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DETAILED EXPLANATIONS

2. (d)

Dynamic viscosity, i = 0.006 poise = 6 x 10 Pa.s
Specific gravity, SG = 0.75

Density of liquid, p = (SG) X p,, .ier
= 0.75 x 1000
= 750 kg/m3
Kinematic viscosity is given as:
o 6x107
VS o 750

8 x 107 m?/s = 8 x 1073 stokes
Note : 1 stokes = 10* m?/s; 1 Poise = 0.1 Pa.s

3. (b)
dp _ -,
P, = 1MPa; P;=5 MPa, ;= 5% =0.05
1
Bulk modulus is given by,
. P Pr—F
o)
Pi Pi
_ 271 80 MPa=0.08GPa
.05
4, (a)
Given: P =6 N/cm? = 6 x 10* Pa, Prg = 13600 kg/m?
Pressure is given as, P = Prg 8 H
6 x 10* = 13600 x 9.81 x H
= H = 0.44972 m
= 449.75 mm ~ 450 mm
5. (b)
v = x? - 3xy?

The velocity in x-direction is given as:

i’} = —[0 - 6xy]= 6xy

u = ay
The velocity in y-direction is given as:
v = v =2x— 3y2
ox

Resultant velocity, V

\/m = \/(6xy)2 + (2x - 3y2 )2
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2
) = \/(6><1><2)2+(2><1—3><22)

J12% + (<10)* =15.62 units

6. (a)
I 7 28 _ 2%
Velocity field, V = x"1-y"]
Hence, u = x?and v = -1
The equation of stream line is given as:
dx _ 4
u v
dx - dy
= x2 = _y2
by _ v
= dx B x2
7. (a)
The momentum thickness (6**) is given as
Su u
w = | —|1-—|d
o - [t )
0
8 3 3
o\ 20 213 26 2\%
S
] dy o 3yt oy 3ty
T o\28 48 48t 28° 43t 48°
o
3y 3y’ 3y vt 3y
= 2 4 3 4 6
45 48 208% 85° 208" 283 0
(3 3 3 1 3 1)
R e e e
4 4 20 8 20 28
_
280
8** ~ 2
- 5 280
8. (c)

The displacement thickness (6*) is given as:
)
u
C— 1-—|d
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9. (b)

a

(Shear stress)

[e4]

S

du o do

(Shear rate) dy dt

* For Rheopectic fluids, with increase in shear stress the slope of the curve increases. Hence, the

viscosity increases.

* For Pseudoplastic fluids, with increase in shear stress the slope of the curve decreases. Hence,

the viscosity decreases.

Examples of Rheopectic fluid : Gypsum in water, printer ink, etc.
Examples of Thixotropic fluid : Ice cream, crude coil, etc.

10. (d)

Given : d = 200 mm, f= 0.025, L = 1000 m, Q = 0.2 m3/s

Frictional head loss is given as,

2
a2
242
ot g
290 2gd

ocopyight: MMIADE ERSY

www.madeeasy.in



16

ESE 2024 Prelims Exam e Classroom Test Series

MADE ERSYH

1 fLQ?

T 121 £

f=

1 0.025x1000 x (0.2)?
12.1 (0.2)°

=258.26 m

Given : SG = 0.7, v = 0.01 stokes =1 x 10° m?/s, D = 80 mm, Re = 2000

pvD _ vD
u v

v % 0.080

(1x107%)

2000 x 107°

=0.025m/s
0.080

&_P_oz[Ps—PoJ
pg pg \ pg

C,\288H =C, 28(—705_’”0)
Pg

C, /2(M) =1x \/2(6_—(_6)) x 1000
p 1.2

V2 %100 = 141.42 m/s

h
11. (b)
Reynolds number is given as,
Re
2000 =
= v
12.  (d)
Given:C,=1,p=12kg/m? p, = 6 kPa, p, = -6 kPa
In a pitot tube, Ah
Vo
= V,
13. (b)
Wreal =500 N, Wapparent

=400 N, pg = 9810 N/m®

Considering volume of block to be V, Buoyant force acting on the block when in water is given by,

Buoyant force, F =

W

real ~ " Vapparent

4%

also, real

From equation (i) and (ii),
W

real

Wreal - Wupparent

500
= 500 — 400
N Pinetal
p

= pmetal.g. 14

pgV
pgV ..(1)

...(i)

_ Pretal 'g'V — Pmetal

pgV p

Pretal

p

Relative density = 5

ocopyright: MADE ERSY

www.madeeasy.in



MRADE EASY Mechanical Engineering | Test6

17

14.

15.

16.

17.

18.

19.

(b)
For laminar flow between two fixed horizontal parallel plates:
* The wall shear stress varies directly as the distance from the mid plane.

* The maximum velocity of flow is three-halves of the average velocity of the flow.

()

Given:R=05mm =05 x10°m, 6 = 0.072 N/m

Pressure difference across on air bubble is given as:
20 _ 2x0.072

R " 0sx10°  2oN/m’

Ap =

(b)

With increase in temperature, the molecular collision between the gas molecules increases, resulting

in increase in viscosity of gases with increasing temperature.

(d)

Euler’s equation of motion represents the conservation of momentum for an inviscid fluid.

(d)
(SG) = 2, p = 2000 kg/m3, h =50 cm = 0.50 m

Ppsorute = Pgauge T P&

91 + (2000 x 9.81 x 0.50) x 107
91 + 9.81

100.81 kPa ~ 101 kPa

()

Velocity flow field: Vo= (=% +3y)i +(2xy)]

= u = —x2+3yandv=2xy

(i) For an incompressible flow V-V must be zero

V-V = 8_u+8_v=(_2x)+(2x):0
ox 9y

Hence, the flow is an incompressible flow.

(ii) For an irrotational flow VxV must be zero

Pk
L 0 d d A
- 2 2 2040+ (2y-3)k=0
VxV o oy oz + +(y )
2

-x“+3y 2xy O

Hence, the flow is not an irrotational flow.
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(iii) Since, there is no temporal term in the velocity flow field (E = 0] .

So, steady flow field
(iv) The equipotential line and stream lines are always orthogonal to each other.

20. (d)
Refer outlet velocity triangle,

| Uy

<

Velocity triangle (outlet)

nDN 71 x0.3x1200

Now, u2 = 50 60 =18.85 m/s
Manometric efficiency is
gH
nmano =
VZU2 u2
9.81x 30
Ve, = ——————==1735m
or © = 09x1885 /s
21.  (c)

Discharge is given by, Q= TCDZBZsz

% Q 04 =848 m/s

f» = mD,B, mx03x0.05

22, (d)
With air vessel : Average velocity,
Q ALN

Vas = A, 60x A,

Now, head loss in delivery pipe

h _ deVang

f 24d,

. SLi( A INY
fir T 2gd,\ Ay 60
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Work done, P, = mgh iy ...(d)
Without air vessel, maximum head loss,
2
L A
hfd1n = u(_rw)
o 2gd \ Ay
. fLifA L2aNY
o fmax = 20 | A; 2 60
or hfdmax = TCzhfdl
i 2 _ 22,
Time averaged loss, hde = gx e = 575 iy
2
Work done, P, = 5752 X P W) [ Py=mghp ]
2 >
p-p 31
Saving in work, “p T > = 0.848 or 84.8%
2 77.52
3

23. (d)

Given : P = 400 kW, H = 100 m, n, 4 = 0.9,

Opverall efficiency, n, =

Mo

Hence, discharge, Q =

24. (b)
Flow ratio, y =
= Vi
Now, Discharge, 0.53
or 0.53
D}
= D,
25. (d)

Air vessel on delivery side:

=0.85

T]hycl X Nimech
0.9 x 0.85 =0.765

mech

P 400 x 10°
Mo Xpgh  0.765x10% x 9.81 x 100
0.53m3/s
V
2g9H

0.2x+/2x9.81x100 =8.86 m/s
(1 - k)yrD,B, x Vfl
09xmxD, x01xD, x886

0.53
09xmx0.1x8.86

0.46 m

(i) Almost constant delivery discharge is obtained.

(ii) Reduction in friction loss and hence saving in power.
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26. (c)
Uni p P
nit power, P, = /2
By Py
or Hf/2 H§/2
3/2 3/2
P, = P x (—2) = 9000 (E)
1
P, = 4608 kW
27.  (b)
5000
Power per wheel = — - 2500 kW
Power, P = my'pgQH
P 2500x10°
Q= TypgH  0.8x10° x9.81x 300
Q = 1.06 m3/s
28. (c)
Power, P = my'pgQH
P 10000 x10°
T me'pgH  0.9%10% x9.81x 40
= 283 m?/s
T
Also, Q = Z(Dg - D} )xVy,
T
= 283 = 1(22 - 12)><Vf1
4x283
Vg = 3 12.01 m/s
29. (d)

For homologous pumps, the specific speed of the pump is the same,

Hence, N

SA
N4Qa

NSB

NpQg

HY/*
J4

Hy/*
J2

or (81)3 /4

(Hp)*/*

" (Hp)*

2

T (81)°/4
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H, = 19.09%3 =51 m

30. (d)

In centrifugal compressor, since the pressure differential will make the air to flow around the

space between the impeller and the casing, this naturally results in a loss of efficiency. Therefore,

the clearance must be kept as small as possible to reduce such a loss.

31. (a)

At large values of the incidence, the flow separation occurs on the suction side of the blades which

is referred to as positive stalling. Negative stall is due to the separation of flow occurring on the

pressure side of the blade due to large values of negative incidence.

32. (a)

The pulse jet engine, consists essentially of the following parts:

1

i) a diffuser
i

~

iii) a combustion chamber

(
(
(
(iv) aspark plug

(v) a tail pipe or discharge nozzle

33. (d)

a valve grid which contains springs that close on their own spring pressure

Back pressure or topping turbine rejects the steam after expansion to the lowest possible pressure

at which it is used for heating purpose. The back pressure turbine supplies power as well as heat

energy. It is generally used in sugar industries.

34. (o)
Given : Vf1 =120 m/s; Vf2 =90 m/s; m; =10kg/s
Axial thrust is given by,

F, = ms(vfl _sz)
= 10(120 - 90)
= 300 N

35. (b)
As per given data,

nDN 1 x0.1x 12000

=760

=62.83 m/s

60
mVy, 410 x 350 x 62.83

Power developed, P =

1000

1000
P = 2199 kW ~ 220 kW
36. (c)
2uVy,
Blade efficiency, N4 = V2
1
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- 0.2

= 5, =025

p v,
62.83
= Vl = E = 251.32 m/S
2 % 62.83 x 350
Mode = 51302 0
= 69.63%

38.

39.

40.

41.

42.

()

Platinum occupies face centred cubic structure.

(c)

Given : Thickness of plates, ¢, = 1 mm; Welding current, I = 5000A; Current flow time, ¢ = 0.1s;
Electrode diameter, d = 5 mm; Effective resistance, R = 200 x 10°Q; Height of weld nugget, h = 1.5 mm
Assumption:

1. Heat generated is fully transferred into the melting the metal without any losses.

2. The weld nugget formed is cylindrical.

Heat generated, Q = I’Rt
Q = (5000)% x 200 x 107° x 0.1
Q = 500]

n n
Weld nugget volume, V, = Zdzh R 52 x 1.5~ 30 mm°>

Since heat required to melt 1 mm?® is 10 J,
Heat required in melting = 10 x V_
= 10x30=300]
Thus, heat dissipated into the metal surrounding the nugget is 500 - 300 = 200 J.

(a)

When cast iron is slowly cooled, the cementite decomposes into iron and carbon in form of graphite
which is called graphitisation. Cast irons where a large percentage of cementite is decomposed by
graphitisation are called grey cast irons. Cast iron in which graphitisation has not taken place i.e.
all the carbon is in the combined form, is called white cast iron. The graphitisation process requires
time and therefore, when liquid cast iron is cooled rapidly, white cast iron would result.

(c)
Nickel, silicon and aluminium do not form any carbide, whereas manganese, chromium, tungsten,
molybdenum, vanadium, titanium and niobium have increasing carbide stability in that order.

()

The shrinkage allowance is always added to linear dimensions. Even in case of internal dimensions
(e.g. internal diameters), the material has a tendency to contract towards the centre and thus the
dimensions are to be increased.
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For dimension 200 mm allowance is 200 X i.e. 4.20 mm. Hence, the pattern dimension

1000

becomes 204.2 mm

21
and, for dimension 80 mm, allowance is 80 x 1000 i.e. 1.68 mm. Hence, the pattern dimension

becomes 81.68 mm.

43. (d)

* Metals and alloys with high melting temperatures are difficult to cast by hot chamber process,
because gooseneck of the hot chamber machine is continuously in contact with the molten
metal.

* The main difference between hot and cold chamber die casting is that in hot chamber, the
holding furnace for the liquid metal is integral with the die casting machine, whereas in the
cold chamber machine, the metal is melted in a separate furnace and then poured into the
machine with a ladle for each casting cycle which is also called “shot”.

* Since the metal is ladled into the cold chamber machine from the separate furnace, it may lose
the superheat and sometimes may cause defects like cold shuts.

44. (d)
Given : h, = 25 mm; h; = 20 mm
If V_ is the roller speed then,

Vi-V,
Forward slip = =,

f
Vi, 15
V. 100
V; 1015 '
=V "0 (i)
Since, width of plate is a assumed to be constant,

V.h, = Vh ...(ii)

Thus, from (i) and (ii)
101.5 _ 20 101.5
100 100

20.3 mm

h =h1><

45. (b)

* Cold shut : It appears as a small crack at the corners of the forging. This is caused mainly by
the improper design of the die wherein the corner and fillet radii are small as a result of which
the metal do not flow properly into the corner and ends up as a cold shut.

* Scale pits : This is seen as irregular depressions on the surface of the forging. This primarily
caused because of the improper cleaning of the stock used for forging. The oxide and scale
present on the stock surface gets embedded into the finished forging surface. When the forging
is cleaned by pickling, there are seen as depressions on the forging surface.
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46.

47.

48.

49.

* Die shift : This is caused by the misalignment of the two die halves, making the two halves of
the forging to be of improper shape.

* Flakes : These are basically internal ruptures caused by the improper cooling of the large
forging. Rapid cooling causes the exteriors to cool quickly causing internal fractures.

(b)

Only constant cross-section components can be made by extrusion process.

(d)

* In going from P to Q, the motion is clockwise, hence G02 code should be used.

* (X, Y) are the coordinates of the destination i.e. point Q.

* (I, ]) are the distances, along the reference axes of the centre of arc from the starting point of

the arc.
(b)
VI
Heat input to weldment, H = Z
12 x125x 60
For GTAW, H=————"—1J]/m=346]/mm
26 x10
18 x 75 x 60
For PAW, H=—F—>7—J]/m=238]/mm
34x10

In addition to higher welding speed in PAW, the lower heat input provides less stress in welded
components.

(b)
It is given that the packing efficiency is 0.68, thus the given element occupies BCC lattice.
The closest distance between the neighbouring atoms is the diameter of atoms.

- 2r = 1.5A
Also, for BCC 4r = a3
A4r _ 2(2r)
SR
2(1.5) 3 N
= —=—=—==+3A
NN
Si _ M
1mnce, P QBAO
where, n : Number of atoms in the unit cell
M : Mass of one atom or atomic weight
a : Edge length
A, : Avogadro’s number
2xM

Thus, 10000 = 3
(ﬁ X 10‘10) %6 %102
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50.

51.

52.

53.

54.

55.

57.

3
10000(J§ x 10—10) % 6x10%

= k
M 5 g
1000 x 10000 x 3v/3 x 1079 x 6 x 102
M = > g
M = 93¢ ~15.6¢

(d)

* Inionic crystals, the formation of point imperfections (whether Frenkel or Schottky) is subject
to requirement that the overall electrical neutrality is maintained.

* Anion displaced from a regular site to an interstitial site is called a Frenkel imperfection. As
cations are generally the smaller ions, it is possible for them to get displaced into the void
space. Anions do not get displaced like this, as the void space is just too small for their size.

()
Using tie line rule, the fraction of the liquid in alloy is,

f = 750 _ 0,875 or 87.5%

I 75-35

(a)
Alloying elements like chromium, Nickel, Mn, Mo and V are known to improve hardenability.
(b)
Fibreglass and concrete are examples of composite materials.
(b)

* Additives which are used to improve tensile and compressive strengths, abrasion resistance,
toughness, dimensional and thermal stability are called fillers.

* Additives which are used to improve flexibility, ductility and toughness are called plasticizers.

e Additives that counter act deteriorative processes are called stabilizers.

* Copolymers are polymers made up of two or more monomer species combined during the
copolymerization process to produce a polymer with distinct properties not present in individual
monomers.

(a)

* Elastomers are a family of polymers that exhibit large elastic deformation, which may exceed
500%, under relatively low stresses.

* These are amorphous polymers that exit at an ambient temperature above their glass transition
temperature, so that they are soft and deformable when stretched, with a small modulus of
elasticity.

(a)

* At very low pressure, Z approaches unity, as a real gas approaches the ideal gas behaviour.

* The value of Z at the critical state of a Vander Waals gas is 0.375. |:Since R= %%}

[
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58. (c)

* Exergy is a property and the value of a property does not change unless the state changes.
Therefore, the exergy change of a system is zero if the state of the system or the environment
does not change during the process.

* The exergy of a closed system is either positive or zero. It is never negative.

* The total exergy transfer is zero for an isolated systems since they involve no heat, work or
mass transfer.

59. (c)
9.2
= ——=04107
T 204
13.2
= ——=0.5893
"7 204
The mole fraction of oxygen, x; = +1n =0.4107
1 2
n
The mole fraction of hydrogen, x, = . +2n =0.5893
1 2
The entropy change for the process,
As = —R(nyInx; +nyInx,)
= -8.314 x [0.4107 x In(0.4107) + 0.5893 x In(0.5893)]

563 /K

60. ()
The decrease of exergy principle can be summarized as follows:

>0,  Irreversible process

Xdestroyed = 1™ 0,  Reversible process
<0, Impossible process
61. (a)
0
AS . = ASgys+ %}’o [ Insulated tank]
T
Exergy destroyed = Ty X AS,,; =Ty X ASSyS =Ty xmc,In T
1
= 290x05%0.72 X 1n(@)
300
= 995 K]
62. (a)

The reversible work, which represents the minimum work input is given by,
Wiey = (Uz =Up) =Ty (S2 - 1)

rev
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63. ()
Weight (ﬁ)
Volume\ V
mn
- %
pv
= R
64. (d)
The change in availability,
V- ¥

65. (c)
Irreversibility, I

mec, (T, = Ty) - Ty X mc, ln(g—Z}
1

0.5 x 0.72 x (57 - 27) - 290 x 0.5%0.72 x In @Sg)

10.80 - 9.95
0.85 kJ

20 N/m3
20
10
mRT

=2

PV _03x10°x1
mT ~ 2x300

500 Nm/kgK

(7 =hy) =Ty (51 = 52)
(7 —hy)+ Ty (s2 —s1)

I
CP (T1 — Tz) + TO {CP IH(T—l) + Rln(

A

1.005 x (527 — 327) + 3004 1.005 x ln(600) +0.287 x In (500)
800 100

1.005 x 200 + 300 x 0.173 = 201 + 51.9

252.90 kJ/kg

gen

( exit mlet

i’

o fo () 3}

300 x {1 005 x ln(600) +0.287 x (
800

81.84 kJ/kg

500
100

_)+

ol

ocopyight: MMIADE ERSY

www.madeeasy.in



28 ESE 2024 Prelims Exam e Classroom Test Series MADE EASY
66. (c)
From figure,
hy = 293 KJ/kg; hy = hy =423 KJ/kg; t,,, = 24.5°C
0.30 x50 .
Now, m, = YR 18.3 kg/min
. _ 18.3x(42.3-29.3)
Quoit = ™Ma (hy =) = 60
Qe = 3.96 kW
67. (d)
By pass factor is given by
tap, = tap,
BE = tap, — tap,
tap, —24.5
03 = tdb4 -12
03tm, -3.6 = tg, -245
tap, = 29.85°C
68. (b)
Capacity of the humidifier is given by
_ M@ o)
1000
_ 18.3(8.6 — 6.8) x 60 —1.98 kg/h
1000
69. (c)
RSH = 82000 kJ/h; RLH = 18000 kJ/h
82000
= ——=082
RSHE 18000 + 82000
71.  (¢)
The effective temperature corresponds to the dry bulb temperature of the saturated air at which a
given percentage of people feel comfortable.
73. (d)

Given : p, = 1.01325 bar, w = 0.0095 kg/kgd.a.
Specific humidity is given by
0.622p,

w Pt = Po
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0.0095 x 1.01325

0.622 +0.0095

0.622p,

= 1.01325-p,

=P,
0.01524 bar

Seebeck and Peltier effect are reversible in nature.

Vortex tube consists of the following parts:

74. (b)
75. (d)
1. Nozzle
2. Diaphragm
3. Cold air side
4. Hot air side and
5. Throttling valve

Q000
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