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DETAILED EXPLANATIONS

(b)

- H‘+ﬂdy%ixx1 Yy
Direction :: Dﬂ U op
offlow = @) —~[ ] dy~— [P+dxgiyx1 .
— — dx —
e T(dxx1)

For steady and uniform flow, there is no acceleration and hence ressultant force in the direction
of flow is zero

Px(dyxl)—(P+3—dejdyx1—r(dx><1)+(r+g—rdy]dxxl=0
X Y

or 0T

ox 0y
The pressure gradient in the direction of flow is equal to the shear gradient normal to the direction
of flow.
(d)

Given: D, = 200 mm, D, = 400 mm
Velocity in smaller diameter pipe,

Q 0250 m°%/s

= =796 m/s
A ZX(O'Z)Z

vV, =

Velocity in larger diameter pipe,

3
- g:—o.fo M/S _199 m/s
Ay ZX(O'4)2

Loss of head due to sudden enlargement is given by,
Vi -V,)  (7.96-1.99)
o2

=1.817 m of water

(d)

Since GTVI rolling << m pitching

Hence the stability of ship in rolling is more critical compared to pitching.
Higher the period of oscillation, more comfort the passengers will feel.

(a)

dQ = |dy|=|w; -]
At (1, 1); Yy, = 3x12x1-13=2units
At (3, 1); v, = 3x(v3) x1-1> =8 units
So, dQ = |8-2| = 6 units
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(c)
When % >0, it means that depth of water increases in the direction of flow. The profile of water

X

so obtained is called back water curve.

dh
When E< 0, it means that the depth of water decrease in the direction of flow. The profile of

the water so obtained is called drop down curve.

(d)
Momentum thickness, 6 is given by
du U
sly) vl 2w, v
- o= Do
3 3 4
e A
U T R ST G
2y 5y 4y’ '
IR
2y2 3 5y3 N 4y4 _y_S_B
T 28 38 48 58
[5-Bis-8)-2
3 5] 15
7. (a)
Equating pressure at interface level,
P, +py8(0.15) = py, (0.1)
where p,, is density of oil and p,, o 18 density of mercury
=P, + (0.85 x 10% x g x 0.15 =(13.6 x 10% x g x 0.10
= P, = 12090.825 N/m?
= 12.09 kN/m?
(b)
Since the pipes are connected in series
L _L.,L
5 = 5 5
d di d;
800 300 N 500
- & 7 400°  300°
= d> = 3.403 x 1012
= d = 32091 mm
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10.

11.

(b)

Buoyancy force acts through center of gravity of displaced liquid.

A large metacentric height in a vessel improves stability and makes time period of oscillation
shorter.

(@)
Consider an annular ring with thickness dr at radius r. Velocity variation in the gap is given as
linear.
Hence the velocity at radius r from centre = v = wr
Shear stress on the ring,

oo
L e
Force on the ring, dE = 1 x dA
= (Mw ijnrdr =(2n“w)r2dr
h
2muw \ 2
Torque on the ring, dT = Fxr=rtdA = . e rdr
= 2mpo rodr
h
§ 2MUW ¢ 3
Total torque on disc = J.dT :TJ. d
0 0
4 R
2nuw | r nuszL
= T = — | =
0
(d)
Given, 6 = 60°
i 2
Distance, AC = T

The gate will start tipping about hinge B if the resultant pressure force acts at B. If the resultant
pressure force passes through a point which is lying from B to C anywhere on the gate, the gate
will tip over the hinge. Hence for the given position, point B becomes the centre of pressure.
Depth of centre of pressure,

h* = (h-3)m (1)
Iosin®0  —
But h* is also given by, I* = S Y. g
Ah
Taking width of gate unity, then
2h - h
Area, A= ACx1= —3><1,‘ h=§
1x 21 '
L bd® _1xAC’ _T\3) 8w 2w’
G 12 12 12 12x3xy3 9x+/3
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12.

V32
2h3><Z h 2k
- "= T 2T
From (i) and (ii)
2h
h-3 = 3
= h =9m

. Height of water required for tipping the gate = 9 m

(b)
Let Q be the initial discharge.
Diameter, d = 0.55 m, Length, [ = 1.75 km = 1750 m

875 m —f= 875 m —
) ()
©)

<875 m —~|
" . 81Q°
Bef ddit f i =
efore addition of pipe,; s
2
. 3 - B00)X(750)0
7% (9.81) x (0.55)
Solving, Q = 0.51 m3/sec

After addition of pipe, i = hg, + I,
Where, hf2 is Head loss in pipe 2, hf3 is Head loss in pipe 3

Also, hf2 = hf3
f 1205 _ f 1317?2,
28D, 28D;
Uy = U
Also, let Q" be the final discharge
Now, Q =Q,+Q, [ Continuity equation]
’ Q=0 [ V,=V5 Ay = Aj]
= Qz = Q3 :%
Substituting values in (ii)
’ ’ 2
o 8MhQ” 8L (Q/2)

S n’¢D}  n’gD;

8x0.04x875 ( o Q7
30 = +
% x9.81x0.55° LQ 4
Solving, Q = 0.65m?/s

...(ii)

.. (ii)
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% increase = Q-0 x 100 = Mx 100 = 27.45%
0.51
13. (b)
Given, b =10m , y =3m
V=1m/s
1
Bed slope, S, = 2000

Slope of energy line, S, = 0.00004
Change of depth flow of flow along the channel,

dy S0~ 5y
Now, x - 1-F2
) So-S -
_ d_y _ 2 2f _ 0.00025 0.200004 _ 0.00021 — 917 x 104
x 1 v e 0.966
gy 9.81x3
14. (b)
Velocity before expansion, V, = 2.65 m/s
Velocity after expansion V, = 1.18 m/s
Loss of load at sudden expansion
1 \2 B 2
oo (Vi-Va)" _(2.65-1.18)" _ 011
L 2xg 2x9.81
By energy equation
2 2
p_1+V_1+Z = p—2+V—2+z+HL
P 28 P 28
P2 P Vi vy
= o = o to T T
g pg 28 28
2 2
- p2 _ _20x1000 N 2657 118 011

1000x9.81 ~ 9.81x1000 2x9.81 2x9.81
p, = 21.735 kN/m?
~ 21.74 kKN/m?
Increase in pressure = (21.74 - 20) kN/m?
= 1.74 kN/m?

15. (a)
Given, H=6m,x=2mand y =0.18 m

X 2
Now,Coefficient of velocity, C,, = 2JyH = 2J018x6 =0.962

Now, Discharge, Q = C; x Ax2gH

where ‘Q” is 4 x 10 m?/s
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=

Now,

2
C, x%x\/zxg&m
0.522
= €, xC,

where Ceois coefficient of contraction

16. (d)

On the quadrant part,

Ce

S 052 _ 55

T C, 0962

Horizontal component of hydrostatic force,

Fy

y (Projected area) x 71 = 9.81x10° x1.2x25x (1.5 + %)

61803 N = 61.8 kN

Vertical component of hydrostatic force,

17.  (c)

Local shear stress,

18.  (b)

For rough pipe,

EFy

= y [Volume of water above the curved surface upto free surface

=P

of water level]

2
9.81x 103 {1.2(2.7) - @} x 2.5
51723.88 = 51.72 kN

-1 F_H =t _1(ﬁ)
tan [pv G

50.07°

57
|

d
w 2D T 1.02><10‘3><&X’{3
dy ) 28 2%x8x10

0.30

R
210810 (k—J +1.74 = 210g10 (W

S

)+ 1.74=8.09

0.015

fv?
8
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0.64
where, V=V = %= p- =2.264m/s
8 ~%0.67
4
2
o = 1000><0.0;5><2.264 9,61 N/m?
19.  (¢)

I 2u, I

B L S

Velocity profile is given by: u = uo(l +%)

fudA :J.:uo(1+g](dyx1)

favg T T4 (Bx1)
Y
1+=| =
Let, ( B] t
dy = Bdt
At y=0 = t=1
At, y=B = t=2
U, 2 . 3uy

3
B
IusdA _[0 u8(1+g) (dyx1)
A (15u,) x(Bx1)

. Kinetic energy correction factor,o =

ugB f2t3 1 _15_10

L A x=2="=111
(1.5u, )’ x B! (157 4 9
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20. (d)

p

I

Consider the gate width as 1 m

Z, 0 =23.57°
5

sin O

~
Il

/ b
R i 0 @)

TR

Q

F, = YX (Projected area) xh = 9.81x (4x1) x% =78.48 kN

Yy XV =yXx Area[Sector POQR - Triangle POQ]

1%
= 9.81x|nx5? x(wj ~ L 4x5c0s23.57° | = 1097 kN
360 2
F, = JF} + F2 =(7848)? +(1097)? =79.24 kN
21. (a)
2
(v -V2)
Total head loss, h; = ~————

28

Also Q=A,V,=A,V,;
d12V1 = d% Vs
2 2
10V, = 20°V, 1ot

Vv, =4V,
In series, Q, = Q,=Q=0.1m?/sec

Q=AV, =AY,
- 01 g(m)zv1 -V, =12.73 m/s
And, 01 %(0.2)21/2 — V, =318 m/s

12.73-3.18)°
poo (273318 ) e

2x9.81
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22,  (a)
z w
2em} [0 Airw
X - ; = _szrz
TTeeeeT 2
' Water T e
20 cm ! C Ok
v 16 cm E 16icmt
Water just touches point A
w?(0.16)>
004 = ————
28
dF = Pressure x Area = pgh x 2nrdr
2.2
F = J'dP = ng[0.18+ wr ]xandr
&
0.16 22
= F = 2mpg | (0.18+w d ]rdr
0 28
N 0.16
01872  w? r*
= 27mpg —X—
2 29 4
L 0
i 2 2 2
= 2mpg 0.09(0.16)2 + 2 (0.16) + (0.16) =157.8 N
| 29 4
23. (b)

Let x be the distance from the leading edge such that the drag force in distance x is one-third of
the total drag force.

1 2
Fo. = 3fou = Co, (BX)K%J

chL(BL)(ngJ

FDL
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Cop x
Cp, L

But from CDfx

CDf L

4
X L

= x

24. (o)

For a function to be a valid potential function for incompressible flow, it must satisfy laplace

equation i.e., V2 = 0.
Checking for option (a):

Checking for option (b):

99
ox

9%

dy

V24
Checking for option (c):

9
ox

Fo. _1

1.328
Jux /v
1.328

JuL/v

W=

O = Wk

Alogxy = Allog x + log y]
A 9% A

x' o x?
A 9o _A
y

;5= 2
0%x

<

A(cosx + siny)

A : . ﬂ = A

(-sinx); ol cosx

82
Acosy; W = - Asiny
%0 9% .
——+—— =-A(cosx + siny) #0 (Not OK
o = A 90 ( )
g(xz _yz)
%0

Axv, 5 =A

X ox>
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9% 0%
ay = —Ay} ay—z =_A
%0 9%
V2 = 22422 A+ (-A)=0 (OK
¢ 2 o2 (-A)=0 (OK)

Correct option is (c).
25.  (c)

XL 12x0.8

= = = 653061.2245 > 5x10°
L v 1.47x10

.. Turbulent flow

So, for turbulent flow, boundary layer thickness,

0.376x _ 0.376 x L
T (Re)"® (Rey)'?

0.376 x0.8
_ = 0.02067m
= % = (65306122455
- 6 = 2.067 cm
26. (d)
| ! | | 1/4 |
0.664
For laminar flow, Cp = Re
ui
where, Re = v
0.664
= T
v
1
Co =

CD\f = Constant

CD,l \/E = CD,z \/E

D,1 ZZ

~

@)

O
S
N

—
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27.

28.

Cos _ [I/A
Cp, l
C
oL L_os
CD,Z 4
(d)
. 4
Liquid1: S.G=09
0.6 L
14 0.6-h
I 0.6 m |
Liquid 2: S.G=12
Buoyant force, Fy Weight of fluid displaced
= Fg [(0.9 x 9.81) x 0.6 x 0.6 x h]
+ [(1.2 x 9.81) x 0.6 x 0.6 x (0.6 - h)]
Now, Fg (-1.0595h + 2.5428) kN

Weight of block

For stable equilibrium,
Weight of block

= 2.11896

= h

= h
(d)

Given: L,

Py

Hy

Pm

(14 x 9.81 x 0.6 x 0.6 x 0.3) + (0.6 x 9.81 x 0.6 x 0.6 x 0.3)
211896 kN

Buoyant force

- 1.0595h + 2.5428

2.5428 —2.1189
1.0595

0.4m=40cm

Ly _1 V. =900 kmph
L, 37" e
1.582 kg/m3

1.474 x 10~° kg/m.s

= 999.7 kg/m3, p_ =1.307 x 10 kg/m.s

Since, in the given condition viscous forces are predominant.

- For dynamic similarity,(Re) , = (Re)p

pmeLm

PVl

Mo

m

Ky

Y (PpYhy X( o )
Lr' Pr Mp mem
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( 1.582 x 900 x 3Lm) [ 1307 1072
U 1474x107° 999.7 x L,

378.86 kmph ~ 379 kmph

= 1%

29. (a)
According to principle of manometry,
Py pig2 +05) - pyy xgx05-pg(2) =P,
= Py - P, = py, x g *0.5-p,g(0.5)

= Py - Py = 05xg(py, —py) =05xgx (S5, -5)p,
= P,-P, = 05x981 (13.6 - 0.8) x 1000 Pa
= P, - P, = 62784 Pa ~ 62.78 kPa

30. (o)

Applying Bernoulli’s equation between 1 and 2

2 2
oYLy P2, Y, 5

pg 28 pg 28
As Pr = P2= Patm
and V, = 0 (Free surface of reservoir)
VZ
Zl = 2—2+Z2
8
v
= 20 Z,-7,=0.6-(-0.25)=0.85
= V,2 = 2gx0.85
= Vy = J2x9.81x0.85
= V, = 408m/s~41m/s
EEEE
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