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DETAILED EXPLANATIONS

4. (b)
Energy entering = AU
m,, x h. = 4000
4000
o= =1.225
M = 32645 kg
5. (a)
P
1
: ! y
Vv, Vv,
2
At constant pressure,
T. V.
s,—8,) = 2 =C In-2
(s,-54) Cp|n7—1 Y

~ G,In'2=1.005In(05) — - 0.697 kJkg-K

7. (b)

Intensive properties are independent of mass of the systemi.e. itis a bulk property or physical property of
a system, eg. pressure, temperature, specific volume, specific energy, viscosity, elasticity etc.

Extensive properties depends on mass, eg. energy, entropy, Gibbs free energy, volume, heat capacity at
constant pressure and at constant volume.

9. (a)
(.f)W = Power developed
Power = +480 - 180 = 300 kJ/min
300
or P 50
10. (a)
C
Tds = @dP+—pdv
§ v
Here, k = isothermal compressibility
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1 _A__1f9ov
absolute pressure P v|dP J;
B = Coefficient of volumetric expansion
) Ll{ﬂ)
I viarl),
11. (c)
L] [
Q
Gef. H.a
w
Q
nl I
w
Nyr = — =06 0
H.E. 01
Q -
(COP) o = W2 =5 (D)
Multiplying equation (i) and (ii), we get
Q _ 0px5=-3
Q,
Given, Q, = 1tonne = 3.5 kJ/sec
35 _ 4
Q
3.5
Q = B 1.17 kd/sec
12. (c)
(As)gen. = (As)ice+(As)atm.
(As) = 1x2.093xln@+@+1x4.18x|n@
lce 268 273 273
= 1.555 kJ/K
Qo = 1x2.093x5+333.3+1x4.18x 20 = 427.365 kJ/K
Q.
(As),,, = ?’;e = —1.459 kJ/K
(A8),,, = 1.555-1.459 = 0.096 kJ/K
www.madeeasy.in © Copyright: MADE ERSY
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13. (b)
PV, = RV,
= 50 x 500 = 1x V,
= V, = 25000 m3
Availability = Total work capability — Work done on atmospheric air
_ Vs
= AVINTE = Pum(Vs =)
1
= (50 x 105 x 500) 22220 1, 105 [25000 - 500]
500
= 7330MJ
14. (b)

5x Cx(t,-27) = 10x C(97 — 1)
= t = 73.67°C

T, = 27 +273=300K =T,
T, = 97 +273 = 370K
T, = 376.67K

Unavailable energy = T (AS),;¢

= SOOmeplnE
T
346.67
= 41 In
300 x 5 x 4.18 x 300
= 906.58 kJ
15. (c)
Extra pressure required to raise the whistle, p = "
= L%; = 196200N/m?
5x107
= 196.2kPa
P, = 100 + 196.2 = 296.2 kPa
. A
For air, T, = 7,
100 296.2
- 30 - T
= T, = 888.6K

PV, 100x 1000 x 107°
M= RT, 0.287 x 300

1.1614 x 103 kg
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Therefore, heat that must be supplied,
Q, = mC,-dT
1.1614 x 102 x 0.718 x (888.6 — 300)
0.49 kJ

16. (b)
Heat transferred in the boiler/kg of fluid,
Q, = (h,-h,) =2800-700 = 2100 kd/kg
Heat transferred from the condenser per kg of fluid,
Q, = (hy—h,) =550 -2450 = -1900 kd/kg
— = —+—=== +
T T, T, (220+273) (51+273)

= 1.6 kJ/kgK < 0

Hence the cycle will be irreversible.

17. (b)
Wiax = (Uy = Uy) = To(8; = 8))
- CV(E—TQ)—TO[cplnE—RInﬁJ
T 2
= O.716(300—600)—300{1.004|n@—O.287lnl}
600 8
= -185.06 kJ/kg
E
L _ (R
T A
1 In(?j In2
n-— 1 n
= =—=0.333
- n = [R) M8
P,
= n=15
mF?(T1 - Tg) 1x 0.287(300 - 600)
Waclua/ = n—1 = 15_1 =-172.2 kdJ/kg
Ireversibility, | = W__ -W__ .,
= 185.06 —172.2 = 12.86 kJ/kg
18. (d)
Mean temperature of mixture = %
h+Tp

2 —

Ti+Tp
cf.2 e[ 2 2L
Ty T T T

Change in entropy, As

www.madeeasy.in © Copyright: MADE EASY
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19. (b)
=
20. (c)

1-2

AU

el

nT1+T2 +ClnT1+T2
2T, 27,

Cl

(T +T,f oo Tt D

Ciln—=
4L7; 2T,

L+T,
2C In 2 _ 2Cln(ﬂ)

JTT GM.

PV, 4x10°x0.1

—1= = 0.545 kg.
RT, 8314 350
34

0.1\%3
~ 7 =243.67 K
SOOx( 5 2)

PV,-PV, _mR(T,~T,)

n-1 n-1

8314
“aa (300-243.6)

1.3-1

0.545x%

25.054 kJ.

ij? C,dT = ij? (0.5+25x107T) at

0.545|0.5T +2.5x107* x%

243.6

0.545[0.5T +1.25%1 O’4T2]300

0.545[129.22 - 161.25] = — 17.456 kJ.
AU+ W=-17.456 + 25.04 = 7.6 kJ.

AV, _10x10°x2

RT,  287x373 ~ 1008k,

y-1

=)

5 2436
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21.

K.E,

(c)

SN < o4 .o

1-3

(PQVQJ_ 1x10° x 2

0.4
373X(i)1-4 = 193.19 k
10

= 3.6 kg.

RT, | 287x193.19

(my u, —m, u,) —(m;=my)h

m,C,T,-m,C, T,—(m;—m,) Cp T,
18.68 x 0.718 x 373 - 3.6 x 0.718 x 193.19
—(18.68 - 3.6) x 1.005 x 193.19

1575.5kJ

1 bar T
800k ] 1 300K 2
0.18 m°3

0.09m?3
0.045m%  pe

PV _1x10°x0.18

AT, 287xa00  O-209Kd

%=23=2x1=2bar

2

=@=150K
2

N |

v,
V,
Wip+ Woy

_[,odv+ '[pdv = mF?T11n72+P2 (Vs—Vs)
Vi 2] !

O.209x287x300xln%+ 2x10°(0.045-0.09)

—21476.6 J = -21.476 kJ.
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22. (b)
5
Mass of air, m, = PVar _ 1x10°x100 _ 123.12 kg
RT, ~ 287x283
Mass of ail, m, = Py x Vg =950 x 0.1 = 95 kg

We consider the room and the oil in the radiator as a closed system since no mass is crossing the boundary.
The energy balance for this stationary constant volume system can be expressed as:

Ei - Eout = AEsystem
= (W, — Q)-At = AU, + AU,
= [mCy (T, TPl + M C(T, - T))ly
- (1.8-0.35).At = [123.12 x 0.718 (20 — 10)] + [95 x 2.2 x (50 — 10)]
= At = 6375.17 sec
= 106.25 min
23. (b)

RT  0.287x(77+273)
o 300

0.3348 m3/kg
Rate of flow energy, W, = m(pv)

_ 1%, (300x0.3348)
60
= 2511 kW
Rate of energy transport by mass
Eruss = M(h+ KE)
- m[cpnév?}

15 2
—[(1 .008 x 350) + 25 }

60 2000
= 88.27 kW
24. (b)
T, T
Q, Q
(e
HE HP
Q, Qy
TZ
woT,-T,
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25.

26.

= w= 27,
T
Q T, Qy
COP),, = H - 2 -8
(COPve Qy-Q T,-T, W
. w= 1, -m)
T2
Since work output of the heat engine is used to drive the heat pump. Therefore:
Q Qy
T,-T,) = =(T,-T,
M-T) = T -T)
Qy T(lhi=T5)
= - = ==
& (T, =T,)
(d)
M
M
0.02494 kg
T, 1
= 1-L =1-_ =05
Mo Ty 2
w
Also, Ny, = O_H
W 60
N Q, = —=—=120kJ
7om, 05
Q = Q,-W=120-60=60kJ
Q, 60
and q = = 002494 = 2405.8 = 2406 kJ/kg
= hfg at T,

Since the enthalpy of vaporization hfg at a given temperature, or pressure represents the amount of heat
transfer as 1 kg of a substance is converted from saturated liquid to saturated vapour from saturated liquid
to saturated vapour at the Tor P. Therefore T, is the temperature that corresponds to the hfg value of 2406

kJ/kg and from steam stable
T, = 40°C

(d)

We know efficiency of Carnot engine operating between temperature limits 7,,and T, is

o

n = T,

2(1 l) _ gL

TH TH/

. On solving, T/ = 2TTLTHT
L= In

www.madeeasy.in © Copyright: MADE EASY
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27. (b)
a _
T =
Efficiency =
28. (c)
AU =
mC,dT =
aT =
29. (c)
Tvr-1 =
7—2 —
7—2 —
= T, =
30. (d)
SFEE in differential form
aqQ =
For areversible process dQ =
Tds =
TdS—-adh =
From property relation 7dS =
= TdS—-adh =
-vdP =
Integrating both sides
R
_L% vaP -
R
| vaP =

Q4,2
i To

600 ( 450

1000 ﬁ) =-0.9 kJ/K

Q,-Q, 600-450 150

=25%
Q, 600 600

A(PE)

mgh

gh_981x5000 g
C, 0.98x10

35 10667
0x{57%)

820.07 K
547.1°C

dh+ VAV + gdz + dw
TdS

dh+ VAV + gdz + dw
VaV + gdz + dw
dh-vadP

- vaP

VaV + gdz + dw

V5
I, VdP+j;29dz+de

Vv
{?2 - %} +9(Zo-29)+W

2 2
—ffvdP—{V—z—Vi}—g(zz—zo —w
1

2 2

1000 K

600 kJ

O

450 kJ

300 K

o Copyright: MADE EASY

www.madeeasy.in



16 | Mechanical Engineering

India's Best Instituts for IES, GATE & PSUs

Neglectinitial .+ pE
velocity given effegct giVé”-
Py \/22 Vi
I, VdP—{?_ > [~9 o2 =w
PZ
2
2
R C Vz
l/Visothermal = _J.P1 E_?
P, VE
|/Visothermal = —Cl E ?2
2
- Ayl
R 2
2

P1

90°
-0.287x(30+273)In3.5-
2000

-112.99 ~ - 113 kd/kg

[Pv = C, For isothermal process]
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