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DETAILED EXPLANATIONS

1. (c)

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

3. (b)

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

4. (d)
Q Q)
D@
Q) Q,
w . =03
Ql = nengine -V (1)
% = COP, =5 (2)
Multiplying equation (1) and (2)
L _ _
= 0, =03x5=15
- 0, = %:% K] = 666.67 k] (for Q, = 1 MJ = 1000 k]
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.

11.

12.

13.

(b)
Given: P = 20 kPa; V. = 0.002 m3; T-=300K
8PV 8x20x1000x0.002

We know, R = 31, = 3% 300 =0.355]J/K
(a)

Given; P =200 kN/m? W, =-150kJ; Q =50K]
We know, H = U+ PV
H, = U, +PV,
H, = U, +P,V,
Change in enthalpyAH= H, - H, = (U, - U,) + P(V, - V)
Work done by the system,
W, = P(V,-V;) =200 x (5-2) =600 kJ
From 1st law of thermodynamics,
AQ = AU+ AW
AU = AQ - AW =50 - (-150 + 600) = 50 - 450 = -400 k]
So, AH = AU+ P(V,-V))
: AH = -400 + 200 (5 - 2) = -400 + 600 = 200 k]

()

¢, = 1kJ/kgK
c, = 0.75 kJ/kgK
T = 27°C = (27 +273) K=300 K
p = 1Dbar =100 kPa
Gas constant: R

=c -c
14 4

=1-0.75=0.25 kJ/kgK

Applying equation of state in terms of density,

p = pRT
100 = p x 0.25 x 300
1=075p
1 100 3
= —=—=1.33k
or P~ 075 75 g/m
(b)
For the process 3-4
AU = -650 (kJ)
APE = 0 (kJ)
AE = -600 (k])

Change in total macroscopic energy (AE)
AE = AU + AKE + APE
-600 = -650 + APE + 0
AKE = (650 - 600) = 50 kJ
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14. (¢)

15.

16.

m, Mixing
chamber

3 &

From steady flow energy equation (SFEE), neglecting AKE and APE

. . . . . 0
tit hy +1ihy —Q = (v +1iy)hy %t

- i +1i,T, 0
3 1ty +1it, ¢, (1 +1iy)
(c)
In case of throttling of real gas,
h, = h,

Uy + pi0y = Uy Pyy
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 (p,v, > p,v,), 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.

) .
Mass = 1 kg of ideal gas 2
Initial, P, = 100 kPa ! 13
T1 = 250K E Pv = Constant
Final, T, = 500 K 5 1
R = 287]/kgK 5 |
Y = 1.4 74
BV, - PV,
W, = _( 2 2_11 1)
—mR(T, - T)
- n-1

U, = U,-U, =mec, (T, - T))

Qup = U, * Wi,

1% 0.287(500 — 250)
1.3-1

Q,, = 1x0.718(500 - 250) -
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17.

18.

Q,, = -59.666 k]
Q,, = 59.666 k] (Heat transfer from piston cylinder to its surrounding)
Alternatively,
y-n ><(Plv1 —szz) _y-n mxRx(T, - T,)
Qip = Y- n-1 y-1 n-1
_14-13 o 1x0.287 x (250 — 500)
C14-1 13-1
Q,, = -59.666 K]
Q,, = 59.666 k] (Heat transfer from piston cylinder to its surrounding)
(C) Heat loss (Q)
1y =2kg/s, 5 A, =400 x 104 m?
—1001<Pa @ : @  T,=273+45=318K,
=273 +30 =303 K; —|—> Diffuser —|-> Q.= 4kW, P, =2

V =200m/s \

Air,y = 1.4
From steady flow energy equation,

2
h+V7+Q—h+—/V(

200° }— 4000 = V_Zz
2
V, = 43.0116 m/s
Mass flow rate = p,A,V,
2 = p,x400 x 10 x 43.0116

p, = 1.1624 kg/m?3

P, = p,RT,
1.1624 x 0.287 x 318 = 106.094 kPa

1005(303 - 318) +

(d)

A B
0,
V=2 m’ Evacuated
P, =1000 kPa X V=2m’
T,=127°C
=400 K

Taking chamber A and chamber B together as a system.

dQ = dUu+dw
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

= PV,
= P2
19. (a)
Ty
T

_ A4

Constant
p,V,

2
= (1000)x = =
m ( )4 500 kPa

727 + 273 =1000 K
27 +273 =300 K

Ty = 727°C
Qs
(G —w
Qr
T, =27°C

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

T
pe1-—E=1-2% g7

Ty 1000
W06

Efficiency claimed by the inventor n . = Q_l 1 0.6

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. (¢)
Mixture of gas,
Oxygen (O,)
Nitrogen (N,)
Methane (CH,)
Molar mass,

N

(@)
N,

CH,
Mass of O,
Mass of N,

Mass of CH,

Mass fraction of N,

21. ()
Volume of the balloon is

0.1 kmol
0.1 kmol
0.8 kmol
32 kg/kmol
28 kg/kmol
16 kg/kmol
Mole x Molar mass
0.1x32=32kg
Mole x Molar mass
0.1 x28=28kg
Mole x Molar mass
0.8 x 16 =12.8 kg
MmN, B 2.8
mo, + MmN, + Moy, (3.2 +28+12.8

) =0.148

m[vf + xvfg]

2[0.001053 + 0.85 (1.1594 - 0.001053)]
1.971 m?

1.971

1.55 m
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22,  (a)
Given:

P, =0.8725kPa, T, = 273+ 5= 278 K, P, =2, T, =10 + 273 = 283 K, R = 04615 kJ/kgK, h, = 24891 k] /kg

From Clapeyron equation,

(i)
dT sat

P

_ hﬁ(d_Tj

Pl
RT?

R\ T2

For small temperature internal,

ln(&j
Py

he(1_1
- R\y T

2489.1 1

o)
0.8725
P,
23.  (d)
ereversible form
Irreversibility
24. (a)
As given:
lii
= T

1
= 04615 (2_78 _2_83)
1.229 kPa ~ 1.23 kPa

900 K

600 kW

@E W, = 200 KW

300 K

- o[1-IL|- 600(1—@) = 400 kW
Ty 900

= erev - Wactual

400 - 200 = 200 kW

= nH
JTHT, =+/1300% 300 = 624.5K

Therefore, the temperature of the intermediate reservoir

T
Q
Q1

= Q,

Qi

= 6245 K
T
_ 645100 _ 4o ner
1300
- 1-2% _5196%
624.5

NnuQ, = 0.5196 x 48.038 = 24.96 k]
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25.  (¢)

Volume = 1m?
Mole of CO,, n, = 0.2 n
Where 7 is total number of mole of mixture (CO, + O,)
Mole of O,, n, = 0.8n
Initial, P, = 100 kPa
Initial, T; = 300 K
Final pressure, P, = 500 kPa, Temperature = 300 K
Assume mole of N, as n,
From ideal gas equation,

PV —
TR Constant [R = Universal constant]
PV = nRT
For isothermal process,
141 BVo
(711 + nz)R - (711 + 1y +113)R
100 x 1 500 x 1
(02n+0.8n) ~ (0.2n+0.8n+n3)
100 (n + ny) = 500 x n .. (i)
3
PV;  100x1x10
At initial point, no= 1= =40 mole

RT;  8.3145x300
From (i), 1007 + 1001, = 5001

n., = M =160 mole
3 100
26. (a)
Insulated rigid tank,
Electric

work
on system

Given: v =08 m? m=1.5 kg, P, =100 kPa, Pf =135 kPa, T, = 298 K,
PV =mRT
At V = Constant

PoT
b _n_mn_n

Pr = ﬁ L B
Exergy destroyed, AX =TS

0~ gen
T
AX = 298| me, In| =L || = 298| 1.5%6801n 232
T, 100
AX = 91219 K]
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27. (c)
Mass balance: m;-m, = m, -,
m, = my - m,
Energy balance: (AE)Syste]m = E, -E,
E, = mh+ Q;+ W, =W, (Q; =0, mh, =0)
E, =mh+Q +W,=mh, (Q=0W, =0)
W.-mh, = myu, - myu,
W, = (my = myh, = myu, - myu,
_— PV, _ 500 1.7 9169 kg
1 RT, 0.287x323
. RV, _ 200x1.7 _3.667 kg
2 RT, 0.287x323
u, = uy=c,T
Wi = (my - my)h, + myu, - myu,
= 5502 x 1.005 x 323 + (-5.502) x 0.718 x 323
= 510.04 kJ
28. (a)
Mass of air in the room,
PV (100)x3x4x7 Smx4mx7m

m. = =99.214 kg Room: 22°C, 100 kPa
air  RT; 0.287 x295
By energy balance:
Heat lost by water = Heat gain by air
1000 x 418 x (65 - T)) = 99.21 x 0.718 (T, - 22)
58.763(65 - T) = T,-22

T, = 65°C
= Tf = 64.28°C
Now, Xdestroyed = Tosgen
where, Sgen = (AS)yater T (AS),;
T T
= mc,In L +m,, Xc, XIn =i
T, T,
— 1000 4.186ln(w) +99.214 o.mm(wj
273+ 65 273+ 22
= 0.6147 kJ/K
So, X estruction = 283 % 0.6147 = 173.98 k]
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29. (d)
Given: t=ax2+b
Atx=5cm, t=0°
= 0 =ax25+0b
= -25a = +b .. (i)
At x =20 cm, t = 100°,
= 100 = 400a + b
From equation (i), = 100 = 400a - 25a
100 4
T 3755 15
4 20
= b = -25x 53
4 ’ 20 o
Atx=15t= EXlS +(—?) =53.33°C
30. (b)

For a rigid closed vessel; 8W = 0 and
v+ x(vg - Z)f) =0,

= 0.0010605 + x(0.8857 - 0.0010605) = 0.003155
2.367 x 1072

X

u, = u,+xu
1 f 18

509.283 k] /kg
u, = u,=2029.6 kJ]/kg
From first law of thermodynamics,
8Q = dW+dU
5Q

0+ m(u, - u,)
2 x (2029.6 - 509.283)
3040.6 kJ

504.49 + (2.367 x 1073) (2529.5 - 504.49)
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