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fnalysis of Steam cyn;ﬁi
AV ‘-id

ffeal (paasier 10 the boiler
: s h- -']',' | ' — g ) | |
) L-—(—;’—}l =55 21539.257 [0~ = 13.086 Mg

\‘,'f

jleat wransfer in the superheater
s (g = s _ P
= }_‘_s_{__:_t_.——,_{_!. =89 % 548.61 7 [ = 4,665 I'AI”;_:'

\‘u'(

{1oat transier in the air pre-heater
- T (2 0 T —
e
f

= 3.392 Ml/kg

pPercentagt of total heat absorbed in the CCONOMILCT

h, —h 625.35 ;
L=l = 22 100 = 23.04%
hi — hl 27 l jd

Percentage of total heat absorbed in the boiler

h, —h 1529.58 I
v =M g0 = = x 100 = 56.73%
percentage of total heat absorbed in the superheater
h. —h 548.87 e
_ T8 % 100= 0l 100 =20.23%
2713.8

h, =1y '
canded in an h.p. turbine 1O

Eample 2.6 ~Steam 41 150 bar, 350 °C j& rl
(5 500 °C and expanded in P and 1.p. turbines 10

70 bar when it is reheated
condenser pressure of 0.073 bar. There are five fecdwalcer heaters, one
extraction from h.p- ‘urbine at 50 bar, 3 from i.p. turbine 2t 10 bar, 5 bar and 3
from 1.p. turbine at 1.5 bar. The middle heater is the deacrator and

sed heaters. Assuming ideal conditions, determine (@) the cycle
Lenerator, (¢} the

cedwater temperature al inlet to the steam £
cxhaust, and ()

jeat rate, (e) the quality of steam at wirbine
00 vh. Take TTD =0 for all the

bar, and ¢ne
all others aré clo
efficiency, (b) the
steam rate. (d) the 1
the power ouipul if th
heaters.
Solutio
I, = 2448.0 KIfkg, 1= 527 §-
]!4 = 3467(‘! k”kg. 5;= $= 56 = §- = S = Sa
T = 370 “C. h-

1,= 2453 °C, - =

e steam flow rate s 2

n With reference (o Fig. E2.0. -
= 6.5199 kKJ/kg K
= ey A3 ke K

1

2890 KJ/K
3250 KI/K

g
-
(4]

" to= 400 °C, hg = 32
1o = 300 °C, h,= 3030 Kl/ke ==
t,= 225°C, n, = 2030 KI/kE
1= 160 °C. he= 2790 kl/ke
x 7.0731

7.4317 = 0.576% + X

xo = 0.8932

-

LS

R S i & e '
ST B MRS R e

Tt N AR o e 2

saabicxlad

L NERY X



Yrudth, (S P o TR VR O W ey
e e

RS s T SRR R S T e

QE:L duin
J::u:.,?__eu O

s
ST

T A A T R

St Yin

o

d Q:Q g . f 1@7 dwnd ..
v O pady sajog - -

S ! /A
Ln._.“.ﬂl . .@.- : .“__an._,b . , 4

L -
; ,L!_H./ R ILH_/ B ~
i ~ mlLH\ e £ //_ _L\I/ \mj_/--
FHECL E _ )
\—/ T f- S M”.m,. /r\w,f\. Fiu ._ : M‘/lx Lw;
01 s . B
[IIV.M |||||| _east .:.»_ﬂr. _ __ 10]L1383(
A .
| IRNG N  E
MO e Sl s _fv | | _
IV[L_. sl o - | \_f A TF_ 1oq & A£: + lw
, 1ASLAPUOD. | L L ‘JT\W X -
. . J_\ ,rw;||_ .z
|

S1IRAY (71— ‘¢
SIY 'H—T "1

mqQf

<

@r

L
>

F.

e i

itq QT

UM ST _
AO1J-91qnod :

Do 005 ‘tu

1eq Qg

Uo Omm E

Iy @

Scanned with CamScanner



IR s o e

(V) vt Sl B S
SIS LA S

g

¥
AR

1,

)

() =
Ty

'5“{..7'..\‘%1" o]

T S

-

B e

ey

e Al

\ 2 L———,"’< % ‘
\‘ A _\/[ e

20 har
P, 20 ba

/
/./_‘,.J / /
\\ 77_' .Sbbarr_ - ”\*Q // :
: 2\‘!(, /10 :

19 Il/’T\ 10 bar ma

-.A:.‘

"7‘//\13 © Shar ! ) N
B 15, 13/ T L \,\ > /
AV AN T INA -
] ‘ U)'ZE 1.3 ba:(lf-m]—mz—nz.-m_‘—ms‘}kg iS ‘\\//
; 0075 bar 0
0 . _ ‘ \\

Fig. E2.6 (b)

Ty = 168.79 +.0.8032 x 2406.0 = 2317.83 W/ke
hyg = 168.79 KI/ke
By, = 168.79 +0.001 X 5 x 100 = 169.29 Kl/ke
Sy, = 46T11KIKg, 1= 11137, Iy =467 Ki/kg
"y by =l =y = 467 Kike
By = hyy= 56147 Ki/ke, g =640.23 Klfkg
hyy = 640.23 +0.001 % 145 x 100 = 654.63 kl/ke
By = T62.8KIKg = hay, By = oy = hyy = 115423 Kl/kg
Heater 1
mylhy = hpy) = 1003 = Dy)) )
_— 15423-7628 _ 39143 _ e
3112 -1154.23 195777

Heater 2
(s = Nsp) + 1y (a2 = hag) = 1(0y) = Iyg)
my(3250 - 762.8) + 0.2(1154.23 - 762.8) = (762.8 - 654.6)
m, X 2487.2 +78.29 = 108.2
m,=0.012kg

Heater 3
my(hg = hyg) + (ny + ) (hag—=Iyg) = (1 = my = my = my) (hyg—hy9)
m3(3050 - 640.2) + 0.212(762.8 — 640.2) = (0.788 - m;) (640.2 ~ 561.5)
my % 2409 § +26.00 = 62.02 - 78.7m;
my=36.02/24885=00145keg




power plant Engineering

Heater 4

my(hy = hyg) = (0= =iy = m3) (g = 1y5)

m,(2930 — 561.5) = 0.7735(361.5 - 467) = 73.096

m,=0.031 kg
Heater 5 | | |
| ms(hg = hya) + mullyg = hys) = (1= =y =y — ity ~ ms) (hyy=hyy)
mi(’,Z\790 — 467) + 0.031(561.5 = 467) = (0.7425 - my) (§67 - 169.3)
mg % 2323 +2.93 =221.04 - 297.7 my

T 2811 =0.0832 kg
"5 26207 |
Wr= 10 - hy) + (1) (hy=h3) + (L =) (hy—hs)

+ (1 = my=m) (hs=he) + (L= my =y~ 171_3) (hg—h7)
4 (1 =my —my—ny— my) (g - hg)
4+ (L =my = my—ing—ny = ms) (fig—hg) ) -
= (3448.6. —3112) +0.8(3112 --2890) + 0.8(3467.6 — 3250)
+0.788(3250 — 3050) + 0.7735(3050 - 2930)
+ 0.7425(2920 - 2790) + 0.6593(2790 - 2317 %)
= 3366+ 177.6+ 1741+ 157.6 + 92.8 + llO-i.O +311.3
= 1354.0 kJ/kg
- W= 0.5+ 145+0.15=135.15kg
W = 13541515 =1338.85 ki/kg
Q= LWy =) + (L =my) (hy = Iy) |
= 3448.0 - 1154.2 + 0.5(3467.6 - 2890) = 2756.48 kl/kg
133885
e ™ 72756.48

" 1,3 = feedwaler temperature at inlet to the steam generator
= 2064 °C Ans.(b)

5

= 0.4857, or 48.57%  Ans. (a)

3600 3600
camrate = —— = — = 2.69 kI/kWI (¢
Steam rate W 133883 vih Ans. (¢)
Q . 3600
Heat rate = —— X 3000 = ——— = 7412 kI/kW Ans. (d

|
|

' : Quality of stcam at turbine exhaust = Y9 =0.8932 Ans. (e)
| [338.85x 300 x 10"

3600

Example 2.7 A textile factory requires 10 vh of steam for
at 3 bar saturated and 1000 KW of power, for which a back pressure turbine of
0% internal efficiency is 1o be used. Find the steam condition required at inlet
of the turbine. |

Power output =

KW = 111.57 MW Ans. (B

process heating



