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DETAILED EXPLANATIONS

1. (c)
. _ _[dv _du} 9 9 2
Vorticity, Q = 2mw,= (a_x @] = (4xy) 3y (xy )
Q =4y -2xy
At (1, 2), Q(Lz)=4><2—2><1><2=8—4=45‘1
2. (c)

As per given data,
Gauge pressure = 350 kPa

Barometric reading = 740 mm Hg
Prg = 13590 kg/m?
The atmospheric (or barometric) pressure can be expressed,
P, = pgh=13590 x 9.81 x 740 x 107

= 98.655 kPa
Then the absolute pressure in the tank is
Pis = Pgayge * Pagm = 350 kPa + 98.655 kPa
P,., = 448.655 kPa
3. (d)
Continuity equation, Q; = Q, + Q,
Now, Q, = AV, =0.008V,
Q, = AV,=0.004V, =0.004 x 2V, [Given, V, = 2V,]
= 0.008V,
Now, Q, = Q,
0.3
- Discharge at point 3, Q, = % == 0.15m? /s
4. (d)
By Newton’s law of viscosity,
oo
T= U dy
05 = px—0
~ = 0010-0)
u = 0.005=5x 10 Ns/m?.
5. (d)
Total energy of a flowing fluid can be represented in terms of head which is given by
2
L + o + Z = Constant
P 28 ‘
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10.

11.

Piezometric head is the sum of pressure head and datum head and it is given by (&"' Z].

The pressure at any point in a static fluid is obtained by hydrostatic law which is given by P = -pgh,

where 1 is the height of the point from the free surface. As we go down h is negative so the
pressure gets increased and datum gets decreased.
Therefore, Piezometric head remains constant at all points in the liquid.

(b)

As for laminar flow,

1
Boundary layer thickness () o< Re
.. pVD
As the free stream velocity, T, &8l -~ Re =T
For turbulent flow,
1
Boundary layer thickness () o< W
e

As the free stream velocity TT, 811 and it also depending on the kinematic viscosity 8TT as
kinematic viscosity (v) T.

(c)
We know, C, = C.xC,

2
0.180

095%x| ——| =
[0‘200} 0.769

(c)
As we know, the average velocity in fully developed laminar pipe flow is
1y,

avg 2 max

max = 2Vag =2%2=40m/s
(0)
(a)

(a)

Applying Bernoulli’s equation between the two reservoirs, we get

2 2 2
29 2gD 2g
V2 fL
= —|1.5+—
= 12.5 2g{ D}
_ V2[5, 0.04x1000
= 125 = 5510 05
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2
= 125 = —x81.5
= V =175m/s
12. (d)
As, Drag force, F = pV?2L?
E,  p VAL, 0
= 272 1
Ey PV Ly
As, Re = Rep
PVl PpVplp
L
Vo L
= T . (i
v, L, (i)
Using equation (i) and (ii)
Fy
F, =1
= Fp = 300 N
13. (b)
Volume of the cube, V = 125 mL
@ = 125 %103 x 103 m?3
a = 0.05m

Pressure at bottom surface,

P =

bottom

bottom

bottom

14. (a)
T =
15. (a)
Jp
Pressure gradient ERl
umax =
= 3

= 8x0.02

Patm + (pgh)oil + [pg(h + a)]water
101 x 10% + (800 x 9.81 x 0.5) + [1000 x 9.81 x (0.3 + 0.05)]

108357.5 Pa
P, x A

bottom

108357.5 x 0.05% = 270.89 N

du
2 _u(4-4
u ( x)

2(4 -4 x 1) =0N/m?

- 1o x 12
8ul| ox

-1 (a—p]x(oms)z
0x
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- oo - -2133.33 N/m?/m
X

dp -3x8x0.02
(0.015)

16. (¢
Given: u = 2xy?, v = 3 xyt

a, = ug—z+ g: ?9 ny ><2y +3xytx4xy +0

At(l,1)and t=1s, a, = 2x2+12=16m/s?

v dv  ov
- U—+v—+—=2 X 3yt + 3xyt X 3xt + 3
a, = " ox dy ot xy y o * x

At(1,1)and t=1s, a, = 6+9+3=18m/s>

@ = a2 +a2 =V16? +18? =24.08m/s? ~ 241 m/s?

17.  (a)
Radius: r = 10 mm
. Diameter: d=2r=2x10=20mm = 0.02 m

72
= 72ke/hr= ——2_=0.02k
m g/hr = 3600 g/s

u = 0.002 kg/ms
pvd

u
From continuity equation, m = pAV

Reynolds number: Re =

m m 4m
or V= —=—3z3="3>
pA  pnd- pnd
4
_ ﬂ 4m B 4m 4x0.02 a
Re = " ond ~mnd . mx0.002x002 03662
18. (a)

0.6 m

' 09m

Initial conditions Final condition
when bottom starts exposing

Apply forced vortex motion equation at points (1) and (2)

2 2
pg 28 g 28
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At point 1, P, =P, = Pgauge =0
V, = oR; =
zp =0
At point, P, =P, = Pgauge =0
z, = 0.6
oR
Therefore, 0-0+0 = 0—@+0.6
28
2 2
Q) (0.45)
= 2x(981) ~ 0°
= o = 7.62rad/s
19. (d)
ou ov
ox dy
20. (¢

Refer figure,

h

il

h=4m ——

S [ —

‘ I4R/3n
Depth of centre of gravity,
= h-ineg- XL 3576m
3m 3x—
7
21. (o)
As
N X
In x-direction, U= -7
X" +y
ou B —(xz +y2)+2x2 _ x> —yz
N B S
and,
N Y
In y-direction, VS Tyl

o Copyright: MADE EASY www.madeeasy.in



12 | Mechanical Engineering

India's Best Instituts for IES, GATE & PSUs

22,

23.

24.

25.

26.

Continuity equation
au o0

(b)

A velocity potential is a scalar function used in potential flow theory.

(b)

F = x—xﬂxl
o= VT
2
F, = 10x%xn(2) x1=157kN/m
(b)
D, = 6x102m

1

D, =69x 102 m
As soap bubble has two surfaces,

. 2 _p2\|_ 2 _ 12
Therefore total change in surface area = 2|:47T(Rf -k )} = Z[W(Df - D )J

2 (0.003647) = 7.294 x 1073 m?2
o x AA =0.039 x 7.294 x 1073
2.845 x 107 Joule

Work input required, W

(b)

Velocity of air in pitot tube is

V = c\2gh

h o= x(s—’"—l)=12x103(;3—1)
S 1.2x10
h = 9.988 m
V = 2x9.81x9.988 ~14 m/s
(b)
Conservation of mass,
| i
My =My = dt tank
n. ., dh
= PAV, —pAV, = pXZD T
dh
= (0127 x[25-19] = (075 x—
an-_ 0.01536
= g -0 m/s

So, time required to fill remaining tank,
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1-03
t = s
0.01536
= t = 4557s

27.  (c)
Minor loss due to sudden expansion from 6 cm diameter pipe to 12 cm is given by

2
Vel A
(hf)expansion = _|:1_A_2i|

28
2
V_lle_ﬁz—v_lle_lz iv_lz
- 2g a2 2¢ 2 ~ 16| 29
28. (d)
Projected area (A,) = Ixd
= 1x0.05=0.05 m?
1
Total drag, F,, = C, XEpué XA,
= 1.25><[%><1.2><O.22}<O.05
= 15x10° N
Shear drag = 0.18x[§x1.2x0.22}<0.05
= 0.216 x 10° N
Total drag = Shear drag + Pressure drag
1.5 x 10 = 0.216 x 103 + Pressure drag
Pressure drag = 1.284 x 10° N
29. (b)
nD?
The frontal area of a sphere is A = .

The drag force acting on the balloon is

2
40x5
1.20
ro= cpaf” _(02) ) | )( 18 ) ~570.14 N
b 2 4 2
Acceleration in the direction of the winds
m 350
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30. (¢)
As per given data:
* = i * — 1
ut = and y 5
dy* = 8 ldy

The given parabolic velocity distribution and the expression for the displacement thickness can
then be expressed as

1
u* = 2]/* _ y*Z’ and 5* = SJ.(l—I/l*)dy*
0

Combining these equations gives,

1
5 = of(1-2y*+y"2)ay+
0

1 1
§* = S[y*—y*z +—y*3}
3 o
1
oF = 55
3¢ 1
5 3
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