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m Conventional Questions ]

First we convert the pressure reading into pascals. We have

= (pgh)Hg

Solution: 24

P gauge

’Oatm
We know that

p abs

Solution : 25

13600 x 9.81 x 0.020
2668.32 Pa = 2.668 kPa
79.50kPa

'Ogauge + Pam
2.668 + 79.50

82.168 kPa

A force balance on the piston provides
PA

T 2
x—d
'04

600 x % % (0.1)2

or Ax
Solution : 26
Given data:
AtNTP,
-
p
Applying equation of state,
pV
101.325x 0.773=1x Rx 273
R
Solution : 27
Given data:
M
p

P + KAX

Datm X gd2 + kAx

101.3><%><(o.1)2 +4.8% Ax

0.816m

0°C =273K
101.325kPa

mRT

0.2869 kJ/kgK

27.62, V=150 litres = 0.15 m3
1.35 bar = 135 kPa
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Mechanical Engineering ® Thermodynamics

T
Applying equation of state,
pV

pV

135x0.15

m

Solution : 28

MRDE ERSY

20°C =293 K

mRT

m T

R
X —
M

8.314
27.62

0.2296 kg

m X X 293

The Fahrenheit and Celsius temperature scale are related by

Solution : 29

[£S

For TDC
T

or T
o T
On absolute scales,

TK

Ta
Given:
P.m =100 kPa; R =0.287 kd/kg K
When T2
mass of air m,
As volume of tire is constant, P,

P

2
Pressure rise in tire

To restore pressure to its original value (P,
be bled off.

Am
where m,
and m,
Am

T,=25°C=298K; P, =210kPa + 100 kPa = 310 kPa;

5
—(Top — 32
(1 ~32)
Te=T

5
2(T-32
>(7-32)

-40
-40°C and T.=-40°F

T +273.15
40 + 273.15 = 233.15 K
T + 459.67

40 + 459.67 = 419.67 R

V=0.65m?3

50°C, let P, be the pressure inside tire

RV _310x10° x 0.65

= RT,” 287x008  ~ 2o06kd
_ 2.356x0.287 x 10° x (273 + 50)

B 0.65

= 336 kPa

= P,- P,=26kPa

=310 kPa) at T, = 50°C, let Am be the mass of air that must

my =M
_ 310x10°x0.65
287 % (273 + 50)
2.356 kg
2.356-2.1736 = 0.1823 kg

= 2.1736 kg
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MBDE ERSY 1 Rank Improvement Workbook 5

Solution : 30
Consider the system of fluid contained in the leakproof piston along with the stirrer. Work is being done
by the piston on the fluid by stirring, through electric motor.
As a result of this fluid moves out against atmospheric pressure and does work.
Work done by fluid against atmospheric pressure,
Stirrer

~LT

<— Piston I

[PAV = Py x (V5 - 1Y)

Wom =
- (1.01325><1O5Pa)x¥(Ax) m?
2
= 1.01325%10° x%xo.&%
W, = 6.175kJ
Net work done by the fluid = W, = Wy + W, =2kJ
- Wer = 2-6.175=-4.175kJ
Sign is negative, since this work is done on the system.
Speed of rotation of motor, ® = % rad/s = 87.965 rad/s
Wi 4175k
Power output of shaft = —3Ter — 5 J = 6.96 watt
t 10 min
Assume torque of motor as TNm.
Power of motor = Tw = 6.96 watt
6.96
— — —2
= T = 87 965 =791 %x10“Nm

Solution : 31
Consider the isothermal and adiabatic process as represented on P-V diagram in figure.

P

10 kPa

1 kPa

The gas ratio of specific heat capacities
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6 Mechanical Engineering ® Thermodynamics MBDE ERSY

For process 1-2, Adiabatic expansion (reversible)
P-YTY = Constant

r-1 1.4-1
T, =T, i ! :403x(l) 4 - 208.73K
P, 10
Also PVY = Constant
Iy 11.4
P
= Vv, = V|2 =o.5><(£) =259 m?
P, 1

For process 2-3, Isothermal compression
T, = T,=208.73K
PV = Constant

RV, RV, 1x259
p - 22 _T2%2 _ — 518 kP
= 3 v, v, 05 5.18 kPa

Adiabatic

Isothermal

v

As can be seen in figure, slope of an isothermal process is less than that of an isentropic/adiabatic
process.
Hence area under the curve, which is equal to work done is minimum in case of an isothermal process.

~.Isothermal process should be used in compression
P

Intercoding

Adiabatic
compression
Isothermal

In Practise, for compression involving high compression ratios, adiabatic process with intercooling is
employed. This method closely approaches an isothermal process.

[www.madeeasypuincations.org MRDE ERSYH © Copyrigha




First law of Thermodynamics
(Non-Flow Processes)
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8 Mechanical Engineering ® Thermodynamics MRDE ERSY

m Conventional Questions ]
Solution : 24

Given data: p, = 8 bar =800 kPa, V, =0.02m?; p, = 2 bar = 200 kPa; pV'? = C; m = 0.25 kg; du = - 55kJ/kg;
du = mdu
= -025x55=-13.75kd
p,V12 = p,V,12
8x(0.02)12 = 2xV,12

p T
1
pV‘I,Z - C
2
v S
or V,'2 = 003658
or V, = 0.0635m?3

V.- p,V, .02-2 .
pPYVi=poVy 800x0.0 00x0.0635 165 Ky
n-1 1.2-1

Work done: W

Applying first law of thermodynamics for process 1-2,
Q=dUu+Ww
-13.75+16.5=2.75kJ

Solution : 25

Given data: V, = 0.1 m3; p, = 3 bar = 300 kPa; V, = 0.3 m3; p, = 1 bar = 100 kPa
p

P+
p A

P2 2

Vv, % V, Volume
Let Ais any point on process 1-2. p and V are the pressure and volume at point A. Based on the given
data, the p-V relation can be expressed by the linear equation

Pr — Py P—p
V-V, = V-

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha
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_ p-300

0.3-0.1
-200

V-0.1
p-300

0.2

—-1000

— 1000V + 100
o)

or
or
where pis in kPa and Vis in m3,
The work done is calculated by

Wi,
Alternate Method :
w
Solution : 26
Change in internal energy, au
au
.. C p— R
. v ’Y_1 .
Work done, W
where pVn
o
w

V-0.1

p-300
V-0.1

p-300
400-1000 V

0.

1000V®

0.3
I
400 x 0.3 -500 x (0.3)° - 400 x 0.1 + 500 x (0.1)?
120-45-40 + 5 =40 kJ

Vo 3
[pav = [ (400-1000v)aV = [400V—

v 0.1

%(Vz—\/1)><(P1 +P,) = =x0.2x400 = 40 kJ

1
2

me (T,—T,)

mR

~(2=T) ()
2

Ipdv

f

C

o

Vﬂ

'T'\/—”d\/ _ C[V_m1]2
1 -n+1

P V8 Vo —p Vi VT _ P Vo-pi Vi
1-n 1-n
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10 Mechanical Engineering ® Thermodynamics MBDE ERSY

AT, 1) “
W= - 1-n (i)
mR(T, -T,) mR(T, -T,
Heattransfer, @ = dU + W = (T2 1)+ (-T)
y-1 1-n
1-n, \PR(L-T)  (1=n+y=1)mR(T-T,)

=(y—1 J 1-n -( v-1 ) 1-n

] (v—n\mﬂ(z—m

y=1) 1-n (i)
Q: du W
v=-n\"R(-T)  mR(,-T,)  mR(T,-T,)
v-1) 1-n ' y—1 ' 1-n
Yy—-n « 1 . 1 L
y=1) 1-n = y=1 "1-p
(y=n) + (1-n) :(y-1)
Heat transfer, Q = mc (T,-T,) .. (iv)
Comparing Eq. (iv) with Eq. (iii), we get
o - y-n) R _(y-n
" y=1J1-n (1-n )"
R
where c,= —5
% Y_1

Solution : 27

Given data: T, = 555K; T, = 835K;T, = T, = 555K; T, = T, = 835K
From p-V diagram,

o Vs
Vi © v
o oV Ve
v, VY,
p T

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha
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11

Vo (V%
Y Vo Vs
g a1
I e B Lt
2 I3 Ts
y-1
or Lo L[l
2 T3 \s
555 835 1835
or T 313.28K
Net work done: w, ., Wy o+ Wy gt Wo o+ Wy o+ Wy
R(T,-T. R(T, -1,
(1 2)+O+ (3 4)+F1)(T5—7;1)+O
y -1 y -1
0.287(313.28 -555) 0.287(835-555)
+ +0.287(835 - 555)
1.4-1 1.4-1
= —173.43 + 200.9 + 80.36 = 107.83 kd/kg
Solution : 28
Given: = Net heat loss rate = (100 - 75) = 25 kJ/hr, P, = 1 bar, T, = 25°C, V= 10 m3

As the process is isochoric i.e., AV =0

Total heatrequired, Q = mc,AT=mx0.718 x 25

m o= 4 _ _100x10 44595 kg
RT, 0.287x298
Q = 209.877 kJ
Time = Q = M = 8 hour 23 min 42.38 sec
Q 25
Solution : 29
Given data:

T, = 260°C = (260 + 273) K =533 K
p, = 700kPa
V, = 0.028 m?
Vv, = 0.084 m?

P T

@ _ prP=C _®@ @
pvV'=C //O
oL ° pV'=C
o
@
® pv=C ®
Vv s

[@ Copyright MRDE ERSYH www.madeeasypuincations.org]




12 Mechanical Engineering ® Thermodynamics MRDE ERSY

Applying equation of state at state 1,

pVy = mRT,
700 x 0.028 = mx 0.287 x 533
or m = 0.1281kg
For isobaric process 1-2,
T, T,
2 _ 1 (Charles law)
A Z
T, _ 533
0.084 0.028
or T, = 1599K
For polytropic process 2-3,
-1
L. L)
T2 V3
n-1
Lo (% (- T3-T)
7-2 VS
533 _ (0 O84J1'5_1 (0.084J05
1599 A A
1
1599 Va
533 )2 ) 0.084
1599 Vs
or V, = 0.756 m3
For process 1-2,
Work done: W,, = p,(V,-V,)=700(0.084 -0.028) = 39.2 kJ
Heat transfer: Qo,=m cp(Tz— T,)=0.1281 x 1.005 (1599 - 533) = 137.23 kJ

For process 2-3,
mFu’(T@; - 7'2) ~ 0.1281x 0.287(533-1599)

Work done: W,. = =78.38 kJ
eredone 23 1-n 1-15
y-n 14-15 .

Heat transfer: Q,y = (Y — ) xWo_g = (—1 2.1 x78.38 =-19.59 kJ
For process 3-1, Work done: W,, = Qs_;=mRT,log, %

3

= 0.1281x0.287 x 533 log, % =—-64.584 kJ
0.756

Net work done: W = W,,+ W,,+ W, =392+ 783864584 = 52.996 k
Heat supplied: Q, = Q,,=137.23kJ

w :
The efficiency of the cycle, n = Networkdone _ Wne _52.996 _ ) 565 _ 55609

Heat supplied = Q, 137.23

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha
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m Conventional Questions ]

14
Solution : 23
Given data;
%
Pi
T
Py
[
Ty
w
Assumption:

(i)
(iii)
Applying ideal gas eq. at (1)

Neglecting AK.E. and AP.E.

pv

m

Now applying S.F.E.E. for compressor

m(hy)+Q
01

(i)

There is no work transfer in after cooler.

Volume flow rate = 2 m3/min
0.11 MPa
20°C = 293K
1.5MPa
111°C =384K
25°C =298K
4.15 kW

After
cooler

Compressor

@

Assume flow is steady.

mRT.

1
RV 011x10°x2

RT, ~ 0.287x293x60 = 0.0436 kg/s
between (1) and (2)
m(hy)+ W
m(h, =)+ W = mc(T, =T+ W
0.0436 x 1.005 x (111 -20) - 4.15=-0.163 kW

Now applying S.F.E.E. for after cooler between (2) and (3)

m(he)+ Qe

or Q,

Solution : 24
Given data: W=-10hp =-10 x 746
d,=6cm=0.06 m;
d,=10cm=0.1m; V, = 10 m/s;

m = pA,V,
= 1000xZd?xV,
4
_ 1000x 2% % (0.06) x 10
= 28.26 kg/s
also m = pA,V, =pAV,

m(h,)
mhy—hy) = me (T, ~T)
1)

=-3.76 kW

@——

0.0436 x 1.005(25 - 11

ﬁw

W =-7460 W = - 7.46 kW;

vaw.madeeasypublications.org
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pAV,
ALY,

T
de

oV,
(0.06)2 x 10

or v,

I Rank Improvement Workbook 15

pPAV,

AV, (. p = constant)

Az
GV,

(0.1)°x V,
3.6 m/s

Applying steady flow energy equation between sections 1 and 2, we get

V2
m|:h1 +é+gz1]+0

where h,
h,
Z
m[ef]
p 2
where U
m[&ﬁ”
p |
P> — P4 |
m —_
o [ p ]

Unit balancing

i
p

V2
m[h2 +?2+QZZ:|+W

m(V12 _V22)
2x1000

where mis in kg/s, p, and p, are in kPa, V, and V, are in m/s, Wis in kW, p is in kg/m3

28.26 P =Py
1000

0.02826(p, - p,)

(10)° ~(3.6)
2000

]—(—7.46)

28.26[

1.22987 + 7.46

or p,—p, = 307.49 kPa
(@ Copyright MRDE ERSYH www.madeeasypuincations.org]




16 Mechanical Engineering ® Thermodynamics MRDE ERSY

Solution : 25

(iy Applying SFEE,

V2 VZ
%wpﬂ = ?”‘CpTZ
V2 -2
T, = —24T.
2 2c, !
4007 - 7007
= 2 T 4420 =255°C
2x 100
,_ _p, 7000 5
(ii) p = RT, = 287x693 0.0352 kg/m
m = p,AV, =0.0352 x 1t x 0.12 x 400 = 0.442 kg/s
A 1
T |- 528 \1.4-1
ii = pi|=| =00352=2 =0.01784 kg/m3
(i P ‘(E) (693) J

=
|

=0.212m=212mm

- 0.01784x 700

pch V4 \/0.0352>< (0.2 x 400
poVo

Solution : 26

Consider the pressure vessel and main connected by a valve as shown in figure.

Py = 1.4 MN/m?
Ty =358 K

-
[
5
5

____________________

Control
P, = 700 kN/m? volume
m=2.7 kg

: i
| T,= 333K r

Gas flows in side the vessel initially evacuated. Consider control volume as shown in figure.
Applying conservation of energy for variable flow process of this control volume,

o,

v

at

Rate of change

Rate of inflow of energy — Rate of outflow of energy
dE, dm dQ
dt Prat  adr

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha
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au dn dQ

= T hp%*? (since velocity of pipe is negligible)
Integrating, we get, m, U,—m, u, = hp (my—m,) +Q

Initial mass of gas in control volume, m, = 0

Final mass of gas in control volume, m, = 2.7 kg

~. Heat transfer to or from pressure vessel
Q= myu,-myh,=my[c, T,—cpT,]]
= 2.7 [0.67 x 333 -0.88 x 358]
Q = -248.211kJ
- 248.21 kd of heat is lost from the pressure vessel. Assume initial volume of gas in pipe before transfer

is Vp. Since the gas can be assumed to follow ideal gas behaviour—

P, V.
ﬂ = #:mﬁ’:m(cp—cv)
N V, = 358 x 2.7 x(0.88 - 0.67) 0145 m?

1.4x10°
Hence, volume of gas before filling is 0.145 mq.

[@ Copyright MRDE ERSYH www.madeeasypuincations.orgJ
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m Conventional Questions ]

Consider two heat engines A and B acting in series as shown in figure.

Solution : 21

T
Efficiency of engine A, m, = (1—5)

Where, T- Temperature of intermediate between A and B.

Heat received by A, Q, = 300 kJ
T
‘ = Q1-—
Work output of engine A, W, 1( 700)
W, = 300 1—L)
700
Efficiency of engine B, mg = (1—@)
Heat rejected by engine A, Q, = Q, - W,
= Q, = 300-300 1oL ) =2300.T 3T
700 700 7
2 T
Work output of engine, B = (1—%)37
According to question, W, =2 Wy
T 37 280
300|1—-—| = 2. —|1-—
- ( 700) 25 (1 T )
= T = 420K
. . 420
Efficiency of each engine, Ny = 1_ﬁ: 0.40 = 40%
280
= 1-——=0.33=233.33%
s 420

Heat rejected by engine A and received by engine B

3T
= Q=0 == kJ=180K/

T, _ 180x280
T, 420

Heat rejected to the sink Q, =Q;x

120 kd

Solution : 22
Consider heat engine and refrigerator operating between source at 1073 K and sink at 303 K.

Efficiency of Carnot heat engine = pﬂ: 0.7176

1073

(@ Copyright MRDE ERSYH www.madeeasypuincations.org]




20 Mechanical Engineering ® Thermodynamics MBDE ERSY

Cold
space
258 K

Q Q
w. w’
EHe_at A Refrigerator
ngine l
Q 290 kJ Q
Sink
303 K

Heat extracted by heat engine, Q, = 1900 kJ
Work done by heat engine, W, = n. Q, =0.7176 x 1900

= 1363.47 kJ
Work transferred to refrigerator = W, - W__,
= 1363.47 - 290
= W’ = 1073.47 kJ
Q 258
COPrefrigerator = V\/s' = 303_058 =573

= Q, = 6154.56 kJ

g Heat transferred to 303 K reservoir by refrigerator = Q, + W’
Q, = 7228.03kJ

Heat transferred to 303 K reservoir by heat engine, Q,
Q, = Q- W,=1900-1363.47 = 536.53 kJ

Total heat transferred to 30°C thermal reservoir = Q, + Q, = 5636.53 + 7228.03 = 7764.56 kJ

Solution : 23

In summer, ambient at 40°C

25°C 1

Reversible refrigerator
For areversible refrigerator
T,
Q, Ty

[www.madeeasypuincations.org MRDE ERSYH © Copyrigha
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Now Q, = (energy loss per degree x AT) kW
= 5x15=75kW
(As temperature difference = 40 - 25 = 15°C)
75 298
Q, 313
or Q, = 78.78 kKW

(Q,-Q,)=7878-75 =3.78 KW

Q,
@A) w
Q

1

Power required: P

3°C 1

Reversible heat pump

In winter, ambient is at 3°C

Now Q, = 5x22=110kW
Q T
and Q "7,
Q, = 2254110 = 101.88 kW
298

Workdone = Q,-Q, =110-108.88 = 8.12 kW

Solution : 24
Given data: Q, = 900 kJ, T, = 500 K, W= 300 kJ, T, = 400 K, T, = 300 K
T,
Q
(—w
Q,
T, T,
Thermal efficiency,
n = w = @= 0.3333=33.33%
Q, 900
Heat rejected :
Q =Q-W

900 - 300 = 600 kJ

[@ Copyright MRDE ERSYH www.madeeasypuincations.orgJ
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22
Let Q be the heat rejected to sink at 400 K. Then heat rejected to sink at 300 K is (600 — Q).
As the engine is reversible, the clausius theorem gives:
8Q
7 =0
Q Q 600-Q 0
T1 7-2 TS
900 Q 600-Q 0
500 400 300
Multiplying by 100, we get
900x100 100Q 600x100 N 100Q 0
500 400 300 300
180-0.25Q-200 + 0.3333Q =0
or Q = 240kJ
Thus, heat rejected to sink at T, = (400 K) = 240J
and heat rejected to sink at T, = 300 K
= 600 - 240 = 360 kJ
Solution : 25
T, T,
Q Q
&)y —w (&) -w
Q2 Q3
T, T
Q, Fig : Carnot Engine
() —w
Q
T,
Fig : Carrnot Engine
in series
T.-T. T,
n, = 1 - 2 _ 1_?2
1 1
-
1-m, = =
or up T,
Similarly, 1-m, = Iy
7—2

[www.madeeasypuincations.org MRDE ERSYH © Copyrigha
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TB .
(-n)(-ny) = 7. )

For the Carnot engine operating directly between the temperature limits 7, and 7,

nS = @:1—%
1 1
.
or 1-m, = 73 (i)
1

Equating equation (i) and (ii), we get
1-m,

(1 —ﬂ1)(1 _ng)
1 _n1 _ng +n1n2
Th +T]2—T11T]2

or N3

Solution : 26

Q,
E—w
Q,
T,

Given data : Q,= 4000 kJ, W, = 1800 kJ, W, = 1200 kJ, W, = 500 kJ, T, = 300 K

Total work output = W, + W, + W,
1800 + 1200 + 500

= 3500 kJ
From the principle of energy conseravtion, the heat rejected to the sink at temperature T, is
Q4 = Q1 - Wnet
= 4000 - 3500 = 500 kJ
For the overall Carnot engine, h = &
T, Q,

[@ Copyright MRDE ERSYH www.madeeasypuincations.orgJ
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or

2000 4000
T, 500
T, = 250 K

For the composite system with engines E, and E, in series

Q= Q-W,-W,
= 4000-1800-1200

MRDE ERSY

= 1000 kJ
Lo
T3 Qs
2000 _ 4000
7, 1000
or T, = 500K
Alternate Method:
T, 1800
For engine | = 1-2 =1- T,=1100 K
g n 7, T 4000 2000 2
T. 1000
Forengine ll n T =1, 5200
I, = 1000><11OO =500 K
2200
. _T_4 = ﬂ 0.5 4
For engine Il n = 7, 1000 = U _i
T, = 500 x 0.5 = 250K
EEEN
[www.madeeasypuincations.org MRDE ERSYH ©Copyrigh9
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Entropy, Availability and
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m Conventional Questions ]

Solution : 20
Given data: For compartment A, V, = 0.1 m3;p=2bar; T=13°C = (13 + 273)K = 286 K
Molecular weight: M, = 32 kg/kmol
For compartment B,
Vg = 0.2m3
p = 2bar
T = 13°C=286K
Mg = 28 kg/kmol
For compartment C,
V. = 0.05m3
p = 2bar
T = 286K
M, = 44 kg/kmol
® ©
01m’ 02m’ 0.05m°
2 bar 2 bar 2 bar
13°C 13°C 13°C
o, N, co,

The partitions are removed and O,, N, and CO, mix,
Final pressure:p = 2bar
Now, partial pressure of O,

= Va X —LXZ—OWMb
Pa= visve+ v, P = o1r02+005 " =Y ar
Partial pressure of N,
Vg 0.2
= X = X2 =
Pe = Vixva+V, P T 01402+005 11428 bar
. Ve 0.05
= = X2 =
Partial pressure of CO,, el VeV, X p 011021005 0.2857 bar
For compartment A, R, = R _8314 0.2598 kd/kgK
M, 32
pV, = m,R,T
200x 0.1 = m, x 0.2598 x 286
or m, = 0.2691kg
R 8314
For compartment B, Rg = e~ o8 - 0.2969 kd/kgK
B

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha




MBDE ERSY 1 Rank Improvement Workbook | 57

pVg = mgRgT
200x 0.2 = mgx0.2969 x 286
or mg = 0.4710kg
R 8314
For compartment C, R, = VC =~ - 0.1889 kd/kgK
pVe = mR.T
200x0.05 = m;x0.1889 x 286
or my = 0.18509 kg
Change in entropy of O, (AS), = —myR, Ioge’o—A
o}
= —-0.2691x0.2598 log, 0'52714 = 0.0875 kJ/K
Change in entropy of N, (AS)g = —myuRg Iogep—B
o
1.1428

= —0.4710 x 0.2969log, = 0.07826 kJ/K

Change in entropy of CO,, (AS), = —mgR; |09ep—pc

0.2857

= —0.18509x0.1889 log, = 0.0680 kJ/K

Solution : 21

Given data: T, = 1100°C; T,, = 550°C; p, = 0.1 MPa; p_ = 0.8 MPa; T_, = 1560°C; T _, = 250°C

Hot gases
Th‘lI N
R— (i
Water :| -« -« < b
T, —-@ — — — —> T,

T - - « |7

'": |;' “““““““ A

i T Control volume

p, = 100kPa, T, =25°C = 298K

Th1
Hot gases
" N2
TcZ

Superheated
Steam

Wet steam
c1
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Cyy = 1.09 kl/kgK
hy = 632.2kJ/kg; s, = 1.8418 kJ/kgK
h, = 2950 kJ/kg; s, = 7.0389 kJ/kgK

(i) Change in availability of water on unit mass of water basis,

v, -y, = (h,-h,)-Tys,—S,)[neglecting change in K.E. and P.E ]
(2950-632.2) —298(7.0389 — 1.8418)
2317.8-1548.73 = 769.07 kd/kg

(i) Heatexchanged between combustion products (hot gases) and water in boiler,

Heat lost by combustion products = Heat gained by water
MpCon (Th1=Tpo) = mhy—hgy)
m,x1.09(1100-550) = m_ x(2950-632.2)
m, = 3.866m,
For 1 kg of wateri.e., m, = 1kg
m, = 3.866 x 1 =3.866 kg

Change in availability of product of combustion per kg of water,

V=V, = mMyhy—ho) = Tomp(s,, = Sp)
= mhcph( Toi=Tp) — Tomhcp log, h
The
where m, = 3.866kg
Gy = 1.09 ki/kgK
T,, = 550°C =(550+273)K = 823K
T, = 1100°C = (1100 + 273)K = 1373K

1373
v, -y, = 3.866 x 1.09(1373-823) 298 x 3.866 x 1.09 log, 83

= 2317.66 -642.69 = 1674.97 kJ
(iiiy Process irreversibility per unit mass of water flow,
I To(AS)
= T,[(AS)

AS)

water + ( hot gas]

= 298[mW (S2=81)+ MyCon10Ge %}
hi

= 298[1>< (7.0389-1.8418) + 3.866x 1.09l0g, %}

= 298[5.1971-2.1566] = 906.06 kJ
Exergyrecovered = 1674.97 -906.06 = 768.91 kJ

Exergy recovered  768.91

(iv) Second law efficiency, n, = Exergy supplied ~ 1674.97

= 0.4590 = 45.90%
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(v) Entropy generated per kg of water,

(As)uni (AS)Water + (AS)hot gas
T
= my, (32 -5 ) + mhcph |er %
h
823
= 1x(7.0389-1.8418)+3.866x1.09log, ——
1373

= 5.1971-2.1566 = 3.04 kJ/K per kg of water
Solution : 22

Given data: V= 300 m/s; p = 500 kPa; T = 300°C; = (300 + 273)K = 573 K

V=300 m/s
p =500 kPa '
T=300°C
p, = 100kPa
T, = 20°C = (20 + 273)K = 293K
G tant: R E_w—02969|0/k K
as constant: - 28 =0 g

. _ YR _14x0.2969
P y=1 141

= 1.039 kd/kgK

I V2
Availability: a = (h—hy) - T (s—-sy) + 2000
2
573 500 (300)
_ _ _ 1.039log, —-0.2969l0g, —— |+—=
=1.039(573 -293) 293( Ge 593 99100) 2000

= 290.92-293(0.6968 - 0.4778) + 45 = 271.75 kd/kg

Solution : 23
Availability of a system is the maximum useful work potential of a system at the given state. Availability
is equal to the maximum work obtainable from the system when it moves from the current state to a state
of complete equilibrium with the surroundings (also known as dead state) - temperature, pressure and
chemical equilibrium.

Consider a Carnot cycle as shown in figure which extracts heat Q from source at temperature T and

rejects it to sink at temperature 7,
Q

Heat Engine

Tof------
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Work ‘W’ is produced by the Carnot engine during the process. This is the maximum work which can be
obtained by any cycle (reversible work) and hence, as per the definition of availability.

Availability
Efficiency of Carnot engine

Work obtained, W

w

Availability

Solution : 24

A:Wmax_W

— ""Carnot
_h
T
Nex Q
7—O
(_T)Q
T
w=|1--2
-

Given data:
et
gas in MM ;zgas out
airin AW air out
N System
py, = Pressure of gasinlet = 1.12 bar
7'1g = Temperature of gas inlet = 800 K
ng = Temperature of gas outlet = 700 K
T,, = Temperature of air inlet = 470 K
Cog = Exhaust gas = 1.08 kd/kgK
C,n = 1.05 kJ/kgK = air
m, = Mass flow rate of air
m, = Mass flow rate of gas
= m, = 2 m,
T, = Surrounding temperature = 20°C = 293K
P, = Surrounding pressure = 1.03 bar

Applying heat balance for the system
heat lost by gas

(TygTog)

T

2a
Decrease in availability of exhaust gas

m_cC

9~ pg\ 19—

(i)

heat gained by air
m_.c

a pa(T2 T1a)
air outlet temp. = 521.43K

a”

Mg | Cpg (7—19 - TZQ ) + TOCPQ |n7-_

19
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- 1.08[(800—700)+293 In@} - 65.75 kJ/kg

800

2dQ
(i) Total entropy production rate = d(AS)+Zm,s, -Em;s, — |—

f
where d(AS) = 0;Em, =Zm,=Zm for steady flow

2dQ
T = 0 for heat transfer

1

Total entropy productionrate = *m(S, - S))

= mg [S2g - S1g] +m, [SZa - S1a]

TZQ T,
= My | CpgIN—=+2C,,IN=%
19 1a
.. Total entropy production per kg gas
700 521.43

= 1.08xIn——+2x1.05xIn——— = 0.0738 kJ/kgK
800 470

(i) Heat supplied to air in heat exchanger

= mgcpg( T1g— ng) =1.08 x (800 - 700) = 108 kd/kg of gas
Now for reversible heat transfer
ASuniverse =0
= (AS)gaS+(AS)air =0
= —(AS)gas = +(AS),;
T,
= ~MyCpyIn=2 = +macpalnk
sg 7—13
T1g T2a
9 - 2m,c,. In==
= mgcpglnrzg 9%pallT
= 1.08 In@ = 2><1.05|nT2—a
700 470
T, = 503.41K

2a
. Now heat supplied to air in heat exchanger

= M,CouTo,— Ty,) =2m,x1.05(503.41-470)
2 x 1x1.05(503.41-470)
70.16 kd/kg of exhaust gas

108 — 70.16 = 37.84 kJ/kg of exhaust gas

Extra output
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Solution : 25
Consider the various processes as shown in P-V diagram.
Process 1-2:
We know Tds = dh- Vdp
CpdT R
= -—dP
= as T P
P
48 N/cm?
13.75 N/cm?
v
= AS = C‘plr1£—/?|nE
T F
T P, 556 48
AS,, = C,In22 -RIn-2 =1.004 xIn— - 0.291IN——~
2 = G mHnp *No78 1375
= 0.33212 kd/kgK
Process 2-3: Throttling process (Ah = 0)
for an ideal gas, in throttling process,
Ah = CpdT=0
= dr = 0
P. .
AS,, = -RIn22 = -0291x |n(ﬂ) - 036379 kJ/kgK
P, 48

Process 3-4: Constant pressure compression

Ty T
v, 2 2
(since Py=P,and T, =T,)
ASy, = CoinTs—RInf2 — 1004128 = 0.69591 kijkgK
3 3 556

" Net change in entropy of gas = mAS_,

= m(AS,, +AS, 5+ AS, )
2 x(0.33212 + 0.36379 - 0.69591)
0 kJ/K
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P

48 N/cm?

13.75 N/cm?
v
Therefore we can conclude that point 1 and 4 are same.
Hence the graph can be redrawn as shown:
Solution : 26
Given: m=6 kg, P=5bar, T=600k, £, =1 bar, T, =300 K
Assumption:
Air behave, as an ideal gas.
Changes in KE and PE are negligible.
Volume of air at given state, V = mAT = 6x0.287 >2< 600 = 2.0664 m3
P 5x10
Volume of air at surrounding conditions,
v, - mRT, _ 6><O.287>2<300 5166 m°
PO 1x10
Entropy change when gas moves from current state to surrounding state
AS = §-§,
= m|C, Inl - Rlnﬂ = 6[1 .OOSIn@ - O.287|n§]
To R 300 1
= 1.408 kJ/K

Availability of the system at the given state = ¢ — ¢,
= (U+ P V-T,5) - (U, + P,Vy—T,S,)
(U=Up) + Py(V=V) = T(S-S,)
mCAT—T,) + Py(V- V)= T,. AS
6 x 0.718 x (600—300) + 100 x (2.0664 —5.166) — 300 x 1.408

= 560.04 kJ
Now air is cooled from this state to surrounding conditions at constant pressure.
Heat transferred at constant pressure from air for a small dT change in temperature, dq = medT
Maximum work (reversible) done possible with this heat transfer

T
Ncarnot dC] = (1 - ?0) mc,DdT

Availability of air in this process = Maximum reversible work possible

600 T
T)mc aT = j (1—?0)-(6x1.005)dT =555.1kJ

I}
Sle——
/N
|
|
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Alternate method:
Availability ¢ = mC, (T-T,) + P(V-V,) - T,AS

300x mC,In—

= 6x0.718x 300+ 500(2.0664 - o250

2.0664) B [ 600]

1292.4 + 516.6 - 1253.90
555.1 kJ

<
Il

Solution : 27

Heat lost by steel balls + Heat supplied by motor = Heat gained by oil

W xt x 60
me(ly —T5)+ ——— = -
( 1 2) 1000 mo Co(Tg T)
W=200W |
for 20 min
200x20x 60
50 x 0.45 (200 - 40) + 1000 - my x 2.8 x (40 - 30)
or m, = 137.14kg
T, 313
Entropy change of steel ball: (AS) . = mcloge T = 50x0.45x Iogem =—-9.29 kJ/K
1
: £
Entropy change of oil: (AS),, = MyGpln T

1

(AS), = 137.14x2.8xloge% = 12.47 kJ/K
(AS) = (AS)yy + (AS)yy

Entropy generated = 12.47 -9.29 = 3.18 kJ/K

[www.madeeasypuincations.org MRDE ERSYH © Copyrigha




Properties of Pure
Substance

Level ] c EEEP) o< ouesions |

Bl B w®

El © ; [13. 8

Bl o il - 0

B o % [ 15. 18

Bl » % 16. 10

(6. N0 Cf 17. {8

7. KB % [ 18. {03

(3. R0 § KN Gi3sse)

Bl o % EN @i5897)

[ 10. {8 E EN o

(1. ) ; munm
g.
g
3

[@ Copyright mRDE ERSYH www.madeeasypuincations.orgD




MRDE ERSY

36 Mechanical Engineering ® Thermodynamics

m Conventional Questions ]

Solution : 22
Given data:

1 2
v
X, 0.25
Mass of piston: m, 40 kg
d 10cm=0.10m
3.14
A gdz = S (0.10f° =7.85x 103 m?
Pairm 1 bar = 100 kPa
Vi 1cm=0.01m
Yo 5cm=0.05m
v, Ay, =785x10°x0.01=7.85x10°m3
v, Ay, =7.85x 103 x 0.05=39.25 x 10°m?3
To fix the initial equilibrium state,
we have
,O1A mpg * Patm A
40x9.81 _3
-3 —————+100%x7.85x10
pyx7.85x 10 1000 X X
p 40 x 9.81 4100
! 1000x 7.85x 10
149.98 kPa = 1.499 bar
From saturated steam table,
At P; 1.5bar
Vi 0.001053 m3/kg,
A 1.1593 m3/kg
h; 467.11 kJ/kg
hg 2693.6 kJ/kg
2 Vi + x1(Vg— v) = 0.001053 + 0.25 (1.1593 - 0.001053)
0.29061 m%/kg
Vi _7.85x107° .
Thus m v, T0.29061 " 2.70 x 10" kg
/)
also m v,
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2.70 x 1074

or

Vo

I Rank Improvement Workbook 37

39.25x107°
Vo
1.4537 m3/kg

It may be noted that v, at 1.5 bar = 1.1593 m3/kg
Thus the vapour is in a super heated state when the piston touches the stops. The process is shown on the

p-v diagram.

The work done during the constant pressure process,

Net heat supplied,

where

From superheated steam table,

At

By interpolation,

Thus

Alternate:

W,

Q

Ps

h

hy

4

Total heat transfer

(AD)15

p,(V,— V,) = 149.98 x (39.25 x 105 -7.85 x 105)
0.04709 kJ

Heat supplied at constant pressure + heat supplied at
constant volume

(U,=U)+ W, ,+ (U= Uy) + W,
U-U+W_,+U;-U,+0

Wio+ Us= Uy = Wi, + mlus - uy)

Up+ x1(ug— Up)

h,—p,v; + x1(hg— PV = he+ P4V

467.11-149.98 x 0.001053 + 0.25(2693.6 — 149.98 x 1.1593
—467.11 + 149.98 x 0.001053) = 980.14 kJ/kg

3 bar and v, = v, = 1.4537m%kg

(3927.1- 3703.2)(1.4537 - 1.3414)
1.4957 - 13414

3703.2 +

3866.15 kd/kg

hy = psvs

3866.15 - 300 x 1.4537 = 3430.04 kJ/kg
W, , + m(uy—u,)

0.04709 + 2.70 x 1074(3430.04 —980.14)
0.7085 kJ

467.11 + 0.25[2693.6 — 467.11] = 1023.73 kd/kg
3866.15 kd/kg

Qo+ Qoy

[(hg - h1) - VAP]1_2 + [(h3 - hg) - VA/O]Q,(;

0

(hg - h1) - [VAp]g_g

(3866.15 — 1023.73) — 1.4537 (300 — 149.98)
2624.336 kd/kg
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Qs = Mx3qg
Q,, = 2624.336x2.7x10*
Q,; = 0.7085kJ
Solution : 23
Given data: At initial condition: V, = 0.024 m3; p, =700 kPa; T, = 95°C = (95 +273)K = 368K
At state 2,
p, = 70kPa = p,
T, = T,=368K
p T

v S
For polytropic process 1-2
L_1
Lo_ (&J "
AV
121
T2 ﬂ 12 0.166
68 - (700) =(0.1) =0.68129
or T, = 0.68129 x 368 = 250.72K
p Vi = PV
or (ﬁ]n _ b
i) P
1/n
Vi P2
1/n 1/1.2
v, = v| 2| = 0.024(@) =0.1635 m?
P> 70

R = ¢,—¢,=1.047-0.775=0272 kJ/kgK
For constant pressure process 2-3

B _ %

TS - TZ

v,  0.1635

368  250.72
or V, = 0.2399m?3

3
Applying equation of state at state -1
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2
700 x 0.024
or m
Work done for process 1-2: W,
Applying first law for process 1-2:
Qi
S,- S,
Work done for process 2-3, W, 4
Q2—3
83 - 82
Work done for whole process,
W1—2—3
Heat transfer for whole process,
01—2—3
Change in entropy of whole process,
AS

Solution : 24
From the superheated steam table

Atp=1bar & T, =150°C, h, = 2776.4 kJ/Kkg,

I Rank Improvement Workbook

mAT,
m x 0.272 x 368
0.1678 kg
mR(T, - T)
n-1
0.1678 x 0.272(368 - 250.72)
1.2-1

= 26.76 kJ

au+ W, ,
me, (T,-T,)+ W, _,
0.1678 x 0.775(250.72 - 368) + 26.76 = 11.51 kJ

[ P
mc, log, ?2 - mRlog, ~%

1 P

0.1678 x 1.047 log, 2%0.72 0.1678 x 0.272 log, 70
368 7
—0.0674 — (- 0.10509) = 0.03769 kJ/K
,02( V3 - V2)
70(0.2399-0.1635) = 5.348 kJ
mcp( T,-T,)
0.1678 x 1.047(368 — 250.72) = 20.604 kJ
| Ts _ 0.1678 x 1.047 x log 568
MCp10Qe 7 = 01070 X 104X HBe 550 75

2
0.06742 kJ/K

W, ,+ W, ,=26.76+535=3211kJ
Q, ,+ Q, 5= 1151 +20.604 = 32.114 k

(S,-5,) +(S,-S,)
0.03769 + 0.06742 = 0.10511 kJ/K

At p =1 barand T, = 200°C, h, = 2875.3 kJ/Kkg,

hy=h, +c,(T,~ T))
2875.3=2776.4 + CpS(ZOO -150)
or ¢, = 1.978 kJ/kgK

Solution : 25

Total volume of the shell =

4 4
gnr3 = 51:(0.3)2 =0.11309 m3

39

[@ Copyright

MEBDE ERSY

www.madeeasypuincations.org]




40 Mechanical Engineering ® Thermodynamics

Volume of vapour and that of water,

0.11309 3
V, = V= 7—0.056545 m
From steam table,
At t=300°C
v, = 0.001404 m3/kg
v, = 0.0216 m¥kg
Vy  0.056545
. = L
Mass of vapour ; m, = v, 002167 2.6094 kg
Mass of water; m; = ﬁ=w =40.274 kg
v, 0.001404
Solution : 26

From the steam table,
At p =5 bar
v,=0.001093 m3/kg, Vg = 0.375 m3/kg, h, = 640.2 kJ/kg, hg = 2748.7 kJ/kg

MRDE ERSY

V=0.25m3 x=0.85 v=v,+x(v,-v) =0.001093 + 0.85( 0.375 - 0.001093) = 0.31891 m3/kg

g

M f st = Z— 0.25 =0.78392 k
ass of steam, m = —=_—"o o2 =0, g
Mass of 1 mS of steam = 11 =3.135 kg
v 0.31891

Enthalpy of 1 kg of steam,
h = hf+x(hg - h)

= 640.2 + 0.85(2748.7 —640.2) = 2432.42 kJ/kg

Total heat content of steam, H = 3.135x2432.42
= 7625.63kJ

Solution : 27

Specific enthalpy at inlet of condenser,
h, = hy+ thg
= 159.2+0.95x%x2411.5
= 2450.125 kJ/kg
Specific enthalpy at exit of condenser,
h, ~ h.at30°C
h, = 125.8 kd/kg
Applying energy balance equation,
Heat lost by steam = Heat gained by water
myh,—hy) = m,c,, x(AT),

2500(2450.125-125.8) = m,, x 4.186 x 10

vaw.madeeasypublications.org MRDE ERSYH

© Copyrigha




MRDE ERSY I Rank Improvement Workbook 41

2500(2450.125-125.8)
4.186x10

Supply rate of cooling water, m,, = 138815.39 kg/hr

or my, =

Solution : 28
Givendata: m=0.1kg, P,=3bar; P,=10bar; T,=-10°C=(-10+273)K = 263K
T,=30°C = (30 + 273) K =303 K; v,=0.001002 m3kg; v,=0.1321 m¥kg
Initial total volume: V. mv; = 1.002 x 104 m?
Final total volume: V, = mv,=0.1321 x 0.1 = 1.321 x 102 m?3
U = mu =0.1x134 x 103 =1.34 x 10*J

U, = 1347 x 108 x 0.1 =1.347 x 10° J
also P =a+bV
3x10° = a+ bx1.002x 104
10x10° = a+ bx1.32x 1072
5
b = A9 _534x107
(132.1—1.002)><1O
a=29x10°
Applying Ist law of thermodynamics,
0Q = dU+ W
or jSQ = jdu+jPo’v (Assuming reversible process)
Q= (u —ui)+'f\ff(a+bv)dv

b(v? -v?2
(1.347 x10° —=1.34 x10%) + a(v; —vi)+u
121.3 x 10% + 3.8674 x 10% + 4.659 x 10°% = 129.82 kJ
Energy accumulated = 50 W

Q _129.82x10°
50 50
Total heat energy infilerated 129.82 kJ

Total time elapsed = 43.27 minutes

Total time elapsed = = 43.27 minutes
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m Conventional Questions ]

For incompressible substance like liquids or solids, the specific volume (or density) is constant and the
specific internal energy assumed to vary only with temperature.

Solution : 20

Since the specific internal energy of an incompressible substance depends only on temperature, the
specific heat ¢, is also a function of temperature alone.

au
c/T) = aT
Although the specific volume is constant and internal energy depends on temperature only, enthalpy
varies with both pressure and temperature according to
h(T,p) = u(T)+pv (i)
Differentiating equation (ii) with respect to temperature at constant pressure,

&) - ()

c, = C,
dh au
where c, = (ﬁ)p andc, = 7

Thus, for anincompressible substance there is no difference between ¢, and ¢,, and both can be represent
by the same symbol, c.

Solution : 21
By definition of Joule-Thomson coefficient,

oT
M - (_J .‘.(i)
J op ).
Consider s = f(T,p)
Then ds = (E) ar +[ 22 ap (i)
aT ), P );

From Tds relations,
ch = Tds+ vap
Substituting the value of ds from Eq. (ii) in above equation.

ah = T(E) dT+T(E) dp + vdp
aT ), P );

ds ds
T(—) dT+|:v+T(—J ]dp
aT ), ap);
ds
T| — =
where (BT)p S
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9s = —(ﬁ) from Maxwell’s relation
op aT ),
dh ch+—v—T(ﬂ) ﬂd
= T TGET), |
For throttling process, dh =0
- 3
= T -T|=—
0 c,d +¥ (aT)p‘dp
av
-c dl = v—T(—J }dp
g [ aT (%
or (B_T _ 1 —v+T(ﬂJ (i)
P ), Cp I )|
and i z = VX _—1 +l ﬂ
oar\ T ), 72 ) T\oT )y
i) - At
oT\T )y T2 oT ),
1% Jd (v .
or —V+T(— = 72 [_(_) ] (V)
aT ), oT\T ),
From Egs. (iii) and (iv), we get
Ty _ TPy
w), G| dT\T )
o _ (T LT 2 (v
M= 19p | oT\T )y
Solution : 22

The diffedrence in specific heats for any substance is given by

Bz
c,-¢C, = ETV
For liquid water,
(2x107*)? x300 x 0.001003
c,—C,6 = =24.816 J/kgK
po Y 4.85x1074 x10° kg
= 0.0248 kJ/kgK
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Solution : 23
For an ideal gas, pv = RT

Coefficient of volume expansion,

I Rank Improvement Workbook 45

- (%) - 2 (AT) - BxEd
vlaT),  RT aT\ p RT p T
and isothermal compressibility,
1(ov ( ,OJ 0 [RTJ
(X = —_—— = | == X_ —
viap)r RT) ap\ p Jr
( p) o (RT ( o ) -RT 1
RT) op\ p J; RT ol o}
B2, _ 1P pv _
c,-¢C, = FTV=T2><1XTV= =R
Alternate method:
aQ = dU + Padv
dH-VdP = dU + PaV
mC,dT-mC,dT = PdV+ VaP
m(Cp—C\)dT = dPV)
m(Cp—C\)dT = d(mRT)
Co—-C, =R
Solution : 24
We know that third Maxwell relation,
o) _ (os |
oT ), = \ov); (1)
When a phase change occurs, the saturated pressure p, ~ p
depends on saturated temperature T_only. Fusion ‘laporisation
That is, p, = f(T) curve
Solid
The partial derivative, (ﬁ)v can be written as atotal P [T T g_/;] — Constant
sat

a7 is the

derivative ( ) . The total derivative (%)
sat ar

sat

slope on saturated curve in p-T diagram at a saturated

Triple
point

Vapour

Sublimation
curve

state, as shown in figure, and itis independent of specific

dp
| . Thus, the sl —
volume. Thus, the slope (dT

) is considered as a
sat

constant during the integration of Eq. (i) between two
saturated liquid state fand saturated vapour state g.
Equation (i) is written as

TS
Phase diagram on p-T planes for water
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dp)
—=| av = as
(dT sat

Integration between saturated liquid state fand saturated vapour state g, we get

dp Vg s
- dv g
(dT)Sa, I, 5 98

dp
(&), 0o = -
)
e fg = S
ar )., ° fg
(%) _ %
ar sat VfQ
()
We know that dh = Tds+ vdp
During the phase change, both temperature and pressure are constant.
ie., T=C and p=C
dh = Tds
Integration between two saturated states, we get
Yah = T[*ds
hy st
hg— h, = T(sg— Sy
hfg = Tsfg
where hyg=hg—hy, specific enthalpy of vaporization
Sig =S5 S change in specific entropy during a phase change process.
g
Sg = T

hfg . .
T in Eq. (i), we get

(d_p) _he
aT sat TVfg
...(iif)

Equation (iii) is called the Clapeyron equation. The Clapeyron equation is used to determine the change
in enthalpy when phase change takes place during a process i.e., enthalpy of vaporization hfg. This equation
is valid only for any phase change at constant Tand p.

Substituting the value of Sty =

For liquid-vapour and solid-vapour phase change process, the Clapeyron equation can be simplified by
using some approximations.

At low pressure, Vg > v, for liquid and solid
- Vig = Y,
. V; is neglected

If vapour is considered as an ideal gas,

pv, = RT
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from equation of state

RT
or Vg = ?
RT
Vfg = ?
Vg = Vfg

RT
Substituting the values of Vig = ? in Eq. (iii), we get

() _ oy
sat

aT RT?
dp hy .
2. [

Equation (iv) is called the Clapeyron-Clausius equation. This equation is used to calculate the variation
of saturated pressure with temperature.

Solution : 25
Consider variation of saturation pressure with saturation temperature.
During a phase change process, saturation pressure which varies only with saturation temperature.

p

e e (

Q) = Constant
oT sat

T, T
Psat = _[(Eat)
- (57), - (&)
oT ),  \av )y
From Maxwell’s equation, we have:
(57), - (57)
oT ), V),
(&) - 2= .
ar sat - Vg_Vf - )
Also, TdS = dh-vdp
During phase change process, dp = 0 (pressure remains constant at P_,),
TdS = dh S -8 = hﬁ ii
= = 5= 5=7 ... (i)
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. ) oP hfg
. From (i) and (ii), we get: 37 = T
sat fg

This equation is known as Clapeyron equation. Calculating hfg using Claperon equation

(a_P) _ (ﬁ) _ PSat@O"C - Psat@20°c
aT sat@ -10°C - AT sat @ -10°C 20

497.41-244.72

=55 - 12.6345 kPa/K
oP
hfg =37 x T X \/,cg =12.6345 x 263 x (0.0654 — 0.0007587)
sat
= 214.8 kd/kg
Tabulated value of the hy; g 4q.c = 213.136 kd/kg,
Error % = (214.8 -213.136) %100

213.136

Error% = 0.78%
Hence, value of hfg obtained is very close to the tabulated value.

Solution : 26
For an ideal gas, internal energy and enthalpy are functions of temperature alone.
dh = deT and du=C,dT
Also, ideal gas equation holds, PV = RT
From 1st law of thermodynamics,

Q= dU+ W= qdU+ PdV
also, Q = TdS=dU+ PdV ()

H= U+PV
= dH = dU + PdV + VadP
. TdS = dH- VadP ... (i)
From (i) TdS = C,dT+ PdV .. (iii)
From (ii) Tds = C,dT-VdP .. (iv)
Combining (iii) and (iv),

o7 = TdS - PdV _ TdS + VaP
Cv Cp

= rc,ds-pPC,dv=TC,dS+VC,adP
= ras(c,-c,) = PC,av+VvC,aP
We know, Cp— C,=R
= RTdS = PC,dV+VC, dP
= Pvds = PC,aV+VC,dP
= as = de—VV+CV% Hence, proved

For isentropic process of an ideal gas,
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as =0

as = de—VV+Cvd—/'::O

arP Cp P _ P
= =V
where y-ratio of specific heats of ideal gas.

arP av

-
Integrating both sides, we get

NP = —-yInV+InC, where Cisaconstant=In (V- C)
= P=VY-C
= PVY = C
where Cis a constant.

EEER
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