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DETAILED EXPLANATIONS

1. (b)
- EH%dydexl Yy
Direction —» U U ap
offlow = @)~ ] dy«— pP+odxgiyx1 .
— ~ dx >
— 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+g—de)dy><1—r(dxx1)+[r+g—rdy]dx><1=0
X Y

oP 0T
ox oy
The pressure gradient in the direction of flow is equal to the shear gradient normal to the direction
of flow.
2. (d)
Since m 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.

3. (a)
dQ = |dy|=|w; — ]|
At (1, 1); Yy, = 3x12x1-13=2units
2
At (3, 1); y, = 3%(V3) x1-1° =8 units
So, dQ = |8-2]
= 6 units
4. (b)
In spherical water droplet,
AP - 20
Rdrop
c
In water jet, AP = R
jet
AP R
AP.t _ drop % drop
e 2 Rj,t
5_ R
= —X—
2 2R

AP. . = 1.25kPa
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10.

11.

(b)
Canill ) - 46 cos0
apillary rise, = (pg-d)
o = Surface tension
d = Diameter of tube
(pg) = Specific weight or weight density of fluid
(b)

Pipe flow is a case of application of Reynold’s model law and Weber model law is applicable in
capillary rise in narrow passages.

(d)

A submerged body becomes unstable if the centre of gravity is above the centre of buoyancy.
While a floating body may remain stable even if centre of gravity is above the centre of buoyancy
so statement 2 is wrong.

For a submerged body, if the centre of gravity coincides with the centre of buoyancy, the equilibrium
is said to be neutral stability so statement 4 is wrong.

(d)
(a)

The dimension of dynamic viscosity is ML'T-! and that of kinematic viscosity is L? T-..

(a)
Friction factor, f = 4f =4 x 0.02 = 0.08
Head loss in pipeline due to friction,
. 8Q° fl 80 0.08x1500
o m?¢ D° nPg (03)°

Applying Bernoulli’s theorem between reservoirs A and B,

2 Py V2
P, V B, "B _
_A+_A+ZA = pg+2g+zB+hf Epump
pg 28
Vo =Vp=0, P,=Py=P,,
z, = 200m, z,=185m, Epump= 20 m

2
Fatm | 500 Bam | 1854 —88 £5 -20
g P8 ng D
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12.

13.

802 x0.08 x 1500
= 200 -185+20 = 3 5
- x9.81x(0.3)
N Q = 0.0926 m3/s
(a)
Given, u, = V,=30m/s, 8 =1mm, A, =100 x 100 mm?

Ap = (100 - §7) (100 - §") mm?
Using continuity equation

ANV, = AV
AV 100x100 x 30
= Ve = TA,  (100-2)(100-2)

=

(d)
Given, 6 = 60°

V, = 31237 m/s

h__2
sin60° /3
The gate will start tipping about hinge B if the resultant pressure force acts at B. If the resultant

Distance, AC =

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)

I 5122 0,5

But i* is also given by, h* =
ut 1i* is also given by o

Taking width of gate unity, then
h

2h —
Area, A=AC><1=ﬁ><1;h=2

2h Y
3 s Ix| —=
bd® _1xAC’ _ T3
¢ 12 12 12
sn® 2K’
12x3%x+/3  9x/3
L, _ 2 sin’60 h
N 2h h 2

V32
255 o )
= h* = o2 T3 ...(ii)
From (i) and (ii)
2h
h-3 = 3
= h =9m

. Height of water required for tipping the gate = 9 m
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14.

15.

(b)
Reynolds number upto which laminar boundary exists = 2 x 10°
Kinematic viscosity for air

v = 0.15 stokes = 0.15 x 10* m?/s
pVx Vx
Reynold’s number, Re = " Y

If Re, = 2 x 10°, then x denotes the distance from the leading edge upto which laminar boundary
layer exists

9 x 105 = 10x x
©0.15%x107*
= x = 0.30 m =300 mm

For thickness of laminar boundary layer,

0 5
- = —x
5xx 5x0.30
S =

- JRe,  2x10°
3354 x 103 m = 3.354 mm

(b)

S, _0¥?
}’y__
5,
= 60\6‘?3 12m
Py
10 m
Datum
Velocity of flow, V, = V,=2m/s (uniform diameter)

Net head at section 1 (S,)

A VP 50x10° | (2)

1= +10=153m
pg 2% 1000%9.81  2x9.81

H, =

Net head at section 2 (S,)

2 3 2
oo B VB 20x10° | (2)

L= 2 )= +12=1424m
pg 29 1000x9.81  2x9.81

Since, net head at section 1 is greater than at section 2, so the flow direction is from section S, to S,,.
Head loss, H, = H, - H,
= 15.3-14.24 =1.06 m
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16.

17.

(a)

Let P is the point of intersection of the two jets coming from orifice (1) and (2), such that

x = Horizontal distance of P

y; = Vertical distance of P from orifice (1)

y = Vertical distance of P from orifice (2)

Then, Y, =

The equation of C,, is given by

For orifice (1), C

V1=

CV2 =

x X
J4y H,y ) J4y; %3

x x
J4,H,  \JAxy, x5
CV2

x

For orifice (2),
Since, CV1
. x

ence, Jay, <3
= 3y,
From (1) and (2),

Ya

So, CV2
= x

(a)

~ Jay, x5

5y,

3.0m

X
N

0.96x+/4x3x5
7436 m

Since for flow of fluids through pipes only viscous and inertia forces predominant, Reynolds

model law is the criterion for similarity. Thus

5,

By substitution, we get

V)

4x150x107°  Vx75x107
1.145x10°° 3.0x10°°
V = 2096 m/s
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18. (a)
Since the pipes are connected in series
L L, L, L,
— = —=t+—=+2
&£ d A4
1700 800 500 400

- $ 7 0500° 04° 03°
5= 1700
= 23903718
= d = 03719 m
= 371.9 mm ~ 372 mm
19. (o)
Using Bernoulli’s equation
2 2
&+V—1+Zl = &+V—2+ Z, +hL...(i)
v o2 Y28
v, = Q__40 =5.093 m/s
A T2
4
v, = Q__ 40 =1.273 m/s
A Tyo?
4
h, = 0 (Frictionless flow)
From eq. (i)
8.0 = 5.093° 0. b 1.273° 0
9.81 2x9.81 9.81 2x9.81
P, = 20.16 kPa
20. (b)
For the free vortex motion,
V xr = Constant
Hence, Virp = V,r,
Vi, 10x0.2
= = = 5
= T VA
Using Bernoulli’s equation,
2 2
i+V—1+Z1 = &+V—2+Zz
pg 28 pg 28
3 2 2
- 17.72x10°  10° . _ B, 5 o
1.24x9.810  2x9.81 pg  2x9.81
b,
= & = 9677.4 +5.097 + 0.1 - 1.274 - 0.2 = 9681.12 m
= P, = 117.765 kN/m? ~ 117.8 kN/m?

© Copyright: MADE EASY www.madeeasy.in



14 | Civil Engineering

E MADE ERASY

Leading Instituta for [ES, GATE & PSUs

21. (b)

The pressure gradient, M

roP _ D(oP
T = Ea—z(a—)

0.1_oP

= 196.2 = 1 %o0x

oP
= g = -7848 N/m?

Hence statement [1] is incorrect.

1 oP\
Average velocity, 7 = o X| 5 [Xr

X 7848x0.05* =3.5 m/s

x0.
Hence statement [2] is correct.

pVD  1300x3.5x0.1
T 0.7

Reynold’s number,  Re = =650
Hence statement [3] is correct.

22, (d)
Momentum thickness, 6 is given by

Su u
= | =l1-=|d
Iy 155 o

SRSl

D
|

U
D
|

|
—
=
1
N
<
Q1
<
)
S
<
W
<
e
|

28 38%  48° 58*

3 5] 15
23. (d)
. .. H 500
For maximum power transmission, hf = 3 =T =166.7 m
fLV2 0.06x 3500 % V2
Now, h, = =

F T dx2g  03x2x9.81
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= 166.7 = 35.68 V2
= V =2162m/s
2H
Head available at the end of the pipe =3 " 333.33 m
~.Maximum power available = pQg¢H = p (AV) gH
= p. = 1000 x%xO.Sz x2.162x9.81x333.33W
= P,.. = 499.7 kW ~ 500 kW
24, (a)
Horizontal force at curved gate, F,, = pgA,xh
= F,; = 9.81 x3 x4 x (15)
= F,, = 176.58 kN
Vertical force at curved gate, F, =pgVv
= Wt. of fluid above curved surface upto free surface
T
N F, = 9.81><(9—Z(3)2) x4
= F, = 75.929 kN
Resultant force acting at the centroid of curved gate,
Fy = JFA +F2 =/176.58% +75.929
= Fp = 192212 kN
25.  (c)
Given, u = 5 poise = 0.5 Ns/m?
nDN  ©x0.5x200
Tangential velocity of shaft, u = = =5.236 m/s
60 60
du 5.236 2
= b/ = 0.5x———==2618 N/m
Shear stress, T dy %102 /
Shear force on the shaft,F = tx A
= F =11xaDxL
= F = 2618 xmx0.5x0.1
= 41123 N
D 0.5
Torque on the Shaft, T = FXE =411.23 X7= 102.81 Nm
2xmx200
Power lost, P =Tx@p= 10281 x—

= 215325 W =215 kW
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26. (¢)
P,,, =100 kPa
Air 1
P,.=90kPa N §
£ (SG) =7
4
(SG), =13
10% x 90 + 13 x 9.81 x 10° x 0.18 =100 x 10° + (SG,) x 9.81 x 10° x 0.4
= (5G,) = 3.3
27.  (¢)
Reynold’s similarity law is applicable (pipe flow).
V. d V,d
o), = V= (Re)p =0T
Vin Vp

Vy AV dply Py

V = _m = X
TV AV, P duly
N Vi _ M o 1
Vo

Referring to oil with a subscript p and water with a suffix m.

Vi _ 131x107° 1
v, 03 1, 998
157920

=0.0604

V,, = Velocity of water =V, x 0.0604 = 2 x 0.06 = 0.12m/s
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28. (a)
V,=15 kmph
V, = 15 kmph =4.167 m/s
V2
Drag force, F, = CDApTO
VZ
Lift force, F, = CLADTO

Let weight of kite = W
Resolving the tension T into components in horizontal and vertical directions.

T
Tcos30°+W = F, and T sin 30° = Fp
T = Ip _ 0.25x(0.8% 0.5)><1.2><(4.167)2
sin30° sin30° x 2

_ _— 0.25x 0.41>< 1.2x17.36 5083 N

—x2

2
Now Tcos30°+W = F,

1.2 % (4.167 )

= 2.083 cos 30° +1 = C; x(0.8x 0.5)X%
= 2.804 = C, x 4.167
= C, = 0.673

L
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29.

30.

(c)

ki

As both the orifices are identical

I

(b)

Since

Cp = Cpy
x x
2y T 2yl
yhy = v
yp x4 =y,x8
Yy = 2y,
Y-y, =4
2y, -y, = 4
Y = 4m
Yy = 2y,=8m
C _x
ot 2yl
_x
0.95 = 5 /gxa
0.95x 2 x /32
10.75 m
Pstug _ Pstatic V_z
Y Y 2g
Vactual Cy \/28 (hstag - hstutic )

0.98,/29.81x(3-0.5)
6.86 m/s
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