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THERMODYNAMICS
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PREVIOUS YEARS
Topicwise Solved Questions

Fully Solved with Explanations

Syllabus

Thermodynamic systems and processes; properties of pure substances, behaviour of ideal
and real gases; zeroth and first laws of thermodynamics, calculation of work and heat in
various processes; second law of thermodynamics; thermodynamic property charts and
tables, availability and irreversibility; thermodynamic relations.
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ENGINEERS ACADEMY

Zeroth Law & Basic Concepts

ZEROTH LAW & BASIC CONCEPTS

OBJECTIVE QUESTIONS

1.

Match items from groups, I, I, III, IV and V

Group-1 Group-11 Group-11I | Group-1V | Group-V
When addedto the | Differential | Function | Phenomenon
system is

E.Heat | G. Positive I. Exact K. Path M. Transient

F. Work | H. Negative J. Inexact | L. Point N. Boundary

(@) F-GJ-K-M (b) E-GI-K-M  (¢) F-H-J-L-N  (d) E-G-J-K-N
E-G-I-K-N F-H-I-K-N E-H-1-L-M F-H-J-K-M
[2 Marks : GATE-2006]

Linked Answer Questions : 2 & 3

A football was inflated to a gauge pressure of 1 bar when the ambient temperature
was 15°C. When the game started next day, the air temperature at the stadium
was 5°C. Assume that the volume of the football remains constant at 2500 cm’

The amount of heat lost by the air in the football and the gauge pressure of air
in the football at the stadium respectively equal

(a) 30.61J, 1.94 bar
(c) 61.11J, 1.94 bar

(b) 21.8 J, 0.93 bar
(d) 43.7 1, 0.93 bar

[2 Marks :

that it would equal 1 bar gauge at the stadium is

(a) 2.23 bar

(b) 1.94 bar

(c) 1.07 bar

Common Data for Question 4 and 5

[2 Marks :

(d) 1.00 bar
GATE-2000]

A thermodynamics cycle with an ideal gas as working fluid is shown below

PV’ = constant

P A
3
400 kPa
a
100 kPa 2

F 3

<
<v

GATE-20006]
Gauge pressure of air to which the ball must have been originally inflated so
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4 The above cycle is represented on T-s plane by

TA TA e mmm - N

(a) D> (b)

S S
T A T ry
3 3 1
1
(c) (d)
2 2
S S

[2007: 2 Marks]
5 If the specific heats of the working fluid are constant and the value of specific
heat ratio y is 1.4, the thermal efficiency (%) of the cycle is
(a) 21 (b) 409 (c) 426 (d) 59.7
[2007: 2 Marks]
6. A piston-cylinder device initially contains 0.4 m? of air (to be treated as an ideal

gas) at 100 kPa and 80 °C. The air is now isothermally compressed to 0.1 m’.
The work done during this process is kJ.

[2 Marks : GATE-2016-Paper-1]

7.  If one mole of H, gas occupies a rigid container with a capacity of 1000 liters
and the temperature is raised from 27°C to 37°C, the change in pressure of the
contained gas (round off to two decimal places), assuming ideal gas behavior,
is Pa. (R = 8.314 J/mol.K).

[2 Marks : GATE-2019-Paper-I]

QOO



ENGINEERS ACADEMY

Zeroth Law & Basic Concepts H

ANSWERS AND EXPLANATIONS

1.

Ans. (d)

Heat is positive when added to the system is an
inexact differential, path function and boundary
phenomenon.

Work is negative when added to the system, an
inexact differential, path function and transient
phenomenon.

Ans. (d)

Given,

Gauge pressure,
P

Gl

1 bar
100 kPa
Ambient temperature,

T, = 15°C = (15+273)

= 288 K
Absolute pressure,
P =P, +P
=100 + 101.325
= 201.325 kPa
Volume,
V = 2500 cn?
= 2500 x 10° m?
Temperature,

T,=5°C = (5 +273)
=278 K
From equation of state,
PV, = mRT,
201.325 x 2500 x 10° =m x 0.287 x 288
m = 6.089 x 107 kg

Heat loss,
Q=mc (T, - T)
= 6.089 x 102 (0.718)
(288 -278) < 1000
=437]
At v=C_C
B
T - T,

201325 P,
288 278
P =P, +P
19433 = P_, + 101.325
P, =93 kPa
= 0.93 bar

We can also do,

PV = mRT,
P, x 2500 x 10°=6.089 x107 x 0.287 x 278
P, =19432 kPa
Also P, =P, +P
19432 = P, + 101.325
P, = 93 kPa
= 0.93 bar
Ans. ()
P, = Pressure to which it must be inflated
R P
T T,
P 201325
288 278
p - 288

—_

201.325 x —
278

208.56 kPa

Gauge pressure to which it must be inflated on
previous day

=208.56 — 101.3
107.24 kPa
1.07 bar

Ans. ()

We can observe in the P-v diagram that
temeprature is not constant during any stage
hence options (b) and (d) are rejected as tem-
perature is constant during the stage 3-1 in both
the options which is not possible option (a) is
rejected because clockwise process in P-v dia-
gram cannot have anticlockwise T-s diagram.
Hence the correct option is (c)
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Ans. (a)
The given cycle is Lenoir cycle for which
thermal efficiency is given by
)
n= r, —1
Where vy=14
b3 400
»7 py T 100
L
L4 414 _]
41
= 1_
n 4-1
=21.05%
Alternatively
PA
3
400 kPa
PV’ = constant
»
100 kPa 2 < 1
> B
Im v, V
process 2-3
Q;=U;-0Uy) + W, 5
Qs=@U;-Uy +0
= mcv(T3 - TZ)
_ PV paVy
“ "SI mR mR
= c—V(103V3 —P2V2)
R
cV
_ (400 x1-100x1)
¢, —Cy
L(400 —100)
szs - v -1

~ 300 300 a0
C14-1 04

U, - U + W,
= mc (T, - Ty) + p(V,-V))

Qi

P.Va Vi
= < === +p(V, -V
mcv{ R mR} p(V2 - V)

%[P(Vz -VDl+p(V, - Vp)

p(V, —Vl){% +1}

C

= p(l—vl){cp e, “}

1
100 (1—V1){ﬁ+1}

Calculating V,

PV] = PV

1

v - Py x V] |7
1 Pl

1

{@xl}m = 2692 m’

100

1
Q, , = 100[1 — 2.692]x {ﬁﬂ}

=-5922 Kkl

(minus sign represent heat is rejected) there is
no heat transfer in process 3-1 as it is reversible
adiabatic process.

Efficiency of cycle.

1_Qreject _ 1_5922

n- Q.dded 750

=0.2104 = 21.04%
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6. Ans. (<55 to -56) kJ 7. Ans. (83.14) MPa
v No. of mole of H, = 1
W= Plvlfnvf Volume = 1000 lit
For rigid container = V, =V,
_ IOOXOMH[EJ T, = 27°C + 273 = 300 K
0.4 T,=37+273 =310 K
=-5545K)

For ideal gas
PV =nRT
P,V, = nRT,
P,V, =nRT,
(P, - PPV =nR[T, - T|]
AP x V = nR[T, - T|]
P 1x8.314x10
1
AP = 83.14 MPa

QOO
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WORK AND HEAT

OBJECTIVE QUESTIONS

1.

Nitrogen at an initial state of 10 bar, 1 m* and 300 K is expanded isothermally
to a final volume of 2 m®.

The P-V-T relation is (PJrizjV =RT, where a > 0. The final pressure
v

(a) will be slightly less than 5 bar
(b) will be slightly more than 5 bar
(c) will be exactly 5 bar
(d) cannot be ascertained in the absence of the value of (a)
[2 Marks : GATE-2005]

A 100 W electric bulb was switched on in a 2.5 m x 3 m x 3 m size thermally
insulated room having a temperature of 20°C. The room temperature at the end
of 24 hours will be

(a) 321°C (b) 341°C (c) 450°C (d) 470°C
[2 Marks : GATE-2006]

In a steady state steady flow process taking place in a device with a single inlet

and a single outlet, the work done per unit mass flow rate is given by
outlet

W =— I vdp, where ‘v’ is the specific volume and ‘p’ is the pressure. The

inlet .
expression for ‘w’ given above

(a) 1s valid only if the process is both reversible and adiabatic
(b) 1s valid only if the process is both reversible and isothermal

(c) 1s valid for any reversible

outlet
(d) 1s incorrect, it must be w = I pdv [2 Marks : GATE-2008]
inlet

A compressor undergoes a reversible, steady flow process. The gas at inlet and
outlet of the compressor is designated as state 1 and state 2 respectively.
Potential and kinetic energy changes are to be ignored. The following notations
are used:

v = specific volume and P = pressure of the gas. The specific work required
to be supplied to the compressor for this gas compression process is
2

2
(@) ! Pdv () [vaP © vi(B,-PB) (@ ~Py(v;-v,)

1

[1 Mark : GATE-2009] '
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5.

10.

11.

A frictionless piston-cylinder device contains a gas initially at 0.8 MPa and 0.015

m’. It expands quasi-statically at constant temperature to a final volume of 0.030

m®. The work output (in kJ) during this process will be ’
(a) 832 (b) 12.00 (c) 554.67 (d) 8320.00

[2 Marks : GATE-2009]
Heat and work are

(a) intensive properties (b) extensive properties

(c) point functions (d) path functions
[1 Mark : GATE-2011] !

The contents of a well-insulated tank are heated by a resistor of 23 Q2 in which !
10 A current is flowing. Consider the tank along with its contents as a1
thermodynamic system. The work done by the system and the heat transfer to :
the system are positive. The rates of heat (Q), work (W) and change in internal |
energy (AU) during the process in kW are

(A Q=0,W=-23 AU=+23
(b) Q=+23, W=0,, AU=+23
(c) Q=-23, W=0,AU=-23
d Q=0 W=+23 AU=-23

[1 Mark : GATE-2011]
A pump handling a liquid raises its pressure from 1 bar to 30 bar. Take the
density of the liquid as 990 kg/m®. The isentropic specific work done by the
pump in kl/kg is
(a) 0.10 (b) 0.30 (c) 250 (d) 2.93

[1 Mark : GATE-2011]

A cylinder contains 5 m*® of an ideal gas at a pressure of 1 bar. This gas is
compressed in a reversible isothermal process till its pressure increases to 5 bar
The work in kJ required for this process is

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
(a) 804.7 (b) 9532 (c) 9817 d) 101222 !
[1 Mark : GATE-2013]
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

A certain amount of an ideal gas is initially at a pressure p, and temperature

3T,
T,. First, it undergoes a constant pressure process 1-2 such that T, = Tl

Then, it undergoes a constant volume process 2-3 such that T, = % . The ratio
of the final volume to the initial volume of the ideal gas is
(a) 025 (b) 0.75 (c) 1.0 d) 15

[2 Marks : GATE-2014-Paper-3]

a
The Vander Waals equation of state is [P +V—2j (v — b) = RT, where ‘p’ is

pressure, ‘v’ is specific volume, “T” is temperature and ‘R’ is characteristic gas
constant. The SI unit of ‘a’ is

(a) JkgK (b) m’/kg (c) m*/kg-s? (d) Pa/kg
[1 Mark : GATE-2015-Paper-2] '
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17.

18.
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For an ideal gas with constant values of specific heats, for calculation of the
specific enthalpy

(a) it is sufficient to know only the temperature
(b) both temperature and pressure are required to be known
(c) both temperature and volume are required to be known
(d) both temperature and mass are required to be known
[1 Mark : GATE-2015-Paper-3]

Temperature of nitrogen in a vessel of volume 2 m® is 288 K. A U-tube
manometer connected to the vessel shows a reading of 70 cm of mercury (level
higher in the end open to atmosphere). The universal gas constant is 8314
J/kmol-K atmospheric pressure is 1.01325 bar, acceleration due to gravity is
9.81 m/s? and density of mercury is 13600 kg/m®. The mass of nitrogen (in kg)
in the vessel is
[2 Marks : GATE-2015-Paper-3]
A well insulated rigid container of volume 1 m® contains 1.0 kg of an ideal gas
(C, = 1000 J/kgK and C, = 800 J/kgK) at a pressure of 10° Pa. A stirrer is
rotated at constant rpm in the container for 1000 rotations and the applied
torque is 100 N-m. The final temperature of the gas (in K) is
[2 Marks : GATE-2015-Paper-3]
Which of the following statements are TRUE with respect to heat and work?
() They are boundary phenomena
(i) They are exact differentials
(ii1) They are path functions
(a) both (i) and (i1) (b) both (i) and (ii1)
(c) both (i1) and (iii) (d) only (iii)
[1 Mark : GATE-2016-Paper-1]
The internal energy of an ideal gas is a function of
(a) temperature and pressure (b) volume and pressure
(d) temperature only
[1 Mark : GATE-2016-Paper-2]
An ideal gas undergoes a reversible process in which the pressure varies
linearly with volume. The conditions at the start (subscript 1) and at the end
(subscript 2) of the process with usual notation are: p; = 100 kPa, V, = 0.2 m’
and p, = 200 kPa, V, = 0.1 m® and the gas constant, R = 0.275 kJ/kgK. The
magnitude of the work required for the process (in kJ) is
[2 Marks : GATE-2016-Paper-1]
A mass ‘m’ of a perfect gas at pressure P, and volume V, undergoes an
isothermal process. The final pressure is P, and volume is V,. The work done

on the system is considered positive. If R is the gas constant and T is the
temperature, then the work done in the process is

(c) entropy and pressure

P P
(@) PlVlfn% (b) —PlvlfnP—l (©) RTgnﬁ (d) —mlmnp—2

1 2 1 1

[1 Mark : GATE-2017-Paper-2]
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19. An engine operates on the reversible cycle as shown in the figure. The work
output from the engine (in kl/cycle) is (correct to two decimal places). NOTES
I/
|
A |
1
6350 :
I
p |
(kPa) I
|
400] --- -1 < . !
I 1 !
| | I
I 1 R 1
d 1
2 V(m3) 25 |
1
|
|
|

20.

[1 Mark : GATE-2018-Paper-2]

A gas is heated in a duct as it flows over a resistance heater. Consider a 101 :
kW electric heating system. The gas enters the heating section of the duct at |
100 kPa and 27°C with a volume flow rate of 15 m’/s. If heat is lost from the ;
gas in the duct to the surroundings at a rate of 51 kW, the exit temperature of !
the gas is (Assume constant pressure, ideal gas, negligible change in kinetic and 1
potential energies and constant specific heat : C, = 1 klI/kgK; R = 0.5,
kl/kg K). !
(a) 37°C (b) 76°C (c) 53°C (d) 32°C

[2 Marks : GATE-2019-Paper-I]

QOO
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ANSWERS AND EXPLANATIONS

1.

Ans. (b)

a
P, = 5+E

As “a’ is positive P, is > 5
Ans. (d)
m C, dT = Power
Power
1000
(2.5 x 3 x3)(1.2) (0.718) (T - 20)

24
000

pV CydT =

= 100 %3600 x

19.386 (T — 20) = 8640
T = 465.6°C
Ans. ()

The energy balance for a steady flow device
undergoing an internal reversible process can be
expressed in differential form as

aq,, — oW_, = dh + d(KE) + d(PE)
But oq,,, = TdS
and TdS = dh — vdP
oq,,, = dh — vdP
So,
dh — vdP - 6W_ = dh + d(KE) + d(PE)
-0W,_, = vdP + d(KE) + d(PE)
When K.E. and P.E. are negligible

2

W = —J.VdP
rev i

This is relation for reversible work output asso-

ciated with an internal reversible process in a

steady-flow device with change in kinetic energy

and potential energy is zero.

4.

Ans. (b)

The energy balance for a steady-flow device
undergoing an internal reversible process can be
expressed in differential form as

aqrev - a\A[rev = dh + d(KE) + d(PE) (1)

As potential and kinetic energy are neglected
d(KE) = d(PE) = 0

Also,
TdS = dh — vdP
For reversible process,
dS=0
So,
dh = vdP
Also
oq,, = TdS =0
From equation (1)
oW _ = vdP

rev

Reversible work output
2
oW, = —|vdP
1
So work input to steady-flow devices such as
compressor and pumps is

2
a\A[rev in = J.VdP
’ 1
Ans. (a)
v
- BV, in—2%
W 11 v,
= 800x0.015 /n 0.030
0.015
= 8.317 kJ
Ans. (d)
Heat and work are path functions
Py
L
|
|
Pj----- &2
| |
! !
| | V

Vi v,
From figure, it is possible to take a system from

state 1 to 2 along many quasi-static paths A, B
or C.
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Work and Heat

Since the area under each curve represents the
work for each process, the amount of work in-
volved in each case is not a function of end
states and it depends on the path system follows
in going from state 1 to 2.

7. Ans. (a)
Power = I°R
=23 kW
dQ - dW = dU
R=23Q
I=10A
+ _
dQ = 0 (insulated)
dW = negative sign (External
Agent)
0-(-P)=dUu
0-(23=4dU
dU=23 kW (.. dQ=0)
dW = -2.3 kW
8. Anms. (d)
W=vdp
1 1 2
= —dp=—x(30-110
p 990
=2.93 kl/kg
9. Ans. (a)
Given,
Initial pressure,
P, =1 bar
Final pressure,
P, =5 bar
Initial volume,
V,=5m’

P
W = Plvlfnp—l

W =10° x 5 x ﬁn[%J
=804718.95
=804.71 kJ

10. Ans. (b)
For (1-2) process;
Constant pressure process (P, = P))

T, T
vV,
T
V.= —=xV.
2T 7 1

For (2-3) process;
Constant volume process (V; = V,)

Given,
3T,
T, = T
3T,
V, = 4_T1><V1
3
V,= ZVl
Now,
V. W 3
v, 4y, 47071
11. Ans. (¢

a
P+— both term should gave same unit since
v

they are getting added

1’1’12 a 1’1’13

Unit of (a)
6 5 5
mzkg zm 2 = mzkgz = = 2
kg s“-m kg~-s kg-s
12. Ans. (a)

It is sufficient to know only the temperature
13. Ans. (4.50 to 4.60) kg
p=pgh=07 x 1360 x 9.81
= 93.3912 kPa
Actual pressure = atmospheric pressure +
manometric pressure
p=93.39 +101.325

p=194.72 kPa
Now
pv = mRT
_ v
BT RT
_ 194.72x2x28
288x8.314

=455 kg
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14. Ans. (1120 to 1140)K
Work = T x 0
1000 x 100 x 27= C, AT
AT = 628.3105 K

P,V, = mRT,
102x 1=1x02xT,
T, =500 K
T, = 628.31 + 500
= 112831 K
15. Ans. (b)
16. Ans. (d)
17. Ans. (14 to 16) kJ
Given,
P, =100 kPa
P, =200 kPa
V,=02m’
V,=0.1m’
R = 0.275 kl/kgK
W, = l(P +P)(V,-V,)
1-2 H V1AM 2
1
= 5(100+2OO)(O.2—O.1)
W, =15k
18. Ans. (b)
Pl,g{a/i T T=C
m
@

Applying PV =mRT
PV = constant = C

Work done,

19. Ans. (62.5)

W = Area of triangle

1
W = (05 %250) = 62.5

20. Anms. (d)

Apply steady flow energy equation
2 2
r'n{hl +C71+Zlg:|+Q :r'n{hz +%+Zzg:|+“fm

. PV 100x15 10 Ke/S
m = = — =
RT, ~ 05x300 &

mh, +Q = mh,+W,_

10xh, —51 = 10xh, +(~101)

10[h, —h,] = 101 - 51

10 x C(T, - T,)= 50

10 x 1 x [T, - 300] = 50
T, = 305 K

T, = 32°C

QOO
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