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Basic Concepts and Zeroth Law
of Thermodynamics

) Detailed Explanation

2 ;

Try Yourself Questions

T1 : Solution (a)

0°C 5°C
t°C 52°C
100°C 99°C
0-t 5-52
0-100 ~ 5-99
t = 50°C

t = 50x%+32=122°F
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Energy Interactions
(Heat & Work)

) Detailed Explanation

2 ;

Try Yourself Questions

T1 : Solution

. ar
O = KAE
. ar
Q = KAE
4500 = 15x1x 323~ Te)
30 = 353-T,
T, = 323K
0
Ldgj . .
Gt Jev. ~ Si+896‘“_89
: . o Q Q 4500 4500
Seen =S, -S =0 2=
genTe WU T T 323 353
= 1.184 W/k.m?
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T2 : Solution (395.388)

Here, i = Inlet, e = Exit,
Initial condition of CV = 1
Final condition of CV = 2

— = Air P, =600 kPa, T,= 306 K

&)

E—>CV

_______________________________________

Q = 1000 kJ
From conservation of mass:

0 0
my—piy = mi-pf
m2 = me
Conservation of energy:

0 0
Uz—}}(o = mh;+ Q—’%ﬂe—%v
myu, = m,x CpT, + (~1000)
[ u,=C,T,and m,=m,]
m,C,T, = m,C,T,—1000

PV B,V
-2~ xCyxT, = —22xC,xT.—1000
RT, V2 RT, VT
[By Ideal gas equation]
600 x 8 600x 8
= T, = 395.388 K

2
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First Law of Thermodynamics

) Detailed Explanation

2 ;

Try Yourself Questions

T1 : Solution

2 T 3
340 K 240 K
100 kPa C.V. 100 kPa
m, = 3 kgls rh3 =2kgls

= 0 [Steady state]

—
53[5
o
<
|

Sgen = S¢S
= MbSy+MyS3— 1S
J J d
3 2 5

= 3(s,-8) +2(s;~-5,)
= 3x0.587 +2(0.237)
= 2.235 kW/K ~ 2.2 KW/K
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T2 : Solution

For reversible process

Sgen =0
O(Reversible)
g $+ Hen—$
tlcv = i gen~ “e
0(Steady state)

Q@ 500 K

0 = ms—ms+i
- ! 27500

Q
0 = — =
500x{6.5-6.3} £00
Q = 50000kwW
Q = 50MW
Conservation of energy:
Ein = Eex/

mihy=h) = Q+w
500 (3500 — 2500) = 50000 + |/
W = 450000kW
W o= 450 MW
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Second Law of Thermodynamics

) Detailed Explanation

2 ;

Try Yourself Questions

T1 : Solution

TL = 24273 =275K
T, = 300K
T 275
L = = = 1 1
(COP)gea T,—-T, 300-275
(COP) oua = 20 percentof (COP),,,,
= 02x11=22

Let the electricity consumed per day is x
x x (Number of days) x (Rate of electricity) = Monthly bill

= xx30x3 = 200
= x = 2.22kWh ~ 8000 kJ
Q. perday = xx(COP), ., = 17600kJ
nx400 = 17600
17600
= ———=44
- T 400
EEEN
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Entropy, Availability
and Irreversibility

% Detailed Explanation

2 ;

Try Yourself Questions

T1 : Solution

The initial and final pressure of the air are calculated from a free-body diagram of the piston, as follows

<~ Pam A

PA = py A+ F

PA = Dym A+ Kx
k(Vo = V)
PA = Pup A+ =5
k(V, = V)
or P = Pamt i\z :
Initially, spring force, F=20
. Py = Pym = 100 kPa
. k(Vo = V) 10 x (0.003 - 0.002)
Final pressure, 0, = + 227 100 +
2 Patm A2 (002)2
= 100 + 25 = 125 kPa
P2 V5
s,—-s, = c¢,log,—=+c,log, =
2 1 v 100 P, o ge\/1

O.718Ioge%+ 1 .OO5Iogem

0.002
0.16017 + 0.40749

0.56766 kJ/kgK
EEEE
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Properties of Pure Substance

) Detailed Explanation

2 of

Try Yourself Questions

T1 : Solution (b)

For minimum possible dryness fraction at the exit of the adiabatic turbine, the process must be reversible

T 1
4
3 2
S
S, = S,
6.9362 = s+ X, Sig at 50 kPa
6.9362 = 1.091 + x, (7.5939 - 1.091)

x
Il

) 0.899 or 89.9%
EEEE
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Thermodynamic Relations and
Clapeyron Equation

) Detailed Explanation

2 ;

Try Yourself Questions

T1 : Solution (b)

l(a_‘/)
B=\ar p

- ;(B_V)
5x10° = 5000114\ a7 ),

oV
3T 5 = 570 x 101" m3/kgK

J(ﬂ)
NOW’ k = Vv alD T

8.6 x 1072

ool a7)
0.000114\ 37 J;

Vv
P - -980 x 108 m3/kgPa

2
P\ [(av 1 1P
Co-C, = —T|S| |[S5] | -(273+25)| ————|(570%10
S (BV)TKBT)J 273+ )(—980><1o—18)( <107

= 9.8755 J/kgK

1.024

1.024—1X9'8755

Y _
F(CP_G/)_

= 421.35 J/kgK
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