Thermodynamics |
Spring 1432/1433H (2011/2012H)

Saturday, Wednesday 8:00am -
10:00am & Monday 8:00am - 9:00am
MEP 261 Class ZA

Dr. Walid A. Aissa
Associate Professor, Mech. Engg. Depit.
Faculty of Engineering at Rabigh, KAU, KSA

Chapter #10
December XX, 2011



Announcements:
L2r Walld's e-rmai and Office Hours

walid_aniss@yahoo.com

Office hours for Thermo 01 will be every
Sunday and Tuesday from 9:00 — 12:00 am
in Or. Wald's office (Room 5-213).
Text book:

L hermodynamics An Engineering Approac/z
Yunus A. Cengel & Michael A. Boles
7t Edition, McGraw-Hill Companies,
ISBN-978-0-07-352932-5, 2008




Chapter 10
VAPOR AND COMBINED POWER
CYCLES



Ovjectrves of CHIO- 7o
o Arnalyze vapor power cycles 1 wich the

working 7ud /s allerrnately vaporized and
cornaoenseal

* Analyze power generation coupled with
process heating called cogereratior

o /rvestigale ways lo moally the bass/ic
Rarnkine vapor power cycle 1o ncrease
e cycle thermal eicrency:

o Arialyze e refreatl arna regerneralve
Vvapor power cycles



o Anafyze power cycles hial cornsist or
wo separale cyclres Arowr as
combined cycles ana omary cycres



Chapter 10
VAPOR AND COMBINED POWER CYCLES

70-7 m 7THE CARNOT VAPOR CYCLE

We have mentioned repeatedly that the Carnot cycle
1s the most efficient cycle operating between two
specified temperature limits. Thus 1t 1s natural to look
at the Carnot cycle first as a prospective 1deal cycle
for vapor power plants.



FIGURE 10-1
7-s dlagram of a Carmor vaporcycle.



Consider a steady-flow Carnot cycle executed
within the saturation dome of a pure substance,
as shown 1n Fig. 10-1. The fluid 1s heated
reversip/y and isothermally in a boiler
(process /-2), expanded isentropically 1n a
turbine

(process 2-3), condensed reversibly and
isothermally 7z @ condenser (process 3-4), and
conipressed isentfropically by a compressor Zo
the wzizial state (process 4-17).




70-2 m FANAKINE CYCLE.: THE /DEAL
CYCLE FOR VAPOR POWER CYCLES

lilu:nilvf:r‘r
@t 3,
. 0" > turb, out
- L
FIGURE 10-2

The simple 1deal Rankine cycle.



Rankine cycle, is the ideal cycle for vapor
power plants. The 1deal Rankine cycle does not
involve any internal irreversibilities

and consists of the following four processes:
1-2 [sentropic compresszon in a pump.

2-3 Constant pressure fzeal addifion in a
boiler.

3-4 Isentropic expansion in a turbine.

4-1 Constant pressure /eal rejecfzon n a
condenser.




Water enters the pump at state 1 as saturated
liguid and 1s compressed 1sentropically to the
operating pressure of the boiler. The water
temperature increases somewhat during this
1sentropic compression process due to a slight
decrease 1n the specific volume of water. The
vertical distance between states 1 and 2 on the
1-s diagram is greatly exaggerated for clarity.
(If water were truly incompressible, would
there be a temperature change at all during
this process?)




Water enters the Joiler as a compressed
liguid ar state 2 and leaves as a superheated
vapor at state 3. The boiler is basically a large
heat exchanger where the heat originating from
combustion gases, nuclear reactors, or other
sources 1s transferred to the water essentially at
constant pressure. The boiler, together with
the section where the steam is superheated
(the superheater), is often called the s7ez/
generaior.



The superheated vapor at state 3 enters the
turbine, where it expands isentropically and
produces work by rotating the shaft connected
to an electric generator. The pressure and the
temperature of steam drop during this process
to the values at state 4, where steam enters the
condenser. At this stameam is usually a
saturated liquid—vapor mixture with a high

quality.




Steam 1s condensed at constant pressure in the
condenser, which is basically a large heat
exchanger, by rejecting heat to a cooling medium
such as a lake, a river, or the atmosphere. Steam
leaves the condenser as saturated liquid and
enters the pump, completing the cycle.

In areas where water 1s precious, the power
plants are cooled by air instead of water. This
method of cooling, which 1s also used 1n car
engines, 1S called dry cooling. Several power
plants in the world, including some 1n the United
States, use dry cooling to conserve water.




Remembering that the area under the process
curve on a /-5 dzagram represents the heat
transfer for internally reversible processes, we
see that the area untger process curve 2-3
represents the heat transferred to the water 1n
the boiler and the area under the process curve
4-1 represents the heat*ej ected in the
condenser. The difference;l%r%eseégo
(the area enclosed by the cycle curve) 1s Th€ net

work produced during the cycle.




Energy Analysis of the Ideal Rankine Cycle

All four components associated with the
Rankine cycle (the pump, boiler, turbine, and
condenser) are steady-flow devices, and thus all
four processes that make up the Rankine cycle
can be analyzed as steady-flow processes.

The Kinetic and potential energy changes of
the steam are usually small relative to the work
and heat transfer terms and are therefore usually
neglected.




Then the steady-flow energy equation per unit
mass of steam reduces to

(qm - QOut) 7 (VV]H - Wout) :be - bj (k‘]/](g)
(10-1)
The boiler and the condenser do not involve
any work, and the pump and the turbine are
assumed to be 1sentropic. Then the conservation
of energy relation for each device can be
expressed as follows:




Pump (g = 0): Woumpin — h, — h,
or |
Woumpin = V(P2 — P))
where,

hy=hrgp and v=v =
Boiler (w = 0):
Hin — hj — .III]
Turbine (g = 0):
Wit ot — M3 — 1y

L

(10-2)
(10-3)

(10-4)

(10-5)

(10-6)



Condenser (w = 0):

G = gy — I, (10-7)

The thermal efficiency ot the Rankine cycle 1s
determined from

_ 'II'.'| _ ] -:f_,,_, (10_8)

i Hin

fth
where,

Wiat = Hin — Yout — Wrbout — Wpump.in



LEXAMPLE 70-7 T/ie Simiple [deal Rankine
Cycle

Consider a steam power plant operating on the
simple 1deal Rankine cycle.

Steam enters the turbine at 3 MPa and 350°C
and 1s condensed 1n the condenser at a pressure

of 75 kPa. Determine the thermal efficiency of
this cycle.



Solution

Tin

Boiler

(2) 13 MPa

Wpump.in

®
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FIGURE 10-3
Schematic and 7-s diagram for Example 10-1.
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Stare /.

T] =1, turation @ 75 kPa =91.76 °C

Sd

Stare 2

p, =3 MPa }
S, =5,
Wpsimp.in = Vi (02 — P )= 0.001037 n¥'’/kg [(3000-75) kPa]

=3.03 kJ/kg

h,=h+w, . =(384.44+ 3.03)kl/kg=387.47 kl/kg

pump,in



Stare .

p; =3 MPa } h;=3116.1 kJ/kg
T;=350°C ) s,=6.745 kJ/kg. K

Stare 4

py, =75 kPa (sat. Mixture)
Sp=1.2132 kJ/kg. K, s,= 74558 kJ/kg. K

hy=388.44 kl/kg , h,= 2662.4 kl/kg

X, =(8,-$)I(s, —$)=(6.745- 1.2132)/(7.4558 -
1.2132)=0.8861



hy =h+x,(h, —h) = 384.44 + 0.8861 (2662.4 -
84.44) = 2403.0 kJ/kg

Thus, g, =h;—h,=3116.1-387.47 kJ/kg =
2728.6 kJ/kg

and, g, =h,—h,=2403.0 - 384.44 kJ/kg = 2018.6 kl/kg

and, n,=1-(q,,/q,,) =1—2018.6 /2728.6) = 0.260 or
26 %



The thermal efficiency; 77,, can also be determined from

Worpou =3 — By =(3116.1—2403.0) ki/kg =
713.1 kJ/kg

Waet = Warb,out = Woump,in =(713.1- 3.03) kJ/kg =
710.07 kJ/kg

Ny = Wie /Q; = 710.07 /2728.6 = 0.260 or 26 %

The Carnot thermal etficiency; 77, ,,., Operating
between the two temperature limits, 7, =7, =350 °C=

’ max

350+273=623K&7T, =T =91.76°C=91.76
+273=364.76 K &



But, Ny, oot =1 — (L i/ Tipa) =1 —(364.76/623) =
0.415 or 41.5 %

It 1s clear that the thermal efficiency; 77,, of simple
1deal Rankine cycle (= 26 %) 1s less than the Carnot
thermal efficiency; 77, -, Operating between the
two temperature limits, (=41.5 %)



70-3 m DEVIATION OF ACTUAL VAPOR
POWER CYCLES FROM IDEALIZED ONES

IDEAL CYCLE

Irreversibility |'I
in the pump

=X

| | {ACTUAL CYCLE

Pressure drop
in the condenser

AT

Pressure drop
in the boiler

A3
1\ Irreversibility
i In the turbine

'

FIGURE 10-4 .,

b

(B

(&) Deviation of actual vapor power cycle rom lthe /roea/
Rankine cycle. (b) 7he elfect of pump arnad
turbine irreversibilities on the ideal Rankine cycle.



- Ws _ ., — h, (10-10)
g h:d - .'!.1|
and
) h: — hy,
pp=—t= 2 (10-11)



LXAMPLE 10-2AnActual Steam Power
Cycle

A steam power plant operates on the cycle shown
in Fig. 10-5. If the 1sentropic efficiency of the
turbine 1s 87 percent and the 1sentropic efficiency
of the pump 1s 85 percent, determine (a) the
thermal efficiency of the cycle and (b) the net

power output of the plant for a mass flow rate of
15 kg/s.



Solution

15.9 MPa

35°C
®

Boiler

15.2 MPa
625°C

(2) 16 MPa

lf;d Pump
= np= 0.85
J

9 kP
@ 3E°Ca

@ |,
|5 MP
®" ErECI"C‘a
FF'_._._._,_._..--""""F'J Wiurh, out
N

Turbine -
Ny=087 F—""

\/
@ 10 kPa

Condenser

FIGURE 10-5

Schematic and 7-s diagram for Example 10-2.
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Solution.

A steam power cycle with specified turbine and
pump efficiencies is considered. The thermal
efficiency and the net power output are to be
determined.

Assumptions . 1) Steady operating cornditions exist.
2 )Knetic and pofernfia/ energy changes are
negligible.



Analysis. T/he schemaiic of the power plarnt and
e 7-s diagram of 7/2e cycle are shown in Fig. 10—
5. The temperatures and pressures of steam at
various points are also indicated on the figure. We
note that the power plant involves steady-tflow
components and operates on the Rankine cycle, but
the imperfections at various components are
accounted for.

(a) The thermal efficiency of a cycle is the ratio of
the net work output to the

heat input, and 1t 1s determined as follows:



Lump work

W pump.in _ W I::Pg — P|}

Woump,in —
PULp, Ti'p Ti'p
(0.001009 m*/kg)[ (16,000 — 9) kPa] ( 1 kJ )
B 0.85 1 kPa-m’

= 19.0 kI /kg



Turbine work output:

Winrbout — T]']"""’.'.'.turh,mu
= nr(hs — hg) = 0.87(3583.1 — 2115.3) kl/kg
= 1277.0kl kg

Boiler heat input:  q,, = hy — hy = (3647.6 — 160.1) kJ/kg = 3487.5 kI /kg

Thus,
Woet = Winsbont — Wpumpin — (1277.0 — 19.0) kI/kg = 1258.0 k] /kg

W 1258.0KI/kg
o g T 34875kl /kg

(b) The power produced by this power plant is
W, = m(wy) = (153 kg/s)(1258.0k]/kg) = 18.9 MW

Discussion Without the irreversibilities, the thermal efficiency of this cycle
would be 43.0 percent (see Example 10-3c).

= (L361 or 36.1 %




70—4 m AOW CAN WE INCREASE 7THE
EFFICIENCY OF 7HE RANAINE CYCLE?

Lowering the Condenser Pressure (Lowers ]’,MdVg)

T4

Increase 1n Woos

s ¥

. FIGURE 10-6

The effect of lowering
the condenser pressure
on the 1deal Rankine
cycle.



Superheating the Steam to High Temperatures
(Increases 7, ,,.)

T4

Increase in w,

3|

FIGURE 10-7

\" | The effect of superheating
he steam to higher

+ b/ temperatures on the i1deal
Rankine cycle.

- ¥



Increasing the Boiler Pressure (Increases ]’é,(-% we)
T4

Increase 3 3

1N Wioay / Tmax
Decrease

1n wl‘.n:l.

FIGURE 10-8 .
The effect of increasing the boiler pressure on the
1deal Rankine cycle.



LXAMPLE 70-3 Effect of Boiler Pressure
arnd Temperature on £jjiciency

A steam power plant operates on the cycle shown
in Fig. 10-5. If the 1sentropic etficiency of the
turbine 1s 87 percent and the 1sentropic efficiency
of the pump 1s 85 percent, determine (a) the
thermal efficiency of the cycle and (b) the net

power output of the plant for a mass flow rate of
15 kg/s.



Soluzion. A steam power plant operating on
the ideal Rankine cycle is considered.

The effects of superheating the steam to a higher
temperature and raising the boiler pressure on
thermal efficiency are to be investigated.

Analysis. The 7-s diagrames of 1/2¢ cycle for all
thiree cases are grver 77 Fig. 10-10.



g
I 10 kPa i\-\/ I 10 kPa }(
FIGURE 10-10

1T-s diagrams of the three cycles discussed in
Example 10-3.



(a) This 1s the steam power plant discussed in
Example 10-1, except that the condenser pressure
1s lowered to 10 kPa. The thermal efficiency 1s

determined 1n a similar manner:
State I: PI = 10 kpﬂ} lfi| — .Irf_l-r{,:- I0kPa — 191.81 k]l.'lkg
Sﬂt. J.lq_Uid |.-"| — l'{i'- & I0kPa — D-ﬂ{} I ﬂ]. m Fl,-'llkg

State 2: P, = 3 MPa

a2 — &

. : 1 kJ
Woumpin = Vi(P2 — Py) = (0.00101 m*/kg)[ (3000 — 10) kPa (I I«:Fﬂrm3>

— 3.02 kJ /kg

hy = hy, +w = (191.81 + 3.02) kl/kg = 194.83 k] /kg

pump.in

State 3: P, =3 ]"»*[F'u} hy = 3116.1 kl /kg
T, =350°C) s, =6.7450kJ/kg-K



State 4:
p, =10 kPa (sat. Mixture)
Sp=0.6492 kJ/kg K, s,= 8. 1488 kJ/kg. K

hy=191.81 kJ/kg , h,= 2583.9 kJ/kg

X, =(8,-$YI(s, — 5) =(6.745- 0.6492)/(8.1488 -
0.6492)= 0.8128

hy =he+x,(h, — by = 191.81 + 0.8128 (2583.9-
191.81) = 2136.1 kJ/kg

Thus, g, =h,—h,= 3116.1— 194.83 kJ/kg =
2921.3 kl/kg



and, g, =h,—h,=2136.1 - 191.81 kl/kg = 1994.3 kl/kg

and, ., =1-(q,,./q,)=1—(1994.3/2921.3) =0.334
or 33.4 %



(b) States [ and 2 remain the same in this case, and
the enthalpies at state 3 (3 MPa and 600°C) and state
4 (10 kPa and s, = s;) are determined to be

h, = 3682.8 kl/kg
h, = 23803 kl/kg (x, = 0.915)
Thus,
Giw = hy — hy = 36828 — 19483 = 3488.0 k] /kg
Jout = hy — hy = 23803 — 191.81 = 2188.5 k] /kg
and
Gou 2188.5 kl/kg

Gin  3488.0 kJ /kg

e = 1 — = 0.373 or 37.3%



Therefore, the thermal efficiency increases from 33.4
to 37.3 percent as a result of superheating the steam
from 350 to 600°C. At the same time, the quality of
the steam increases from 81.3 to 91.5 percent (in
other words, the moisture content decreases from
18.7 to 8.5 percent).



(c) State 1 remains the same 1in this case, but the
other states change. The enthalpies at state 2 (15
MPa and s,=s,), state 3 (15 MPa and 600°C),

and state 4 (10 kPa and s,= s;) are determined 1n a

similar manner to be
h, = 206.95 k] /kg
hy = 3583.1 kI /kg
hy =21153kI/kg  (x, = 0.804)
Thus,
G = hs — hy = 3583.1 — 206.95 = 33762 kJ /kg
Gou = hy — by = 21153 — 191.81 = 1923.5k] /kg
and

G, 19235K/ke
flth — 1 — =

— = (L.430 or 43.0%;
% 33762 Kl /kg '




Discussion.: 1The thermal efficierncy mncreases Jrome
I3 lo #3.0 percent as a result of raising the boiler
pressure from 3 to 15 MPa while maintaining the
turbine inlet temperature at 600°C. At the same time,
however, the quality of the steam decreases from
91.5 to 80.4 percent (in other words, the moisture
content increases from 8.5 to 19.6 percent).



10-5 = THE IDEAL REHEAT RANKINE
CYCLE )

FIGURE 10-11
The ideal reheat Rankine cycle.



The total heat input and the total turbine work
output for a reheat cycle become

i Y F O I
. T L T I . 1 L 1 I
in 4 primary 4 reheat s 3} \Fls ¥

and (10-12)
W = Wyt + Wy = (Az — hy) + (hs — hg)

(10-13)



LXAMPLE 70-F T/ie Ideal Reliear Rarnkirne Cycle
Consider a steam power plant operating on the 1deal
reheat Rankine cycle. Steam enters the high-pressure
turbine at 15 MPa and 600°C and 1s condensed 1n the
condenser at a pressure of 10 kPa. If the moisture
content of the steam at the exit of the low-pressure
turbine 1s not to exceed 10.4 percent, determine

(a) the pressure at which the steam should be
reheated and (b) the thermal efficiency of the cycle.
Assume the steam 1s reheated to the inlet temperature
of the high-pressure turbine.



Solution.

A steam power plant operating on the ideal
reheat Rankine cycle is considered. For a specified
moisture content at the turbine exit, the reheat
pressure and the thermal efficiency are to be
determined.

Assumpiions 1) Steady operating conditions exist.
2 )R inetic and porensial energy changes are
negligible.

Analysis The schemaiic of t/2e power plant and
lhre 1-s diagram of t/2e cycle are shown in Fig. 10—
13. We note that the power plant operates on the
1deal reheat Rankine cycle. Therefore, the pump and



C

t!

ne turbines are 1sentropic, there are no pressure
rops 1n the boiler and condenser, and steam leaves

t!

ne condenser and enters the pump as saturated

liquad at the condenser pressure.

(a) The reheat pressure is determined from the
requirement that the entropies at states 5 and 6 be
the same:



State 6: P, = 10kPa

xg; = 0.896  (sat. mixture )

56 = 85 + X5, = 0.6492 + 0.896(7.4996) = 7.3688 kl/kg-K
Also,

hg = hy + xghg = 191.81 + 0.896(2392.1) = 2335.1 kl/kg
Thus,

State 5: T = ﬁDD“E} P, = 4.0 MPa
hs = 36749 k] /kg

§5 — 8g

Therefore, steam should be reheated at a pressure of
4 MPa or lower to prevent a moisture content above
10.4 percent.



(b) To determine the thermal efficiency, we need to

know the enthalpies at all other states:
State 1: Pl = 10 I'[Pﬂ} ||!-i| — 'I!-!_i"l?i' 10kPa — 191.81 k..llflrkg

Sat. ].iq_l.lid ||.-'r| — ||.-'r_ir.5=~ 10kPa — D’.DDID]. mjl.-'rkg
State 2: P, = 15 MPa
52 — §

-

= v, (P, — P,) = (0.00101 m’/kg)

Woump.in

1 kJ
x [(15.000 — 1{}}1:9;.]( 1 kPa-m-‘)

= 15.14 kJ /kg
hy = hy + Wouoiw = (191.81 + 15.14) kI /kg = 206.95 kJ /kg

State 3: P, =15 MFa} hy = 3583.1 kl /kg

Ty = 600°C 53 = 6.6796 kl /kg - K
State 4: P,=4 MPﬂ} hy = 3155.0 k] /kg

5y = 53 (T, = 375.5°C)



Thus
ifin — {hz. - hz} + “15 - hdj
= (3583.1 — 206.95) kl/kg + (3674.9 — 3155.0) kl/kg

= 3896.1 kI /kg
Gow = hs — h, = (2335.1 — 191.81) kl /kg
= 21433kl /kg
and
G out 21433 kl/kg

= (L4500 or 45.0%%

— 1 _
e G 3806.1 kI /kg



Discussion 1/is problem was solved in Example
10-3c jor the same pressure and temperature
limits but without the reheat process. A comparison
of the two results reveals that reheating reduces the
moisture content from 19.6 to 10.4 percent while

increasing the thermal efficiency from 43.0 to 45.0
percent.



10-6 m THE IDEAL REGENERATIVE
RANKINE CYCLE

Ty

FIGURE 10-14

Low-temperature
heat addition

Steam exiting

boiler

The first part of the heat-addition process in the
boiler takes place at relatively low temperatures.



To remedy this shortcoming, we look for ways to
raise the temperature of the liquid leaving the pump
(called the feedwater) before it enters the boiler:

A feedwater heater 1s basically a heat exchanger
where heat 1s transferred from the steam to the
feedwater either by mixing the two fluid streams
(gpern feedwarer /fiealers) or without mixing them
(closed feedwarer freaters).

Regeneration with both types of feedwater heaters
1s discussed below.




Opern feedwaler freaters

Buoiler

€n
FWH

O

Pump 11

FIGURE 10-15
The 1deal regenerative Rankine cycle with an
open feedwater heater.



In the analysis of steam power plants, it 1s
more convenient to work with quantities
expressed per unit mass of the steam flowing
through the boiler.

For each 1 kg of steam leaving the boiler, y kg
expands partially in the turbine and 1s extracted
at state 6. The remaining (1- y) kg expands
completely to the condenser pressure.



Therefore, the mass flow rates are different in
different components. If the mass flow rate
through the boiler isMt. , e.g., itis (1—3)m .
through the condenser. This aspect of the
regenerative Rankine cycle should be
considered 1n the analysis of the cycle as well as
in the interpretation of the areas on the 7-s
diagram.



In light of Fig. 10—15, the heat and work
interactions of a regenerative Rankine cycle
with one feedwater heater can be expressed per
unit mass of steam flowing through the boiler as
follows:

q, =hs_h, (10-14)
Gout :(] -)/) (]77 ']7]) (10'15)
Witurb,out :(bj' 'bé) + (1 'YZ) (b5 -]]7) (10-16)

Wpump,jn :(] 'y)Wpump[’m + Wpump[[,jn (10—17)



where, v = m,/m- (fraction of steam extracted)

Wpump],jn =V (PZ _P])

Wpump][,jn =V3 (P4 _PS’)

The thermal efficiency of the Rankine cycle increases
as a result of regeneration.

This 1s because regeneration raises the average temperature
at which heat 1s transferred to the steam in the boiler
by raising the temperature of the water before 1t enters
the boiler.



Closed feedwaler healers

Pump II Pump [

FIGURE 10-16
The ideal regenerative Rankine cycle with a
closed feedwater heater.



Another type of feedwater heater frequently
used 1n steam power plants 1s the closed
feedwater heater, in which heat is transferred
from the extracted steam to the feedwater
without any mixing taking place.

The two streams now can be at different pressures,
since they do not mix.



LXAMPLE 70-5 7T7ie Ideal Regenerative Rarnkine
Cycle

Consider a steam power plant operating on the 1deal
regenerative Rankine cycle with one open feedwater
heater. Steam enters the turbine at 15 Mpa and 600°C
and 1s condensed 1n the condenser at a pressure of 10
kPa Some steam leaves the turbine at a pressure of
1.2 MPa and enters the open feedwater heater.
Determine the fraction of steam extracted from the
turbine and the thermal efficiency of the cycle.



Solurion . A steam power plant operates on the
ideal regenerative Rankine cycle with one open
feedwater heater. The fraction of steam extracted
fromthe turbine and the thermal efficiency are to be
determined.

Assumprions.: I Steady operating condilions exist.
2 Kmnetic and porential

energy changes are negligible.

Analysis. The schematic of t/ze power plans and

e 7-s diagram of 7/2e cycle are shown in Fig. 10—
18.



We note that the power plant operates on the 1deal
regenerative Rankine cycle. Therefore, the pumps
and the turbines are 1sentropic; there are no pressure
drops 1n the boiler, condenser, and feedwater heater;
and steam leaves the condenser and the feedwater
heater as saturated liquid. First, we determine the
enthalpies at various states:



State 1: P, =10 kPa} hy = h; g yorpa = 191.81 kI /kg
Sﬂt. Ij'q]]id U] — Uf'ﬁ 0kPa — ﬂﬂ]lﬂ] mll,fkg

State 2: P, = 1.2 MPa

& — 8

-_—

W

mumpLin — V1 (P2 — Py) = (0.00101 m’ /kg)[ (1200 — 10) I:Pa](l K 1)

kPa-m
= 1.20 ]l:JJa"kg

hy=hy +w = (191.81 + 1.20) kJ/kg = 193.01 kJ /kg

pump Lin



® T

1"":11.|ﬂ:|.-:mt
IIﬁlll
Boiler :::;
q.
Ll 1.2 MPa
Open 10 kPa
FWH
@ 1.2 MPa : “?Dm
2
412 Mmp
15 MPa ©, * 0

Condenser
10 kPa
Pump 11 Pump I

FIGURE 10-18
Schematic and 7-s diagram for Example 10-5.



Sfﬂfﬂ' 3-' .P3 — 1.2 MP'E[} U3 — Uf@ |2 MPa — ﬂ.ﬂﬂ“?ﬁﬂ m3ju"lkg
Sﬂ.t. ].lq_l.ll'd. h3 — hf@ |2 MPa — ?9333 ijllig

State 4: P, = 153 MPa
§q4 — &3

W in = Va(Py — P3)

pump ILin

= (0.001138 m’/kg)[ (15,000 — 1200) kPﬂ]( 1 kaml)

15.70 k] /kg
hy = hs + Woumpn = (798.33 + 15.70) kJ/kg = 814.03 kJ /kg



State 5: P; = 15 I'v[Fa} hs = 35383.1 kl/kg
T = 600°C 55 = 6.67T96 k]l /kg- K

State 6: Py, = 1.2 MP‘a} hy, = 28060.2 kl/kg
(Ts = 218.4°C)

5 — I35

State 7: P; = 10 kPa

§7 — &  6.6796 — 0.6492
Sﬁ. T.ﬂlg";'ﬁ

h; = hy + x;h, = 191.81 + 0.8041(2392.1) = 21153 kl/kg

= 0.8041

..'I'-'-Ir:..'l'-'j .I--Ir:



The energy analysis of open feedwater heaters 1s
1dentical to the energy analysis of mixing chambers.
The feedwater heaters are generally well insulated
(Q = ([0 ), and they do not involve any work
interactions (W = 0). By neglecting the kinetic and
potential energies of the streams, the energy balance
reduces for a feedwater heater to

E. =E_ — E mh = Eu"h"r

ML




or

vh + (1 — y)hy = 1(hs)

where y 1s the fraction of steam extracted from the
turbine (= M1 5 I.-'r M 5 ). Solving tor y and

substituting the enthalpy values, we find
hy —h,  798.33 — 193.01

Y =Wk 28602 — 19301 70
Thus,
G = hs — hy = (3583.1 — 814.03) kI/kg = 2769.1 kJ/kg
Gou = (1 — ¥)(h; — hy) = (1 — 0.2270)(2115.3 — 191.81) kI /kg
— 1486.9 kJ/kg
and
e 1486.9 kJ /kg

— — 0.463 or 46,35
e 2769.1 kJ /kg : ‘

T



Discussion 17is problent was worked ouwt irn
LErxample 10-3c jor the same pressure and
temperature limits but without the regeneration
process. A comparison of the two results reveals
that the thermal efficiency of the cycle has
increased from 43.0 to 46.3 percent as a result of
regeneration. The net work output decreased by 171
kJ/kg, but the heat input decreased by 607 kJ/kg,
which results 1n a net increase 1n the thermal
efficiency.



Homework

10-2C , 10-3C, 10-4C , 10-5C , 10—
6C,10-7C,10-8C, 10-9C, 10-12C,
10-13C, 10-14, 10-16, 10-20, 10-21 ,
10-22, 10-23, 10-24 , 10-25, , 10-26C
. 10-34, , 10-36, 10-37, 10-38 , 10—
42C , 10-43C , 10-47 , 10-48 , 10-51
. 10-52 , 10-56 , 10-58.



