TGNOU CENTER.

, r:r_—%’é &5 E:Z_'::.T [m ;—T""S‘_"\ T | B
f',;: ’” iy - .’mi'_ T ,:"':‘ - |
!l ™1 =™ o

Indlas Best Institute for IES, GATE & PSUs

ESE 2024 : Mains Test Series

UPSC ENGINEERING SERVICES EXAMINATION

Mechanical Engineering
Test-1 : Thermodynamics [All Topics]
Strength of Materials & Mechanics [All Topics]

Name:
Roll No
Test Centres Student’s Signature
Delhi [/ Bhopal [] Jaipur []
Pune[] Kolkata[ ] Hyderabad []
Instructions for Candidates
Question No. Marks Obtained
1. Do furnish the appropriate details in the D an
answer sheet (viz. Name & Roll No),
Q.1 55
2. There are Eight questions divided in TWO
Vi Q2 56
sections.
: : Q3 —
3. (Candidate has to attempt FIVE questions
in allin English only. Q4 _
4. Question no. 1 and 5 are compulsory Section-B
and out of the remaining THREE are to Q.5 gg
be attempted choosing at ieast ONE Q6 [_’ 0
uestion from each section.
q Q7 2.0
5. Use only black/blue pen. 08
6. The space limit for every part of the -—__________;p__._f-fr
question is specified in this Question Cum Total Marks 7
Answer Booklet. Candidate should write Obtained 20 ﬂ
the answer in the space provided. I

7. Anypage or portion of the page left blank Signature of Evaluator Cross Checked by

in the Question Cum Answer Booklet
must be clearly struck off.

8. There are few rough work sheets at the
end of this booklet. Strike off these pages
after completion of the examination.

Corp. office : 44 - A/1, Kalu Sarai, New Delhi-110016 | Ph: 9021300500 | Web: www.madeeasy.in




IMPORTANT INSTRUCTIONS

CANDIDATES SHOULD READ THE UNDERMENTIONED INSTRUCTIONS
CAREFULLY. VIOLATION OF ANY OF THE INSTRUCTIONS MAY LEAD TO PENALTY.

DONT'S

1.

Do not write your name or registration number anywhere inside this Question-cum-
Answer Booklet (QCAB).

2. Do not write anything other than the actual answers to the questions anywhere inside
your QCAB.

3. Do not tear off any leaves from your QCAB, if you find any page missing do not fail
to notify the supervisor/invigilator.

4. Do not leave behind your QCAB on your table unattended, it should be handed over
to the invigilator after conclusion of the exam.

DO'S

1. Read the Instructions on the cover page and strictly follow them.

2. Write your registration number and other particulars, in the space provided on the cover of
QCAB.

3.  Write legibly and neatly.

4. For rough notes or calculation, the last two blank pages of this booklet should be used. The
rough notes should be crossed through afterwards.

5. If you wish to cancel any work, draw your pen through it or write "Cancelled" across it,
otherwise it may be evaluated.

6.

Handover your QCAB personally to the invigilator before leaving the examination hall.

;Zaﬂw/‘&'"
}'),rg,qew’]’d'f"“ A \/e'U ;'Occp
/QMJ f oA vcH ous /%’Ofe}f(?
)aggfm'e Hue Q:%ef‘r“'w—
Tmeveace oo e pt

o @ Accv*m@ g extellawt . keep s up.




MBADE ERS4Y Question Cum Answer Booklet | Page 1 of 71

Do not
write in

this margin
Section : A
2.1 (a)| The exhaust gas at 720°C from a boiler is used to heat water. The rate of gas flow is
1450 kg /min and the rate of water flow is 2000 kg /min. The water enters the heat exchanger
at42°C and the gases leave the exchanger at 160°C. Assume that the mean specific heat of
gas and water are 1.088 k] /kgK and 4.27 kJ/kgK respectively.
The atmospheric temperature is 27°C. Determine the loss of available energy resulting
from heat transfer.
[12 marks]
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Q-1 (b)

Low of waito?%géwﬂgj e To Sgen

= o (AS)UJ'\:{V

A household refrigerator maintains a space at a temperature of -5°C. Every time the
door is opened, warm material is placed inside, introducing an average 500 K] of heat,
but making only a small change in temperature of the refrigerator. The door is opened
30 times a day and the refrigerator operates at 25% of ideal COP. The cost of work is ¥2.5
per kWh. What is the yearly bill of this refrigerator? The atmospheric temperature is at
30°C.
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Q1 (o)
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A cylinder contains 0.15 m® of air at 1 bar and 80°C. It is compressed to 0.02 m?, during a

polytropic process the final pressure being 12 bar. Calculate the increase in internal

energy and heat transferred during compression. V
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Q1(d)

Sketch a P-T phase diagram for water and indicate the solid, liquid and vapour regions

on it. Explain how this diagram differs from the phase diagram of other substances.
[12 marks]
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Q1 (e)

Two identical bodies of same heat capacity are at the same initial temperature T,. A
reversible refrigerator operates between these two bodies, until one body is cooled to
the temperature T,. If the bodies are at constant temperatures and do not undergo any
change of phase, prove that the minimum amount of work needed by refrigerator is

\ v 12 marks]
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Q2 (a)

A tank contajning 8 kg of methane at 1.5 bar and 27°C is connected to another tank
containing 5 kg of CO, at 4 bar and 60°C through a valve. The valve is opened and the
gases mix adiabatically. Determine the final pressure and temperature of the mixture
and the irreversibility of the process, when environment temperature is 27°C. Given
constant pressure specific heat of methane = 2.1 kJ/ kgK and that of CO, = 0.85k]/ kgK
Treat both the constituents as ideal gas.

8
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Q2(b)

The steam enters at steam turbine at 4 MPa and 500°C at a rate of 8 kg/s and exits at
0.3 MPa and 170°C. The steam is losing heat to the surroundings at 100 kPa and 25°C at
a rate of 400 kW. The changes in kinetic and potential energies are negligible. Calculate

(i) actual power output
(ii) the reversible work
(ii) second law efficiency

(iv) the availability of steam at inlet conditions

[Refer steam table attached]
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Q.2 (c)

Three Carnot engines E,, E, and E, operate in series between two heat reservoirs, which
are at temperatures of 1000 K and 500 K. Calculate the temperature of the intermediate
reservoirs if the amount of work produced by these engines in the proportion of 7: 5 : 4.

[20 marks]
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Q3 (a)

as source and ambient atmosphere as sink to operate a heat engine and thus obtain
some power. Calculate the maximum power that can be obtained if gases A and B are
used as separate sources, and asstune both the gases A and B are ideal with y= 14,
R =0.287 K]/ kgK, ¢, = 1.005 k] /kgK, ¢, =0.717 k] /kgK.

[20 marks]
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Q3 (b)

A cylinder containing 30 kg of saturated liquid water at 80°C has the piston restrained
by a linear spring as shown in figure below.

The valve fitted near the bottom is opened to  — =
allow 10 kg of saturated liquid to flow out at
60°C. During this process, heat transfer from the
surrounding is allowed and at the end of the

process, the residual liquid is saturated at 40°C.

The area of cross-section of the piston is 500 cm?.
Estimate the following:

(i) Final state of water,
(ii) The magnitude of heat transfer, and
(i) the spring constant

[Refer steam table attached]

[20 marks]
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Q.3 (9

IMRBRDE ERSY Question Cum Answer Booklet | Page 22 of 71
A rigid cylinder with a volume of 3.5 m® contains air at 200 kPa and 27°C. The heat is

erred to air from a constant temperature heat source at 1800 K and air in the cylinder

(For Air take, ¢, = 1.085 K] /kgK, ¢ = 0.717 k] /kgK, R = 0.287 k] /kgK)
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Q4 (a)

It is proposed to produce 1500 kg of ice per hour from liquid water at 0°C in summer
when the ambient atmospheric temperature is 42°C. It is planned to use a heat engine to
operate the refrigeration plant. Hot water at 110°C which is produced by solar heating,
may be used as a source to supply energy as heat to the heat engine and the engine uses
the ambient atmospheric air as sink. Calculate

(i) the power required by the refrigeration plant

(ii} the ratio of the energy extracted as heat from the freezing water to the energy
absorbed as heat by the heat engine and

(i) the rate at which energy is rejected to the ambient atmosphere by both the devices.

The enthalpy of fusion of water at 0°C is 333.43 K]/ kg.

[20 marks]
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Q-4 (b)

A tank having a volume of 0.95 m® initially contains water as a two phase liquid-vapour
mixture at 300°C and a quality of 0.8. Saturated water vapour at 300°C is slowly withdrawn
through a pressure regulating valve at the top of the tank as energy is transferred by
heat to maintain the pressure constant in the tank. This continues until the tank is filled
with saturated vapour at 300°C. Determine the amount of heat transfer. Neglect all kinetic
and potential energy effects.
[Refer steam table attached]

[20 marks]
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Q4 (c)

In a laboratory, hot water stream at any desired temperature T can be produced by mixing
cold water at 40°C (State 1) with hot water stream leaving the electric heater at 90°C (State
2) as shown in figure. Determine the entropy generation rate for producing a hot water
T of 1.5 kg/min at 60°C (State 3) by this arrangement. Neglect the small effect of
pres3ure on subcooled water properties.

[Refer steam table atiached]

Cold water at 40°C
1
Cold water at 40°C —'—k— hEle . erc lL II T
0 90°C, 2 Mixing 3
Valve
N [20 marks]
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Section ;- B

Q.5 (a)| A hollow shaft of outside diameter 60 mm and inside diameter 0.4 times the outside
diameter, is subjected to a torque of T(Nm) and a bending moment of 0.5T (Nm). The
tensile yield stress of the shaft material is 260 MPa. For the given application, taking
factor of safety to be 2, what will be the maximum permissible value of T to avoid failure
according to Tresca’s failure theory?

[12 marks]
o 2 6OmMIM N\ . 260 MfPo =
Dyt 24mm Nn =z 2z @
= T (6 T
, 2 gy T 2
Ty vFen
if K o Di
Do
) egte 2 242X T o %
i s0) (1- 0-4")
Ty 52 (O'ST> . .42 x\0 T 2 X

2
2 X & i—ﬂ&“’/
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L e g Y
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gy zg.ﬂlExlOrST a5
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Q.5 (b)| A rope is looped over two fixed posts each of 24 cm diameter as shown in figure below.

7
If the coefficient of friction 1 = s’ then determine the maximum and minimum values

of P that will prevent the motion of the load W=7 kN.

cm

[12 marks]

from, e o OABR, oM above hquww .
Hyed
offz (Lo (Rodiws%?"ﬁb’>

0B 2 24 v
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Q5 (q)

Two pieces of materials A and B have the same bulk modulus, but the Young's
modulus of B is 2% greater than that for A. Obtain the value of modulus of rigidity
for the material B in terms of Young’s modulus and modulus of rigidity for material
A.

[12 marks]

Ko ngf(D EB 2 \-0).617@

%Wy c . C{KC" -——“')@

Qiven,

3K+Q
¥ % Gp ™ Qpn
f G s
S 3 Kp t+ Gg 3kp +Qp

oL § '
gqg SR (3Kg’rﬁﬁ\
’ Bkg—l'é‘ﬂ /

Go 1-028p fun) 1-02 §p @B>
3 kg +ap (3kﬂ+ﬁ"+>
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102 qp x 3 Kp

(qe)" _EE?-QH O (3kp + Gn )

(34 Gn)

o Ls-iﬁ»rqﬁ - l-wj_g] _ 3.06 6aKp
(ke t6R) (BuehmY
q‘ ;. 3. 06 GH%CK_B)
& @—— 602 §p

G rugrdity modudey o B

W w Y.
G

K —  Gulk modudus

£ — Hmﬂ\%mo&i}%




MADE ERS4Y Question Cum Answer Booklet

l Page 42 of 71

Do not
write in
this margin

Q.5 (d)

X
Determine the centroid of the area under the curve ¥ = acos (EE;

as shown in figure below.

bgg-t dx
X, = 0
-Eg Y - dx
0
v oS

0
T b
. O %\n(.z_lp
N
2b o]

J betweenx=0and x=b

[12 marks]
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Q.5 (e)

A copper cylinder 945 mm long, 420 mm internal diameter and 10 mm thickness with
flat ends, is initially full of oil at atmospheric pressure. Calculate the volume of oil which
must be pumped into the cylinder in order raise the pressure to 6 MPa above atmospheric
pressure. For copper, take E =100 GPa and |1 = 0.3. Take bulk modulus of oil as 2600 MPa.
Neglect the deformation of the end plates.

[12 marks]




MBDE ERSY Question Cum Answer Booklet | Page 45 of 71

Do not
write in
this margin

Q.6 (a)

b

(i)

Q)

A seamless spherical shell is of 87.5 cm internal diameter and 6 mm thickness. Itis
filled with fluid under pressure until its volume increases by 64 cm®. Calculate the
fluid pressure by taking E = 205 GPa and Poisson’s ratio = 0.32.
A body is under action of two principal stresses of 50 MPa and -80 MPa and the
third principle stress being zero. The elastic limit in simple tension and compression
is 210 MPa. Calculate the factor of safety based on the elastic limit according to
(1) Maximum shear stress theory
(2) Maximum strain energy theory
(3) Maximum shear strain energy theory
Take poisson’s ratio as 0.25.

[8 + 12 marks]
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Q.6 (b}

A cantilever beam of length ‘L’ is loaded by a uniformly varying load, the load at free
end is zero and maximum load of w at the fixed end. The free end is propped to the level
of fixed end. Assuming EI to be constant, calculate the reaction at prop and equation to
the elastic curve along with the slope at the propped end.

A
) | [20 marks]
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Q.6 (0)

Two steel plugs fit freely into the ends ol\a steel tubular distance piece 420 mm long and

drawn together by a steel bolt 520 mm long and nut, the nut being tight fit in the beginning,.

1
The nut is further tightened by 5 turn to drawy the pieces together, the pitch of the bolt

thread being 2.5 mm. The pieces are then subjegted to forces of 60 kN tending to pull
them apart. The area of cross-section of the bolt is 70 mm? and that of the tube is 500 mm?.

Young’s modulus of steel is 200 GPa. Calculate the stresses in the bolt and the tube.
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Q7 (a)

A hollow steel shaft 4.5 m long is to transmit 150 kW of power at 120 rpm. The total angle
of twist is not to exceed 1.8° in this length and the allowable shear stress is 45 MPa.
Calculate the inside and outside diameters of the shaft. Assume modulus of elasticity as
200 GPa and Poisson’s ratio as 0.25.

< [20 marks]
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Q.7 (b) | A wirelength 30 cm is tied to point D on the surface of a sphere of radius 20 cm. Then the
wire is tied to point C which is the intersection of two smooth walls, the walls being at
right angles to each other as shown in figure below. If the weight of the sphere is 500 N,

then determine the tension in the wire and the reactions from the wall. Assume all contact
surface are smooth.

[20 marks]
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Q.7 (¢)| The compression flange of a cast iron girder is 140 mm and 20 mm deep, the tension
flange 260 mm wide and 40 mm and the web 300 mm x 20 mm. Calculate the load per
metre run which may be carried over a 5 m span by a beam simply supported at the
ends, if maximum permissible stresses are 95 MPa in compression and 35 MPa in tension.

[20 marks]
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Q8 (a)| (i} Ablock A’ weighing 840 N is raised up with the
help of two 8° wedge ‘B’ and ‘C’ of negligible
weights as shown in figure. If the coefficient of
static friction is 0.25 for all surfaces of contact,
then evaluate the smallest force P to be applied
to raise the block A

=
_

«— P

Q
NN

(i) A vehicle of mass 680 kg, is moving with a
velocity 34 m/s. A force of 255 N acts on it for 3
minutes. Find the final velocity of the vehicle:
(1) When the force acts in the direction of motion, and
(2) When the force acts in the opposite direction of the motion.
Comment your view on final result.

[14 +6 = 20 marks]
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A gun metal bar of 30 mm diameter is completely enclosed in a steel tube, 30 mm internal
diameter and 45 mm external diameter. A pin, 12 mm in diameter is fitted transversely
to the axis of the bar near each end, to secure the bar to the tube. Calculate the intensity
of stresses induced in bar, tube and pin, when the temperature of the whole assembly is

raised 42°C,
Take : For

For Steel :

metal :

&, =20 x 10°6/°C
E, = 0.91 x 10° N/mm?
o =12 x 1076/°C

=2 x 105 N/mm?
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Q8 (o)

A simply supported beam with one side overhang is loaded with uniformly distributed
load as shown in figure below. Comment your result on the variation of reaction forces
at A and B, if ‘L’ is less than, equal to and greater than ‘a’. Draw shear force and bending
moment diagram forw =4 kN/m,L=8manda =4 m.

[20 marks]
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