
4, =0957D,B, = 0.957D, x0.1D, = 0.0957D}

0= 4,%xV; =00952D; x10=0.957D;

S 2 [P0 s m
095z Vo9sr

B, =0.1D; =0.1x1.7375=0.17375 m

4, =0.0957D;% =0.095xx1.7375> =0.901 m*
" :xz,]zv _ xxl.n':)xam.os _ss5mis
Since W= Vitti
gH
_mugH _ 0.89x9.81x200

=31463m/s
u; 555

As u; > V,;, velocity triangle at the inlet will be as shown in Figure 22.15.

e

31463
Thus (180°-6) = tan ™' (0.416) = 22.59°
2.6=180°-22.59° =157.41°

__ 10
; 555-31463

416
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Solution
Let P=50x10° kW, H=30m, 1,=085, K, =2, K/

(i) u; =K, \2gH =2x/2x9.81x30 = 48.522 m/s

V= Ky \2gH = 0.6xJ2x 98130 = 14.56 m/s

.6and D, =0.35D,.

J1000P _ 1000XS0XI0 o0 s
P,gHN, 1000x9.81x30x0.85

x
0=3(0 Wy
199.876 = gxw‘} ~(035D,)*]x14.56

10.034D,> =199.876
199876 _ 4 s630m
10.034

60
60u; _ 60x48.522 _,
Tx44632

207.63xV50x10°
3070

=D,
ZD,N

(i) ;=

07.63 rpm

=661.26
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and 17, = 0.75.
ADN _mx03x1000 _ o
60
Since Q=1D,B,V,
P R TP,
7x03%0.05
Since
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) V, = V2 +7,,° =V532 12,65 =13.715m/s

33 gz
12.65

(i) Torque exerted by the impeller on the water is given by,
T =p,0V,,R, =1000x0.25x12.65%0.15 = 474.375 Nm

ANT _ 27 x1000x474.375

P, =To= = 49.676 kW
60 601000
676 _ 5220 kW
095
Pu8OH,, oy =
von L= ]
100077y, _ 1000x0.75x49676 _ 1 110

P20 1000x9.81x0.25
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Let Oy =91/s=0.009 m*/s, by =4m, by =16m, N =60 pm, D=200mm=02m and L=300 mm=03m.

2
i) 0~ ALY ZDPXLN _ wx0.2°x03%60 _ o o013/
60 4x60 4x60

0.009
0, 0009425

(i) Cy =

(iii) §= 0~ Ouer =0.009425-0.009 = 0.000425 m* /s

O = Qaet 0.0425

(iv) %S = X100 = ——=2_x100 = 451%
0.009425

i
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(V) H=h +h;=4+16=20m

_PuOuH _1000X981X0.00042520

Fan=
1000 1000

=1.8492 kW
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() Force on the bottom:
Force on the bottom due to water,
Pyttom = WAX
=9.81 x (0.6 x 1.0) x 0.75
= 4.414 kN (Ans.)
(ii) Longitudinal tensile stresses:
Force on the surface 44,
P,, =981x(03x1.0)x045
= 1.324 kKN




