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DETAILED EXPLANATIONS

1. (c)
Dimensions of dynamic viscosity is M'L71T-L

2. (d)
3. (d)
4. (d)
As per Manning’s formula,
1
o = —.R2/351/2
n
vm
We know that, o " \/E
p

The dimension of R = [L]
The dimension of S = M°L°T®

2/3
’ Tlp Uy
n_m (LI’ )2/3
ey =
My JL
1, 0.012
= n, = = =0.025
14 Lr1/6 (1j1/6
80
5. (b)
Centre of pressure h, = h+ ILG—
P ’ ? Al
_ 2
Here, h = 1+§X15 =2m
e 1 3
= —=—x2x(15
e 36 36 (1)
= 019 m*
1 1
and A = Eth=EX2X1.5 =1.5 m2
hey = 2+ 0L o 206m
1.5x2
6. (d)
In case of parallel connection, head loss remains same for all the pipes.
hey = hgy
2 2
B st L 8GE L

nzg D} - thg D}
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10.

11.

where Q, and Q, are discharges in smaller and larger diameter pipe respectively

Since, f and L are equal for both the pipes,

a4 9

D D3
Here, D, = 20cm
and D, = 35cm

Q _ b)) /(@f _
Qz = D, = 35 = (0.2468 = 0.25

(a)
(a)

Equating pressure at interface level,
P, +p8(0.15) = py, g(0.1)
where p, is density of oil and py;, is density of mercury
= P, +(0.85x10% x ¢ x0.15 = (13.6 x 10%) x g x 0.10
= P, = 12090.825 N/m? = 12.09 kN/m?

(@)

Hydraulic gradient line gives the sum of datum head and the pressure head.

In a gradual contraction, the velocity of flow increases and the pressure decreases. The flow is
from higher to lower pressure, which eliminates the causes of turbulence following formation of
eddies. The loss of energy in a gradual contraction (also called as reducer) is due to friction
mainly, and the resistance (energy loss) offered by a reducer is always less than that of a similar
diffuser.

(d)

Kinetic energy correction factor is given by

1

3
o = AV3 J.u dA
(d) .
Pressure inside the bubble (P,) = 200 N/m? " |
2 mm diameter
Pressure outside the bubble (P,) = pgh re
AVA
_ 0.92x10% x9.81x > )
100 1.5cm
= 135.378 N/m?
AP = P, - P, =200 -135.378 o
= 64.622 N/m? Bubble
o
Now, AP = - [where ‘¥ is internal radius of tube]
64.622 = 20
- 0527 0.0011
= 6 = 0.0355 N/m
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12. (¢)

(/PN
@M

A bourdon gauge records the gauge pressure relative to the pressure of medium surrounding the
tube. Local atmospheric pressure is measured by the aneroid barometer.

In the present case, local atmospheric pressure outside the gauge N = 750 mm of mercury.

Hence absolute pressure at N,

35x10° x 1000
13.6 x 1000 x 9.81

(Py)aps. = 750 +£ J =1012.34 mm of mercury

The gauge M reads relative to its surrounding pressure of 1012.34 mm of mercury (abs.)

20 x10° x 1000
13.6 x 1000 x 9.81

Hence, (Pyp).ps = 1012.34 +( j =1162.25 mm of mercury

. difference in magnitude of absolute pressure
= (Pypabs = (Pa)aps = 1162.25 - 1012.34 = 149.91 (mm of mercury)

13. ()
ou Ju du
Now, a, = ¥+”$+U@
= 2t+ (> +3y) x 0 + (4t + 5x) x 3 = 14t + 15x
dv Jdv 0v
Similarly, a, = Ut U@ =4+ (£ + 3y) (5) + (4t + 5x) (0)
= 4 +5£ + 15y

At point (5, 3) and f = 2 units,
a = 14 x2+15 x5 =103 unit
a, = 4+ (5% 2%+ (15 x 3) = 69 unit

@ = JoZ+a,? = J103) + (697 =123.975 units ~123.98 units
14, (d)

30x10°
60 x 60

Velocity, V,, = 30 km/hr = =833 m/s

Drag force, Fj, = CD%QAVOz - 0.2><%><103><(2><1.5)><(8.33)2

= 20816.67 N = 20.82 kN
Li _ 1 2 1 .3 2
ift force, F, = Cp x > xpxAVy = 0.6 % 5 x 107 x (2x1.5)x8.33

= 62450 N = 62.45 kN

Resultant force, F = \JE3+F2 = 1/(20.82)% +(62.45)% = 65.83 kN
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15. (a)

Volume of sea water displaced, V =

Using the relation,

Also, Metacentric height, GM
Now, T
16. (b)

BM =

Weight ~ 40000 B ,
Specific weight of sea water =~ 101 3960.396 m
L 00 _ 2.2725
V3960396 <M

BM - BG =2.2725-1.5=0.7725 m

2 = 27, |[————— =9.1297 = 9.13 sec
GMx g 0.7725x9.81

Consider 1 m length of pile, F,

cl

Lever arm, a;

F,

=

c2

Lever arm, a,

Net moment about base, M

Force due to salt water
Y141

(1.035 % 9.81) x (3.5 x 1.0)(3—;’) = 62.2 kN

Depth of centre of pressure from free surface of force F;

1x3.5°
o 35
B+ =+ 12 S5y =2333m
Ay (3.5x1)x [2)

35-2333=1167m

Force due to fresh water

Y2Aghy = 9.81x (25x1)x (%) = 30.7 kN

Depth of centre of pressure from free surface of force F,

; 1x2.5°
fiy + 88}7 =23, 12 55 | =1.667 m
Apchy 2 (2'5X1)X(§)

25-1.667 =0.833 m
Fia, - Fya,
62.2x1.167 - 30.7x0.833 = 72.59-25.57 = 47.02 kN-m = 47 kN-m
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17.  (d)
20 ch -- 5 ---------- — 30 cm
Head loss due to sudden expansion,
P (V1 =V)?
L 2¢g
Also, Q =AV,=A)V,
2 2
- 05 = My -y,
4 4
0.5x4
= Vyd} = Vardy == [d, =02m,d,=03m]
= V, = 15.92m/s
and V, = 707m/s
_ (15.92-7.07)*
h, w98l 3.99 m
18. (b)
Let ‘n” be the number of parachutes needed
1
Now, Drag force, F,, = ECDApV2
1 T Q2 2
= Ex1.3xz><8 x1.25x4" = 653.45 N
Number of hut ired _ 10O =2.296 ~ 3
umber of parachutes required, n = =27 = = 2.296 =
19. (b)
In venturimeter,
Rate of flow, Q = %- [2gH
A - A
3
Here, Ho= 18 28 1|18 wq =226.8 cm
w 10
0.98 x = x 35% x T x 20
Q = 44 «\2x9.81x10° x2268
(" X 352) —(” X 202)
4 4
= 217284.83 cm3/s =217.28 [/s = 217.3 1/s
20. (a)
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Given, H=6m,x=2mand y =0.18 m

X

Now,Coefficient of velocity, C|, = ) \/ﬁ

2
= ——=0.962
240.18 x 6
Now, Discharge, Q = C,;x Ax/2¢H
where ‘Q” is 4 x 103 m3/s
2
- 4x1@3=(;x§i%glxdzx9&x6
= C, = 0522
Now, C, = C,xC,
where C_ is coefficient of contraction
C; 0522
- —=——=0.543
= Ce = ¢, 0962

21. (a)

For two dimensional laminar flow between paralllel plates,

12uv
BZ

op
Pressure gradient, “ox

12x1.05x107 x1.4

0.012)° =12250 Pa/m
22, (d)
Case 1: Single pipe connection

Y

= 1
h
v,

< d=03m —> )
Town's water source
Town's sink
o |
~ 12(03)° - @)

Case 2: Dual pipe connection

www.madeeasy.in © Copyright: MADE EASY
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Y
= 1
h
¥
e
Q/2 d
Town's water
source
Town's sink
2
f(Q/2 3
h = (12—(15) ... (ii)

Using (i) and (ii)
S A/

12003° 124
= d = 02274 m = 22.74 cm
= d = 2274 mm ~ 227 mm
23. (a)
4+ p, (Air,p=1 kg/mS)
X
Y
_________ v, 2
vV, = J2gh
b-P
= Pg

Applying pressure balance equation between (1) and (2)
P =pgy —pugx+p8(y+x) = P,

—Pz_Pl = x(l_p_mj

P8 P
po= x1-Pn :0.15(1—L)
P 1000

h = 0149 m

V), = v2x9.81x0.149 =1.714 m/s

24. (o)
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=

1l

>

»

@.

=]
N a
VR
o=
N——

du =V cosH ¥ |x
dy 2186 ) 28
1 sh u du
Local shear stress, T, = W 7~
0 dy =0
Vom
= X —
s
= 1.02><10’3><&Xn_3
2x8x10
= 0.04 N/m?

25. (a)
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,

du_(wr
T dellh

TxdA
nwr X 2mrdr = M r2dr
h h

Torque on the ring, dT = Fxvr
rtdA

= (ZTtuwjrz' rdr
h

(_271;1 @ )r3dr
h

2 wR
dT = H J.r3dr
0

Force on the ring, dF

Total torque on disc =

h

4R
2muw | r*
- Yo [4}0

|
O —=

nuwR"‘
2h

26. (a)
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Equation of stream line is given as,

dx dy
uw v
dx dy
= cos®  sin®
= dx = @dy
sin®

Integrating both sides, we get

cosB
Idx - J.sine 4y

= x =ycotO+C

As the line is passing through origin, therefore, C = 0.

27. (b
Central velocity = C,/2gh
= 0.98x+/2x9.81x0.06
= 1.06 m/s
Mean velocity = 0.85 x1.06 =0.9 m/s
T 2
Discharge, Q = ZXO.?) x 0.9
= 0.064 m3/s
28. (a)
As we know, Q = |d1|1| = |1|12 —\|11|
At (2, 1): v, = 8x2x12-2(2)
= 12 units
At (242,1); v, = 8x202x12-2(22) = 1242
So, 0 = ‘12\/5 - 12‘ = 4.97 units
29. (d)
Given, 6 = 60°
- h__2h
Distance, AC = sin60° 3

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,

W = (h-3)m (i)
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I sin*0
But h* is also given by, h* = —  +
ut 1i* is also given by A
Taking width of gate unity, then
_ _ 2 n2t
Area, A—ACxl—\/g ; 2

2n Y
3 3 1x| ==
bd> _1xAC® _ J3
G 12 12 12

8w 2K
12x3x+/3  9%+/3

21 sin?60 h

= —=X +—
"= 90 2h k2

V32
3
3
- 2h XZ+E_% )
= = o2 "3 ...(ii)
From (i) and (ii)
h-3 = 2
T3
= h=9m

. Height of water required for tipping the gate = 9 m
30. (d)

Momentum thickness, 6 is given by

D
|
2,
C=
7\
—_
|
C=
Ne—
S

[ sy 4t T [5_5_5+5_§}_2_5
T 28 38 48 58 3 51 15
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