THERMODYNAMICS 2
Problem Session — 11

Vapor & Combined Power Cycles



Rankine Cycle (The ideal cycle for vapor power cycles)
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1-2 Isentropic compression (in a pump)

2-3 Constant-pressure heat addition (in a boiler)

3-4 Isentropic expansion (in a turbine)

4-1 Constant-pressure heat rejection (in a condenser)



1-2 Isentropic compression in the pump
mBE Th.l = mz
EBE: myhy + Wyymp = 1zh,

hl + Wpump = hz

_ _ has—hy
Wpump = V(P2 — P1), Tpump = haqa—hy

EnBE:mqs; + SQen = Mm,S,
S1 + Sgen = Sz = Sgen = 0 (ideal)
ExBE:mqex, + Wpump = 1hyex, + Exp
ex; + Wyump = ex; + exp

2-3 Constant-pressure heat addition in the boiler
mBE: m,=m;y
EBE:1,hy + Qi = Mmshs

ha + qin = h3

EnBE: mzsz + % + .S.'gen = m3$3
S

qin —
Sy + T, + Sgen = S3

ExBE:myex, + Ex%in = mzexz + EXD , ExQn = ( —E) Qin

. T.
ex, + exin = ex; + exp s
3-4 Isentropic expansion in the turbine TA
mBE mg = Th4
EBE ﬁl3h3 = Th4h4 + WT
_ hs—h

. h3. = hy +_ Wr NTurbine = h3_h4a

ENnBE:mM3S3 + Sgen = MySy 374
S3 + Sgen = 84
ExBE: m3ex3 - m4e.X4 + WT + E.xD
ex3 = ex4 + WT + exD

4-1 Constant-pressure heat rejection in the condenser
mBE Th4 = Tfll

, - 4
EBE Th4h4 = mlhl + QO‘U.t ql‘“‘

hy, =hy + Qout Woump.in

3
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Qout
Tp
+ dout
Tp
ExBE:mex, = myex; + ExQut + Exj, , ExQut = (1 — ;—") Qout 3
ex, = ex; + exout + ex), b

EnBE: Tfl4S4 + Sgen == Thlsl +

Sy +Sgen: S1



Consider a steam power plant that operates on a simple 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. Take T.=700 °C.

Show the cycle on a T-s diagram with respect to saturation lines, and
determine

(a) the energy efficiency of the cycle,

(b) the exergy efficiency of the cycle,

(c) the mass flow rate of the steam,

(d) the temperature rise of the cooling water



T i

The cycle on a T-s diagram
with respect to saturation lines

1-2 Isentropic compression in the pump

mBE: Thl = Th2= m
EBE: 1ihy + Wyymy = rith,
hl + Wpump = hz

Woump = v (P, — Py)

.'r']]_ = FFf-!'{ 10kPa = 191.81 le'lkg

f.-'rl = [-"'Jr ._4 10kPa = 0.00101 mj."']-:g
Wom =t (P —R)

—(0.00101 m*/kg [7.000-10 1-.'_13':{1

1kJ
1kPa-m"°

L
i,

= 7.06 kI/kg

|'T?1 = |'T?1 + IL:F:].D-

=191.81+7.06 =198.87 kl'kg




2-3 Constant-pressure heat addition in the boiler
mBE: 1i, = 1it5 P; =7MPa | h; =3411.4 kl’kg
EBE:1i,h, + Qi = 1i3hs Ty =500°C | 53 =6.8000 kI’kg-K
ha + qin = h3 hy =hy+wp; =191.81+7.06=198.87 kl/kg
qin = 3411.4 — 198.87 = 3212.5Kk]/kg

4-1 Constant-pressure heat rejection in the 51 = 53 = 5 rops = 0.6492 \Ike K
condenser . E_GDD ek
mBE: Th4 == Ti’ll and mCW,in = mCW,Out ‘53 = S..‘I. = i | E'
y ’ ) P, =10kP 54 —5X
EBE:m,h, = mihy + Qoyue @nd 4 z 1 4~ S5 _6.8000-0.6492 s

54=53 J-.I4=

mcw,inhin + Qinew = mcw,outhout Sk 7.4996
ha = hy + Qour hy=hs+x4he =191.81+(0.8201)2392.1)=2153.6 ki/kg

Qout = 2153.6 —191.81 = 1961.8k] /kg

Whet = Qm Qout = Wewrbine — Woump
Whet = qin —9out = Wturbine —Wpump

Whet = Qin — Qout = 1250.7 k]'/kg




Whet — Wnet

n h = - =
‘ Qin din
W t w. t in = I, — _ 293 = j
Doy = —12b = me exin = (1 - Ts) qin = (1-22) 3212.5 = 2245.118 kj/kg
ExQin exdin
W 1250.7 kJ'k w 1250.7
g =2 = S_389% Ny = = = 55.7%

g, 32125 klke exdin  2245.118

7 5 T/
o T 45.000KIs oo kes

woe 12507 klke

The rate of heat rejection to the cooling water and its temperature rise are

O ot

=g, = (36 Kg/s )( 1961.8 kl'kg )=70.586 kl/s

0. 70.586 kJ/s

= . =8§.4°C
(M1€) coclingwater (2000 kg/s{4.18 kI/kg -°C)

":"'T-:nnliug'w:m =



Reheat Rankine Cyle

A steam power plant operates on the reheat Rankine
cycle. Steam enters the high-pressure turbine at 12.5 MPa
and 550°C at a rate of 7.7 kg/s and leaves at 2 MPa. Steam 1s
then reheated at constant pressure to 450°C before it expands
in the low-pressure turbine. The isentropic efficiencies of
the turbine and the pump are 85 percent and 90 percent,
respectively. Steam leaves the condenser as a saturated liquid.
If the moisture content of the steam at the exit of the turbine is
not to exceed 5 percent, determine (a) the condenser pressure,
(b) the net power output, and (c¢) the thermal efficiency.
Answers: (a) 9.73 kPa, (b) 10.2 MW, (c) 36.9 percent

(d) Find the exergy efficiency.




1-2 Isentropic compression 2-3 and 4-5 Constant-pressure heat addition

in the pump in the boiler

mBE: ml =Til2 mBE: Th2=Th3,Th4 :Ths

EBE: myhy + Wyymp = Mahy EBE:m,h, + myhy + Qj = mzhs+iishs

h1+Wpump=h2 h2+h4+ql‘n=h3+h5

Wpump = v(PZ - Pl) EnBE: Tthz + Th4,S4_ + % + Sgen = ﬁl353+m555
s

EnBE: Thlsl + Sgen = mzsz Qin

Sy +S4+TS+Sgen = S3 + Sy

51+ Sgen = 52 ) . ;0. . . :

) ) ExBE:1,ex, + myex, + Ex%n = mjex; + mgexs + Exj

ExBE: Thlexl + VVC = mzexz + ExD
ex, + ex, + exin = ex; + exs + exp

ex; + we = ex, + exp ©)

High-P Low-P
turbine turbine

_,-a-""",—’\\,‘ e \."

Isentropic efficiency for pump " " 'ﬂlj L C=
\ ,' I\ )'
—_— hZS_hl / J\ ,,r"' 4

npump - hZa_hl

I Condenser




3-4 and 5-6 Isentropic expansion
in the turbine

mBEm3 =Th4_ =ﬁl5 =Th6

EBE: Th3h3 + Th5h5 = Th4h4 + Th6h6 + WT

h3+h5=h4+h6+WT

EnBE: Th3S3 + msss + Sgen = Th4S4 + Th656

ExBE:1hex; + msexs = myex, + mgexg + Wy + Exp

ex3 + exs = ex, + exg + wr + exp

Isentropic efficiency for turbine

h3 - h4a _ h5 - h6a
h3 - h4s h5 - hés

NTurbine =

6-1 Constant-pressure heat rejection

in the condenser

mBE' Th6 = Thl
EBE:mghg = mihy + Qout
he = h1 + Qout

Qout
Ty

EnBE:mgSe + Sgen = 1My51 +

dout
Ty

ExBE:mgexg = myex; + Ex@ut + Ex,,

exe = ex; + ex@out + ex

High-P Low-P
turbine turbine
———__ ’——\.' R /‘-‘\
|"| \ fﬂr” ”, (:
: [ e
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10-36 A steam power plant that operates on a reheat Rankine cycle is considered. The condenser pressure, the net power
output, and the thermal efficiency are to be determined.

Assumptions 1 Steady operating condifions exist. 2 Kinefic and potential energy changes are negligible.

Analysis (a) From the steam tables (Tables A-4, A-5, and A-6).

P, =12.5 MPa) h; = 3476.5 kJ/kg
T, =550°C  [s; =6.6317kl/kg-K

Boiler

P, =2 MPa
h,, =2948.1kI/kg |
S4s =53
ne = hy —hy N
g Ji""3 _hils 12

—hy=hs —n; (ha —hy,)
—3476.5—(0.85)(3476.5—2948.1)
= 3027.3 kl/kg

P; =2 MPa | hs = 3358.2 kl/kg
Ts =450°C [s5 =7.2815kI/kg-K

Py =" '[h - (D) :

xs =0.95[° N 25

S =S5s G5 qQ. - /1
hs —h

Ny = hﬁ hﬁ >hg=hs —nr(hs —hg, )=3358.2-(0.85)3358.2 - hg, )
57 s

11



The pressure at state 6 may be determined by a trial-error approach from the steam tables or by using EES from the above
three equations:

P;=9.73 kPa. hs=2463.3 kl/kg,
(b) Then,
h =hrgo73ypa =189.57 klkg
Wpw =vi(B = R)/m, )
1kJ
- (0.00101mg.-’kghz.SOO—Q.B kPa) ——— 1/(0.90)
. 1 kPa-m
=14.02 kl/kg T A
hy =M +w,;, =189.57+14.02 = 203.59 kl'’kg
Cycle analysis:
G = (3 —hy )+ (hs — hy )= 3476.5 - 203.59 + 3358.2 — 2463.3 = 3603.8 kI/kg
Qo = hg —hy = 2463.3—189.57 = 2273.7 kl/kg

W, =H(q,, — Qou) = (7.7 kg/s)(3603.8-2273.7)kTkg =10,242kW

(¢) The thermal efficiency is

Gou _,_2273.7kI/kg

=1- =0.369 = 36.9%
T 9. 3603.8 kl/kg °
_ Whet . Wner 10242 kW _ _
(d) T,ex - E'inn - (1—E)Q - (1_ 298)(77k 3703 sﬂ — 0-4‘79 — 4‘7-9%
Tg’ <N 1208\ /" %9 kg

12



Regenerative Rankine Cyle

-‘Consider a steam power plant that operates on a regenerative
Rankine cycle and has a net power output of 150 MW. Steam enters
the turbine at 10 MPa and 500 °C and the condenser at 10 kPa. The
isentropic efficiency of the turbine is 80 percent, and that of the
ﬁumps is 95 percent. Steam is extracted from the turbine at 0.5 MPa to

eat the feedwater in an open feedwater heater. Water leaves the
feedwater heater as a saturated liquid. Show the cycle on a T-s
diagram, and determine;

(a) the mass flow rate of steam through the boiler,
(b) and the thermal efficiency of the cycle.

(c) Also, determine the exergy destruction associated with the
regeneration process. Assume a source temperature of 1300 K
a sink temperature of 303 K.

y—
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“
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— Turbine
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Boiler y ® I @
Open :
= FWH |
@= I il -1 Condenser
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FIGURE 10-15
The ideal regenerative Rankine
cycle with an open feedwater
heater.
where

9in = hS - h-l
Qs = (1= )y — h;)
Wiwbont — (hs = h&) Ca | e ,\')(hg T h-;)

Wesgis ™ (1= YW pgiia T Wonpitia
y = mgme  (fraction of steam extracted)
Waaptia = V(P2 — P))
Wimptiin ™= Vi(Py — Py)

14
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An 150-MW steam power plant operating on a regenerative Rankine cycle with an open feedwater heater is
considered. The mass flow rate of steam through the boiler, the thermal efficiency of the cycle, and the irreversibility
associated with the regeneration process are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.

Analysis

Boiler

(@) From the steam tables (Tables A-4. A-5, and A-6).
Vl - V'r lf-_l 10kPa -— 0.00101 ij'lkg

WolLin = *f’l(ﬁ - ﬂ)"ﬂp
= (0.00101 mifkglmn -10 kPa{”dl)—kJ}}f(O.%)
- 0.52kl/kg o
hy =y +w,y;, =191.81+0.52 =192.33 kl/kg

15



Py=0.5MPa | i3 = hygoswp. =0640.09 kl/kg
sat.liquid V3 =V; 05w = 0001093 m/kg

Wollin = "'3(};:1 - %)’fnp
- (0.001093 m*/kg)10,000- 500 kpa{

ll_ﬂj]fm_gs)

kPa-m
=10.93 kl/kg
hy = hy + Wy, = 640.09+10.93 = 651.02 kl/kg
P, =10 MPa | h; =3375.1 kl/kg
T5 =500°C |5, =6.5995kl/kg-K
Fhe — 2 ¥ )=
ro = 6s —2f _0.3995=1.8004 —0.9554
r— S 4.9603
L }hﬁs =h; +x¢,h, =640.09 +(0.9554)2108.0)
bs 73 =2654.1kl/kg
hs —h
7?1r=h5 hﬁ > he = hs — np(hs = hg, )
5~ Mes =3375.1-(0.80)3375.1 - 2654.1)
=2798.3 kl/kg
S7, =% -
o =37 757 _6.5995-06492 40,
P. =10kPa 5 7.4996
S: . }ﬁh =hy+xq.h, =19181+(0.7934)(2392.1)
=2089.7 kl/kg
hs = h -
r}T=h5 h? > hy = hs =y (hs = hy, ) .
5 = s =3375.1-(0.80)3375.1 - 2089.7)

=2346.8 kl/kg 16



The fraction of steam extracted 1s determined from the steady-flow energy balance equation applied to the feedwater
heaters. Noting that Q=W = Ake=Ape=0,

Ey, — Eoul - J'j“":::‘.].fslv.:muﬂmI[!.[md“‘ﬂ'. =0 Open e
: 3 FWH
Ein = Eoul -
D tiuhy = Y tigh, ——> tighs +tizhy = tshy —— yhg +(1-yYy =Ahs) Oz o

where y is the fraction of steam extracted from the turbine ( =m, / n; ). Solving for y,

hy—h,  640.09—192.33

- - =0.1718
hy —h, 2798.3-192.33

}p

Then, g, =hs —hy, =3375.1-651.02 = 2724.1 kl/kg
Gour = (1= v Ay =i )= (1-0.1718)2346.8 —191.81) = 1784.7 kl/kg
Woer = iy — Goue = 2724.1-1784.7 = 939.4 kl/kg

and

it = W, _ 150,000 kl/s 1597 ke/s
Woer 9394 klkg

(b) The thermal efficiency is determined from

G out 1784.7 kl'kg

=34.5%
g 2724.1kI/kg

17



Also,

P. =0.5 MPa

s, = 6.9433 kl/kg-K
h, = 2798.3 ki/kg

53 = 85705 mpa = 1.8604 Klkg-K
Sy =8 =5p G okes = 06492 kl/kg-K
Then the rreversibility (or exergy destruction) associated with this regeneration process 1s
<0
m

imsn:n - Tﬂsgm = Tﬂ[zmese —Zmr‘ga + q;.; ]: TD[SS = ¥g —(I—J"‘)SE]

= (303 K)[1.8604 - (0.1718)6.9453) - (1-0.1718)0.6492)]
= 39.25 kl/kg

18



Cogeneration

An ideal cogeneration steam plant is to generate power and 8600 kJ/s of process heat.
Steam enters the turbine from the boiler at 7 MPa and 500°C. One-fourth of the steam is
extracted from the turbine at 600-kPa pressure for process heating. The remainder of
the steam continues to expand and exhausts to the condenser at 10 kPa.

The steam extracted for the process
heater is condensed in the heater and
mixed with the feedwater at 600 kPa.
The mixture is pumped to the boiler
pressure of 7 MPa. Show the cycle on a
T-s diagram with respect to saturation
lines, and determine (a) the mass flow
rate of steam that must be supplied by & J
the boiler, (b) the net power produced by

the plant, and (c) the utilization factor.

Turbine

Boiler

Pump 11

19



A cogeneration plant is to generate power and process heat. Part of the steam extracted from
the turbine at a relatively high pressure is used for process heating. The mass flow rate of steam

that must be supplied by the boiler, the net power produced, and the utilization factor of the
plant are to be determined.

1 Steady operating conditions exist.
2 Kinetic and potential energy changes are negligible.

TA Turbine

Boiler

L4




Analysis From the steam tables (Tables A-4, A-5, and A-6).

w

by =h, g 0w =191.81 Kl/kg
Vi =V, 4 1o = 000101 m*/kg
pLin :vl(Pz_Pl) LK
— (000101 m*/kg (600 —10 kPa)[3]
—0.596 kl/kg L'kPa-m
hy=h +w, , =191.81+0.596 = 192.40 kl/kg
By =y g o npe = 670.38 KI/kg

Turbine

Boiler

Condenser



Mixing chamber:

rh, + i h, = 1, h,
(0.25)(670.38 kJ/kg) + (0.75)(192.40 k/kg)) = (1)h, ——h, = 311.90 ki/kg

~ _ 3
Vs —V}" @ h; =311.90 Kl/kg =0.001026 m™ /kg
H’p[[,i]'l =V (P P ) l kJ )
= (0 001026 m*/kg)(7000 — 600 kPa)[—3J
— 6.563 kl/kg I'’kPa-m

hy=h,+w . =311.90+6.563 =318.47 ki/kg

P. =7 MPa } h, =3411.4 kl/kg

T, =500°C s, = 6.8000 kl/kg-K
P, — 0.6 MPa
h, =2773.9 kl/kg
T ®
P, =10 kPa @ M ©
h, =2153.6 kl/kg
% =% S I B
— -

meoess - m]‘ {h? _h3)
8600 kJ/s = i, (2773.9— 670.38) ki/kg
., = 4.088 ks -



Qprooess - m? (h?' T h3 )
8600 kl/s =, (2773.9—670.38) ki/kg
i, = 4.088 kg/s

This 1s one-fourth of the mass flowing through the boiler. Thus. the mass flow rate of steam that must

be supplied by the boiler becomes

mg, = 4m, = 4(4.088 kg/s) =16.35kg /s

Turbine

Condenser



(b) Cycle analysis:

WT,out =m, (ha _h7)+ms (ha _hg)
= (4.088 kg/s)(3411.4 —2773.9) kl/kg +(16.35-4.088 kg/s)(3411.4 —2153.6 ) ki/kg
=18,033 kW

“ﬁl in — ml wp[, in + m4 wpl], in

= (16.35-4.088 kg/s)(0.596 kI/kg )+ (16.35 kg/s)(6.563 kl/kg) = 114.6 kW
W, =W, —W . =18033-115=17,919 kW

T.out

(c¢) Then,

Q,, =ms(h,—h)=(16.35 kg/s)(3411.4 —318.46) = 50,581 kW
and _ _
Wt T Qprocess 17,919+ 8600

_ =0.524 =52.4%
‘ 0, 50,581

-
=




The gas-turbine portion of a combined gas-steam power plant has a pressure ratio of 16. Air enters the
compressor at 300 K at a rate of 14 kg/s and is heated to 1500 K in the combustion chamber. The
combustion gases leaving the gas turbine are used to heat the steam to 400 °C at 10 MPa in a heat
exchanger. The combustion gases leave the heat exchanger at 420 K. The steam leaving the turbine is
condensed at 15 kPa. Assume all the compression and expansion processes to be isentropic. (T, =
293 K, T, =300 K and T, = 2200 K) . For air, assume constant specific heats at room temperature
(c,=1.005 kJ/kg-K and k=1.4).

B o s kpg = 225:94 k] [kg N

= 0001014 mg/kg Combustion

chamber

Uf @ P=15 kPa
h@ p=10 MPa and T=400°c = 3097.0 k] /kg
S@ P=10 MPa and T=400°c = 6.2141kJ/kg - K

~, Gas
"2 turhine

Gas cycle

Sf@ P=1% kPa = 0.7549 k]/kg . K J"-:t;; ﬁgl{hauq[ © Il-fa:a.iuu:xuh:an_l__-ur
f9@p=15kPa 7.2522 k] [kg - K —
)=
hfg@p=15kpa = 23723k [kg k._}
Draw the cycle T-s diagram. S
Write all mass, energy, entropy and exergy balance equations for each device. ||}

Determine the net power output,

Find the entropy generation in the combustion chamber
f) Find the energy and exergy efficiencies of the combined cycle
g) Find the exergy destruction in the conderser.

a)
b)
c) Determine the mass flow rate of the steam,
d)
e)

25



1-2 Isentropic compression 0,
in the pump '

Combustion
chamber

® 7y Oas
"2 turbine
Gas cycle

mBE: Thl = mz = Ths
EBE: mghy + Wyymp, = msh,

h’l + Wpump = hz

Wpump .= v(P, — Pp)
EnBE: Thssl + Sgen = mSSZ

S1 + Sgen. = Sy .
ExBE:mgex; + W, = mgex, + Exp

exq + We = €X5 + eéXp

Air Heat exchanger

T A
1500 K »7

3-4 Isentropic expansion
in the steam turbine

mBE: 13 = m, = 1

EBE:1mhy = mghy + Wy
h; = hy +wyp

EnBE:1gS3 + Sgen = M5,

[ 240K
STEAM
CYCLE 5 kpa |

V.
Qout

300 K+ *29

2-3 Constant-pressure heat addition
in the heat exchanger

mBE': Th2= Thg = Tfls
EBE: tighy + Oy, = mighs

hy + qin = h3
S
din

ExBE:mgex, + Ex%n = mgex; + Exp
ex, + ex?in = ex; + exp

4-1 Constant-pressure heat rejection

in the condenser

ExBE:mgex; = mgex, + Wr + Exp
exs = exy + wr + exp

mBE:m, = my
EBE:1ishy = mighy + Qout
hy = hi + Qout _
ENBE:1itgSy + Sgen = 1Sy + Q;—l’;“
SatSgen= S1 T q;—:t
ExBE:mgex, = mgex; + Ex%ut + Exp
ex, = ex; + exout + ex,,



5-6 Isentropic compression in the
compressor

mBE: 1hg = Mg = Ty,

EBE: 1, hs + W, = g, he
h5 + WC = h6

ExBE:mg; exs + W, = mgexg + Exp

exs + we = exg + exp @

ol 16} @
1 Exhaust ;

ZASES g

7-8 Isentropic expansion in the

gas turbine |
e = T = 17 5)P
mBE: 1, = thg = My, .J.%u;p

EBE: 1y, -hy = 1y hg + Wy
h7 = h8 + Wr

ExBE:mgex; = myirexg + Wr + Exp
ex; = exg + wr + exp

Combustion
chamber

Gas cycle

t )
=

Heat exchanger

—]

Condenser [

6-7 Constant-pressure heat addition in the
combustion chamber

mBE Tfl6= Tfl7 = mair

EBE:mg;he + Qin = Mgirhy

he + qin = hy
EnBE:1h;,5¢ + % + Sgen = MairS
4
Se +TLS”+sgen =S5

1, DGas
"2 turbine

ExBE:1gexs + Exin = m;.ex; + Exp
exg + ex?in = ex, + exp

—J®  8-9 Constant-pressure heat rejection in
the heat exchanger

[% MmBE:mg = mqg = My,

= EBE: g, hg = mgirho + Qe
h8 = h9 + Qout

Qout
Tp

EnBE:mg;,Sg + Sgen = MgirSq +

_ dout

ExBE: 1 exg = Mgirexq + Ex%ut + Exp
exg = exq + exout + exp



A combined gas-steam power cycle is considered. The topping cycle is a gas-turbine cycle and the bottoming cycle is
a simple ideal Rankine cycle. The mass flow rate of the steam, the net power output, and the thermal efficiency of the

combined cycle are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible. 3 Air is an ideal gas

with constant specific heats.

Properties The properties of air at room temperature are ¢, = 1.005 kJ/kg'K and k£ = 1.4 (Table A=2).

Analysi; (¢) The analysis of gas cycle yields

(k-1)/k
Py ,.
T, = T{P ] = (300 K)16)**""* =662.5 K
5

Qin :mair(h?_h{i)_ M i € (T’f T{i)
= (14 kg/s)1.005 kJ/kg- 1«:)(1 500—662.5) K = 11,784 kW

WEZ‘,gas = mair (h{a - hﬁ ) = My € p(Tﬁ TS)
— (14 kg/s)1.005 kJ/kg - K )(662.5—-300) K = 5100 kW

P (k-1)/k | 0.4/14
T =T,| == - (15001({— = 679.3K
P, 16

W?',gas = Myir (hT hﬂ): M air p(TT TS)
— (14 kg/s)1.005 kJ/kg-K)1500—679.3) K = 11,547 kW

W =Wy yas =W gas = 11,547 =5,100 = 6447 kW

net.gas

T A

1500 K

300 K1 +4

| %< a0k

STEAM

CYCLE |5 pa

V.
Qout
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From the steam tables (Tables A=4, A=5, and A=6),

1 kJ
| kPa-m°

Wi =1 (P, = P )=(0.001014 m*/kg)10,000—15 kPa{ ] ~10.12 K)/kg

hy = hy + W, =225.94+10.13 = 236.06 ki/kg

P, =10 MPa | h; = 3097.0 kl/kg
= 400°C [s; =6.2141 kl/kg-K

N

S4=S;  6.2141-0.7549
S fe 7.2522
hy = hy +x4hg, =225.94+(0.7528)(2372.3) = 2011.8 kJ/kg

= (0.7528

P, =15kPa | x, =

34 :.93
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Noting that Q; W = Ake = Ape = O for the heat exchanger, the steady-flow energy balance equation yields

: S A &0 (steady) _ S
Em _Eout =AE _0__)Ein _Eout

system

Zﬁ'ﬁh_,- :Zmehe — mj’(h3 _hZ):mair(‘hS _h9)

_ Ty —T. . -
i - hy — hq i :Mmm _ (1,005 KI/kg-K )(679.3 - 420) K (14 ke/s)= 1,275 kgls
* hy—h, hy —h, (3097.0-236.06) kJ/kg

(d) Wr ceam = 11 (B —hy ) = (1.275 kg/s)3097.0 — 2011.5) kJ/kg = 1384 kW
W, ceam = MW, = (1.275 kg/s)10.12 kI/kg) = 12.9 kW
' =1384-12.9 = 1371 kW

Wn el steam
W

netsteam

-W

p.steam

=1371+ 6448 =7819kW

= ity

steam

+W,

netgas

and W,

net —
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e) EnBE for combustion chamber;
Qin

T + Sgen = MairSy
S

MgirSe +

q.

T
_ 7\ _ P7\ _ 1500y 6

S7 = S6 = Cpa (T6) R In (P6) = 1.005 x (662_5) 0 =2.276 kJ /kgK
. _ 14kg 2276 kJ _ 11,784kW _
Sgemce = 22 x 2L _ LIS — 26,508 kW /K
f) Energy Ef ficiency
ng = ne_ SOV g 4o,

O 11,784kW
Exergy Efficiency
ExQin = <1 - (?)) O = (1 - (222%)) 11784 kW = 10214 kW

_ WhneteT tWhetst _ 6448 KW+1371 kW _ 0
Moy = —ebElpnetST, — 2EE T — 76.55%



g) Exergy destruction in the condenser

ExD = Tp. Sgen .
Qout
Tp

EnBE: msSy + Sgen = Mssy +

To =293 K, Tb = 300 K , s4=53=6.2141 kj/kgK , s1=sf@15kPa = 0.7549 kj/kgK
0,y = Mg (hy — hy) from EBE

‘ _ kg k] _ kY _

Qoue = 12752 (2011.8 o — 22594 kg) = 22773 kW

2277.3 kW
_|_ _—

: _ kg kI LI
Sgencona = 1.275°2(0.7549 - —6.2141 kgK) o

= 0.63 %
K

. kW
Exp,cona = 293 K * 0.63—— = 184.6 kW
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