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PROPERTIES OF PURE SUBSTANCES
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(5) Superheated vapor
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Latent heat of vaporization
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1a Saturated liquid and saturated vapor states
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EXAMPLE 1

A rigid tank contains 50 kg of saturated liquid water at 90 °C. Determine the pressure in the
tank and the volume of the tank. e ‘
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Sat. liquid .

VP %% - 0.0034 3
/|i7

Vemy . (50)(0.00103¢). 0.05(%,

Scanned by CamScanner



Lecture 2 Thermodynamics | Page 10

EXAMPLE 2 A

A mass of 200 g of saturated liquid water is completely vap_orizgq at a constant presstljre v::;tlzgo
kPa. Determine (a) the volume change and (b) the amount of energy transferred to the 4
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1b Saturated liquid-vapor mixture
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EXAMPLE 1

A rigid tank contains 10 kg of water at 90°C. If 8 kg of the water is in the liquid form and the rest
is in the vapor form, determine (a) the pressure in the tank and (b) the volume of the tank.
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EXAMPLE 2

An 80-L vessel contains 4 kg of refrigerant-134a at a pressure of 160 kPa. Determine (a) the
temperature, (b) the quality, (c) the enthalpy of the refrigerant, and (d) the volume occupied by

the vapor phase. “ 1% ki
lelle A PR
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2 Superheated vapor
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EXAMPLE 3
Determine the temperature of water at a state of P=0.5 MPa and h=2890 kJ/kg.

—— h, .2 kaw._ I b

J P ,.‘\a\ ,.\\G —L,
Ky J
7 / -
oo 2%5.%,
A 2%70 7 — 2163
7% 296l
3 Compressed liquid
NN. _w ? \WL r Ar 14
T<Gd vy

U< U,

u “Qx&ﬂ ? >m r%mom\f ﬁmﬂ (- mimdu

.\_NLL \\LrvL.rnsl\r +*

EXAMPLE 4

Determine the internal energy of compressed liquid water at 80°C and 5 MPa, using (a) data
from the compressed liquid table and (b) saturated liquid data.

. . 47 6la kP O - 334.9;
Z=20C , Ragogr Tt Y At cmﬁ.wvc‘ e ./m

"J
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Reference state and reference values
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EXAMPLE 5 o

Determine the missing properties and the phase descriptions in the following table for water:

T.°C P, kPa u, kd/kg X Phase description
(a) 200 0.6
(b) 125 1600
{c) 1000 2950
(d) 75 500
(e) 850 | 0.0
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THE IDEAL-GAS EQUATION OF STATE

Equation of state
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Is water vapor an ideal gas?
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EXAMPLE 1

A 1-m? tank containing air at 10°C and 350 kPa is connected through a valve to m.:oﬁrmﬂ ﬁm:_m
containing 3 kg of air at 35°C and 200 kPa. Now the valve is opened, and the entire m<.w”m3 is
allowed to reach thermal equilibrium with the surroundings, which are at 20°C. Determine the
volume of the second tank and the final equilibrium pressure of air. =

Al R-0293 r\w : _,\m,,m ,;._Nbv . 13)(0-293) (309)
) = ool
k& i 200

My, Pv,
f—o /) = - 4 9 = ) < 3 % 3223
R7, : =—— +—-507 A\ > _\Ml ,.\: Vi - [ +1326: 2-304m7, <§.~‘<./Us/n. 4309+ 327597

2. :
K mRG (#307)(0.297) (293)
vz —_—

L

- 264K

COMPRESSIBILITY FACTOR — A MEASURE OF DEVIATION FROM IDEAL-GAS

BEHAVIOR e , P
=) %&c&_: Lol o e AL secir® ™
<% Compressibility factor \, - = 7
~——— TFE i = s
2 y o =
Z2-Pv . Pv=ZRT z- gﬂt\u\v«r »Z= Vot | Vi RT izt "
RT Yid P

Reduced pressure and reduced temperature

% W mvl 2 Nl» L
.Q,\m.\_n\ NM\rl. s
Principle of corresponding states

\r.w — S

‘.
4 \“ L o ‘rN n\\b.\vtl\:vr.c,
gt bz R , 6 » by 3

Scanned by CamScanner



P

Lecture 4 Thermodynamics | Page 4

\
0
%
LTy
0N
0.7 =— i— | mw
=
N -
e 0.0 . ¥
il 0
N X
o
ks
L)Y AN S WEN— ¥ S OS2 S S USRI, SU——
vl
o
01 Legend:
® Methane
03 o -
A
0 Prop: & Carbon dioxide
|
0.2 A on o Water
Average e based on data on
l hydrocarb
0.1 — : !
0 0.5 Lo 5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 55 6.0 6.5 7.0

Reduced pressure P

[ -

. N 7 -
St g1 Loj) o tyle RKV - oprd Lok
ity (ot Z = g e TS —

B a0 0 0 it 16 (7T UL Ghs o o«

\IQ._.\ WVJQ e ﬁ..“..x.\\«

7
r P Z . .y -~ . )-; ‘.\. 3
.ﬂmc diest 6 0, o) r\w\. T 4 Qb =2 F

Scanned by CamScanner



Lecture &4 Thermodynamics | Page 5

Generalized compressibility chart
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EXAMPLE 2

Determine the specific volume of refrigerant-134a at 1 MPa and 50°C, using (a) the ideal-gas
equation of state and (b) the generalized compressibility chart. Compare the values obtained
to the actual value of 0.021796 m*kg and determine the error involved.

) Risge Lo, R:00%l5ky |, £ 4059/ T,..74 1K
Z ’ ,
J
r hh - 02638 my .06} 0. 0U9¢
A\c “Ka ’ Lios = 205
D.02137¢
Ly p.p ,
kD — V26
2 ’
¥,
45 e - -
A35 L2094, =77 -105si(n 2y cort -
Nv,ﬂ 4 Y BJLO UL ) -
R- & . 0.%6) v S
%

Pseudo-reduced specific volume

.\J\.Mu <,rn+
yzal R T,

EXAMPLE 3 %-

A closed, rigid tank filled with water vapor, initially at 20 MPa, 520°C, is cooled until its
temperature reaches 400°C. Using the compressibility chart, determine (a) the specific volume
of the water vapor in m3/kg at the initial state and (b) the pressure in MPa at the final state.

) T .6673kP, Pceosmk | Too 22 .13 P. _eo
e ! mm\ﬂ; >R Nm..uu.

~\S =7 -
o 1-0% V= Wmﬂw_. —> D.U—mw

b) V- V. (008 (22.09410"

R Te e - < b
R, §47.3.

\ul \w\. B o= 2207,0.69- 1S 24vlo’ kA
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van der Waals Equation of State
5 v
v (P 9~vﬂ<lrv RT a Ao g
2 Y v, B
Vb e = R A )
72 pta
- C7 NA len T. %Nﬂ
6412, 32,
EXAMPLE 4

Predict the pressure of nitrogen gas at 7=175 K and v = 0.00375 m3kg on the basis of (a) the

amm_.-mmm €quation of state, (b) the van der Waals equation of state. Compare the values
obtained to the experimentally determined value of 10,000 kPa.

6) R 0.2%%KL . P RT _, (02%9(35) . 3551 kP
\ RT (0.276%) (135)
gk V- 0. 00?5
lo,u90 _ 1395 o= s &
e X002 325/,
{0090
) a. 0snke m;u.%:&q\w
_u_ 9
7R o o ik loodp e

L xlvo . hu\w\ou
2000
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Lecture 5

Today's lecture:
Moving boundaty work
= Polytropic process

Thermodynamics | Page 1

Enetgy balance for closed systems

ENERGY ANALYSIS OF CLOSED SYSTEMS

Moving Boundary Work

1

—“+ /\/\_uh Uﬁ.\;\ :»M»

AL = @ - /;\»v

i Wr\w Fels . tm‘n\.u Pl

v
2 pae 1,0 Pe
bV
s =
f\_ovo :5...1\ o\nlzowc.\ ru\..ix r\ﬁ\wl \.»C.u&k; — S
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Lecture 5 Thermodynamics | Page 3

EXAMPLE 1
A rigid tank contains air at 500 kPa and 150°C. As a result of heat transfer to the surroundings,
the temperature and pressure inside the tank drop to 65°C and 400 kPa, respectively.

Determine the boundary work done during this process.

Py= SO0 kP
7= 150°C

Py = 400 kPa
T,=65'C

v Q ﬂu_erv)f rrv Q& Constent Volume

PokPaA

O‘ /,UD,\M (@]

EXAMPLE 2

The volume of 1 kg of helium in a piston-cylinder device is initially 5 m3. Now helium is
compressed to 2 m® while its pressure is maintained constant at 180 kPa. Determine the initial
and final temperatures of helium as well as the work required to compress it, in kJ.

[P, v L
m

RA! ., 20769

s 5.2
5

Scanned by CamScanner



Lecture 5

EXAMPLE 3

Thermodynamics |

Page 4

A Piston-cylinder dovice in ially contains 0.4 m?of air at 100 kPa and 80°C. The air is now
compressed 1o 0 1 m? in such a way that the temperature inside the cylinder remains constant.

Determine the work done during this process

2

)

PV" = C = const. C 2
: m,\,\
P
_‘;Euﬁgﬁa
Pir-- . ~ gl
| v, -
| PV" = const. . C U
" |- n
|
|
\.., = I+ lllllll 2 n:
| I
u _ PV-mRT
! 1 >
v V, vV
W/
b: MRI(T,-T,)

l-n

(i)

we | wo~<« O<-Q\<
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Ener
9y Balance for Closed Systems

Ca-E -A . b,
" ot QZ‘.} (k3 u v\\\\h~ \.\n,\\w\\Q\\.t\QL.,..LF‘
. . osls
m_,S = m i o\mu
our = SYSTEn 5 92
~——3Y5Tém () . o s
7 h vtv O.DP¢ ».\,.( /\.ermi.\_
m..J e (»(u\\V.m
T Byt (k] 7ky) b»ﬁqmmm\b*
EXAMPLE 4

A piston—cylinder device contains 25 g of saturated water vapor that is maintained at a constant
pressure of 300 kPa. A resistance heater within the cylinder is turned on and passes a current
of 0.2 A for 5 min from a 120-V source. At the same time, a heat loss of 3.7 kJ occurs. (a) Show
that for a closed system the boundary work W5 and the change in internal energy AU in the first-
law relation can be combined into one term, AH, for a constant pressure process. (b) Determine
the final temperature of the steam.

&) £.-E - AE

N < AN tem

INKE-APE. o

b

lﬁzfﬁéaubﬁn£7£ /}§Z9

okhe,

- AUP: I’NA/\wl/\_v W

SHhee

WUy
= frn,_(r_ —_— 4

b e = Qa - (N EJUSVLC

: >
Quu=37K ER ,,i_,w_/~€ : -Q‘,*-Y\QJHDI
Ve vy ) He, #,
AL - NQ\\G.SQCQQQL“ mm.m_@.
Wo- Q -W - A
< out r| A -— /\/\ - B =
b G DH = mnihy . 72,57, (0.025) « (2724 9)
Sete DR ke = hy - 5?.;\9
T ~ 4
Sk vaper rQ Nwmmw.wr\k A-G) 3
%
M.\P‘T:N\» 12, 00k Pe -l .
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Lecture 6 Thermodynamics | Page 1

Today'’s lecture:

- Specific heats
- Internal energy, enthalpy, and specific heats of ideal gases
- Internal energy, enthalpy, and specific heats of solids and liquids

e \
Specific Heats v , Wl A : 2, -
s X 2 - PE)
yr\»“\.\\_\\o\\»\:\.\\\\h\\d\n\hu CJ Gy = e S = 7
.4-\ \\ p# - — g

7
=

s At ohr e
Specific heat at constant volume
e \ \ Vi, ) L osrre g ¥ /
v . . . oY =
S E ety B T2 DL s crr el 2 ol I e = OX T

Specific heat at constant pressure C.v

\v
o ~ T
¥ mw_vvmwr\ .L\'b\ nl!.w\\—\k\r.”\rﬁ.u\ﬁt. A r‘ ou\» {H\(\..P_
v\v\.\m\..\w Wlx._\.n_ \ \\~
be _ 5 2 JeoliorsS by 2 2 Y ol X
N \\_IthvL.ll O\£ "

G ]l e
RNRAC))
o),

INTERNAL ENERGY, ENTHALPY, AND SPECIFIC HEATS OF IR A f ~ x cor
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(0 »

L
" L
(4505, @Q Co

Specific Heat Relations of Ideal Gases
hcir Py uepr
olh. ol +Relt

L2 N *A.‘ m bl /
nq MF L6g7 © .t

EXAMPLE 1< .4 &

Air at 300_K and 200 kPa is heated at constant pressure to 600 K. Determine the change in

internal energy of air per unit mass, using (a) data from the air table (Table A-17), (b) the

al form of the specific heat (Table A-2c), and (c) the average specific heat value (Table

functiona
A-2b).
A-17 - LROOK s U, < 21607 K
o T, -S00K ; _ 4 ﬂa\&b:.ﬁg.ﬁ
ly + boole ~—sih, - 43$.7%
TV lﬁ_.v;v.. N ..n\ﬁwo\ﬂlw
QBN L0 DT A0, @ - 0630007 e 21 e\

& 1
Ad ﬁnh\:. \M,_n,_ﬁ,;i?na.‘,&ﬂw;C:
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Dﬂ 64 49 r,u : Du s \LAM 644 7 ¢ kJ
.. — . — ( > .\\
i M 2% 77 5
)
m Vi Gwy ! ﬁ\
C Ye 450k 0. 733 \AL:
&t
\l/r\» ﬁ\, _
v.e

it (el
(L ) (0.7233) (6003
500-100) = 120+
b
J

d 27°C. At this state, the piston is
s 400 L. The mass of the piston
s now heated until its volume
e by the air, and (c) the total

EXAMPLE 2

A nmm"o:|o<=:qm_‘ device initially contains air at 150 kPa an

restingona pair of stops, as shown, and the enclosed volume i

is such that a 350-kPa pressuré is required to move it. The air i
(b) the work don

has doubled. Determine (2) Smm M_:J_ temperature,
[N}

heat transferred to the air.
—— Q) - Pv, P,

RN

Vi =) A_mCVA(L VWQANA\J

300 7

SIRW
P =) Th= 1400k

b

C -
) E.-E - DE -
o) m;... ) C,\:,l /}\rr JAYVS ,<Jf>.,.§.¢ e

ﬁn 1490 K -.Zv L.,:_.'u

> s
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Thermodynamics )

Page 4

m. P v,
R7. S ]
K- 140-00.02) (117,52 214.07) - 767%]-Q_
EXAMPLE 3

Ee——ux o mslog o

A piston—cylinder device initially contains 0.5 m3 of nitrogen gas at 400 kPa and 27°C. An
electric heater within the device is turned on and is allowed to pass a current of 2 A for 5 min
from a 120-V source. Nitrogen expands at constant pressure, and a heat loss of 2800 J occurs
during the process. Determine the final temperature of nitrogen.

Ein-Euuy - Absstes

Wo.Qq. ‘
e G Wl AW L L POVeam - AH - M lhi-hy). o TTY) -

o g

V

N/
Cin = VAL . ( 2 — "
! Twoimv,wccv = km?,\ On;:fn.\ﬁ.w:\.\c.\_.
libly A—2e . Cp. 039 KT
f : \ & -~ (2 9 < \
<k Hpgre el e Ll U ) e

CAYEN (&-245) () a9) (Ti-22) — T155.47¢
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INTERNAL ENERGY, ENTHALPY, AND SPECIFIC HEATS OF SOLID AND LIQUIDS
/

. /
Incompressible substance ;t'[/;n,u _ e /_’ S Dy et
E TN S 2 (< cadl ol A

+ Cl,; Cr-r C +

*CAA=CLOAZ:C(HC/T : «duf//é(u@fr

« A= C AT
H ey ( I:J/)
I<J )

,,/\:UH/JV e C/A*C/(Arpo/(/-:l/o//)

o
4‘/('!’[/4/) . C;'~/_\Z—,

VAP
% ~
Ah=a :
= Al - C“U AT U0
L\)ﬂz VAP C)Ll)
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Lecture 6 Thermodynamics | Page 6

EXAMPLE 4

Determine the enthalpy of liquid water at 100°C and 15 MPa (a? by using compressed liquid
tables, (b) by approximating it as a saturated liquid, and (c) by using the correction.
// el "

(s s b

. br—)/é‘—s‘;"j."//
), [-190¢C

o C,JMI,W’{)SCU/ /?741(/(
2. IEMP

A-7F. /7_4,;5999
VJK

L) h=/A, 41919 kg

o1 :7

C) /'/\5 /l o= 1] L/ 2 I
fio /?”r(" et ) = (4"7-47)+(o.dui)(15wo lot.g 2 )

o TN = 43407 1y

— .
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EXAMPLE 5

A 50-kg iron block at 80°C is dropped into an insulated tan

oSk

s

k that contains 0.5 m® of liquid water

at 25°C. Determine the temperature when thermal equilibrium is reached.

i D
A _. Aa_ri iu,“nm
! m=50 kg wu
W, R .mOoO‘A Voo
iy 0.5 m’
Vs
o T
T 9.001
buw P:\L..nv N

BENAVN

v_uifl Watsr

&c@ , Pz

ied o,

(¥

pdaties =T

v
0= NE APE , ulyR

[ \
O i
SN \JAA\V:\\MU
wdy,
Tean

'
Q
i~
w
e
-~}

Kq-K ’ T

C
ch
»
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EXAMPLE 1

A rigid 10-L vessel initially contains a mixture of liquid water and vapor at 100°C with 12.3
percent quality. The mixture is then heated until its temperature is 150°C. Calculate the heat
transfer required for this process.

B E ANE ) =) f
T o .VTL}I: ’ ﬁr\,; =AU . %:ASNL&:V
M. J¢\ —_— + o Shen -
ﬂ, > Lo 1doc = Voo Upe ‘i\@ = (0.001043) +(0.123) (] §320-0 O0l043)
,,\ ,b 2 ,.E.W
= = ;&c.{. 5 U,: U, = 419.0¢ +(0.1231(20%3 ) = 675 % &7
J ) “
Y R P - ’
AL . Ko 14 :
¢ J s Lu-loc V- V- 0204 — H: V-
\
V
. %

= 0.208 - 0.00y9 ) ‘
- cv}l SO/ - 0.52 > r*mu :w AU

= 63 b (052) (1922.4).1643\)

4

0392 4%_ Q00109 Tu

Qo (Ui (00434116435 . 475.7¢) - 409 <

EXAMPLE 2

A piston—cylinder device contains steam initially at 1 MPa, 450°C, and 2.5 m3. Steam is allowed
to cool at constant pressure until it first starts condensing. Show the process on a T-v diagram
with respect to saturation lines and determine (a) the mass of the steam, (b) the final
temperature, and (c) the amount of heat transfer. T )

2 IMP.
¢ ﬂU A \Ev Stede s wﬁvﬂxr?.«ncf )

[-4507¢ Stede

- 2
Treheded il viossos ;M [ W [pdv
KM \
|
vuv m. 4\ 7 2 ,5\9. ?Av, AV
— F B Mmm I~ > , ~— ) \
= 0.33045 (N 4 —N., ! ._\im ’ NM d Nw;mlmﬁﬂ,\\ JC \v, . Py .y )
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\ APk - AKE -0
. d \f‘xr; + W \VC» v (

(U-ay)

i end Mg, A -
G * PAYV = 3) 5

A PO AL =y Quy Bhomlnel)

,,:,_2.:??; . |
e = > () oks]
— =33 3K ,
Yo sed Vep —— k. 2797 i

T Heu = (75¢8) ¢ L'

18337 3331 ) . Gg95kT
EXAMPLE 3 J

An insulated piston—cylinder device contains 5 L of saturated liguid water at a constant pressure
of 175 kPa. Water is stirred by a paddle wheel while a current of 8 A flows for 45 min through.a
resistor placed in the water. If one-half of the liquid is evaporated during this constant-pressure
process and the paddle-wheel work amounts to 400 kJ, determine the voltage of the source.
Also, show the process on a P-v diagram with respect to saturation lines.

Nq

= E.-AE

590 ben

W DU
S bt

LW

Chn

J
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b
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@ stete @ . P-I17S.kP, i NMe, &8 d

} \v pr OVOST7 m3
—_— A
[ A o
.\(Q\\.D\.\\r.im\,h:w \wﬂucw \‘ k\u = ﬂb Ow\c_Vﬂ«Cm‘vaNus;v Q
B = 1593 ¢ )
M-V . oo g
e A7)
Y Jouiogz Q B) <H\V~l+m__.oo )

Ch23) (1597 ¢ $bF01) .

V. 4835
N 7/ hr T
(8) (453409 (277 ’ ‘,_:\W 1000 vp ]

< J
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EXAMPLE 4

Air is contained in a piston-cylinder device at 600 kPa and 927°C, and occupies a volume pf
0.8 m3. The air undergoes and isothermal (constant temperature) process until the pressure in
reduced to 300 kPa. The piston is now fixed in place and not allowed to move while a heat
transfer process takes place until the air reaches 27°C. .

(a) Sketch the system showing the energies crossing the boundary and the P-V diagram for the
combined processes. | 7 i
(b) For the combined processes determine the net amount of heat transfer, in kJ, and its
direction.

Assume air has constant specific heats evaluated at 300 K.

P
) J
7
h) E.-E _-OE ;
* l:onx ﬁﬁff'\ ’ O"‘_w‘g' Au = M CI’(AZ—)
m. P, : ; ’
- |Z‘\/. ,_(600)1(0.%] | 394 | W, i / 2
N L TP el Bt B J -‘
P = (0.2%93)(Rov) b, out PdY-. / mRT |, g =
| J
/ 4 .- -P/-
MRT ¥y (1.39¢ , |
7 = 137'1—) (OZ{OQ)“?.U\\) ﬂ ‘j()\) ?T’Z < k
] i P :’; '
Jun ) J
s o o v 22
Q"'\ - G L+ ML) - “2d X T'\“-.’/rk*r\ OFITS
O (Joonay . _semee
T Qo - 56k
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MASS AND ENERGY ANALYSIS OF CONTROL VOLUMES

Conservation of Mass Principle

The net mass transfer to or from a control volume during a time interval At is. equal to the net
change (increase or decrease) of the total mass within the control volume during At

vy VAN
n~ m = m (k ) . -
, e M oam- Mo - ,
W e T e A
At 5
Llol
Mass Balance for Steady-flow Processes
ri“:l_? Ke/s iy =l3 kgls - Yv\cv: Comvtent ¢ Ong mlef cacd e ot et -
(3!4:]
,A_J——]“__g_____;_ . : PR - gle steam
: 1} L Me=m M - g BB m,=m, )
I ont Sw \ =
cv : . AVA 2VA ,
E * ( M= Z,mon\-
e T E——— (f}n_i—(r"e—
I I r = \/J:—;\—
tity = iny + hiy =5 kgls J
- //.
Special Case: Incompressible Flow G s
P Caetpor )

(owl L
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FLOW WORK AND THE ENERGY OF THE FLOWING FLUID

(/ l,-/,/u‘ (_/ Cos
e u,a;—-" l d
L ’-.////) Juwu s
(0¥ v 18" fA -

¥

Jvut! 2”“/

W L PAL- PV (K])

Tmaginary low

Y piston
3 Vet “ ¥
1772 wpl....;: PV‘{RJ )
5

Total Energy of a Flowing Fluid

= k =kk+\]’-+ kj _— ,:..-u— v
r C=Ux crfe = ja ('(3) ol i

N 6_— PV+(A+kfrPC - )’\ |’<C+Pc = ‘l\-v\/ s z;{'al ‘l?[ou ener,
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Energy Transport by Mass

- - - Mg - z
N\?: 6 _B;t\\wl@ﬂv
o i cv o
mi Kgls 1 L o .
0. Kkg D g, E,-m §;1N\|ul
W
_ £ o
“ : ) VJT — \\Q.M}..c&lm..\\\
-,
Ke=zo e lad
Fe =0
EXAMPLE 1

Steam is leaving a 4-L pressure cooker whose operating pressure is 150 kPa. It is observed
that the amount of liquid in the cooker has decreased by 0.6 L in 40 min after the steady
operating conditions are established, and the cross-sectional area of the exit opening is 8 mm2.
Determine (a) the mass flow rate of the steam and the exit velocity, (b) the total and flow

energies of the steam per unit mass, and (c) the rate at which energy leaves the cooker by
steam.

Steam Orv Bm - \Dﬁd G‘U.S; 521 .
—_— + 0.5 AM \Fn ﬁ\v
g >\W«c.5_m& JQ 0.0901053 J
7 Putsov,
S. = A c
i =M, 057 e 237
At 5 i 27 K¢
(4-0)(60) .
3
Cxd veloe it
i 837407) (11594
- =343
< -6
PetSokPe Vo, 11594 pi Bio

d [
&

PV. ru.su.. 269%.0-1519.2 - 173.9 I

2 e " I<
Y cosun b ¢ J
9
m MO A 2.?%.:33 ) L0639
) s = 0. W
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ENERGY ANALYSIS OF STEADY FLOW SYSTEMS

J\ =Cons +r:*

* cv
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1 a velocity that is very
. . ) the mass flow rate of the air and (b) the
€ air leaving the diffuser.
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T ] W'
urbines and Compressors

D

B~ DRez=> | AE=-

N

EXAMPLE 3

> N |

Air at 100 kPa and 280 K is éomp‘ressed steadily to 600 kPa and 400 K. The mass flow rate of
the air is 0.02 kg/s, and a heat loss of 16 kJ/kg occurs during the process. Assummg the
changes in kinetic and potential energies are negligible, determine the necessary power input

to the compressor.
7l DY
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by A porous plug

() A capillary wbe
S e
L et
EXAMPLE 1

Refrigerant-1344 enters the capillary tube of a refrigerator as sat
throttled to g pressure of 0.12

MPa. Determine the quality of t
and the temperature drop during this process.

urated liquid at 0.8 MPa and is
he refrigerant at the final state

m_,JhN?f l'ur_hrh

P -o.%mP.
Ay i h, 9547 kg
Sct \QJ ¢ \J
Bt Gy = 3810
_:;_:,ﬁ.:r\q > Booume, , rnhﬁ.ﬁ K
'3 <. [
" J — rh\A JNAr
J.‘NX.EV J
— _d
Sk mhn e
B diz i Al T,.T,. -53.63¢
: —— % 0.34
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-

4a Mixing Chambers

~
.\ = o

B
"
3

. AP = »

4b Heat Exchangers

EXAMPLE 2

Refrigerant-134a is to be cooled by water in a condenser. The refrigerant enter the condenser
with a mass flow rate of 6 kg/min at 1 MPa and 70°C and leaves at 35°C. The cooling water
enters at 300 kPa and 15°C and leaves at 25°C. Neglecting any pressure drops, determine (a)
the mass flow rate of the cooling water required and (b) the heat transfer rate from the refrigerant
to water.
mMass ru,fh)nn —_—
25¢

—).) = § =™ f
2 w 7Jo¢ —» > 3S¢C
R-B4c

S c weke
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EXAMPLE 1

_ . " 4 MPa,
Steam flows steadily through an adiabatic turbine. The inlet condmor:s z;me S;izf%grﬁlls‘ The
500°C, and 80 m/s, and the exit conditions are 30 kPa, 92 per_ce;_ngﬁc egérgy (b) the power
mass flow rate of the steam is 12 kg/s. Determine (a) the change In '

output, and (c) the turbine inlet area. ’%l/

@_ P 4/\/\&——) |, . 3646 , vy = 0006442 12 L Mot
T.s D006, o L f)
|
@
P, - JoKPe
) SR kwd«j - P9.27 4 (090)(23353) - 24377k
KLX’-: e “7

@ L ﬂﬁfo_tﬁ’ﬁZ 1095 KJ

s A

‘ ff(-da
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P

Scanned by CamScanner




Lecture 10

—_—

EXAMPLE 2

Refrigerant-

E ) o '\;u.,/
In “Em = C[ESJ:»M
7ol
m | ( i
Nn- V’WMV _O ""‘sjﬁ:;n
At
M ) = MZ = Mc\
My MYy = Iy,
l)']_’ |N\\7C.
G, hy. = 324 .66 kg
Ez%0¢ /’/‘:’)
l ]%:IA’“’L\
ot hoaly - 9258 K
[ 10¢ frése 3
' v,
Mu- M VL RT (0.297) (300)
. Y —'—/? T 0.l
Clay)

= 000 .4696.9
A6 1

Thermodynamics |

Page 2

. 134a at 1 MPa and 90°C is to be cooled to 1 MPa and 30°C in a condenser by air.
e alroemers at 100 kPa and 27°C with a volume flow rate of 600 m%min and leaves at 95 kPa
and 60°C, Determine the mass flow rate of the refrigerant.
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pg - (ke Y = Cp (T

hi-ha
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v‘l y

/s P
{ v S
$46 .95
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hs kg

miea
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ENERGY ANALYSIS OF UNSTEADY-FLOW PROCESSES

- B E MQSS BC\‘C\;’\L( P .
> Supplyline  ——s = JM}?J)

W}f&gﬁ i [\%*‘"f mﬁ My, m A

l‘-khe-’ (n\l\m\)
Cv

’ < Eht’:b BL{C‘th = A"h -E;k\ . M
Jhos

Control
volume

T : %
N e s

(/(mg)“"" E"'W ( A:/L/Jé)

CV boundary
o= C LC r«'a v

A "£(~ gy .
J rald chqk wi LS\.\p )

ls Gn

B 9 }1+PE1—kE é.> U+PEAKE i
\_{___\

}: L )

A rigid, lnsulated tank that is initially evacuated is connected through a valve toa supply llne
that carries steam at 1 MPa and 300°C. Now the valve is opened, and steam is allowed to flow
slowly into the tank until the pressure reaches 1 MPa, at which point the valve is closed.
Determine the final temperature of the steam in the tank.

VM Pa ) .
m; P YV\.) AM o e

-//, _ 3 = ' , - .
A éo\.{—' Aéyj\Lo‘ ] m) L( = A(/\ w Y\'\z'\_.\? - h’\/\J\ M h ‘e iy A
B A\ s ) AL

)
P.imp.
coam—— JO0S).6 k]
T, - Joue l 7.

\)1 = {/V\\?( :
T T 456.1C
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EXAMPLE 4

An insulated 8-m? rigid tank contains air at 600 kPa and 400 K. A valve connected to the tank

is now opened, and air is allowed to escape until the pressure inside drops to 200 kPa. The air
@emperature during the process is maintained constant by an electric resistance heater placed
In the tank. Determine the electrical energy supplied to air during this process.

MM'W\ AN
Lt Syrbem
_ Mm‘ = Pﬂl —n,
Bl . NE
()fr\ —
j € ) ln W\C L\f' = W\LML—W\‘\A\
M. Dy ,
A < (()Ua)\(cz))
-CiR‘ ; -—Md-,”w ] q’ Bk 7 /A e 74 /- b}
(O.JWO:})HQQ) K‘] ,JW:ARNJ, ,L,}/’[, A(:J'l,..r.p M &«
u-,‘\l‘, {é VQ . 9 5 ‘ / ‘
= - (209) () W i R A R
; ?
(0.207) (4ony J
Y
s g SR
ﬂf)c: m\_n\l TR . g -
- ;, ),# {,,1)? ) )/}) ﬁA&:'."- J
J
- %{OUI\‘ 5] u|-\A- )0,
- ‘U‘"“(é k7
v
| £
'« - &oy. 79
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Today's lecture:

- Introduction to the second law

- Therma| energy reservoirs
Heat engines

- Vapor power cycles
Refrigeration cycles

- Kelvin-Planck statement

- Clausius statement

THE SECOND LAW OF THERMODYNAMICS

In this chapter, we introduce the second law of thermodynamics, which asserts that processes

oceur in a certain direction and that energy has quality as well as quantity. A process cannot
take place unless it satisfies both the first and second laws of thermodynamics.

INTRODUCTION TO THE SECOND LAW

- aw
V) Q.N\CLL v~ f.lT r.\.c\\..

Z
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THERMAL ENERGY RESERVOIRS /.|

P S /
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~ 4 R \._ |
= sty h\\ LG, m—m3 =/ /
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Hew

cngine

W

netout

Heat engines and other cyclic devices usually involve a fluid to and from which heat is

transferred while undergoing a cycle. This fluid is called the working fluid.

rT.. Jd-

Steam Power Plant

e v
1> o=/ r\.\\\sﬂ:o.. J
System boundary b I\.\ - utw ..\...»h\\\lb\.\ ,2 clx. n
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2 le ;1 \\\mw R VS
»V\Q.:te\w Loabestils
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Can we save Qqy?

EXAMPLE 1

Immﬁ _.m transferred to a heat engine from a
qm_moﬁ._o: to a nearby river is 50 MW, determine the ne
for this heat engine.

furnace at a rate of 80 MW. If the rate of waste heat
t power output and the thermal efficiency

FUr_" Pomw ) Qru SOmw

r

Vo0
ntunt” Q- Q.- 80-50. 3omw

B f.\ztf <
7 Q-0

Q. = .30, 3

— =

<, 8 %

The Second Law of Thermodynamics:

Kelvin—Planck Statement

\ \ 2/
/ S VA oG
R phlpem =/ T
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Thermal energy re
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y_ind

7 Warm heated space

Required
input

€ GON»H
v

Heck pump

. m\DW;‘_. Qr

W, [NE

ne

—
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Heat pumps

Desired
output

IR

S\_:.r.:,

Required

< Cold environn
: a Ty
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EXAMPLE 2

4°C by removing heat from it at a rate
determine (a) the coefficient
o the room that houses the

The food compartment of a refrigerator is maintained at
of 360 kJ/min. If the required power input to the refrigerator is 2 kW,
of performance of the refrigerator and (b) the rate of heat rejection t

refrigerator. ,
) I . ,
Q er. 360 FV . kW

)

“nin nebia

| oo
v
g

(SN]

b 0.4
an ,(wﬁ Wi = 3604(2)(60) =480 kg

EXAMPLE 3

A heat pump is used to meet the hea
a day when the outdoor air temperatu
rate of 80,000 kJ/h. If the heat pump
the power consumed by the heat pump and (b) the

the cold outdoor air.

ting requirements of a house and maintain it at 20°C. On
re drops to -2°C, the house is estimated to lose heat at a
under these conditions has a COP of 2.5, determine (a)
rate at which heat is absorbed from

Cop - ’
«) _:_v 'l\.@: — M. 300% = 32000 K3
Vactn 25 =

b YRS
: G Q:-K? T B30 L 4000
Ry

1}
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The Second Law of Thermodynamics:

Clausius Statement

7

w6 Dty ey r =21 Gt i s 7

G o
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REVERSIBLE AND IRREVERSIBLE PROCESSES

{0y Quasi-cquilibrium expansion

and compression of w gas

Irreversibilities

( 1};\‘\\'{. ) A{‘
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Internally and Externally Reversible Processes
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The Carnot Cycle

const,
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=
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THE CARNOT PRINCIPLES‘
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THERMODYNAMIC TEMPERATURE SCALE
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THE CARNOT HEAT ENGINE
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THE CARNOT REFRIGERATOR AND HEAT PUMP
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EXAMPLE 2 ' prg

A Carnot refrigeration cycle is executed in a closed system in the saturated liquid—vapor mixture
region using 0.8 kg of refrigerant-134a as the working fluid. The maximum and the minimum
temperatures in the cycle are 20 and -8°C, respectively. It is known that the refrigerant is
saturated liquid at the end of the heat rejection process, and the net work input to the cycle is
15 kJ. Determine the fraction of the mass of the refrigerant that vaporizes during the heat
addition process, and the pressure at the end of the heat rejection process.

e —

lart3d )

ES)

Q.. V.464)(15)= 14T

R-134 ¢

; —_.,L\fj 10999')3 P OL;")"L\ = gz oﬁqur
Z,,:(l = -%cC Ej j ZoLf.g7

MV

- 0-4% . 0.5¢%
I8N 0%

B, o C oo e, 57200 ke
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EXAMPLE 3
A heat pump is to be used to heat a house during the winter. The house is to be maintained at
21°C at all times. The house is estimated to be losing heat at a rate of 135,000 kJ/h when the
Outside temperature drops to -5°C. Determine the minimum power required to drive this heat
pump.

o =4
/‘\’\ * i o R
, R A
5 ) et i
/?T Qu O -1750v0k], , 375 K\
/‘f (
: ’J.(v‘va oo \"/lf\
CD,Q . | 1.3
F"’/F’“b - )
I
‘.

Wia = Qn =) 3.32kw
cor
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EXAMPLE 1

A 600-MW steam power plant, which is cooled by a nearby river, has a thermal efficiency of 40
percent. Determine the rate of heat transfer to the river water. Will the actu?be‘at transfer rate
be higher or lower than this value? Why? T»(?
o
7 IV . th 600 » \200Mm\y il
U'A (éh 24 "

> ~ o
Farbe o~ BLE, — B Qi

Iy 2 E;‘“‘ ety

QL., IT60MW = 6OW = 9o pa vy

/

= ot Jasss)
4 ] —) == YL os =
2 - ; - - ) ~—) L, oY
2 =i ] b ,L /0 /chjw/hufdfvi_ 7 .
.)9./(9.,.'.4&& Q-;”—%“CJ_L/ $7d J

EXAMPLE 2

A heat pump is used to maintain a house at a constant temperature of 23°C. The house is
losing heat to the outside air through the walls and the windows at a rate of 85,000 kJ/h while
the energy generated within the house from people, lights, and appliances amounts to 4000
kd/h. For a COP of 3.2, determine the required power input to the heat pump.

Q - 85,000 - 4000 - Rlooyy
9] y =
4

vy - Gn . Blooo | /

Ch”p 3.2 7800 v

s

[V
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EXAMPLE 3

Refrigerant-134a enters the condenser of a residential heat pump at 800 kPa and 35°C at a
rate of 0.018 kg/s and leaves at 800 kPa as a saturated liquid. If the compressor consumes 1.2

kW of power, determine (a) the COP of the heat pump and (b) the rate of heat absorption from
the outside air.

i P - ?X)Jk/\?c\
w : L K
1..98% 14y
o v
I = ool net
: s e
Sc-f-ﬂv] —_ L\z 4% ﬁ%lj
| 5 : ot
mh,- Quemh o . . I |
I H 1 0‘, m (Al-!'h) - [0.0“3)(?21_?4_;5 L,g) c_‘/,dulé_’(q f"'d /)"“I/J 7 £ 3

= 3.!6(, %y

.‘j

COP.‘ __C?_H_ .- ?-}64: Z“{'
Hr \\/-.;, /-Z
»)

EXAMPLE 4 g

A commercial refrigerator with .refr!gerant-134a as the working fluid is used to keep the
refrigerated space at -35°C by rejecting waste heat to cooling water that enters the condenser
at 18°C at a rate of 0.25 kg/s and leaves at 26°C. The refrigerant enters the condenser at 1.2
MPa and 50°C and leaves at the same pressure subcooled by 5°C. If the compressor consumes

3.3 KW of power, determine (a) the mass flow rate of the/refrigerant, (b) the refrigeration load,
(c;) the COP, and (d) the minimum power input to the ?\Jmpressor for the same refrigeration
load. L(f;’t(/ \\ Lo~

_‘TJ (_L.A ‘\':;{j '_‘/’S ;

Scanned by CamScanner



Lecture 14 Thermodynamics | Page 3
&)
) ?. [.2 M )
, v ,
(D) _ . — }\I. ?)’7.2% ‘2 %LG [ } |%C
L. KA J C)'n.Ju'uv [
> — 1o
[P lame
’/1 i l/"}\ i
Z;ETIGI.IMPL_‘; it
Q,
o~

To, 193¢ = b, =554 43

V U 4

. J
b =r26C—oh,, o 09.0) kg
-

| i
QH-' f”iw(’/k,»ﬁu,,) z

Q“ -MR(}]L—‘.) S r‘nxz. O;()(f_g% s

b) & |

Q"" Q“"\,;{_:‘ =) S.07k\ "Q..

) . ‘ﬂ - . /
P R— ),./‘_/ 'd/j/.‘/J) QL\ /L:.J /}*“"ﬂb/)

(0.29) (09.01. #5.64) = %.36F kv,

<) b, Q. s
\':/r:-l,'l
_ I : ‘
d) Cokr;; - 449 L MWaee QUL ky
’4-‘ COP
7.
TH = Y’
T . .38

Scanned by CamScanner




Lecture 14 Thermodynamics | Page 4

EXAMPLE 5

A Carnot heat engine receives heat from a reservoir at 900°C at a rate of 800 kJ/min and rejects
the waste heat to the ambient air at 27°C. The entire work output of the heat engine IS _used to
drive a refrigerator that removes heat from the refrigerated space at -5°C and transfers it to the
same ambient air at 27°C. Determine (a) the maximum rate of heat removal from the
refrigerated space and (b) the total rate of heat rejection to the ambient air.
&)

2P0, l
CU i-,/k: S —%-37’

QL,R (937)(595.0) ;qfcmlc/q

wawh

L)) C?;.,HE & QH,R

QL.HE y d"’ '\'\/uf; 23\
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QLal g QI",R - 577)Zl¢/3
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ENTROPY

Clausius inequality ~ o
-
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Entropy g P
& P s _W\.z
AS v Q\hw )5 7 a«\\, >
\INI N}«: A \v fln\L\\\ r.\w\ Yo
K -

AS =S,-8; = 0.4 KI/K

process

|
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|
|
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|
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o T AP N [
- ol
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0.3 0.7

S, kI/K

Even for irreversible processes, the entropy change should be determined by carrying out the
integration along some convenient imaginary internally reversible path between the

- specified states.

A Special Case: Internally Reversible Isothermal Heat Transfer Processes

- t Fu A \\.Mn_
AS- 1 de) LV saey Q.
T ey N\| by e ST ?w
. .

_ C.
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EXAMPLE 4

A pj . :
Piston—cylinder device contains a liquid-vapor mixture of water at 300 K. During a constant-

pres
oﬁsmmﬂm Eoowmm_ 750 kJ of heat is transferred to the water. As a result, part of the liquid in the
Vaporizes. Determine the entropy change of the water during this process.
A | < \\v\
L(. . .,/.u. :,Q) S , ~l~l..c
)20 B9 30, 26k 2 vore I
[ T Joo I
The increase of entropy principle
Process 1-2 ‘
5Q (o — _
le or mmrp 2 Ty —= {0 = .\MD
reversible) > =
1rey _._r_rw\\ ¢ vz s ANI.H,..: WO K

ally [
reversible) ? N\\WV\ Q\b -
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EXAMPLE 2

. 1 e
A heat source at 800 K loses 2000 kJ of heat to a sink at (a) 500 K and (b) 750 K. Determin
which heat transfer process is more irreversible.

AS
o

< :)JJ A1
TR < A< \ ¢ :
C<inh 750 “ ) Dgeaz ANy = A/ - A< J.2 x o
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/.
/—r)c)_»/:' Jers )2
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ENTROPY CHANGE OF PURE SUBSTANCES R >
g S o
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Py & O N _
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Compressed Superheated » S - S#’ o
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Lecture 15
7. Ca
SO0 - 3
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400 _ Critical Q
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00 — Saturated

liquid line

200 — ,\\.\“\rr?——
= e
= o Sawrated
P vzl ,.‘-’\E L‘f ———— vapor line
100 — i SEL i
— | 1 >
O 1 13 4 s 6 7 8 sihex
EXAMPLE 3

A rigid tank contains 5 kg of refrigerant-134a initially at 20°C and 140 kPa. The refrigerant is
its pressure drops to 100 kPa. Determine the entropy

now cooled while being stirred until
change of the refrigerant during this process.
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EXAMPLE 4

l%o{ngcmnt-ﬂda at 320 kPa and 40°C undergoes an isothermal process in a closed system
until its quality is 45 percent. On per unit mass basis, determine how much work and heat
transfer are required.

(. 1O 7~
el

ISENTROPIC PROCESSES

1AS:O X - / ’l-

/‘S(A‘lyupfc = k;’-J/) =Sk Q;

Lﬂg‘*‘" (0- | &

F g ol
e e S
L‘EU{;'L'C:JI_' @P

EXAMPLE 5

Steam enters an adiabatic turbine at 5 MPa and 450°C and leaves at a pressure of 1.4 MPa
Determine the work output of the turbine per unit mass of steam if the process is reversible. .
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PROPERTY DIAGRAMS INVOLVING ENTROPY
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EXAMPLE 1

Show the Carnot cycle on a T-S diagram and indicate the areas that represent the heat supplied
Qu, heat rejected Qy, and the net work output Wret ot ON this diagram.
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THE ENTROPY CHANGE OF IDEAL GASES
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Variable Specific Heats (Exact Analysis)
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EXAMPLE 3 e

Air is compressed from an initial state of 100 kPa and 17°C to a final state of 600 kPa and 57°C.

Determine the entropy change of air during this compression process by using (a) property
values from the air table and (b) average specific heats.
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Isentropic Processes of Ideal Gases
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Constant Specific Heats (Approximate Analysis)
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Variable Specific Heats (Exact Analysis)

R R A .0
P

Relative Pressure and Relative Specific Volume

]

% E : exp (%) Reladvve prexwre
2 (dmmab-\—pm) —

+ ‘//’:"')

S8y,

Sxp (.%i)

cp (37

Scanned by CamScanner



Lecture 1% Thermodynamics |

Page 3 e
P\V.
= H———»%.TT.'_?‘T,
- P. :
V. 3
-t Relcl., | :
B Q‘C.‘lq (d SFQ(I?\'L“VJKU\H 2 P,,
Ve i
T
Scoml d Y, & ‘;)\ —= Gl ®
# L ENpioapet
R P
r —
Tl —
" 7
D ;- Ve, sy
v,

Scanned by CamScanner



Lecture 18 Thermodynamics II Page 4

EXAMPLE 1 |
15€atfo pe

Air is compressed in a car engine from 22°C and 95 kPa in a reversmle and-adiabatic, manner.
If the compressuon ratio V4/V; of this engine is 8, determine the final temperature of the air.
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REVERSIBLE STEADY-FLOW WORK
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EXAMPLE 2

Determine the compressor work input required to compress steam isentropically from 100 kPa
to 1 MPa, assuming that the steam exists as (a) saturated liquid and (b) saturated vapor at the
Inlet state.
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Reversible Steady-flow Work
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MINIMIZING THE COMPRESSOR WORK
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Multistage Compression with Intercooling M e o
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N
EXAMPLE 1

W_M_M Mo.ﬂuﬂmmwoa steadily by a reversible compressor from an inlet state of 100 kPa and 300K

o ﬂmx.n_\ pressure omooo kPa. Determine the compressor work per unit mass for (a) isentropic

Sor na .M_o: with k =1.4, (b) polytropic compression with n =1.3, (c) isothermal compression,
(d) ideal two-stage compression with intercooling with a polytropic exponent of 1.3.
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ISENTROPIC m_u_u_n;_mw_o_mm OF STEADY-FLOW DEVICES

Isentropic Efficiencies of Turbines
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EXAMPLE 2

Steam enters an adiabatic turbine steadily at 3 MPa and 400°C and leaves at 50 kPa and
100°C. If the power output of the turbine is 2 MW, determine (a) the isentropic efficiency of the
turbine and (b) the mass flow rate of the steam flowing through the turbine.
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ISENTROPIC EFFICIENCIES OF STEADY-FLOW DEVICES

Isentropic Efficiencies of Compressors and Turbines
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Air 1s compressed Oy an adiabatic compressor from 100 »i-z _ 1o a pressure of 800
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kPa at a steady rate of 0.2 kg/s. If the isentropic efficiency ¢/ & tompressor is 80 percent,
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Isentropic Efficiency of Nozzles
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EXAMPLE 2

A at 200 kPa and 950 K enters an adiabatic nozzle at low

selocity and is discharged at a
pressure of 110 kPa. If the isentropic efficiency of the nozzle 1= 92 ercent, determine (a) the

maximum possible exit velocity, () the exit temperature, and () the actual exit velocity of the
air Assume constant specific heats for air.
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ENTROPY BALANCE
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Mechanisms of Entropy Transfer Si. O
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EXAMPLE 1

Steam at 7 MPa and 450°C is throttled in a valve to a pressure of 3 MPa during a steady-flow

process. Determine the entropy generated during this process and check if the increase of
entropy principle is satisfied. :
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EXAMPLE 2

A 50-kg block of iron casting at 500 K is thrown into a large lake that is at a temperature of 285 -
K. The iron block eventually reaches thermal equilibrium with the lake water. Assuming an
average specific heat of 0.45 kJ/kg-K for the iron, determine (&) the entropy change of the iron

block, (b) the entropy change of the lake water, and (c) the entropy generated during this
process.

35
(o) AS
J 5 2% /c.“ Y
Tous ’.\-\I“:g);‘ \ 57’7' .
mc{.&”"-%f_ - (bowo,ztg)jn 735
. & Soo —n'“:/“k
i G
-D_J é’/?(, Er;/ e ;
] edens fan Thy (1o, }"‘o A
€. _ s
In bo.f' = p‘ié—-
:'j\?w-\ _Q& - Au; me AT
G =) -
A%ﬂ o Qme-(‘i))(d(ﬁ)( 0. 235)
toE L dy STy
P, 23¢ < ,éQ'? 9
K
( @ g exde Jd‘
i _SOC{ -+ S-l = Ag e TR J’Je,_\
\7 o ‘J-‘{(h ’~'. . J))u"’/)/
= Gl .S [hk: [4 \ Ay,
Y LR A S wonee’
LT b){,\ S
’ j{";—c‘aﬁ 43
’["k {J" __‘- 4_%2
- Ee— ~R.¢3.
- s = 0 S e
F-‘d"'"""/’ulﬂ,l Ur=a A L AS =2 db
.J’g/‘p C‘(A‘lx"\c r_\.ﬂ&/c_.lbdl/) ¥ "r“\.;'/')/
Sn-jef AS . A% . AS @ Ao
U N A P H6.92. 4 30 kg )
= / /
I /n ' ey ﬁ;;.f;) ~
Cd () [T

Scanned by CamScanner



Lecture 20 Thermodynamics | Page 6

FRNURE—

EXAMPLE 3 0l

Air in a large bUl|dlng_ is kept warm by heating it with steam in a heat exchanger. Saturated
water vapor enters this unit at 35°C at a rate of 10,000 kg/h and leaves as saturated liquid at
32°C. Air at 1-atm pressure enters the unit at 20°C and leaves at 30°C at about the same
pressure. Determine the rate of entropy generation associated with this process.
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EXERGY: WORK POTENTIAL OF ENERGY
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Exergy (Work Potential) Associated with Kinetic and Potential Energy

X - kc.—’\zf_ (%)

Hpes Pe- g2 (

EXAMPLE 1

A wind turbine with a 12-m-diameter rotor is to be installed at a location where the wind is
blowing steadily at an average velocity of 10 m/s. Determine the maximum power that can be
generated by the wind turbine.
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REVERSIBLE WORK AND IRREVERSIBILITY
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Reversible work /
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EXAMPLE 2

A heat engine receives heat from a source at 1200 K at a rate of 500 kJ/s and rejects the waste

heat to a medium at 300 K. The power output of the heat engine is 180 kW. Determine the
reversible power and the irreversibility rate for this process.
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EXAMPLE 3

A house that is losing heat at a rate of 50,000 kJ/h when the outside temperature drops to 4°C
is to be heated by electric resistance heaters. If the house is to be maintained at 25°C at all
times, determine the reversible work input for this process and the irreversibility.
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