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Carnot Cycle

V = Volume
p = pressure

T = Temperature

W = Work

C 5.0 N
Press. Eﬂ Eﬂ Temp.
adiabatic process 4->1

3. N - 5 -
Press. Temp. W = Q — Q Press. mm Temp.
1 2 adiabatic process 2 -> 3
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isothermal process 3->4
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High-Temperature P
Heat Source

pressive
E%ﬂ“ & Low-Temperature

Heat Sink
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(V= 8) S doogs Byl Dls) )
(Ssleol) gaV) wsd s blaai)
d-a Compression at constant entropy (Isentropic)
3L A Ay g die 5yl > WL
a-b Heat added at constant temperature (Isothermal)
(LSlesl) gVl sl s s
b-c Expansion at constant entropy (Isentropic)
A oy g s B 3
c-d Heat rejected at constant temperature (Isothermal)

Compressor work (w¢) = hy — h;
Turbine work (w) =hs — hy
Heat added (q.) =hs; —hs
Heat rejected (q;) =hs — hy
Net work (Wyet) = Wy — We
Lo ) 50 g et gyl ) OISV Alsles

qa + WC = qr + Wt
L 55878y gyl A1 5L
Tmax B

T

max

77 h =

where:
Tmin & Tmax in K
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Net Work

Work Ratio = ————
Turbine Work

3600

Specific Steam Consomption = ——
pectfi P Net Work
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V=V Jus
Spsl Ja ) 3y oy O coade 13] 53,1878 0) iyl A 3 LiST)
(21 C) s o sl 351 a5 ( 500C )
Data :
Tmax =500 + 273 =773 K
Tmin =21 +273 =294 K
Req :
Nth = ?

Solution:

T, -T,. 773-294

max

T 773

max

N =

Nim= 61.96




(V=Y Jee
Dl Jias potie j1# pasinsy (0.5 bar, 10 bar) exs oo Joxs a2 4l
(10 kg/kW hr) =5

AL 58505 36iS”
it 5. LSl

Data :

P. =0.5bar =50kpa, P, =10bar =1Mpa,S.S.C =10kg / kW hr
Regq.:

Dn, =7 2)n, =?
Solution :

From Steam Table, At P, =50kpa

T,=8133C=35433K, h,=h, =340kj/kg

From Steam Table, At P, =1 Mpa

T,=17991C =45291K, h,=h,6 =27781kj/kg

T 1 35433

)7 T 45291

max

3600 3600

by S.8.C =" _ 2000 g _h

) w Wi = ggc 9= M
W o 3600 3600

g, SSC(h,—h,) 1027781 340)

.7, =0.148

0.218

net

w1, =




(1) Jie
Ll 5,1 a8 315G bt a8, Ll) eyl Ol Jons o (58 5
L arion U UL et sbe o il Wl Jof 814 8L el 5T .(1000 kj/min)
(60 C) 31 ionys i 333,50 31, 41.(300 C) 3 omy
U
Sy s b o)) Bl Bl e Okl s =1
el Ol Jdss
yadd a4 5 LS
el 3,0))
Data :
0,=1000kj /min, T, =300C =573 K,T, =60C =333 K
Re gSteam Table.:
DX, X, 2)m, 3)n, 4)Power
Solution :
From Steam Table, At T, =300C :
§$,=8,=32534k/kgK,S,=S5,=57045kj / kgK, h,, =1404.9kj / kg
From Steam Table, At T, =60 C :
S, =08312kj / kgK, S, =7.9096 kj / kgK
AP 3.2534 - 0.8312
s:, - s; 790908312 P
X - S.—S; _57045-0.8312 _ 0.688
S, —S, 7.9096-0.8312
0, 1000

2)Q, =, xh, = m,=""= i, =0.712 kg / min

= =
h, 1404.9

DX, =

Tmin 333
Dy =12 =1- o=, =41.88%

max

4n, = POQWW’ = Power =1, xQ, = 4188 x 1(6):))0

a

.. Power =698 kW




(V=€) Jis
shal 3 a5 (50 kg/min) Jbedd 0L, Jing 55878 00 b Jand &)\ a2
(25 P0) 3,901 3L Oolor mdon 12 ) o) sWl gz 34 8L sl~) <y (350 C)
HESWE
oSl b -1
slel sl =2

Data :
m=50kg/min, T,=350C =623K, n,
Regq.:
P, 2)Power
Solution :
D, :l—Tc =025=1- L.
T, 623
T, =467.25 K =194.25C
From Steam Table, At T, =194.25C = P, =1.4 Mpa
2) From Steam Table, At T, =350 C = h,, =893.4kj/ kg

Power

= Power =1, xQ,, Q,=mxh,,

(4
a

Power =0.25 x 893.4 x 2—3 — Power =186.11 kW
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Boiler

Winrh,out

Turbine

W pump.in

N

Pump
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1-2 Compression at constant entropy ( in pump )
(el (@) krall Ogd s 3yl Bl Y-
2-3 Heat added at constant pressure ( in Boiler )
( l.,..’)}:j\ ge ) ‘;gj}’d:ﬁ‘ Sgd s dded €Y
3-4 Expansion at constant entropy ( in turbine )
(RS 2y baall ©sd ke Byl 5 b V-8

4-1 Heat rejected at constant pressure ( in condenser )
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Condenser Cooling Water Cycle &Sl &, 6ls 8593 -
80 a3kl el s 8ol s Gl Gl 15 Wyl Sl s
S

wi =h3;—hy
wp =h2—Iy
Whnet = W — W
(a =hs-h;

w
N =
q,

S.S.C :m kg /| kW hr

w

net

Power =m xw kW

SSHR=SS5Cxq, =ﬂ

in

dod 29195 (S-HLR = 12 — 18 M/KW hr)) &yl ol 531 Jutmall i 51,5 Lok
(2- 4 Kg/kW hr) il 531 Shgeuy)
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Effect of boiler pressure

inw

net

Increase
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Decrease
in Wy,

Jopedl iz 56 (V=Y S
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(400 C) sl s dis 31 1 359 (0.04 bar)

bar

20

30

60 100

%

34.9

36.7

394 41.2
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Effect of condensation pressure S a5 Y—v—Y

TA
|
4
Q by
it \

P
>

S

l‘ l/‘. ac 3 »
ncrease in w .,

S bare 30 (VA S8
gl Jsos die aamdl Bl domyzg ool o b i OF 505 (V-A) S8 &
P.dl Pe oo Sl Lo 2iy il L
gl A 5l slay JWly Sl dars ki sla agysl) Jas OF LS
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(400 C) auysd) ks dis 50 1 dr 39 (30 bar) <t

P, bar 1 0.1 0.08 0.06 0.04 0.02

Nih % 25.5 33.9 34.7 35.5 36.7 38.5

Lo o [ oly Sl Lo i ae i Sk uST0T (VA K e Lol
L ¥ OF o Byl 2 die OL ST 00 Bome gy iyl Jpots 3yl dmydg Lo
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Effect of super heated Rzl 8y Gmys S WYY
temperature
T

Increase in Wiet

Al Byl Brys U (V-4 S
Bl o> gy ool Lad ol ks ol sl lars O 508 (V-9) JSad
t3 Aits o Ayl Jgoos i ol
Al A 5L slag MUl Gagemdl ) dmys B3l slap Anpysd) Jas O L
Lo oo (SO 85 iyl 3 LSl el Bl B g B (e QW) g
b Lyl s M Ly (0.04 bar) wut Sl

T3 bar 300 | 350 | 400 | 450 500 550 600

Yo 352 | 35.6 | 36.2 | 37.0 | 37.6 38.4 | 39.2
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.Y ﬂjlmal.ui
(YY) Jus

(400 C) 3)\ > i35 (2 Mpa) by jaesl Ll gyl Lines Sl 890 3
SIS 5Ly (0.8) dyyseld a1l 3. LS cslST13) (4 kpa) pslall sl baxsg

(0.96) Wl 5:LiSy (0.98) a5l
Al LIS 36U

Data :

P =P,=P,=4kPa, P,=P,=P,=2Mpa, T,=400C

n, =08, n, =098, n, =0.96

Regq.:
Total Efficiency(n, )

Solution :
From Steam Table, At 4 kPa :
v, = 0.001004 m* / kg
h, =121.46 kj / kg h, =2554.4kj / kg
s, =0.4226 kj / kgK s, =8.4746 kj / kgK
h,=h, =121.46 kj / kg, w,=v,(P,—P)
w, =0.001004(2000 - 4)=2kj / kg
h,=h, +w,=121.46 + 2=123.46 kj / kg
From Steam Table, At 2 Mpa, 400C :
h, =3247.6 kj / kg s, =71271kj / kgK
vSsy=85, =s8,=71271kj/ kgK

8,08, - Point 4is wet steam

Sq =8,  7.1271-0.4226

X, = -
8.4746 — 0.4226

=0.833

Se =58y

h,=h, + X,(h, —h,)=121.46 + 0.833(2554.4 —121.46 )

= 2148 kj / kg




w, =h, —h, =3247.6— 2148 =1099.6 kj / kg
W =W, —w, =1099.6 - 2=1097.6 kj / kg

n

q, =h, —h, =3247.6 —123.46 = 3124.14 kj / kg

W _ 1097.6 _ o o

net

Nw =

g, 312414

Mo =M X Mywe <1 XN,
=0.35x0.98 x 0.8 x 0.96 = 0.264
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(300 C) jaesl ol 5l> axys Jofy (30 bar , 0.04 bar ) i o Jasiy
) S Byl dmys (3 gLV OIS ) (S aeb ST A e 2aS Liasl |

(A MW ) e 5,3 ol Wle (10 C
Data:
P; =30 bar =3 Mpa
T3 =300 C
P4 =0.04 bar = 4 MPa
AT, =10C
Power =4 MW
Req:
N =7
SS.C=?
my, = ?
Solution:
From steam table at 3 MPa & 300 C :
- h3=2993.5 Kj\Kg
s3 = 6.539 Kj\Kg

From steam tables at P =4 KPa :

hy=121.46 Kj\ Kg  h,=2554.4 Kj\Kg
sf=0.4226 Kj\Kg K s, =8.4746 Kj}\Kg C
sos3=184=06.539 Kj\Kg

S, _ 653904226 _
—s, 8.4746-0.4226




. hy =hs+ X4 (hy—hy)
~ hy=121.46 +0.74 (2554.4 - 121.46)
= 1970.49 Kj\Kg

hi=h; at4KPa
-~ hy = 121.46 Kj\Kg
©. Wy=hy—h; =v;(P,—P;) * 100
< hy=h + Vi (P,—P;)

= 121.46 + 0.001 (3000 - 4 ) = 124.46 Kj\Kg

s wi=hy- hy = 124.46 - 121.46 =3 Kj\Kg
wi = hs — hy =2993.5 - 1970.5 = 1023 Kj\Kg

Waet = W — W, = 1023 -3 = 1020 Kj\Kg

da=hs - hy =2993.5-124.46 =2869 Kj\Kg




(Y=Y Jl
6 wyedl Jeen el baas OF code 13) AUl ST, 300 a0 41 5Ll o)
. 10 kPa. U Larsg 350°C 4> 4,59 MPa
P2 = P3 =6 MPa T3 = 350°C
P1 = P4 =10 kPa
[ h3 =h, at6 MPa = 3043 kJ/kg ]
[ s3=s,at6 MPa = 6.3335 kJ/(kg K) ]

[ hy =hrat10kPa=191.83 kl/kg ]
[ vi = v¢ at 10 kPa = 0.00101 m*/kg ]

ﬁ”ll = nfl2 =m
n/l’lhl +Wpump — m2h2
Wpump :m(hZ _hl)

Rankine Vapor Power Cycle

1
6000 kPa /
[

s [kJ/kg-K]
w =v (R, —-F)

pump
3
:0.00101’:—(6000—10) kPa—

g m kPa

=6.05 K

kg

Now, h; is found from




= 6.05ﬁ + 191.83ﬂ

kg kg
= 197.88k—J
kg

m, =My = m
mzhz + Qm = ﬁ%h3
Qin = m(h3 —h,)

gibn
g, =—"+=h;—h,
m

= (3004.3-197.88) K
kg

= 28064 K

kg

m, =ny, =m

mSh3 =W,

turb

+nyh,

Wurb = m(h3 o h4)

at P, =10kPa: s, = O.6483k—J; S, = 8.1502ﬂ

kg kg

is s, <57

; ?
is §, <8, <S8,

is s, <s,?




Sy =8, + X8,
S, =8 6335-0.6493
S, 7.5009

8

=0.758

X, =

h,=h, +x,h,
= 191.83ﬁ +0.758(2584.7-191.83) k7
kg kg

=2005.6 k7

kg
The turbine work per unit mass is
W, =h—h,
= (3004.3-2005.63) IZ—J

8

= 998.7ﬁ

kg
The net work done by the cycle is

w w

w urb pump

net

= (998.7 — 6.05) K
kg

= 992.6ﬂ

kg

The thermal efficiency is




w
77th -

ql'n
992.6 k—J
kg

28064 kI

kg
= 0354 or 354%
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Data :
P, =10 bar =1 Mpa( Saturated Steam ), P, =30 kpa
X, =0.82

Regq.:

Rankine Efficiency(n, )
Solution :
From Steam Table, At 30 kPa :
v, = 0.001022 m*> / kg
h, =289.23kj / kg h, =2625.3kj / kg
s, =0.9439 kj / kgK s, =7.7686 kj / kgK
h,=h, =289.23kj / kg, w,=v.(P,-P)
w, =0.001022(1000 - 30)=0.99kj / kg
h,=h, +w,=289.23 +0.99=290.22kj / kg
From Steam Table, At 1 Mpa,
hy,=h, =2778.1kj / kg
hy=h, + X,(h, —h, )=289.23 + 0.82(2625.3 — 289.23 )
=2204.8kj / kg
w, =h; —h, =2778.1-2204.8 =573.3kj / kg
W =W, —W,=573.3-0.99=572.31kj / kg
q, =h; —h, =2778.1-290.22 =2487.88 kj / kg
W, 572.31
g, 2487.88

Nw = =1, =23%




(Y—0) Jis
(B lria el ol el Ll (SOl 89 i fows Aoy a2 ada2 (3
Sl e S 5y (Sl Lrs 5> LSl sazy (400 C) 3> ix)35 Mpa)
gL, Vs (18000 kg/hr) sl SMgaul Jans OF ke 13) (30 C) )l 3> ot sl
(10 C) doplh olir 351 25 3
|
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Data :
P,=P,=P,=3Mpa, T,=400C
T,=T,=30C, m_, =18000kg / hr, AT, 6 =10C
Regq.:
1 —Thermal Efficiency(n,, )
2 — Power
3-m,
Solution :
From Steam Table, At 30 C :
v, =0.001004m° / kg,  p, =4.246kpa
h, =125.79kj / kg h, =2556.3kj / kg
s, =0.4369 kj / kgK s, =8.4533 kj / kgK
h,=h, =125.79 kj / kg, w,=v,(P,—P)
w, =0.001004(3000 — 4.246 ) =3 kj / kg
h,=h, +w,=12579+3=128.79 kj / kg
From Steam Table, At 3 Mpa, 400C :
h, =3230.9kj / kg s, =6.9212 kj / kgK
S, =85, =8§,=69212kj/kgK




" 8,(8, .. pointdis wet steam
S, —S§ —
x, =75 6.9212 - 0.4369 _ 0.80
s, —s, 8.4533-0.4369
h,=h, + X,(h, —h, )
=125.79 + 0.809(2556.3 —125.79 ) = 2092.07 kj / kg
w, =h; —h, =3230.9 - 2092.07 =1138.83 kj / kg
W =W, —w,=1138.83-3=1135.83kj / kg
q, =h; —h, =3230.9 -128.79 = 3102.11 kj / kg
~ 1135.83 y
3102.11

_ % « 1135.83 = 5679.15 kW

w

net

1-7, = 100 = 7, =36.61%

a

2 — Power =m_ xw

net

3 — heat loss from steam = heat gain to cooling water
m(h,—h,)=m, xC, xAT,

18099 2092.07 - 125.79) = i, x4.18x10
3600

m, =235.2kg /s or: m, =846.72ton / hr
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(0.075 S Loy (2 C,.\i\.e) (100 bar) lexiz; sl j) J;'-.Ag :‘S’jéﬂ\ i)
bar)

Bl iy9) (311 C) 8> a5 (40 bar) iy cupypall sl oty 1aW) ddaseal)

(0.075 bar) xS Loy (L Vo dis mead)

g Jad OF o1 281 as Lol Byl ol S Eom (o (uihionadl ey 048 — ¥
(Sl pibaorad) e JS‘;Q

Data :
For Plant (1) P, = P, =100 bar =10 Mpa, x,=1
P, =0.075 bar =1.5 kpa
For Plant (2) P, = P, =40 bar =4 Mpa, T,=311C
P, =0.075 bar =1.5 kpa
Reg.:
1—Thermal Efficiency (n1,,) For Each Plant
Q.
0.,
Solution :
For Plant (1) :
From Steam Table, At P ="1.5 kpa :
v, =0.001008 m’ kg,
h, =168.79 kj/ kg h, =2574.8 kj/ kg
s, =0.5764 kj/ kgK s, =8.2515 kj/ kgK
hy=h, =168.79 kj/ kg, w,=v,(P,—R)
w, =0.001008(10000—7.5) =10 kj/ kg
hy=h+w,=168.79+10 =178.79 kj/ kg
From Steam Table, At 10 Mpa :
hy=h, =2724.7 kjl kg 53 =5, =5.6141 kj/ kgK

2 —




=, =5.6141kj/kgK
.. point 4 is wet steam

_S,—s, 5.6141-0.5764
s,—s, 82515-0.5764
hy=h,+X,(h,—h,)
=168.79+0.656(2574.8 —168.79) =1747.13 kj/ kg
w, =hy—h, =27247-1747.13 = 977.57 kj/ kg
Wye, =W, —w, =971.57-10 = 967.57 kj/ kg
q, =hy—hy, =27247-178.79 = 254591 kj/ kg
_ Waar _ 967.57 y
q, 254591

=0.656

100 = 7,, = 38%




For Plant (2):

From Steam Table, At P ="1.5 kpa:
v, =0.001008 m’/ kg,
h, =168.79 kj/ kg h, =2574.8 kjl kg
s, =0.5764 kj/ kgK s, =8.2515 kj/ kgK
hy=h, =168.79 kj/ kg, w,=v,(P,—R)
w, =0.001008(4000—7.5) = 3.96 kj/ kg
hy=h+w,=168.79+3.96 =172.75 kj/ kg
From Steam Table, At 4 Mpa :
T h s

300 2960.7 6.3615

311 h, S5

350 3092.5 6.5821

s;—6.3615  311-300

6.5821-6.3615 350300
© 5, —6.3615=0.0485 = s, = 6.41 kj/kgK

hy,—2960.7  311-300

3092.5-2960.7 350 —300
hy —2960.7 = 28.996 = h, =2989.696 kj/kg

v, =8, =5, =041kj/kgK
8,8, . point 4 is wet steam

X4=S4_sf— 6.41-0.5764 ~ 076

s,—s, 82515-0.5764

hy=h, +X,(h,—h,)

=168.79 +0.76(2574.8 —168.79) = 1997.36 kj/ kg
w, =hy—h, =2989.696—1997.36 = 992.33 kj/ kg
W =W, —w, =992.33-3.96 = 988.37 kj/ kg
q,, = hy—h, =2989.696 —172.75 = 2816.946 kj/ kg
Woa, _ 98837
q,,  2816.946
cw, =w, o x977.57 =i x992.33 oy =1.015m,
Q, m xq, 1.015x254591
Q, m, xq, 2816.946

100 = 7, = 35.08%

1- 77rh2 =

1

=0.917
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wi=(h3—hs)+ (hs -he)
wp=(hz—hi1)

Wnet = Wt - Wp

Qa=(h3—h2)+(hs—hs)




Y Wghows Ao

(Y=Y) Jus
(90 bar ) Jorpd) bias o) Salel o LD faas Ayl ddases
(400C ) oysdt J5us i jLod) 3yl dryd (0.1 bar ) Sl kavs

Co digead Sl oF ( 20bar) ko J) cuyell Jo¥) Aol B jbdl sueny
INgwig 839l dgyl o) Bl ol ( 350C ) 3yl Ay J) larad) g

: )L"L,U hﬁcj‘“

Data :
P3=90 bar =9 MPa , T3=400C

Ps=20bar=2MPa , Ts=350C
Ps= 0.1 bar = 10 KPa
Req:
N =? , S.S.C =?
Solution :
From steam tables at 9 MPa 400 C :
h;=3117.8 Kj\Kg
s3= 6.2854 Kj\Kg

From steam table at 2 MPa :

hy=906 .44 Kj\Kg , h; =2600.3 Kj\Kg
st=2.4474 Kj\KgK, s; =6.3409 Kj\Kg
cos3=84=6.2854 Kj\Kg K

s 84<sg at 2 MPa

.. Steam at point (4) is a wet steam .

x %475 _ 6.2854 — 2.4474
4 S, = 6.3409 — 2.4474

f
- X4=0.986
. ha=he+X (hg—hr)
hs = 906.44 + 0.986 ( 2600.3 - 906.44 )

= 2576.6 Kj\Kg




from steam tables at 2 MPa & 350 C :
hs =3137 Kj\Kg
ss = 6.9563 Kj\Kg

.. 85 =86=6.563 Kj\Kg

from steam tables at 10 KPa :
hs=191.83 Kj\Kg , h, =2584.7 Kj\Kg
sr=0.6493 Kj\Kg K, se=8.1502 Kj\Kg K

.. S¢ < sg at 10 KPa

Steam at point (6) is a wet Steam .

X = S¢ ~S¢ _ 6.563 —0.6493

6 s _s. 8.1502—0.6493
g f

X6 = 0.788

h6=hf+X6(hg—hf)
- he =191.83 + 0.788 (2584.7 - 191.83 ) = 2078.4 Kj\Kg

h; = heat 0.1 bar = 191.83 Kj\Kg

h2=h1+Vf(P2—P1)
=191.83 + 0.001 (9000 - 10 ) = 200.83 Kj\Kg

wi=(h3-hsg)+ (hs—hs)
=(3117.8 - 2576.6 ) + ( 3137 - 2078.4)
= 1599.83 Kj\Kg

Wp = h2 - hl
=200.83 191.83 = 9 Kj\Kg

Whet = Wt— Wp
=1599.83 - 9 =1590.83 Kj\Kg

ga =(hs—h2)+ (hs-hs)
=(3117.8 -200.83 ) + ( 3137 - 2576.6 )
= 3477.37 Kj\Kg




S.S.C=

M =

Woet  1590.83

q, 347737
3600 3600

w_. 1590.83
net

=45.74%

=2.263 Kg \KW hr
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Heat Balance for F. W. H (Feed Water Heater) :

mhg +(1—m)h, =1%*h,
mhg + h, —mh, = h,
m(hg —h,)=hy —h,
hy —h,

hg —h,

m*hs +1*h =m=*h7+1 *hs

m(hs-h7)=(hs-hz)

_h3_h2

hs _h7

Where ;
m : Amount of bleed Steam

Wt=(h5—h6)+(1-m)(h6—h7)
Wp=(1-m)(h2—h1)+(h4—h3)
Whnet = Wt — Wp

qa=(hs—h4)




1Y ghows Ao

(Y—0) Jus

Sl ey (50 bar ) bav s Jrpldl (B bl g ¢ o A dlars
obs () (5 bar) bas ks jldl (0 sjr Ojia (400C ) B> Axy
: A9l (0,05 bar ) S ki OST131 Ldad)

O el et S —

Bl iyl o) B iSTY — ¥

Data:

Ps= 50 bar = 5 MPa , Ta=400 C

Ps= 5 bar = 0.5 MPa , P¢ = 0.05 bar = 5 KPa
Req :

IDHm=?

2)Nu="7?

Solution :

from steam tables at 5 Mpa , 400 C :

hs = 3195.7 Kj\Kg

s4 = 6.6459 Kj\Kg K

From steam tables at 0.5 MPa :

hy=640.23 Kj\Kg , hy =2748.7 Kj\Kg
st=1.8607 Kj\KgK , s; =6.8213 Kj\Kg K
S84 =85 =6.6459 Kj\Kg K

.. 85 <sg at S bar

.. Steam at point (5) is wet Steam

< 5575 _ 6.6459—1.8607

5 s —s, 6.8213-1.8607
g f

Xs =0.965

hs=hs+ X5 (hg - ht)
hs = 640.23 + 0.965 ( 2748.7 - 640.23 )
=2674.9 Kj\Kg




from steam tables at SKPa :

hy=137.82 Kj\Kg , hy=2561.5 Kj\Kg
st=0.4764 Kj\Kg K , sr =8.3951 Kj\Kg K
S 85 =86 = 6.6459 Kj\Kg

.. 8¢ < Sg at 0.05 bar

.. Steam at point ( 6 ) is wet Steam

X - S¢ —S¢ _ 6.6456 —0.4764
6 S, ~ S 8.3951— 0.4764

X6 =0.779

hs =ht+ X6 (hg— hy)
=137.82 + 0.779 ( 25615 - 137.82)
=2025.8 Kj\Kg

h1 = hr at 0.05 bar
- h =137.82 Kj\Kg

h2=h1+Vf(P2—P1)
=137.82 + 0.001 (5000 -5)
h, =142.82 Kj\Kg
hs=h7=hsg=ht at 5 bar
. hs=h7=hs =640 .23 Kj\Kg

Heat balance for FFW.H :

2 640.23 —142.82
7 2674.9-640.23

m = (0.244 Kg bleed / Kg steam

wi=(ha—hs)+(1-m) (hs-he)

= (3195.7-2674.9) + (1-0.244) ( 2674.9 - 2025.8)
= 1011.5 Kj\kg

Wp = hz — hy
=142.82 - 137.82
=5 Kj\Kg




Wnet = We—Wp = 1011.5-5
wiet = 1006.5 Kj\Kg

qa = 2555.47 Kj\Kg

Woet  1066.5

T =7y A 255547

Nnm =39.38 %
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h S \%
kJ/kg kJ/(kg K) m3/kg
191.8 0.00101

640.2 0.00109
500 3456.5 7.2338

2941.6 7.2338
22927 7.2338

The work for pump 1 is calculated from

w =v,(F,—-PF)
3
— 0001012 (500—10) kPa 3"’“]
kg m’ kPa

pump 1

kJ
kg

=05

Now, hs is found from

hZ = Wpumpl +h’l
= 0.5ﬂ + 191.8k—J
kg kg
= 192.3k—J
kg




_ h3_h2
h6_h2

Y

(640.2-192.3) kg

_ k]f, =0.163
(2941.6—192.3)

kg

The work for pump 2 is calculated from

w =vy(F - F)
3
= 0.00lO9m—(3000—SOO) kPa 3kJ
kg m kPa

pump 2

—27M

kg
Now, hs is found from

h,=w +h,

pump 2

=27 K +640.2 k7

kg kg
= 6439 K
kg




mshs = W/zurb + m6h6 + ”’77h7
qurb = mis[hs — yh, — (1= y)h, ]

Mo -1,

iy

=[3456.5-(0.163)(2941.6) — (1-0.163)(2292.7)] kﬁ
g

= 10580k—J

kg

The net work done by the cycle is

o Wpump 1 Wpump 2
— mSWturb o Wllwpump 1 mSWpump 2

mSWnet — m5wturb — mS(l _ y)wpumpl o m5w

=W

W turb

net

MW

net

pump 2

Wnet = wturb o (1 o y)wpumpl o Wpump 2

=[1058.0—(1-0.163)(0.5) —2.7] kﬁ
8

=10549 K

kg




qn = hs — Iy

= (3456.5—642.9) K
kg

:2813.6k—J

kg

The thermal efficiency is

wnet
nth -
qin
1054.9 k—J
kg

2813.6k']

kg
= 0375 or 375%
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AN

S
(20 KPa) b 2ic jA0 Jslaa (e

vi=0.001017 m*/Kg

he=251.4 KJ/Kg he= 2609.7 KJ/Kg
s= 0.8320 KJ/Kg.K s,= 7.9085 KJ/Kg.K
hi= h=251.4 KJ/Kg
Wpi= vi(pa-p1) = 0.001017(300-20)= 3.03 KJ/Kg
ho=hi+wpi1=251.443.03=254.43 KJ/Kg

biia die A Jslas (3 MPa)

vi=0.001217 m*/Kg

he= 1008.42 KJ/Kg he= 2804.2 KJ/Kg
si=2.6457 KJ/Kg.K se= 6.1869 KJ/Kg.K
hs= h= 100842 KJ/Kg
wy= vi(ps-p3) = 0.001217(15000-3000)= 14.604 KI/Ke
Jariia die Gacaddl A Jlas (w(15 MPa) 50 s 4a 25 (600°C)




hs=3582.3 KJ/Kg s5= 6.6776 KJ/Kg.K

"+ 85= S =  s¢=6.6776 KJ/Kg.K

.s6>sg (Point @hs super-heated steam)

-~ he= 3104 KJ/Kg ~+85=87=6.6776 KJ/Kg.K
~+$7<8g (Point 7 1s wet steam)

o= 5175 _66776-0.8320 o
s,—s, 7.9085-0.8320

8

ho= het Xs(he-he) = 251.4+0826(2609.7-251.4)
ho= 2199.355 KJ/Kg
Z\_m_“d\ a\:u u;.umj LS,)\‘)AS\ u\)ﬁ‘ﬁ\

-

mh6+( 1 —m)h2=h3
m (h6—h2)=h3—h2
h, —h,
hs —h,
m= 1008.42 —254.43 —m= 0.264

3104 —254.43

wy= (1-m)(ha-h;)+(ha-hs)
=(1-0.264) 3.03+ 14.604 =wp=16.834 KJ/Kg
w= (hs-he) + (1-m)(he-h7)
= (3582.3-3104) + (1-0.264)(3104-2199.355)
w=1144.118 KJ/Kg
ga=hs-hs= 3582.3-1023.024= 2559.276 KJ/Kg
Wnet= Wi - Wp= 1144.118-16.834
Wre= 1127.284 KI/Kg

m=

w,, 1127284

q, 2559276

77 h =

n,=0.44
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(20 KPa) bia ie i) Jglaa (s

vi=0.001017 m¥/Kg
he=251.4 KJ/Kg he= 2609.7 KJ/Kg

si= 0.8320 KJ/Kg.K s,= 7.9085 KJ/Ke K
hi= hi= 251.4 KJ/Kg

wpi= vi(p2-p1) = 0.001017(5000-20)= 5.064 KJ/Kg
ho=hi+wp1=251.4+45.064= 256.464 KJ/Kg

(5 MPa) b e il Jglaa (e
vi=0.001286 m?*/Kg
h=1154.23 KJ/Kg h,=2794.3 KJ/Kg
si=2.9202 KJ/Kg.K se= 5.9734 KJ/Kg.K
h;=hi= 1154.23 KJ/Kg
wpo= Vi(ps-p3) 0.001286(15000-5000)= 12.86 KJ/Kg
hs= h3+wpo=1154.23+12.86= 1167.09 KJ/Kg




(600°C) 3~ 4a 525 (15 MPa) bia die JA Jslas (1
hs=3582.3 KJ/Kg $5=6.6776 KJ/Kg.K
"+ 85= S =  s¢=6.6776 KJ/Kg.K
~-86>Sg (Point 6 1s super-heated steam)
. he=3195.7 KJ/Kg
"+ 87=85 = $7=6.776 KJ/Kg.K
Xy= 7% _66776-0.8320 _

s,—s, 7.9085-0.8320
h7= hi+X7(hg-hr) = 251.4+0826(2609.7-251.4)
h;=2199.35 KJ/Kg
23all ala aaal s )yall 1Y)

0.826

-

mh6+( 1 —m)h2=h3
m (h6—h2)=h3—h2
h3 — hz
hy—hy
m= 1154.23 -256.464 — m= 0.305
3195.7 -256.464

wp= (1-m)(ha-h1)+(hs-h3) =(1-0.305) 5.064+ 12.86
w,=16.777 KI/Kg
W= (h5—h6) + (1—m)(h6—h7)

= (3582.3-3195.7) + (1-0.305)(3195.7-2199.35)
w=1079.06 KJ/Kg
Whet= Wi - Wp= 1079.06-16.777
wne= 1062.286 KJ/Kg

qa=hs-hs= 3582.3-1167.09= 2415.21 KJ/Kg
w,, 1062286

i net

T T 241521

m=

n,=0.439
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(20 KPa) ki 2ic .l Jglas e
vi=0.001017 m¥/Kg
hi=251.4 KJ/Kg he=2609.7 KJ/Kg
si=0.8320 KJ/Kg.K sg= 7.9085 KJ/Kg.K

hi= h= 251.4 KI/Kg

wpi= vi(p2-p1) = 0.001017(15000-20)= 15.234 KJ/Kg
ho=hi+wp=251.4+15.234=266.634 KJ/Kg

L vie il Jslas 3e(3 MPa)
vi=0.001217 m*/Kg

h= 1008.42 KJ/Kg he=2804.2 KJ/Kg
si=2.6457 KJ/Kg.K s,= 6.1869 KJ/Kg.K
hs= h7= hg= hi= 100842 KJ/Kg




(600°C) 5~ 4a 535 (15 MPa) biaa die HA Jglas (4
hs=3582.3 KJ/Kg $4=6.6776 KJ/Kg.K
"+ 84= 85 =  $5=6.6776 KJ/Kg.K
~-85>Sg (Point 5 1s super-heated steam)
- hs=3115.3 KJ/Kg " $4=S6 = s¢=6.776 KJ/Kg.K
-+ $6<8g (Point 6 1s wet steam)
Y= S 7% _66776-0.8320
s,—s, 7.9085-0.8320
he= hi+Xe(hg-hr) = 251.4+0826(2609.7-251.4)
h;=2199.35 KJ/Kg
Gl 233 sl el (551 al o )

0.826

mh5 l

NN NNN

l Mh, mh5+h2= mh7+h3
m (hs-h7)=h3-hy
— h3 _hz
b=y
m= 1008.42 —266.634 —m= 0352
3115.3-1008.42
W= (h4—h5) + (l—m)(hs—h6)
= (3582.3-3115.3) + (1-0.352)(3115.3-2199.35)
w=1060.53 KJ/Kg
Waet= Wi - Wp= 1060.53-15.234
whe= 1045.3 KJ/Kg

(a=hs-h3= 3582.3-1008.42=2573.88 KJ/Kg
w,, 10453
T T 257388

m

w

2= 0.406
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(10 KPa) bia ie i) Jglaa (s

vi= 0.00101 m¥/Kg

h=191.83 KJ/Kg he=2584.7 KJ/Kg
si= 0.6493 KJ/Kg.K sg= 8.1502
KJ/Kg.K

h;= he= 191.83KJ/Kg
Wpi= vi(p2-p1) = 0.00101 (5000-10)= 5.0399 KJ/Kg
ho= hi+wyi= 191.83+5.0399= 196.86 KJ/Kg

(1.4 MPa) ks die 5Ll Jslas (s
vi=0.001149 m%Kg
he= 830.3 KJ/Kg he=2790.0 KJ/Kg
si= 2.2842 KJ/Kg.K sg= 6.4695
KJ/Kg.K

h3: h11: h12: hf: 830.3 KJ/Kg

(5MPa) b die A Jglaa (e
vi=0.001286 m*/Kg
he=1154.23 KJ/Kg he= 2794.3 KJ/Kg




si=2.9202 KJ/Kg.K se=5.9734
KJ/Kg.K

hs= hi=1154.23 KJ/Kg
W= vi(ps-ps) = 0.001286 (15000-5000)= 12.86 KJ/Kg
hs= hy+wpo= 1154.23+12.86 = 1167.09 KJ/Kg

(600°C) 3~ 4 525 (15 MPa) bia die JA Jslas (1
he= 3582.3 KI/Kg s6¢=6.6776 KJ/Kg.K
" S6= 87 = $7=6.6776 KJ/Kg.K
~-87>8g (Point 7 is super-heated steam)
- h7=3195.7 KJ/Kg
i dic Al Jslas (w(5 MPa) 5, s 4a )25 (600°C)
hg=3666.5 KJ/Kg ss=7.2589 KJ/Kg.K
- S8= So = S9= 7.2589 KJ/Kg.K
89>8, (Point 9 is super-heated steam)
. ho=3257.5 KJ/Kg

- S8=S10 = S10= 7.2589 KJ/Kg.K
~-810<8g (Point 10 is wet steam)
Xyg= 075 _7:2589-0.6493 _ oo
s,—s, 8.1502-0.6493

8

hio= he+Xio(hg-hf) = 251.44+0881(2584.7.7-191.83)
hio=2299.948 KJ/Kg
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m1h7+(1 — m1) h3:h4
m; (h7—h3):h4—h3 mihy l
— h4 — h3

h7 - h3

my

= 1154.23-8303

3195.7-830.3
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mzhg l

1 mohyg

mpho +(1—m1)h12 = (1— m1)h3 +mph
mp (h9—h11)= (1— 1’n1)(h3 —h2 )
(1—=m)(h, —h,)

h9 _hu
_ (1-0.1369)(830.3-196.86) —mo= 0.2253

3257.5-830.3

w,=1=m)w, +1(w,,)

=(1-0.1369)x5.0399 +12.86 =17.21 kj
wi=1 (he-h7) + (1-m)(hs-ho) + (1-mi-my)(ho-hio)

= (3582.3-3195.7) + (1-0.1369)(3666.5-3257.5)

+(1-0.1369-0.2253)(3257.5-2299.94)

= 1350334  Kkj/ke
w=1350.334 KJ/Kg
Whet= Wi - Wp= 1350.334-17.21
Wie= 1333.12 KJ/Kg
qa=(he-hs) + (1-my)(hs-h7)

= (3582.3-1167.09) + (1-0.1369)(3666.5-3195.7)
4.:=2821.557 KJ/Kg

mp=

my

w,, 1333.12

q, 2821.557

N =

n.=0.472

i = power _ 150000
’ 1333.12

=112.518 kg/s

W?’L et

m,C, At =m (h,—h)1—m —m,)

L 112.518(2299.948-191.83)(1-0.1369 ~0.2253)
v 4.18%20

, =1809.65 kg/s
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(10 KPa) b aic i) Jglan (50

vi= 0.00101 m*/Kg

he= 191.83 KJ/Kg he= 2584.7 KJ/Kg
si=0.6493 KJ/Kg.K sg= 8.1502
KJ/Kg.K

hi= h= 191.83KJ/Kg
wpi= vi(p2-p1) = 0.00101 (1400-10)= 1.403 KJ/Kg
ho=hi+wpi= 191.83+1.403=193.233 KJ/Kg

(1.4 MPa) bz 2ie Al Jglas (e
vi=0.001149 m’*/Kg
h= 830.3 KJ/Kg he=2790.0 KJ/Kg
si=2.2842 KJ/Kg.K sg= 6.4695
KJ/Kg.K

hs = he= 830.3 KI/Kg
W= vi(ps-p3) = 0.001149 (15000-1400)= 15.626 KI/Kg
hu= hs+wp= 830.3+15.626 = 845.926 KI/Kg




(5MPa) b xie LAl Jslas (4
vi=0.001286 m*/Kg
h=1154.23 KJ/Kg he=2794.3 KJ/Kg
si=2.9202 KJ/Kg.K sg=5.9734
KJ/Kg.K

hs=hi1= h;p=h=1154.23 KJ/Kg

(600°C) 3~ 4 525 (15 MPa) bia die JA Jslas (1
he= 3582.3 KJ/Kg s6¢=6.6776 KJ/Kg.K
" S6= 87 = $7=6.6776 KJ/Kg.K
~-87>8g (Point 7 is super-heated steam)
- h7=3195.7 KJ/Kg
i dic Al Jslas (w(5 MPa) 5, s 4a )25 (600°C)
hg=3666.5 KJ/Kg ss=7.2589 KJ/Kg.K
- S8= So = S9= 7.2589 KJ/Kg.K
89>8, (Point 9is super-heated steam)
. ho=3257.5 KJ/Kg

- S8=S10 = S10= 7.2589 KJ/Kg.K
~-810<8g (Point 10 is wet steam)

=0.881

Xz 075 _7:2589-0.6493

s, —s, 8.1502-0.6493

8

hio= he+Xio(hg-hf) = 251.44+0881(2584.7.7-191.83)
hio=2299.948 KJ/Kg
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Hs

m1h7+h4:m1h11+h5
m; (h7-hi1)=hs-h4
hs —h, l mihy
h7 _hu

= 11542384562 —mi=0.1511
3195.7-1154.23

mp=
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mzhg l

T mihi2

mpohg +(1-m1-m2)h2 + mihiz =hj
mp (hg—h2)= (h3 —h, ) + ml(hz—hlz)
o= (h, _hz)h:'T;lihz —hy,)
_ (830.3-193.233) +0.1511(193.233 -1154.23)
3666.5-193.233
=mp=0.166
w,=1=m —my)w, +1(w,,)
=(1-0.1511-0.166)x1.403 +15.626 =16.598  kj
wi=1 (h6—h7) + (l—ml)(hg—hg) + (1—1111—1112)(1’19—1110)
= (3582.3-3195.7) + (1-0.1511)(3666.5-3257.5) +(1-
0.1511-0.166)(3257.5-2299.94)
=1393.594  kij/kg
w=1393.594 KJ/Kg
Whet= Wi - Wp= 1393.594-16.618
Wne= 1377.002 KJ/Kg
qa=(he-hs) + (1-my)(hs-h7)
= (3582.3-1167.09) + (1-0.1511)(3666.5-3195.7)
1.:=2827.732 KJ/Kg

(1-m1-m2)h2

—

my

w,, 1377.002

q, 2827.732

N =

n,= 0.486

i = power _ 150000
* 1377.002

=107.568 kg/s

le et

m, C AL, =1 (g =)A= my —m,)

o 107.568(2299.948 —191.83)(1-0.1511-0.166)
" 4.18x 20

i, =160391.618 kg/s
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(10 KPa) bia ie i) Jglaa (s

vi= 0.00101 m¥/Kg

hi=191.83 KJ/Kg he=2584.7 KJ/Kg
sr=0.6493 KJ/Kg.K sg= 8.1502
KJ/Kg.K

h;= he= 191.83KJ/Kg
wp1= vi(p2-p1) = 0.00101 (1400-10)= 1.403 KJ/Kg

ho= hi+wyi= 191.83+1.403= 193.233 KJ/Kg

L die ) J gl (50(1.4 MPa)

vi=0.001149 m%Kg

he= 830.3 KJ/Kg he=2790.0 KJ/Kg
s= 2.2842 KJ/Kg.K sg= 6.4695
KJ/Kg.K

hs = he= 830.3 KJ/Kg
Wpo= vi(ps-p3) = 0.001149 (5000-1400)= 4.136 KI/Kg
hs= ha+wpo= 830.3+4.136 = 834.436 KJ/Kg

(5MPa) b xie il Jglas sa
vi=0.001286 m¥/Kg
he= 1154.23 KJ/Kg he=2794.3 KI/Kg




si=2.9202 KJ/Kg.K se=5.9734
KJ/Kg.K

hs=h=1154.23 KJ/Kg
wp3= Vi(pe-ps) = 0.001286 (15000-5000)= 12.86 KJ/Kg
he= hs+wp3=1154.234+12.86 = 1167.09 KJ/Kg
(600°C) 3~ 4,35 (15 MPa) i e jlalll Jglaa (e
h7;=3582.3 KJ/Kg $7=6.6776 KJ/Kg.K
" $7= S = $3=6.6776 KJ/Kg.K
~-s8>s, (Point 8 is super-heated steam)
. hg=3195.7 KJ/Kg
(600°C) 3~ da 535 (15 MPa) bia 2ie jlaall Jglaa (e
ho=3666.5 KJ/Kg $o=7.2589 KJ/Kg.K
"+ S9= S10 =  s10=7.2589 KJ/Kg.K
~+810>8g (Point 10 is super-heated steam)
-~ h10=3257.5 KJ/Kg

- S9=811 = S11= 7.2589 KJ/Kg.K
+811<8g (Point 11 is wet steam)

Xz TS 72589206493 oo
s,—s, 8.1502-0.6493

8

hi1= hi+Xi1(hg-hy) = 251.440881(2584.7.7-191.83)
hio=2299.948 KJ/Kg
(& all larazall) 433230 ol el (g ) ) ) 3Y)

mlhg l

1hs

—

m1h8+(1 — ml) h4:h5

my (hg-h4)=hs-hy

hs —h,

hx - h4

my= 1154.23 —834.436
3195.7-834.436

mp=




(=ddial) Jaziall) 231l olae aisad (5 )l adl () 33Y)

mohio l

(l-ml-mz)hz

m2h10 +(1—m1—m2)h2 = (1— ml)h3
my (hio-h2)= (1-m)(hs —h2 )
_ d-m)(hy—h,)
- hlo _hz
my= (1-0.135)(830.3-193.233) —my=0.1798
3257.5-193.233

w, = d-m, - mz)wp1 +(1- ml)(wpz) + 1(wp3)

=(1-0.135-0.1798) x1.403+ (1-0.135) x4.136 +12.86 =17.398  kj
we=1 (h7-hg) + (1-m1)(ho-h1o) + (1-mi-m2)(hio-hi1)

= (3582.3-3195.7) + (1-0.135)(3666.5-3257.5) +(1-
0.135-0.1798)(3257.5-2299.94)

=1396.499  Kkj/ke
w=1396.499 KJ/Kg
Whet= Wi - Wp= 1396.499-17.398
wiet= 1379.101 KJ/Kg
qa=(h7-he) + (1-my)(ho-hs)

= (3582.3-1167.09) + (1-0.135)(3666.5-3195.7)
q.:=2822.45 KJ/Kg

my

w,, 1379.101
q, 282245

N =

n, = 0.488

i = bower _ 150000
* 13379.101
mwcprtw = ms (h'l 1 h1 )(1 - n/l’l - m2)

P 108.76(2299.948 —191.83)(1-0.135—-0.1798)

4.18x20
m, =1879.209 kg/s

=108.76 kg/s

Wnet
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e

(10 KPa) - xie il Jglas (4
vi=0.00101 m*/Kg
hi=191.83 KJ/Kg he=2584.7
KJ/Kg
sr=0.6493 KJ/Kg.K sg= 8.1502
KJ/Kg.K

hi= h= 191.83KJ/Kg
wp= Vi(p2-p1) = 0.00101 (15000-10)= 15.139KJ/Kg
ho=hj+wp=191.83+15.139=206.969 KJ/Kg

(1.4 MPa) b xie a0l Jglas e
vi=0.001149 m¥/Kg
hi= 830.3 KJ/Kg he=2790.0 KJ/Kg
si=2.2842 KJ/Kg.K sg= 6.4695
KJ/Kg.K

hs = he= 830.3 KI/Kg




(5MPa) b xie LAl Jslas (4
vi=0.001286 m*/Kg
h=1154.23 KJ/Kg he=2794.3 KJ/Kg
si=2.9202 KJ/Kg.K sg=5.9734
KJ/Kg.K

hs=hio =h;1 =h=1154.23 KJ/Kg

(600°C) 5, =~ 4x ;25 (15 MPa) haa 2ic LAl Jglas (1
H.=3582.3 KJ/Kg $5=6.6776 KJ/Kg.K
"+ 85= S =  $6=6.6776 KJ/Kg.K
~-86>Sg (Point 6 is super-heated steam)
- he=3195.7 KJ/Kg

(600°C) 3~ 4 525 (5 MPa) b 2ie LAl Jglas (e
h7=3666.5 KJ/Kg s7=7.2589 KJ/Kg.K
"+ 87= S8 =  sg=7.2589 KJ/Kg.K
~-88>Sg (Point 8 is super-heated steam)
-~ hg=3257.5 KJ/Kg

"+ 87=S9 = so="7.2589 KJ/Kg.K

~-59<8g (Point 9 is wet steam)

S9= 8, _7.2589-0.6493 _
s,—5; 8.1502-0.6493

ho= he+Xo(he-he) = 251.4+0881(2584.7.7-191.83)
ho= 2299.948 KJ/Kg

Xo= 881

(il Tanall) 23al) olaa (pinaal (5l ol 53!

m1h7

mihe+hs=hs + mihio hs
NN NN
m; (he-hio)=hs-h;

_ h4 B h3
hg — Iy 1 i
i 1154.23-830.3
3195.7-1154.23

m;i

=mi=0.158




(=édial) Jazall) 50210 slae (il (5 )yl o) 35Y)

mphg ho + mihjo= h3z(m;+ mi)hi»
my (hg-hi2) = (hs —hz ) + mi( hi2 — hio)

e B =)+ m(hy = )
hg _hlz
(830.3-206.969) + 0.158(830.3-1154)

3257.5-830.3
=M= 0.235

w, =15.139 kj

wi=1 (h5—h6) + (l—ml)(h7—hg) + (l—ml—mz)(hg—hg)

= (3582.3-3195.7) + (1-0.158)(3666.5-3257.5) +

(1-0.158-0.235)(3257.5-2299.94)

=1312.212  Kj/kg
w=1312.212 KJ/Kg
Whet= Wi - Wp= 1312.212-15.139
whe= 1297.073 KJ/Kg
qa=(hs-h4) + (1-my)(h7-he)

= (3582.3-1154.23) + (1-0.158)(3666.5-3195.7)
q.=2824.48 KI/Kg

mp=

w,., 1297.073

q, 2824.48
n,= 0.459

nth =

. power 150000

m

S = =115.644 kg/s
w 1297.073

net

mepWAtw = ms (h9 _ h’l)(l o n/ll o m2)
~ 115.644(2299.948 —191.83)(1 - 0.135-0.1798)

" 4.18x20
m, =1770.11 kg/s

1




