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DETAILED EXPL ANATIONS

1. (c)

2. (c)
Extent of irreversibility of any process is determined by the entropy increase of the universe.

3. (b)

∫PdV  work is only valid for a Quasi-static process.

4. (d)

W

Q1 Q ′1

Q 2′ Q2

HE RE

1

W
Q = η =engine 0.3 ...(1)

2Q
W = COPref = 5 ...(2)

Multiplying equation (1) and (2)

⇒
2

1

Q
Q = 0.3 × 5 = 1.5

⇒ Q1 = =2 1000  kJ = 666.67 kJ
1.5 1.5
Q

(for Q2 = 1 MJ = 1000 kJ)

5. (a)

6. (d)
The mixture of air and liquid air is not a pure substance, because the relative proportions of
oxygen and nitrogen differ in gas and liquid phases in equilibrium.

7. (a)
DOF = 0

Gibbs phase rule fails at critical point.

8. (a)

9. (a)
If temperature is constant, U will remain unchanged as internal energy for an ideal gas is the
function of temperature only.
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10. (b)
Given: PC = 20 kPa; VC = 0.002 m3 ; TC = 300 K

We know, R =
8

3
C C

C

P V
T  = 

× × ×
×

8 20 1000 0.002
3 300  = 0.355 J/K

11. (a)
Given; P = 200 kN/m2; W1 = –150 kJ; Q = 50 kJ
We know, H = U + PV

H1 = U1 + P1V1
H2 = U2 + P2V2

∴ Change in enthalpy∆H= H2 – H1 = (U2 – U1) + P(V2 – V1)
Work done by the system,

W2 = P(V2 – V1) = 200 × (5 – 2) = 600 kJ
From 1st law of thermodynamics,

∆Q = ∆U + ∆W
∆U = ∆Q – ∆W = 50 – (–150 + 600) = 50 – 450 = –400 kJ

So, ∆H = ∆U + P(V2 – V1)
∴ ∆H = – 400 + 200 (5 – 2) = –400 + 600 = 200 kJ

12. (c)
cp = 1 kJ/kgK
cv = 0.75 kJ/kgK
T = 27°C = (27 + 273) K = 300 K
p = 1 bar = 100 kPa

Gas constant: R = cp – cv
=1 – 0.75 = 0.25 kJ/kgK

Applying equation of state in terms of density,
p = ρR T

100 = ρ × 0.25 × 300
1 = 0.75 ρ

o r ρ =
1 100

/
0.75 75

= = 31.33 kg m

13. (b)
For the process 3-4

∆U = –650 (kJ)
∆PE = 0 (kJ)
∆E = –600 (kJ)

Change in total macroscopic energy (∆E)
∆E = ∆U + ∆KE + ∆PE

–600 = –650 + ∆PE + 0
∆KE = (650 – 600) = 50 kJ
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14. (c)

m1
.

1

2

m2
.

3

Q
.Mixing

chamber

From steady flow energy equation (SFEE), neglecting ∆KE and ∆PE

1 1 2 2m h m h Q+ − �� � =
0

1 2 3( ) netm m h W+ −

1 1 2 2p pm c T m c T Q+ − �� � = 1 2 3( ) pm m c T+� �

T3 = ( )
1 1 2 2

1 2 1 2p

m T m T Q
m m c m m

+
−

+ +

�� �
� � � �

15. (c)
In case of throttling of real gas,

h1 = h2
u1 + p1v1 = u2 + p2v2

Internal energy + Flow energy = Constant
Thus, the final outcome of a throttling process will depend on the quantity that increases during
the process.
If the flow energy increases (p2v2 > p1v1), it can do so at the expense of the internal energy. As a
result, internal energy decreases, which is usually accompanied by a drop in temperature. If the
product pv decreases, the internal energy and the temperature of a fluid will increase during
throttling process.

16. (a)
Mass = 1 kg of ideal gas

Initial, P1 = 100 kPa
 T1 = 250 K

Final, T2 = 500 K

P

V

1

2

Pv
1.3

 = Constant

R = 287 J/kgK
γ = 1.4

W1-2 = 2 2 1 1

1
P V P V

n
− −  −

= 2 1( )
1

mR T T
n

− −
−

U1-2 = U2 – U1 = mcv (T2 – T1)
Q1-2 = U1-2 + W1-2

Q1-2 =
1 0.287(500 250)1 0.718(500 250)

1.3 1
× −

× − −
−
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Q1-2 = –59.666 kJ
Q1-2 = 59.666 kJ (Heat transfer from piston cylinder to its surrounding)

Alternatively,

Q1-2 =
( )1 21 1 2 2

1 1 1 1
m R T TP V P Vn n

n n
× × −−γ − γ − × = ×  γ − − γ − −

=
( )1 0.287 250 5001.4 1.3

1.4 1 1.3 1
× × −−

×
− −

Q1-2 = –59.666 kJ
Q1-2 = 59.666 kJ (Heat transfer from piston cylinder to its surrounding)

17. (c)

1m�  = 2 kg/s, A2 = 400 × 10–4 m2,

P1 = 100 kPa, 1 2

Heat loss ( )Q

Diffuser

T2 = 273 + 45 = 318 K,
T1 = 273 + 30 = 303 K; Qloss =  4 kW, P2 = ?
V1 = 200 m/s

Air, γ = 1.4
From steady flow energy equation,

2
1

1 2
Vh Q+ + =

02
2

2 2 net
Vh W+ +

 
− + − 

 

22001005(303 318) 4000
2  = 

2
2

2
V

V2 = 43.0116 m/s
Mass flow rate = ρ2A2V2

2 = ρ2 ×400 × 10–4 × 43.0116
ρ2 = 1.1624 kg/m3

P2 = ρ2RT2
= 1.1624 × 0.287 × 318 = 106.094 kPa

18. (d)

O2

V1 = 2 m3

P1 = 1000 kPa
= 127°C

= 400 K
T1 

A B

Evacuated
V = 2 m3

Taking chamber A and chamber B together as a system.
dQ = dU + d W

Since dQ = dW = 0
⇒ dU = 0
No change in internal energy ⇒ No change in temperature of air.
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Ideal gas equation,T = Constant
⇒ P1V1 = P2V2

⇒ P2 = 1 1

2

PV
V

 = ( ) 21000
4

×  = 500 kPa

19. (a)
TH = 727 + 273 = 1000 K
TL = 27 + 273 = 300 K

HE W

TH = 727°C

TL = 27°C

QS

QR

The maximum possible efficiency of a heat engine operating between two thermal reservoir,

η =
3001 1 0.7

1000
L

H

T
T

− = − =

Efficiency claimed by the inventor ηclaim = 
1

0.6 0.6
1

W
Q

= =

So, claimed efficiency (0.6) is less than the maximum possible efficiency (0.7) and hence the claimed
device is feasible as a heat engine.

20. (c)
Mixture of gas,

Oxygen (O2) = 0.1 kmol
Nitrogen (N2) = 0.1 kmol

Methane (CH4) = 0.8 kmol
Molar mass, O2 = 32 kg/kmol

N2 = 28 kg/kmol
CH4 = 16 kg/kmol

Mass of O2 = Mole × Molar mass
= 0.1 × 32 = 3.2 kg

Mass of N2 = Mole × Molar mass
= 0.1 × 28 = 2.8 kg

Mass of CH4 = Mole × Molar mass
= 0.8 × 16 = 12.8 kg

Mass fraction of N2 = 2

2 2 4

N

O N CH

2.8 0.148
3.2 2.8 12.8

m
m m m

 = =  + + + +

21. (a)
Volume of the balloon is = m[vf + xvfg]

= 2[0.001053 + 0.85 (1.1594 – 0.001053)]
= 1.971 m3

3

6
Dπ = 1.971

D = 1.55 m
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22. (a)
Given:
P1 = 0.8725 kPa, T1 = 273 + 5 = 278 K, P2 = ?, T2 = 10 + 273 = 283 K, R = 0.4615 kJ/kgK, hfg = 2489.1 kJ/kg
From Clapeyron equation,

sat

dP
dT

 
   = 2

. fgP h

RT

dP
P

 
   = 2

fgh dT
R T

 
  

For small temperature internal,

2
1

ln P
P

 
   =

1 2

1 1fgh
R T T

 
−  

2ln
0.8725

P 
   =

2489.1 1 1
0.4615 278 283

 −  
P2 = 1.229 kPa ≈ 1.23 kPa

23. (d)

HE

600 kW

Wnet = 200 kW

900 K

300 K

Wreversible form = 3001 600 1 400 kW
900

L
H

TQ
T

   − = − =     

Irreversibility = Wrev  – Wactual
= 400 – 200 = 200 kW

24. (a)
As given:

ηI = ηII

⇒ T = 1300 300 624.5 KH LT T = × =

Therefore, the temperature of the intermediate reservoir
T = 624.5 K

2
1

Q
Q =

H

T
T I WI

TH = 1300 K

T K

Q1

Q2

II WII

Q2

Q3

TL = 300 K

⇒ Q2 =
624.5 100 48.038 kJ

1300
× =

ηII =
3001 51.96%

624.5
− =

WII = ηIIQ2 = 0.5196 × 48.038 = 24.96 kJ
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25. (c)
Volume = 1 m3

Mole of CO2, n1 = 0.2 n
Where n is total number of mole of mixture (CO2 + O2)

Mole of O2, n2 = 0.8n
Initial, P1 = 100 kPa
Initial, T1 = 300 K

Final pressure, P2 = 500 kPa, Temperature = 300 K
Assume mole of N2 as n3
From ideal gas equation,

PV
nR = Constant [ R  = Universal constant]

PV = nRT
For isothermal process,

( )
1 1

1 2

P V
n n R+ = ( )

2 2
1 2 3

P V
n n n R+ +

( )
100 1

0.2 0.8n n
×
+ = ( )3

500 1
0.2 0.8n n n

×
+ +

100 (n + n3) = 500 × n ... (i)

At initial point, n =
3

1 1
1

100 1 10 40 mole
8.3145 300

P V
RT

× ×= =
×

From (i), 100n + 100n3 = 500n

n3 =
400 40 160 mole

100
× =

26. (a)
Insulated rigid tank,

Electric
work

on system

Given: v = 0.8 m3, m = 1.5 kg, Pi = 100 kPa, Pf = 135 kPa, To = 298 K,
PV = mRT
At V = Constant

P ∝ T

i
f

P
P = 1 1

2 2
i
f

T T P
T T P

⇒ =

Exergy destroyed, ∆X = ToSgen

∆X =
     × = × ×          

135298 ln 298 1.5 680ln
100

f
v

i

T
mc

T

∆X = 91.219 kJ
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27. (c)
Mass balance: mi – me = m2 – m1

me = m1 – m2
Energy balance: (∆E)system = Ein – Eout

Ein = mihi + Qi + Wi = Wi (Qi = 0, mihi = 0)
Eout = mehe + Qe + We = mehe (Qe = 0, We = 0)

Wi – mehe = m2u2 – m1u1
Wi – (m1 – m2)he = m2u2 – m1u1

m1 = 1 1

1

500 1.7 9.169 kg
0.287 323

P V
RT

×= =
×

m2 = 2 2

2

200 1.7 3.667 kg
0.287 323

P V
RT

×= =
×

u2 = u1 = cvT
Wi = (m1 – m2)he + m2u2 – m1u1

= 5.502 × 1.005 × 323 + (–5.502) × 0.718 × 323
= 510.04 kJ

28. (a)
Mass of air in the room,

mair =
( )× × ×

= =
×

1

1

100 3 4 7 99.214 kg
0.287 295

P V
RT

3 m × 4 m × 7 m
 22°C, 100 kPaRoom:

TW = 65°C

By energy balance:
Heat lost by water = Heat gain by air

1000 × 4.18 × (65 – Tf) = 99.21 × 0.718 (Tf – 22)
58.763(65 – Tf) = Tf – 22

⇒ Tf = 64.28°C
Now, Xdestroyed = ToSgen
where, Sgen = (∆S)water + (∆S)air

= airln lnf f
w v

w q

T T
mc m c

T T
  

+ × ×      

=
273 64.28 273 64.281000 4.186ln 99.214 0.718ln

273 65 273 22
+ +   × + ×      + +

= 0.6147 kJ/K
So, Xdestruction = 283 × 0.6147 = 173.98 kJ
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29. (d)
Given: t = ax2 + b
At x = 5 cm, t = 0°,
⇒ 0 = a × 25 + b
⇒ –25a = +b ... (i)
At x = 20 cm, t = 100°,
⇒ 100 = 400a + b
From equation (i), 100 = 400a – 25a

a =
100 4
375 15

=

⇒ b = –25 × 
4

15  = 
20
3

−

At x = 15, t = 24 2015 53.33 C
15 3

 × + − = °  

30. (b)
For a rigid closed vessel; δW = 0 and

vf + x(vg – vf) = vc

⇒ 0.0010605 + x(0.8857 – 0.0010605) = 0.003155

x = 2.367 × 10–3

u1 = uf + xufg

= 504.49 + (2.367 × 10–3) (2529.5 – 504.49)

= 509.283 kJ/kg

u2 = uc = 2029.6 kJ/kg

From first law of thermodynamics,

δQ = δW + dU

δQ = 0 + m(u2 – u1)

= 2 × (2029.6 – 509.283)

= 3040.6 kJ


