SIMPLE RANKINE CYCLE

10=7TC  What four processes make up the simple ideal Rank-
ine cycle?

10—8C Consider a simple ideal Rankine cycle with fixed
turbine inlet conditions. What is the effect of lowering the
condenser pressure on

Pump work input: (&) increases, (D) decreases,
(c) remains the same

Turbine work (d) increases, (D) decreases,
output: (c) remains the same

Heat supplied: (&) increases, (b) decreases,
(€) remains the same

Heat rejected: (8) increases, (D) decreases,

(c) remains the same

Cycle efficiency:  (2) increases, (D) decreases,
(c) remains the same

Moisture content  (a) increases, (b) decreases,
at turbine exit:  (c) remains the same

10-9C  Consider a simple ideal Rankine cycle with fixed
turbine inlet temperature and condenser pressure. What is the
effect of increasing the boiler pressure on

Pump work input: (3) increases, (D) decreases,
{c) remains the same

Turbine work (8) increases, (0) decreases,
output: (c) remains the same

Heat supplied: (a) increases, (D) decreases,
{c) remains the same

Heat rejected: (8) increases, (b) decreases,

{c) remains the same

Cycle efficiency: (&) increases, (b) decreases,
{c) remains the same

Moisture content (&) increases, (D) decreases,
at turbine exit:  (c) remains the same

10-10C Consider a simple ideal Rankine cycle with fixed
boiler and condenser pressures. What is the effect of super-
heating the steam to a higher temperature on

Pump work input: (a) increases, (b) decreases,
(c) remains the same

Turbine work {8) increases, (0) decreases,
output: () remains the same

Heat supplied: (&) increases, (0) decreases,
(c) remains the same

Heat rejected: (8) increases, (0) decreases,

{c) remains the same

Cycle efficiency: (2 increases, (b) decreases,
(c) remains the same

Moisture content  (3) increases, (b) decreases,
at turbing exit:  (c) remains the same

10-11C  How do actual vapor power cycles differ from ide-
alized ones?



10-12C Compare the pressures at the inlet and the exit of
the boiler for (a) actual and () ideal cycles.

10-13C The entropy of steam increases in actual steam tur-
bines as a result of irreversibilities. In an effort to control
entropy increase, it is proposed to cool the steam in the tur-
bine by munning cooling water around the turbine casing. It is
argued that this will reduce the entropy and the enthalpy of
the steam at the turbine exit and thus increase the work out-
put. How would you evaluate this proposal?

10-14C Is it possible to maintain a pressure of 10 kPa in a
condenser that is being cooled by river water entering at
20°C?

10-7C The four processes that make up the simple ideal eycle are (1) Isentropic compression in a pump.
(2) P = constant heat addition in a boiler, (3) Isentropic expansion in a turbine. and (4) P = constant heat
rejection in a condenser.

10-8C Heat rejected decreases: everything else increases.

10-9C Heat rejected decreases: everything else increases.

10-10C The pump work remains the same. the moisture content decreases. everything else increases.

10-11C The actual vapor power cycles differ from the idealized ones in that the actual cycles involve
friction and pressure drops in various components and the piping. and heat loss to the surrounding medium
from these components and piping.

10-12C The boiler exit pressure will be (a) lower than the boiler inlet pressure in actual cyeles, and (b) the
same as the boiler inlet pressure in ideal cycles.

10-13C We would reject this proposal because Wy, = Ay = B2 = Qou. and any heat loss from the steam will
adversely affect the turbine work output.

10-14C Yes, because the saturation temperature of steam at 10 kPa is 45.81°C. which is much higher than
the temperature of the cooling water.



10-15 A steam power plant operates on a simple ideal
Rankine cycle between the pressure limits of 3 MPa and
50 kPa. The temperature of the steam at the turbine inlet is
300°C. and the mass flow rate of steam through the cycle is
35 kg/s. Show the cycle on a T-s diagram with respect to sat-
uration lines, and determine (a) the thermal efficiency of the
cycle and (b) the net power output of the power plant.

10-15 A steam power plant operates on a simple ideal Rankine cycle between the specified pressure limits.
The thermal efficiency of the cycle and the net power output of the plant are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.
Analysis (a) From the steam tables (Tables A-4. A-5. and A-6).
vy =V spips = 0.001030 m” kg

“"p’in=ul(P2 _ﬁ} .
= (0.001030 m*/kg [3000— 50 )kPa LS
1kPa-m
=3.04 kikg -
hy =l +W, 5 =340.54+3.04 = 343.58 kl/kg

P; =3 MPa | h; = 2994 3 kl/kg 5
T; =300°C | 55 = 65412 kI/kg-K

P, =50 kPa 54—5F  6.5412-1.0912
+ }x4= et A - 0.8382

Sp 6.5019
hy=hp+x3h g =340.54+(0.8382)2304.7)
=22723kl/kg

Jy4 =354

Thus,
Gy = h3 —hy =2994.3-343.58 = 2650.7 kl/kg
Gowt =g —hy =22723-340.54=1931 8 kl/kg
Woo =0y — Qo = 2650.7-1931.8 = 718.9 kl/kg

and

ot 19318
e g
Tt 2650.7

(&) W, =mw,, =(35ke/s)718 9 ki/kg)=25.2 MW

=17.1%




10-16 Consider a 210-MW steam power plant that operates
on a simple ideal Rankine cycle. Steam enters the turbine at
10 MPa and 500°C and is cooled in the condenser at a pres-
sure of 10 kPa. Show the cycle on a T-s diagram with respect
to saturation lines, and determine (a) the quality of the steam
at the turbine exit. (&) the thermal efficiency of the cycle,
and () the mass flow rate of the steam. Answers: (a) 0.793,
(b) 40.2 percent, () 165 kg/s

10-16 A steam power plant that operates on a simple 1deal Rankine cycle 1s considered. The quality of the
steam at the turbine exit, the thermal efficiency of the cycle, and the mass flow rate of the steam are to be
determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.
Analysis (a) From the steam tables (Tables A-4, A-5, and A-6).

Vi =V 101p. = 0.00101 m’/kg TA
W, =v(P, —R) _ (o 3
~(0.00101 m*/kg J10.000 - 10 kPaq — :
. 1kPa-m i
-10.09 kl/kg - :

hy =y +w, ;, =191.81+10.09 = 201.90 ki/kg

P, =10 MPa th =33751kJ/kg
T; =500°C | 53=65995klkg-K =5

=0.7934

Py =10kPa v S4 75y 6.5995-0.6492
54 = 53 *

g 7.4996
hy =hy +xghg =191.81+(0.7934)(2392.1)=2089.7 kI/kg
(&) gy =hy —hy =3375.1-201.90 =3173.2 kl/kg

Qo = Hy — Py =2089.7-191.81=1897.9 kl/kg

Woet = @in — Gou =3173.2-1897.9=1275 4 kI/kg

and
12754 kI/k
M =2 = £ _402%
G 31732 klkg
. T, 210,000 kI
(€@  m=—2t ® 1647 ke's

w, 12754klke



10-17 Repeat Prob. [0-16 assuming an isentropic effi-
ciency of 85 percent for both the turbine and the pump.
Answers: (3) 0.874, (b) 34.1 percent, (c) 194 kgis

10-17 A steam power plant that operates on a simple nonideal Fankme eyele 15 considered. The quality of
the steam at the turbine exit, the thermal efficiency of the cvele, and the mass flow rate of the steam are to
be determined.

Assumprions 1 Steady operating conditions exist. 2 Einetic and potenfial energy changes are neglimble.
Analysis (a) From the steam tables (Tables A-4 A-5 and A-8),

V]SV iE0kP T 0.00101 mj.'];g

wom =vi(P =R )in, ; .
: \ 1k]
=(0.00101 m* kg 10,000-10 kPq
' 1
=11.87 klike

hy =k +wp, =191.81+11.87 = 203.68 kl'ke

/(0.85)

3
Pa-m J

P, =10 MPa | by =3375.1 kIkg
T, =500°C |z, =65995 klke K

Py, =10kPa |  54,~3;  £.5995-0.6492
24, = | T FTTT:
hy, =h g +x3h g =191.81+(0.7934)2392.1)= 2089.7 klkg

=0.7934

43

fr=
hy —hy,

—3‘"4="3"?r|:&3_‘{4:} )
=13375.1-(0.85)(3375.1-2089.7) = 2282 5 kl/kg
P,=10kPa |  hy—h, 21825-1918]

o ixy= =0.874
hy =2282.5kTke] B 23921

(5 g =hy— = 3375.1-20368 = 31714 k] ke
G,y = he— By = 22825 -191.81 = 2090.7 klke
Wogy = G — G = 3171.4—2090.7 = 1080.7 klkg

, T LT/
g = Mot 10807 kIke _ . 1

@) o= —mE = T T jog 3k



10-20  Consider a coal-fired steam power plant that pro-
duces 300 MW of electric power. The power plant operates
on a simple ideal Rankine cycle with turbine inlet conditions
of 5 MPa and 450°C and a condenser pressure of 25 kPa. The
coal has a heating value (energy released when the fuel is
burned) of 29,300 kl/kg. Assuming that 75 percent of this
energy is transferred to the steam in the boiler and that the
electric generator has an efficiency of 96 percent, determine
(@) the overall plant efficiency (the ratio of net electric power
output to the energy input as fuel) and (#) the required rate of
coal supply. Answers: (a) 24.5 percent, (&) 150 vh

10-20 A 300-BIW coal-fired steam power plant operates on a simple ideal Fankme cvele betweesn the
specified pressure hmits. The overall plant efficiency and the requured rate of the coal supply are to be
determined.
Assumprions 1 Steady operating condittons exist. 2 Kinetic and potential energy changes are neghgibla.
Analysis (a) From the steam fables (Tables A-4 A-5 and A-8),

by =hpgauap = 27196 kTke T

V] =V g 25pe = 0.001020m7 kg

“Ip_in=r"l1|n.P2_‘P5|]| - .

1kT
= |_rﬂ.|:llfl'1 02 ms-'kg ISCIU'U'—IS kP31 P—
) ’ 1kPa-m
=507 kTkg - !

hy = by +w, = 271.96+5.07 =277.03 klke

Py=5MPa) hy =3317.2kIkg

T; =450°C |s; =6.8210kIkg K

P =25kPa]| _34-2; 6.8210-0.8932

=5 | g 69370
hy=h; +x3h, =27196+(0.8545)2345 5)=22762 kT/ke

={.8545

The thermazl efficiency 15 determmned from
Gy = by —hy =3317.2-277.03 = 30402 kVkg
Qg = by —hy = 22762 = 27056 = 2004.2 kTkg

| 9o _,_20042

. 30402

= 03407

Thus, _
vl = M * Moo % Mg = (0.3407)0.75)0.96 ) = 24.5%
{8} Then the required rate of coal supply becomes
W _ 300,000 kIs
N oearall 0.2453

0, = =1222992 kJ/s

"
| =0.04174 tons/s =150.3 tons/h

&

. O 1222992 kTz{ 1ton
m — —
=l T g 29300 kIkg | 1000 kg




10-21 Consider a solar-pond power plant that operates on a
simple ideal Rankine cycle with refrigerant-134a as the work-
ing fluid. The refrigerant enters the turbine as a saturated
vapor at 1.4 MPa and leaves at 0.7 MPa. The mass flow rate
of the refrigerant is 3 kg/s. Show the cycle on a T-5 diagram
with respect to saturation lines, and determine (a) the thermal
efficiency of the cycle and (F) the power output of this plant.

106-21 A solar-pond power plant that operates on a simple 1deal Fankine evele with refrigerant-134a as the
working fluid 15 considered The thermal efficiency of the cyele and the power output of the plant are to be

determimed.

Assumprions 1 Steady operating condihons exist. 1 Kinetic and potenfial energy changes are neghmble.

Analysis (a) From the refingerant tables (Tables A-11, A-12, and A-13),
b =higo7ue, =38.82 klke
V1 =V g poum = 00008331 m' ke
Wom =vp(Py - B

o
ra

v 1kT |
= fp.nms331 m kg 1400 - 700 kPa1 - l

1kPz-m’

s -

=0.58 klkg

hy =hy+w,;, =88.82+0.58 =8940 klkg

hy =hyganm =276.12k1kg

S35y _ 0.9105-0.33230
5 g 0.58763
hy=hg +x5h; =38.82+(D.9839)176.21)= 26220 kI kg

|
satvapor _[ 53T S a14Mm = 09105 kTke-K
} = {9839

Thus
G =hy —hy =276.12 -89 40=18672 kTkg
Doy = hg —hy =262.20-88.82=17338 klke
Wi = G — Gy = 183672 -17338=1334kIkz
and

Woet 1334 KTkg
g= 18672 kTke

=T1%

Na =

)] W, =niwy, =(3kgis)13.34 kIkz)= 4002 kW



10-22 Consider a steam power plant that operates on a sim-
ple ideal Rankine cycle and has a net power output of
45 MW. Steam enters the turbine at 7 MPa and 500°C and is
cooled in the condenser at a pressure of 10 kPa by running
cooling water from a lake through the tubes of the condenser
at a rate of 2000 kg/s. Show the cycle on a T-5 diagram with
respect to saturation lines, and determine (a) the thermal effi-
ciency of the cycle, (b) the mass flow rate of the steam, and
(c) the temperature rise of the cooling water. Answers:
{a) 38.9 percent, (D) 36 kgfs, (c) B.4°C

10-22 A steam power plant operates on a simple 1deal Fankine cyvele between the specified pressure hinats,
The thermal efficiency of the cycle, the mass flow rate of the steam, and the temperature nse of the cooling

water are to be determined.

Assumprions 1 Steady operating conditons exist. 2 Einetic and potenfial energy changes are neghzible.

Analysis (@) From the steam tables (Tables A-4, A-5 and A-8),
V] =¥ sz 10km = 0.00101 m’ kg
Wein = L’1'::-'7": _P]:I
"

1 KT

]-:Pa-msf,

=(0.00101 m*xg)[7.000-10 kPa* 1

=7.06 kTkg

hy =k +wyp =191.81+7.06 =198.87 kl'ke

Py =7 MPa | hy =3411.4 kTkg
T, =500°C J 5 =6.8000 kIkg - K

Py=10kPa| ~_33—3; _638000-0.6492
: Sk 7.4996

=0.8201

_74=.Tj

hy=h; +xgh g =191 81+(0.8201)(2392.1)= 2153 6 kIkg

Thus, gy =h; —hy =3411.4-198.87=3212.5kTke
o =hs —h =2153.6-191.81=1961 8 kIkz
Wy = G — G = 3212.5-1961.8=1250.7 klkg

=38.9%

wmd g < Mew 12507 kIke
B g 32125kIke

&) m = — =————=30kgs

(¢} The rate of heat rejection to the cooling water and its temperature nse are
O = Mgom =(35.98 keg/s (1961 8 kIkg )= 70,586 kI/s
O 70,586 kT/s

AT i = = =§4°C
sonlmguar 2000 kg's §4.18 kIkg - °C
coolingwakr )




10—

23

Repeat Prob. 10-22 assuming an isentropic effi-

ciency of 87 percent for both the turbine and the pump.
Answers: (a) 33.8 percent, (b) 41.4 kgfs, (c) 10.5°C

10-23 A steamn power plant operates on a simple nomideal Rankine cycle between the specified pressure
limits. The thermal efficiency of the cvele, the mass flow rate of the steam. and the temperature rise of the
cooling water are to be determmined.

Assumprions 1 Steady operating condihons exist. 2 Eimetic and potential energy changes are neglizible.
Analysis (a) From the steam tables (Tables A-4 A-5 and A-8),

W

Thus,

(B)

I = kg0 =19181 kike
1= g 10km =0.00101 m’ kg

pan

=u (P -B)in,
e ™,
" |’ ]. ]LT I Y
=10.00101 ma-'kg.[T:ﬂDD—ICl kPai P |."I:'EI_STJI
' i M1 kPa-m ] '

=811kIke
=hy+w,; =191.81+8.11=199.92 kIke

Py =7MPa) hy;=3411 4 kT ke
T; =500°C J 5y =6.8000 kTkg - K

P, =10kPa se= 5 6.8000 - 0.6492
I = =
Yos, 7.4996
hy, =hg +x3h, =191.81+(0.820)2392.1)=2153.6 kl'ke

=0.8201

54 = &3

hy —h . .
My == hy=hy —nplhy —hy, |

By —hs, =3411.4— (0.87)3411.4 - 2153.6)=2317.1 kT kg
g, = by — by = 3411.4-199.92 = 32115 kTkg
Qo = hy — By = 2317.1-191.81 = 2125.3 kI/ke
Woy = Gy — G = 3211.5—-2125.3 = 1086.2 k/ke
1086.2 kTke

'H-:m .
=M =33.8%
e T s ke ¢

() The rate of heat rejection to the cooling water and itz temperature rise are

0 = Mg, =(41.43 ke/s)2125.3 kIkg | =88.051 kIis

88,051 kJ/s
e —=10.5°C

:'-I- B = = - —
Rl (mﬁjml_msm LE':'U{' I:g,"sl_q-.].s H'Ikg'ac,.l



10-24 The net work output and the thermal efficiency for
the Carnot and the simple ideal Rankine cycles with steam as
the working fluid are to be calculated and compared. Steam
enters the turbine in both cases at 10 MPa as a saturated
vapor, and the condenser pressure is 20 kPa. In the Rankine
cycle, the condenser exit state is saturated liquid and in the
Carnot cycle, the boiler inlet state is saturated liguid. Draw
the T-5 diagrams for both cycles.

10-24 The net work outputs and the thermal efficiencies for 3 Cameot cycle and a simple ideal Bankine
cyrle are to be determined.

Assumpions 1 Steady operating conditons exist. 2 Kinetic and potential energy changes are negligible.
Analysis (@) Bankine cycle analysis: From the steam tables (Tables A4, A-5, and A-8),
by =B ey 2 g = 25142 KTEE

V) =V anap, = 0001017 m’ kg e e
cyvele
“._pin-“'ld-ﬂ‘__ﬁ.] 1ET )
- [0.001017 m® kg [10,000 - =
. | 1kPa-m” | 3
=1015 EkTkg
By = by + W, =25142+10.15 = 261.57 klkg 2
P, =10 MPa | iy = 2725.5 Kk n 3
x5 =1 | 53 =5.6159 kTke ‘K .:,
- 20kPa 4=y _5.6150-0.8320
] Xy = : — - 0.6761
Sy =0z 7.0752

hg = h.,. +x.,ﬁ-,! - 251.42+(0.6761)2357.5)
-13453 kI kg
g, =h, —h, = 27255261 57 - 24630 kTkg
Gog = hy =By =1845.3—-251.42 = 1504 0 kTkg
-g, —q,, = 24630-1504.0 - 3690 LT kg

1504.0
Jau _q_ - 0353
e 14639

(%) Camot Cyele analysis:
Pj-mhﬂ:a‘_l}r; = 27255 kl'kg
1y =1 [T, =3110°C
T, =T; =3110°C |k, =1407.8 Kl kg
Xy =0 |5, =33603k7%kz-E

My =1

, _F175r _3.3603-08320
P, =20kPa . ' s, 70752
5| =53 :.'11-k;-+1'1kﬁ
= 25142+ (0.3574)(2357.5) = 1093 9k kg
g, =hy—hy =2725.5-1407.8 - 1317.7 kT kg
Fo = Fig —hy = 1845310839 = 751 4 kT kz
et =Ty — g =1317.7=7523 = 565 4 kTkg

- 03574

v.

W

fou _;_ 7514
7. 1317.7

- .430

Tk -1-



Air-cooled
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G‘) | condenser 1 @
[_:I'urbinc
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10-25 A binary geothermal power plant uses geothermal T @
water at 160°C as the heat source. The cycle operates on the 3 (D)
simple Rankine cycle with isobutane as the working fluid.
Heat is transferred to the cycle by a heat exchanger in which Heat exchanger
geothermal liquid water enters at 160°C at a rate of 555.9 kg/s
and leaves at 90°C. Isobutane enters the turbine at 3.25 MPa  Geothermal Geothermal
and 147°C at a rate of 305.6 kgfs, and leaves at 79.5°C and ™" water out

410 kPa. Isobutane is condensed in an air-cooled condenser
and pumped to the heat exchanger pressure. Assuming the
pump to have an isentropic efficiency of 90 percent, determine
{a) the isentropic efficiency of the turbine, (b) the net power
output of the plant, and (c) the thermal efficiency of the cycle.

10-25 A binary geothermal power operates on the simple Fankine cycle with isobutans as the working
flwid. The izentropic efficiency of the turbine, the net power onfput, and the thermal eficiency of the cycle
are o be determined.

Assumprions 1 Steady operating conditons exist. 2 Kimetc and potential energy changes are neglizible.
FProperties The specific heat of geothermal water is taken to be 4. 18 kTkg . C.

Analysiz (@) We need properties of isobutane,
which are not available in the book . However,
we can obtain the properties from EES.
Turbine:

Py =3250kPa | by = 76154 kTkg

T, =147°C _| 5, = 25457 kTkg - K

air-cooled
condensar

P, =410kPa | )
U, = 67040 KTkg

F, = 410kPa .
4 ]k, - 680,74 kT'kg heat exchanger

T, =170.5°C | |_'
by —hy 7615468974
By —hy, 761.54-67040

(&) Pump:

By = Hoa goum = 273.01kTkz
W om Vo sinape = 0.001842 m* kg

e 0.7ae WalkeT m

Wein = Vl':P: _ﬂ::I"-TP

- S S
- {n.c-l:-leuz m kg | 3250 - 410 | kPa| ———— 1/ 0.90
’ \1kPa-m" |

-5.81kTkg
By = by +w, . = 273014581 = 27882 klkg

W g = ol — By = (3056 Kk 761 54 — 680741k kg - 21 D41 kW
W = MRty — By} = i, = (305 6K1kg)(5 81kTkg) =177TEW
Wy =1 e~y =21041-1777 = 20,165 kW
Heaat Exchanger:
O = MlgeCpes (T — T ) = (555 9 kT kg)(4. 18 kT kg “C)(160 — 20)°C = 162,656 KW

c —tem 2O g 3241240
@ M= 3 "Tmsw




10-26 The schematic of a single-flash geothermal power

fi‘\

plant with state numbers is given in Fig. P10-26. Geothermal
resource exists as saturated liquid at 230°C. The geothermal
liquid is withdrawn from the production well at a rate of 230
kgfs, and is flashed to a pressure of 500 kPa by an essentially
isenthalpic flashing process where the resulting vapor is sepa-
rated from the liquid in a separator and directed to the tur-
bine. The steam leaves the turbine at 10 kPa with a moisture
content of 10 percent and enters the condenser where it is @
condensed and routed to a reinjection well along with the lig- Flach
HEY
chamber "@

Separator

uid coming off the separator. Determine (a) the mass flow
rate of steam through the turbine, (b) the isentropic efficiency
of the turbine, (c) the power output of the turbine, and () the

}
Steam
turbine

e

——

@

Condenser

©

thermal efficiency of the plant (the ratio of the turbine work

output to the energy of the geothermal fluid relative to stan- @
dard ambient condiliom} Answers: (3) 38.2 kgfs, (b) 0.685, Production Reinjection
(c) 15.4 MW, {d) 7.6 percent well well

10-26 A single-flash geothermal power plant nses hot geothermal water at 230°C as the beat source. The
mzzs flow rate of steam throush the mrbine, the isentropic efficiency of the mrbine, the power ouput from

the tarbine, and the thermal efficisncy of the plant are to be determined.

Assumpiions 1 Steady operating condifions exist. 2 Kinsfic and potential energy changes are neglizible.

Analysiz (@) We use properies of water for
geothenmnal water (Tables A4 through A-§)

T, = 230°C]
by = 09014 KT'kg
x, =0 _|
P, =500 kPa |, _m-h, o0014-6%000 3
X2 = - - .

By = by =090.14kTkg| h g 1108 :-TE!.I:.'I].E
The mass flow rate of steam through the farbine is sEparator 4

ity =X, 0, = (0. 1661230 kgs) - 38.20 kgls .

- ond

{5) Turbina: . ConcersE

P:. “tll}kPa] Fry = 27481 kT ks EZ -

- Flash :
| 55 =6.8207 KTke K hamber >
- 10kPa l}r 71603 kT
- ) kg - B L
54 =83 4 “F'md'xﬂl Len |- | reinjection W
well
P, =10kPa . e
050 _h =hp+xshg =101 81+ (0.90)(2302.1) = 2344 T kTkge
Ry—hy,  2748.1-23447
gy =22 s _IT4B1-I3MT L o
h,—h,, 17481-21603

() The power cutput from the marbine iz
ﬁ'—.—_,"‘ =gy —Fy) = (3B Z0ET k2748 1 - 2344 Tk kg = 15 10 EW
(af) We nse samrated liguid state at the standard temperamre for dead state enthalpy
I, =25°C)
b, =104.83 kTkg
Xp = 0 J

E,, =it (i —hy) = (230K EZ)090.14 - 104 83)kT kg — 203,622 KW

Fron 15410
-— T _0.0757 - T.6%
Te = " 3622







