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. Feed Water Economizer (FWECON)

. Intermediate Pressure Economizer (IPECON)

. High Pressure 1*', 2" Economizer (HP1ECON, HP2ECON)
. Deaerator Evaporator (DEEVAP)

. Intermediate Evaporator (IPEVAP)

. High Pressure Evaporator (HPEVAP)

. IP Superheater

. HP Low Temp. Superheater

. HP High Temp. Superheater

0 . Desuperheater
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1 . Condensate pump

2 .Deaerator

3. Feed Water Pump

4 . Closed Circuit Cooling Water System
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. Ion Exchanger

. Clarifier

. Gravity Filters

. Filtered Water Clearwell

. Cartridge

. Chemical feed Systems

. R.O. Chemical dosing systems
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);bb olfg).,,s ‘5}@ ..\?‘5 &53);| olm.\.ib A.y.ulao y-y-¥

S o855 (95,5 65,551 S A1 (29,5 (55,55 S a5 2l oy s (555wl (65,551 (Lo,
:o.b)f‘_;.o 4.:.....7[.7(.4 Ry OHyge L !

Produced Power
ny =

Ex,,,

Ex g = 2 [(h=h,) =T, (s =s,)+(u = 1.)]

ity o131 OlaSin 5 ol Gladl BB loan (65,551 Min 55 SailSaga s (65,551 Sy sl
o

Ex g =2 (1= )

3 ol oS, (55 amly )3 esliiwl 3550 (anbilS g (lierd (65,551 4 by pe DAL

el Jgo 25965 2 Jo5 sbST AVFAYS L plp S (65,51 45 ad alasdle g 0l (o) (P ob Ll

Ex,, = 8.057Kg)s [874870]Kj/Kg mole = 385392.4 KW = 385.39MW
’ 18.29 Kg/Kg mole
100.6
- x100 = 26.1%
T =385 39 ’

(Sankey Diagram) ,k 5,90 ol5g i 535 a1y (65550 dijlge ¥-Y-Y

13,5 patie pj Oyge 4 lgioe | 3B o alide St 4o (295 5 609 A sl
539,9 S g S5
Inlet fuel energy =m,LHV , , =8.057Kg/Sx38962Kj/Kg =313.92MW

g oS 4 (69959 Slga (5]

Lol gl by ol sl ccwol ol Xl az 0 VY jgu S 45 (699,55 slon sloo S 4 azg5 L
Inlet air to compressor energy = 365.28(Kg/Sec) x5.703(K;j/ Kg) =2.083.19 MW

Dy peS (29> Sler 555
Outlet air from compressor energy =365.28(Kg/S)x403(Kj/Kg) =147.2MW

\ e . HE s .
P ey 09,9 sy sl

ol ad VL g o il a3 YO slos 5o (3l il aldime g5 5 T owyl el JEsl e LS ape )

&y
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Inlet flue gas to turbine energy =373.33(Kg /S)x1235.3(Kj/Kg)=461.2MW

(S35 e 9 syl 5y

Outlet flue gas from gas turbine energy=373.33(Kg/S)x557.4(Kj/ Kg)=208.1MW

313.92 MW

hl Combustion
Chamber

2.1 MW

[ )
—en | COmpressor 145.1 Gas Turbine | [ 100.6 MW !
i

T.4 MW

b Ll b s pol ol s 5wy 6551 sl el Shs N -YUSS

S35 o595 Seraliz g0y Juloes F-Y-Y
Oy 5 bl g j9 a0 aaS 10 (g5lwes pid slaanT b Bly JSew ;0 00,5 o abaxdo azilix .l o0
5 =0 a5l 0wl sal a8 S Las j0 40 5 8l alade jo ,Lad il ogdlay cenas S5l 3

5den 28 il i (Bl Ll 4o S 5 sl Bl Ao w00 S 5

T,-T

=1- 4 1

um T,-T,
T4S_T1
My =1-———
: T3_T2s

134
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y—1

— 1.4-1
iz & 4 (1275)ﬁ_214
P, 0.886

= T,, =650.88K =377.73 °C
T, =31°C=304.15K

-1
7 1.4-1
Lo [Z]7 2 (—0 209y 15~ 0.4696
T, |P 12.75
= T, =637.72K =364.57 °C
T, =1085°C=1358.15K
n= 1_M: 52.84%
1085—-377.73
i Hly 535 S sl
pe1-—>28731 5570,
1085-416.3

1600

1400

1200

1000

TE) 300 -
"

600

400 |

200 !

0
B 5.2 54 56 58 [ 62 6.4 6.6

SEEeK)

Osl JToas! IScw b hb Luls o ol oSy, (58 asly IS i Y=Y S

20,5 oo gl JT o] IS 4y Cacd (658 o8 g, IS Loy ool rals” el

¢0
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(Grassmann Diagram) ,15 5,90 s5g ;5 535 91y 65,351 435lg0 H-Y-F
25 e OlsSee |y 3L oS g5 el sledidn ;o (2o 5 6955 65,55 sl gl
:o; L W
1$99,5 SS9 (55,55
ex = ex” i = 47833.24Kj / Kg

. K Kj
Inlet fuel exergy =i, ex = Ex = 8.057 =5 x 47833240 = 385.4 MW
' Sec Kg

g oS A (5935 Slor 55,55
Slo alord (65,551 Sl 3V D92 90wl ;3 (loard 1STg 925 4 Az i b aS el S5 4 0
gl a1dyS A o Slewle 55 5 (69559
exsy . =0.21x3970+0.79x 720 = 1402.5 Kj / Kg mole ~ 48.63 Kj / Kg

ex,, , = 5.947—298.15x (5.467 —5.409) + 48.63 = 37.28Kj / Kg

Inlet air to compressor exergy =365.28 Kg/S x37.28Kj/ Kg =13.62 MW

Dy oS 79 Slee (65,55

ex =403-298.15x(5.541-5.409) +48.63 =412.27 Kj / Kg

air,out

Outlet air from compressor exergy =365.28 Kg /S x412.27Kj/ Kg =150.59 MW

1 6B w9 $99,9 sl 55,55
J95 kS VPV L ol 58 ol bl il jo 5la5 0,50 o595 (655 Slos 5 (25090 slaj5 oloonds Josily

S et Jgo 0,5 5hS

Kg

ex! =260291.5Kj/ Kgmole +28.44
flue gas ,out .] g Kng le

~91.52Kj/Kg

€X e gas.in = 1235.3—298.15x0.9815+91.52 =1034.18 Kj / Kg

Inlet flue gas to gas turbine exergy =373.33Kg /S x1034.18Kj/ Kg = 386.09MW
6B Gy (e sl 5,58

X o gasow = 90 1-4—298.15x1.1155+91.52 =316.33Kj/ Kg

1
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Outlet flue gas from gas turbine energy=373.33Kg /S x316.33Kj/ Kg=118.1MW

Exergylosses from combustion chamber = (150.59 +385.4) —386.09 =149.9 MW
6399 5,551 9o, YA sga> 5 alaxde LB Gl il abaioms (65,551 lals 005 o ala>dle azsilsr

NGV I JUE AT

98 g yaS (53,551 wlals
Exergylosses from compressor = (145.1+13.62) —150.59 =8.13 MW

1638 g 658 ol
Exergylosses of flue gas from gas turbine = 118.1 MW

Exergylosses from gas turbine=386.09 —100.6 = 285.49 MW
Exergy losses from gas turbine (except flue gas)=386.09 —(100.6 +118.1+145.1) =223 MW

g wlg> Y=Y KL gillae 63,551 bl > Jloges

=z
=
-
I
-
) Combustion | = =
150.59 Chamber J86.09
—F .
& |
= =)
L=}
[ = ‘ ]
-_"--____ = i e
13.62 MW ]‘ }
Compressor 1451 Gas Turbing [ 700.8 h
i ¥
m
= 1
= bs

o -

b Bl 50 ol oy s 6515 9zl 65,51 sledl > el S -V S
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SR gi 55 50 0, hos dxi g (65,551 9 (6550 5IUT F-¥
Lo Ry ol )3 a1k 55 (b5 g g ome Lul o sloe )l adgs 35 50 3 Shoe (o 2 12
S 55 S Sy s A bl 5y ol 0185 sl Sl bl gy il slatn o
OLBe 0y 55 0 50 99290 la s 15 551 lge plowl b ol Stle a0 VY (sles 5 4l L Lalpd o
1,5 adg S Sealysge 3 Sledlbl og o Laseiie &l bl Sl calisee Ll s 590 sles
s abaii )l 5 O 6l (955l 5 (B g o el S8 Y el ons ) T USE o L Ll
Lo o lad ASME PTC4-2 5 ool bl s 5 0Ty 10 955 o5l 5 ol g yo 5 il o o] il

ol oo i35 s el ) L2
95,3168 & ySdos Sl 965,55 3 6551 36T N-F-¥

0951 550,85 Sl Slog kST L alyh 5o 550 l63 (65,551 5 6551 Ajlse sl 5l 950 LM

el od.o] \—YJJ5J> o b‘)i.ul.w 4,0 YY) Jmm ‘_gLob 9 )159 J.’>‘5

Y1°C Glos g iy 5L 50 552,168 (25,5 9 69959 Stk (Seelugey Ll V- Jgox

5 a * A}i Evap. AS
b G «<° Lo )L‘“'e G"‘L“" LS”)"‘" (h = ]—LS) Evap.
QR P
Kg/S € bar | Kj/Kg | Kj/(Kg.C) | Kj/Kg | Kj/Kg |Kj/(Kg.C)
: 517.5
gl | 5613 | 123 | 162 | T 1.56 91.42 ; -
- 139.8 588.5
ey 56.13 5 3.6 i 1.7377 113.86 - -
2143.3
S - | 1403 | 3.6 ; ; 5.184
55 o 8

#:T =273.15

Hekles p 2 aslge

mWaterl + mSteam v mWater2

K; K;
56.13 -5 4+0=56.13-2
Sec Sec
Dl (65, alge
I’i’l Water | 'hWater 1 + mSteam ‘hSteam + mRe circulation '(AhEvaporation(a, Tyatert )) = mWater 2 'hWater 2
K Kj K Kj K, Kj
561328 x517.53 L 4+ 04y, 8 x214338—L =56.13 -2 x 588.51 L
ec Kg Sec Kg Sec Kg
K,
= mRecirculation =1.86 £
Sec

EA
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FROM 2nd HRSG ,_‘1‘
il

T
HPHTSH e b{ *
FROM 2nd HRSG EJECTOR

nonETs K

QR B

-{:)

HPLTSH

HPEVAP
HP1ECON

IPSH

IPEVAP

HP2ECON
IPECON

DEAEVAP

- LE,TIIH

3037 5
i — 1] r-r -

FWECON

-
T i3

1 Rasee 37338
i KiKa 1281 H
KiiRe)

-]

e

o Kl az 10 YV (les 1o )l oy S (Sealinnge 5 ledllol F-Y S
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Deles Gle 65,51 &jlse
mWazer1 Ex Water, T M §yom -EX t00m + MiecicutationCEX suuratea vapor — EX saturated Liquia ) (ar Tpenerator)
= mWaterz EXyer , T I
56.13x91.43+0+1.86%x (2143 —273.15%x5.184) =56.13x113.86+ 1

]=93.21ﬁ
Sec

Ol 50 29290 Sledumo 5 @l b5l gy 0 5Khos Sk 9 (55,55 9 5550 56T Y-F-¥

o 0 35 Gladw,si 3l 25,5 lalE B rae 65,50 S F-YUSE jo oads &l )l Cledlbol yulul
L cwl ol oyl sl
K . Kg Kj
o M '_Xhu_hin_
QFlueGa.s Sec Flue Gas Sec ( Out )Kg
Kj

Ki
QFlueGas = 37333&)( (5767 - 1281)—'] =167475.84
Sec Kg Sec

ol 39 99290 sldome 5 &)l Cb b Hbg (65531 45190 F-F-F

odal Y-V Jgaz 0 ool &, ledlol uuLw‘).g Syl bl g 0 99290 sl Jouwe (65, 4lge C"L"’

b0 o &l S8k hg o Serse Sladae 6551 Wilse gmls VoY Jgux
ol 399
Properties m hout hy, 0 0 hy, L T
Key o | o | e | Fhoo | Yoo | e | e | €
Name Sec Kg Kg Sec Sec Kg Kg
HPSH 44.54 | 3363.26 | 2749.4 | 27341.32 | 27432.84 | 576.7 | 502.92 | 467.9

HPEVAP 44.54 2749.4 | 1309.6 | 64128.69 | 64343.34 | 503.26 | 330.21 | 314.4
HPECON 44.54 1309.6 | 598.411 | 31676.36 | 31782.39 | 331.02 | 245.54 | 236.7

IPSH 11.59 | 2842.51 | 2765.65 | 890.81 893.79 2459 | 243.50 | 234.5
IPEVAP 11.59 | 2765.65 | 681.18 | 24159.01 | 24239.87 | 243.5 | 178.31 | 1743
IPECON 11.59 681.18 | 592.32 | 1029.89 | 1033.33 178.6 | 175.82 | 171.7

DEAEVAP 1.86 2733.83 | 588.515 | 3990.29 | 4003.64 175.8 | 164.79 | 161.4
FWECON 56.13 517.53 | 273.44 | 13700.77 | 13746.63 | 164.8 | 127.83 | 127.0
TOTAL QWaterﬁSteam =166917.1 QFlueGas =167475.84
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Temperature °C

)“lm)‘> J—"f" f’L"" 2 QFlueGas ] QWater%Steam J‘i‘)““ o ((167475'84 166917.1) =0.33% IS wlals Lo)o .

167475.84

ol 00 w)f

2Ol a8l b sl a8 )3 ploxl o a5lge mll wlelp o)l c8b5L e oles Ly

J_gb.g )Lv'q J_>‘5 )3—")")9‘)9" (_g.)_Jy )l_gj.)\)i:.‘;'sLu a0 ¥ b >e glos Ja;b_w 49 )_.oL> oljjﬁ.}

03,5 so alime B-Y S 45 Sl SAAY « -

Aopmach Poni
HFEWVAP

qu.

HPECON

IF5SH

\ PEVAP 8T Tt Point

T Sppeoach Foint
IP ECGML W

DEAEVAP Tgs

FWECON

il b g Jab

V€ sls sl L L (b Ll s o ols o5y, oyl > <l e calisee bla o L bligy 5l oleds O-Y S

HP Pinch Point = Tg3-Ts =314.4-300.2 = 14.2°C
HP Approach Point = Ts-T2gco = 300.2-294.3 = 5.9°C

IP Pinch Point = 174.3-167.5 = 6.55°C
IP Approach Point = 167.75-161 = 6.75°C

sleo b ol 2dlsb sl g o Approach Point cailie e o o)Ll pgo Jad o a5 a56ken

o)
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5 Pinch Point uwls )y 5 8|, SKiile a0 YO JI0 sg0> ol Sl az 0 #0+ JIYY . (55,5 090
Ly-yylew o, Sl a0 VY U 0 ooguzme [0 (18 352 g0

5 gt Lid ola s sl ool cuvs a Approach Point ¢ Pinch Point ,slie aslis b
LS &l il sla by ol scslin ol b ol ol i bl slo s (535 e
20,5 ol el yol>

Sl bl Lbe Effectiveness (€) aulxe

e e g syl bl Jhgs a4 (695,5 €l slolE 5 T s sals dole sle,5 O 4
O =mp X hypgy + Myp X Rypgy = My X gy
Kj

Ke x2842.51— & +44.54—=- Re x3363.26— & —56.13gx273.44—

0=11.59—=
Sec Kg Sec Kg Sec Kg

Ki
0 =167396.1-L
Sec
Qmax =n./lmin (hmin(atTmaX) - hmin(atTmin))
R A= (899)9 “—;‘ LSL"O Tmin 9 "\“"’L’LSA J“\““’ PPl mWater 9 mFlue Gas O iz U")“S'>95 mmin s
"\""’L’gs‘“ JM R (5999 é‘);"’" 6&’)'['? sbeo Tmax 9 J*’W"

Opax = (11 % hHP(atTgl) +mpp X h]P(atTg3)) — My X hpyy

:QTP as
P, =81.3bar P, =6.6bar
O S, = 347671 & ’ S hpr _3090.56-.
T, =532°C ¢ Kg  |T,,=3144C 2 Kg
0. = 445458 3476 18 1115088 4300056 2 ) _56.13 88 1 27344 2
Sec Kg Sec Kg Sec Kg
0. —175324.07L
ec
oo 1673961 ) oeug
175324.07

oy
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Mg bl acwlxo F-F-Y

dmloe  ataly 5l aS bl oe (6999 551 U5 @ (295 Sde ($5 51 S potie 4 Sk lendl,
20,5 oo

_ Heat Absorbed by working fluids % 100%

" Heatin gas turbine exhaust gas + heat in

abal, ol o a8

el 5o 0 Ol Sl Hhe 4 53955 o 4 oad ool (655 ¢ g, e (5551

Heat absorbed by working fluids = m , X hpg, + ity X hyppgy — gy, X hyy,

Heat absorbed by working fluids =11.59x2842.51+44.54x3363.26 —56.13x273.44

= 167396.1ﬁ
Sec

9 LS‘A—'J}’ u" )Lé".’ QS'JL"" )"" HFeedwater 9 HSteam p) “‘“‘" 64*-]9‘ “"] )Lé"? Tl gsfo )'i’l"" mSteam s

dalma 8 )50 Jgaz 5l eolital b g jlu g ol (Sealboge s bulpd 4z g b a8 conl Jhgr 40 (39,9 <

S Lot 3l 29,5 99 551 el pole oy s ol 8Lk slashis 4 69955 55
il e

Heat ingas lurblne eXhauSt gas = mFlueGas 2 hFlueGas(atTFlueGas)

_3733388 L 57678 01500948
Sec Kg Sec
167396.1
p, = 1673961 100 = 77.75%
2152994

)l b5l Hlgr 65,551 YL B-F-F

@S s bl b 5o jol gy &l Bl her (65,551 VL ids sl Sl 990 DN

] 00 d.j‘)‘ Y—Y’Jsd.? 0

1 . Heat Recovery Steam Generator

oy
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Al ks @bl cws Lulyd o )l S8k Jhe slez s 9 69959 (Seelindge s Sledbl Y-Y Jgux

77 T P h S h-T,S | Properties
Kg/Sec °C bar Kj/Kg | Kj/KgK | Kj/Kg Name
56.13 65 16.2 273.44 | 0.8927 | 2.0592 2959
11.59 197.8 6.6 284251 | 6.909 | 742174 | (=95 bawgie jLid )l
44.54 486.1 81.3 3363.26 | 6.672 | 1334.97 =955 698 L
373.33 532 0.9226 | 576.7 1.161 | 223.756 $9909 990
373.33 127 0.8961 128.1 0.423 -0.492 =9y 090

Oyl 8Lk Hhe 4 99,9 slaj8 (65,581 e

. K
EX, ) mieca = 37333 S—egcx (576.7—-304.15x1.161) = 83.47MW

: K; Kj
EXpter Five Gas = 373-33 =5y (128.1-304.15x0.423) == _0.207MW
Sec Kg

ilige s @y IS5 @ ol C8LL Shss (6l (63,551 VL
$93,9 8551 = (F3,> 65,51+ il sl
I =
Ele Water ExHP Water T ExFW Ruromiza PN ExDEAEVAPln + Exlnlet Fuel Gas

- EleSteam - ExHPSteam 3 ExFW Economizaer ), - EXDEAEVAPOut - ExOutlet Fuel Gas

EX pyurer = 1 1.59E>< (592.32-273.15x% 1.739)ﬁ =1.36MW
Sec Kg

EXpiaier = 44.54§x (598.41-273.15x 1.73)ﬁ =5.606MW
Sec Kg

Ex 561388 273,44 273.15%0.8927) 2~ 1 660w
FW Economizaer;, Sec Kg

EXppapvan, = EXppapyan, =1.86x(2143.38—273.15x5.184) = 1.35MW

Ex =1 1.59§x (2842.51-273.15x% 6.9087)ﬁ =11.073MW
1P Steam Sec K

g
: Kg Kj
EX 1p ioum = 44.54—=2-x(3363.26 —273.15x6.6724) —— = 68.622MW
Sec Kg

Ex C =56.1388  (517.53-273.15x1.559) X — 5 146Mw
FW Economizaery,, Sec Kg

o¢
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I =1.36+5.606+1.66+83.47—1.35-11.073 - 68.622 —5.146 — (—0.207) = 6.1 LMW

@yl c8lb g 635551 Glowsly awlrs F-F-Y

b Ol 5 Soge aly Ol S8k sla kg slp (pgs 09B) 63,55 Gl

77 _ mSteam X (ExSteam - ExWater)
/.

mFlueGas x Exlnle Fuel Gas

_ 44.54x1334.97 +11.59x 742,174 - 56.13x2.0592
373.33% (223.756)

~67945.73
83534.83

x100 =81.34%

Mo

S5 g 0 Sdoe dxd 9 55,551 9 55551 IUT .0-Y
dbos cr gl L bl b 0 0 s njeS (o255 5 69959 Sl (Seeldge s Ll

w00 43‘)‘ f—VJsAD- B ).Ia.’ S99 olfj).:ﬁ )Bq A.’>‘5 LsLQ)yb.’)j.’)y

S5 ojlail slajs, 5o Jlu ol5s 5 sle gl 55erss Judow gz LS 9590 SleMbl F-Y Jsu

.. Temp. |Pressure| Flow Enthal Entro uali
NI || 1D 0 O "Cp bar Kg/Sec Kj/K; : Kj/Kg?]}{" 2 - =
1 | HP Inlet Steam 482 76.9 89.0 3358.67 6.69
2 | IP Inlet Steam 193 5.5 23.0 2838.0 6.98
3 | Discharge Steam | 64.5 | 0.245 112.0 2372.62 7.114 0.896
4 | Generator Output Active Power (KW) =98200

S o S35l Ajlge N-0-YF
O3 dawgl (G0 gl LS g (hye T (s ey LSe35 (69559 sl (Seelioge 5 Sledbl ils b
058 e |y )5 579y 5B Sk (5 (65531 45lge bl g5 oo

[\“]Mbs“ 25 Oy w9 ($5 5l 43lge alal,

(-4

WTurbin = mInletHPSteam X h[nletHPSteam + mInletIPSteam X hlnlet]PSteam - mDischargeSteam x hDisch arg eSteam

W wiin = 89§ x3358.7 & + 23§ X 2838.1ﬁ - (89 + 23)ﬁ X 2372.62ﬁ
Sec Kg Sec Kg Kg Kg
W pin = 98464.86 K _ 98464 .86 KW
Sec

00



{ = =5 P S o895 S5, 58 g Sl Judo 1 5155 el
I'IEI‘QYEI‘IEFQY.H‘

nGenemmr = wx 100 =99.73%
98464.86

S O yeF S g0 1l loily duwlxo Y -0-Y

3,5 dmlme 1y s Hleaily (g5 0 (29,5 9 699,59 ol (Sieluoge i Ll (o9 asine b
Ir]00 5 o drnlons oy alal 5l cygs Spg il londl

“-Y)

77 Isentropic Turbin =

x h

mlnl@t HPSteam x h[nlet HPSteam + mlnlet [PSteam X h]nlet IPSteam ~ m Discharge Steam Discharg e Steam o 1 OO

mlnlet HPSteam>< h[nlet HPSteam + mInlet IPSteamX h]nlet IPSteam ~ m Discharge Steam x hlsen. Discharg e Steam

80 K8 335878 L 2388 035 1N 1128 1037260 | 100
Sec Kg Sec Kg Kg Kg

8958 335878 L 23R8 038 1 K (89 K8 000930 K 23 KE 930704 KT
Sec Kg Sec Kg Sec Kg Sec Kg

98464.86

=—x100=87.71%
112259.63

SBY o 95 090 9B (Lol y dswlo ¥ -B-F

95 (= 9D gme iy pdoy SiSHL I 4 o8 (Bl LT Dge | s e 98 Loy
Ahle SLSs 496 g adsl cll> a4 sunl)8
w

— a
My =

Reversible
W,
TSR =S Ex,
sl asl Kales 5w axlg b Wy axly a8 cuils az gy wb alaly ol jo azdl
Wa

TSN, - Ex,

Mp =~

mlnlet HPSteam>< Exlnlet HPSteam + mlnlet IPSteam>< E'xlnlet IPSteam m Discharge Steam X Exlsen.DischargeSteam

98464.86 KW

o



\e i S 5 S ol g5 3,551 5 Syl Jelos 1155 b
nergyenergyi

98464 . 86 KW

T 89x(3358.7—273.15x6.69) + 23 x (2838.1— 273.15% 6.98) — 112x (2372.62 — 273.15x 7.114)

1, =89.82%

S omye (53,551 Ajlge F-0-Y

A3l oe p e A s Sl 65,551 45lee

I = ZExi —ZExe -W,

1 =89x(3358.7—-273.15x6.69) +23x(2838.1-273.15%6.98)

—112x(2372.62-273.15x7.114) —98464.86 =11 151.745—]
ec

ACC s ,Sdos Jodxs £-Y
oo a3l O-Y Jgaz o il 4L ,0 o5 e bayl i ,0 ACC s Slee Judos slp 5L5 9,90 Sledol

ol b el cws byls o ACC Sl 9,5 5 6995 (Seolinage 5 Sledbl B-Y Jgux
m T P h S h-T,S | Properties
Kg/Sec °C bar Kj/Kg | Kj/Kg.K | Kj/Kg Name
112 64.5 0.245 2372.62 7.114 429.43 (x=0.896) 59,9 ;=
112 64.5 0.245 | 270.072 | 0.8876 27.62 (x=0) 29,5 5l
] 31 0.892 ] - ] o ol
Fan Power Consumption = 2610KW ki (B pao (S S (551

yeilass Effectiveness (€) awwlxo N--Y

1l oo Cawds 5 alasl, 5| Effectivness

0

e=—

Qmax
o az i b g oo 95750 (3 VA Lawgi oad sl slsa lyz 5 )b (m odd Wole LS O )l o oS

)‘ R—AMA.’)LA.C ol 0dg ).sba ) Ja.»‘).w o) gs")“"' u.:" < dS.u‘

x h

Inlet Steam — mOutletSzeam

Heat Transfer to Cooling Water = xh

m[nlet Steam Outlet Steam

ov
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0. —11228 (237262 270.072) _235487.8 %
Sec Kg Sec
9
Qmax :m Steam (hlnletSteam - hOutlet(at T min) )
ML"SA b gleo T i &5
O =1 12§X (2372.62 — 129.932)ﬁ =251 181.06£
Sec Kg Sec
:QT)o as
o 0 _ 235487.8 ~0.9375

0. 251181.06

205 o0 Al ) Ojgo A jeuilasS 6 &l sl

Kj Kj
ASq., = (0.8879—7.11438)—L- = 6226 —_
Kg.C Kg.C
AS i :2 2372.62-129.932 _ 7374 K8 Kj
T 304.15 Ke.C
Kj
Sgeneration = ASSystem + A‘SSurrounah‘ng 7 374 6 226 N 1 148 KgC
F=mxT xS, —11228 . 304.15K x1.148—2_ — 30, 0040w
¢ Sec Kg.K

2 A5l A azrgi b g oo 35290 (8 VA Lawgs oud slml slse by 5 5w G 0ol dlsbs (53,55
)‘ w.u..:)L..c ol OOy]wMJaa‘ﬁ)d ‘5’|).a..>- &.J"

] = Ex[nlet Steam ExOutlet Steam ExSurround .

39094KW =112 é(g [(2372.62 —-273.15%x7.114) —(270.072 - 273.15 x 0.8876)]? — ExSW'
ec g

Kj
Sec

=5908.4—=591MW

oA



=5 P S o895 S5, 58 g Sl Judo 1 5155 el

nergyenergy.ir

S Geny 3 Sas Judmig (65,551 9 (65531 LT V=Y

el 00 00l WLN ?—Y’JS.& 4o u‘*"de 6Lﬂbw - -
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Quantity
Parameter Unit
Design Performance

test
Temperature/Max. Temp C - 65
Density Kg/m’ 990 981
Capacity/min Capacity m’/hr 600 411
Rated delivery head m 162 164.26
Differential Pressure barg 15.73 15.95
Pump Input KW 337 280

elige s & el 5l (Al Lalis 5o Gl glacaey Jloisnl plel,

Hydraulic power O, -P)
Mo = =
Power consumption P

sl oy 3l 29 Sl s @05y ST B 5 Py ey 9099 9 oz (20 O by (nl 0 &S
m’ lh

r
600™ x " (1573000)Pa
P,-P
p = LB g0 hr3600Sec x100 = 77.79%
P 337000

%XIOO =89.89% ,olp =k Lyl s o LulasS slacaa jsise Gleadl) wnl [S3 4y 03Y

sl e

08,5 ot gy Bjg0 s JloSgnl Gleaily 0,5, ces Ll o

3
0P P) (41 1’;;x36éohgec)x (1595000) Pa
B, =221 4100 = x 100 = 65.03%
P 280000/

elige Coss @y s Al 5l ey Sy il e

h,. —h
7. =25 1100

2

o=l 1 s (2955 9 (60959 Jlow (Sesliunge s Ll pd idls 4 5L Sy 8nl (09,8l pils sl

Bed e demlre | LS Cas Lyl 5 gl olend],

1 . Performance Test
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2l b o Laceey (il (@l S )0 ey (o295 5 63959 Sl (Seslindge 5 Ll 0

el 0 &5l V=Y Jgar

b )b s el cud o uilasS Glacay (29,5 5 69959 Jlw Slasiine V- Joo

Parameter Quantity | Unit
Pressure 0.24500 bar
Temperature 64.50 °C

Input Density 980.79 Kg/m’
Enthalpy 270.022 Kj/Kg
Entropy 0.887456 | Kj/Kg.K
Pressure 16.20 bar
Temperature 65.00 °C .
Density 981.22 Kg/m

Output - 5 halpy 273438 | Kj/Kg
Isentropic Enthalpy 271.648 Kj/Kg
Entropy 0.892752 | Kj/Kg.K

Capacity 112 Kg/Sec

h2is _h

100 = 112 (271.648 - 270.022)

280

x100 = 65.04%

77is =

2~

g-dig iyt ey (28l 5 4 ¥ ) Sl pdy a5 I Cond Syg0 4 5 ey 90 09 lend],

Ex, - E
n, = 2X T 5N x 100
P
0, = 112 % [(273.438 —273.15%x0.8927) - (270.022 — 273.15 % 0.88746)] <100 = 78.77%
280
et O @]y 65,5 alae uilaiS ooy 3 (s Rl Sl e (sl
Ex, +W, =Ex, +1 = I1=W,—(Ex, —Ex))

[=280-112x[(273.438 —273.15x 0.8927) — (270.022 — 273.15x 0.0.8875)] = 59.43K W

W
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2385 O oy 0 ,Sdoe Judxd 955,551 9 555! LT A

e 00aT AY Jgiz 55 oLlS s Lyl o 43305 O (gloay 9,Shos ulo (gl 5L 9,50 el

Parameter | Quantity Unit
Temperature 139.85 C
Pressure 3.6 bar
Input | Capacity 56.13 Kg/Sec
Enthalpy 588.515 Kj/Kg
Entropy 1.738 Kj/Kg.C
Pressure 32.5 bar
Capacity 11.59 Kg/Sec
o Jtl;ut Density 92743 | Ko’
Enthalpy 592.32 Kj/Kg
Entropy 1.7393 | Kj/Kg.C
Pressure 125.6 bar
Capacity 44.54 Kg/Sec
OII;Itl;u ¢ Enthalpy 598.41 Kj/Kg
Entropy 1.73 Kj/Kg.C
Density 932.35 Kg/m’
Motor Rated Output 1100 KW
Pump Input - KW

Oleasily 0,5 LS cs Ll 5 55 (Brae By G99 Sul 5 ey 890 sl eyt plenily (258,

33,5 o0 delre 55 g 4 45 Ol slogwy Jboss!

Hydraulic power O, -Ph)
Mo = - Vi 0-1)
Power consumption W,
) A58 12560 -360) + > (3250 - 360)
1, = ——2—1x100= 932.35 927.43 100
W, (1100x0.9) KW
=62.52%

e By ey (2Blg JIS AT ) Sl pdy SUSHL B S Dyge 5 ooy g0 08 e,
e

n, :MXIOO

P

1y
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| 44.54(598.41-273.1x1.73) +11.59(592.32 — 273.1x 1.739) — 56.13(588.51 — 273.1x1.738)
(0.9x1100)

=58.39%
s S a1y (65,551 aslse 4385 OF Gy 4o 6 pdb i3l anlxe gy

Ex, +W, =Ex, +1 =  [=W,—(Ex,—Ex,)
1 P 2 P 2 1

I =990 -
[44.54(598.41 - 273.1x1.73) +11.59(592.32 — 273.1x1.739) — 56.13(588.51 - 273.1x1.738)]
=411.96KW

550590 889y ks w19 (65,351 9 (5551 5ILT A-Y

bl 83500 (oS 5 JSem oS g jl5u amly (65,551 5 655 a5lge (15 5l Ceen3 o
ol a8 5 plowl ol Sl ax of) e glos g a0l JL Ll jo o) cend Sledlbl

Y Lo slon glos Ll ii jo ol 089,00 o axly (65,551 5 65,5 di3lge gl 3L 5,90 Sledlb
el ool ST S jo a0l L g ol Kl az o

ol5g i )l a2y (65 5l 4ijlge N-A-Y

72 bope (65,51 a3lge jo oS g, L sy aliBie sletdu ;o (29,5 9 53959 5A Sk~
39250 (55l )l jue ol pad 45 0l g, yu axlg y0 B9z g0 slal e isu ! 0wl 00s0 8 Al g
ol 00U 43‘)‘ ul.»):- 250

Ol 8Lk b 4 (809,9 990 (555

E s i cas = 3733388 L 57678 _ 915 30w
Sec Kg

POl 85k he 5l (2gy5 390 655

EOutletFlueGas iy 37333& X 1281&: 47.83MW
Sec Kg

: Q)‘P uﬁl—’)l-’ )-1-'94 (59959 _la_wj_';_‘, )[_;J? . 63)3‘

E e = 115958 50230 8 _ 6 senmm

Sec Kg
Pl 8Lk Sl 4 (69959 (598 5LES s (555
B = 445458 508 418 o6 6500
Sec Kg

1y
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Padss ol HnlegissT A 68959 &l s (55,

EFWEcunamizaerv = 5613§ X 27344£ = 1535MW
in Sec Kg
Fadi ol nlgissT 5l (29,5 Ol e 655
EFWEcnnomizaer = 5613£X51753ﬁ: 2905MW
Out Sec Kg

FHglsd eaiS pSud il (29,5 555

E — Epparar, =1.86x2143.38 =3.99MW

DEAEVAPy,
Oyl C8LL Hhe jo gudy lwgte jLaS By e bawgi (>9,5 (555
Epg =11.59 fe > x2842.51 II((g =32.94MW
syl 28bil Hhe j0 a9 s v jes bawg (29,5 (555
E i steam = 44.54 fegc 3363.26[% — 149.8MW
lgie L8 5 sos s B oty 4 5999 555
E _23K8 283818 _ 65080

IP Steam to Turbine

Sec Kg

598 ,Lid by pane Lawgs B (g8 4 (639,955

EHPSteamloTurbine = 89§X 33587& = 29892MW

Sec Kg
D60 Omy 3l e e 5
E ponugeseon=112=5-x2372.62 - = 265.73MW
‘ Sec Kg

SESICIT R RS US

w, =Y ix, - Ex,

W, =112—= Ke x(2372.6-273.15x% 7.114)ﬁ—(89gx (3358.7-273.15x 6.69)£+
Sec Kg Sec Kg
23 Ke —=-x(2838.1-273.15x%6. 98)—) 98464.9KW =98.465MW
ec

Pl s 5l HgmslasS Sl (29,5 (6551
11258 0100 M
Sec Kg

ol o0 Sl s L g g 58 VA gt o sl slop ol 5 s (o 00 Aslie 5350

E =30.24MW

Condense

sl sy le il 009y yro Cd bl o ks")“}

¢
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E = mlnlet Steam X h]nlet Steam m Outlet Steam X hOutlet Steam
=1 12% x (2372.62 — 270.072)1% =235.49MW
oS ey (295 S s Sl 2,5 855
E puter of Condonsate pamp =1 12% X 273.438]% =30.62MW
Fadi Ol o 46999 555,183 5l (295 e 55
E ter of Fecdwater ump = 56.13% X 588.51[% =33.03MW
Pt ol eyl (2 bagte jLid s (535
Eprosiwaer =1 1.59%x 592.32115—2 = 6.86 MW
P48 Ol g Sl (29,5 698 5Lad e (6551
E ot warer = 44.54% X 598.411% =26.65MW

S Ll B 50 (515550 (emsp 9590 o895 (oS S o958 Sl 92ly (6551 Sl 2 lage
Sl 0als oaly Las V-V S o ol

P B (o
1545 M
) 1o TN "
2 [ e A
P =
= e 47K MW 2158 MWW
------- - E =
LT [T w4
£ & MIF T Wi |2 |2
= :
Fruii (AR 1AM =
390 HW '..'_ 4ir e U T
, =
1: %%gﬂf" 2FE40 N

J

el 5
i I'.'H'i@‘\.
g 3024 M0
TOF LT P"—“'ii w328 AT

Fream THEAEV AP

(R RN ]
J2.1a W

&
'I:-I:_-\.-\‘-.
o FERER T

Toe Dhgrernionr 4

¥1OC L gloo b o)1 s Lyl 10 (oS 5 Ui o8 g 55 5w axly (65,31 sledl > yloges V=Y S

10
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A 3)90 0B i L waly (65,351 4jlg0 Y-A-Y
Sz & Olgien |y A3 90 o8 g, L axly e Sledsn o (29,5 5 6098 ST sl
12,5 pative )

Ol c8bsl hg 4 (69,9 999 (55,55

el b @bl cws Ll o 5 8500 o9y Sl CBL5L ke 4 63955 I (pleeed ity

el 00l &8I )1 A=Y Jgu

2 s Lyl jo pol> ol s o)l bl Jhie 4 699,5 slasl oleewd Jemdly A-Y Jgo

Components %mole | u(Kj/ Kgmole)
Carbon dioxide 3.01 20140
Water 6.15 11710
Nitrogen 75.51 720
Oxygen 14.43 3970
Argon 0.9 11690
Total 100 2548.132

Kg

ex;,huegas’om =2548.132 Kj / Kgmole +28.56

=89.22Kj /K,
Kgmole /108

Intlet fluegas from gas turbine energyto HRSG = EX,,,, ryo cus

EX s reGas = 373.33§x (576.7-304x1.61+ 89.22)ﬁ =116.85MW
Sec Kg
P <8bk Sk 5l (295 090 65,55
EX e rine s = 373.33£x (128.1-304 x0.423 + 89.22)ﬁ= 32.12MWwW
Sec Kg

Oyl 8Lk Hhe 4 (6995 bawgite JLid s (55,55

EX jper =1 1.59£x (592.32-273.15x% 1.739)ﬁ =1.36MW
Sec Kg

Ol C8bb b 4 (99,9 (598 HLES je (635,55
Kg

EX e = 44.54 2% (598.41-273.15 % 1.73)ﬁ = 5.606 MW
Sec Kg

pds ol HnlegisST 4 (699)9 @l e (53,557

N
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Ke x(273.44 -273.15x 0.8927)£ =1.66MW
Sec Kg

i ol HnlesisST 5l (2,5 Ol e (65,55

ExFW Economizaer;, = 56 13

Ex,po =56.13§x(517.53—273.15x1.559)ﬁ=5.146MW
FW Economizaery,, Sec Kg

Dgles ealS Sl e, 65,5
EXppievan, = EXppapyap, =1.86x(2143.38—273.15x5.184) = 1.35MW

Oyl C8L5L hg 50 oy lawgte jLad Ly e bwgs (>9,5 55,55]

Frp =11.59R8  (2842.51-273.15%6.9087) 2 — 11.0730mw
K

Sec g
Oyl C8L5L he j0 sude 698, Ju e bwgs (29,5 (55,55

Ex,pe. = 445458 (336326 273.15x6.6724) 2 = 68 62007
K

ec g

tlawgie )l By e bawg o w8 40 (699,59 65,55

B —23K8  (0838.1-273.15%6.98) XL — 21 420w
Sec Kg
598 HLid by e Lawgs o (g8 40 (6999 (65,55
Expe -89 RE | (33587_273.15%6.69) 2L = 136.20MW
Sec Kg

D) ey )l e LB 5,55)

—11288  2372.60-273.15x 7.1 14)% = 48.096 MW

EX Discharge Steam ™
Sec g

oy Gl e pdib casil
IzZExA —ZEx -,

1 =89 ><(3358 7-273.15x6. 69)—+23 Ke ><(2838.1—273.15><6.98)£
Sec g Sec Kg

Ke x(2372.6—273.15x7.114) —98464.9KW =11151.7—— &
Sec Kg Sec

A" =11.15MwW

PSS e Sl guslasS 5l (295 (65,55

EX (= 112—2 Re x(270.072 -273.15x 0.8876)ﬁ =3.093MW
Sec Kg
3S (il aSi
K
ASgen = (0.8879-7.11438) —— =—-6.226 ——
g.C Kg.C

1y
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AS :2: 2372.62-129.932 _ 71374 Kj

Surrounding ]: 304 1 5 Kgc

:7.374—6.226=1.148i

Kg.C
[=mxT x8 :112£x304.15K><1.148L:39.094MW
Sec Kg K

S

generation

=AS

System

+AS

Surrounding

generation

= A5l A azgi b g ooy 95z g0 (8 VA Lawsgi oud olml sl Ly 5 550 G 0o dols (55,55
)‘ W)L.C ol oby).o..ow.'a;‘).m)b ‘54|f.> u—‘

I = Exlnlet Steam ExOutlet Steam ExSurround.

39094KW =1 12§—g>< [(2372.62—273.15% 7.114) — (270.072 — 273.15 % 0.8876)];{{—1 —Ex,,
ec g

= 5908.4ﬁ =5.91MW
Sec

S ey (F 9P IS s Sl g5 (65,55

EX et of Condensate Pump = 1 1228 « (273.438 -273.15x 0.8927)—] =331MW
Sec Kg

P oS ey o il 2SSl

[ =337-112x[(273.44 - 273.15x 0.8927) — (270.02 — 273.15x 0.0.8875)] = 116 43K W’

Fa385 Ol sy 4 (699)5 5,550,180 5l (295 s 55,551
. K, Kj
EX o o pect e pump = 56- 13S—ix (588.51-273.1x 1.738)K—; = 6.39MW
f5les yo il cuasil

I= mWaterl 'ExWaterl + mRe ciculation '(ExSaturated Vapor — ExSalurated Liquid )(at Tpeaerator) - mWater 2 'ExWater 2

I =5613%x91.43+186x%(2143—273.15%5.184)—56.13x 113.86 = 0.093MW

P ads Ol eyl (2,5 bwgite [lid e (65,55

EXppresaer =1 1.59£>< (592.32-273.1x 1.739)ﬁ =136 MW
Sec Kg

dss Of oy 5l e, 698, s (65,55
Kg

EX i rootones = 44.54-2 X (598.41-273.1x 1.73)K£fg = 5.606 MW

TA



Loy

25 5 S o898 S 3,581 g Sl Sl 13155 b

1=990-—

[44.54(598.4 - 273.1x1.73) +11.59(592.3 — 273.1x1.739) — 56.13(588.5 — 273.1x1.738)]

=411.96KW

I=

ExIP Water + ExHP Water + ExF W Economizaer f, + ExDEAE VAP In + Ex[nlet Fuel Gas

- ExIPSteam - ExHP Steam ExFW Economizaer Out - ExDEAEVAPOm - ExOutlet Fuel Gas

syl cdbib Hhe 6lp il el

I=1.36+5.606+1.66+116.85-1.35-11.073 —68.622 —5.146 —32.12 = 7.165MW

32 a8l AY UK Bllao (55,55 sl > o

T 048 WH
= k. {.fidi A ]
= = fa Deagreior,
= = ¥
- : LT TN
~--
l 212 W
u-u--r@}--rup £
PN 98 7 =
h ' HE Brgam |
L . T A d 2
TNER T =
LR T S O TR T
-'.l&i AW dir 13620 W
s ;51 45 LFT

@
1A
CETET ..

Froas IEAE VAR

ERILERE 1

T Mereraror o4
¥

6767 MW

FATS W

EERTT

ARG

&0

TI6AS MW

vv°C s sleo b u’_.».‘)lf S Ja.»‘,.u 3o ‘5...5)3 Ji..w alfs).z.i )l:}q ..\>|5 63);‘ le.e‘.»l.»):;- )loyg .A—VJS..Z
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gy oSy S )5 s ey 4o oy, Heat Rate ¢ lows]) s (sl 5L0 0550 Sledo!

el 00 43‘)‘ \ '—YIJsAD‘- B

L cwd Gy o8 g Loty s (sl 5L 990 Sledbl Y oY g0

Discription Unit Value
Ambient air pressure bar 0.89521
Ambient air temperature °C 19
Type of fuel - Natural Gas
LHV of fuel Buu/Ib(Kj/Kg) | 19590(45566.3)
GT3 power output MW 112.128
GT3 fuel flow Kg/hr 26870
GT4 power output MW 111.262
GT4 fuel flow Kg/hr 26114
Steam Turbogenerator power output MW 100.64
Auxiliary consumption of ACC KW 2213
Condensate pump power consumption KW 375
Feed Water pump power consumption KW 1100

_ Power Production <100

Energy Input

112128 KW

Neors = x100=32.97%

7.464Kg /S x 45566.3Kj / Kg

Heatmte(BruJ _3412.14 3412.14 _ 10349 23 BTU

KWh n 0.3297 KWh

Heat rate KCal')_859.84 859.84 _ 2607.95 KCal
KWh n 0.3297

111262 KW

Mors = x100 = 33.66%

7.254Kg /S x45566.3Kj / Kg
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b ol ol G555 50 (o 9590 o950 (oS 5 S AIBL (Lol

(112128 +111262 +100640) KW

nCombineCyc'le = A x100 = 48.32%
(7.464+7.254)Kg | S x 45566 3K) | Kg

il Sl il o895l (oS5 S LAl Glond],
(112128 +111262 4100640 —2.213 —1.1-0.375) KW
T camiiae cyce (7.464+7.254)Kg / S x 45566.3Kj | Kg

x100 =48.316%

ol 036 V=Y Jgaz 40 oS5 o8

olfs).u @‘)15 Condd Jaa‘;.w ) ).!aJ Sy90 olfﬁf.: 6..5)4 Jiua 9 d)lf GLQ»‘S Heat Rate 9 uLo«A.a') A \—Y‘JBJ?

Discription Efficiency Heat Rate
% BTU/KWh Kcal/KWh
Gas Power Plant (GT3) 32.97 10349.23 2607.95
Gas Power Plant (GT4) 33.66 10137.08 2554.49
Combine Cycle Power Plant 48.32 7061.55 1779.47

5 0590 0 g i (oS 3 SIS (655551 Loy duwlxo NYV-Y
oLS9 5 63959 $5)75 S 4 (29,5 (65,551 S 45 Sa0 350 0555 (5 a2l (65,51 e,
B Produced Power

Ny = g
Ex fuel

112.128
ety =7 464 Kg/sx (874870 Kj/Kg mole +18.29 Kg/Kg mole)

x100=31.4%

111.262
Mot =5 954 Kg /s x (874870 Kj | Kg mole = 18.29 Kg,Kg mole)

x100 =32.07%

B 112.128 +111.262 +100.64
(7.464 +7.254) Kg /s x (874870 Kj /| Kg mole +18.29 Kg/Kg mole)

n x100 = 32.07%

Y
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L6 aods \Y-Y

s Sledbl ol 555 axlg sl Heat Rate g loail, s 5 65,551 9 6550 56T Slawls
b 50 oS 5 S 2l ces ledlbl ulal LB oty sl g a0l [b j0 o818 (555 slaaxly ol
4 Heat Rate 5 ;loasl; 4y bgs po Slawlre oS 5 S (gl .l 48,5 olouil (g axlg 951 5590505 a0l
Sledbl uloly (oS5 S oL s Lyl o lojed job 4 S JS Sledlbl 0429 &g Lo
Sodg g Dlgg LSV e £F e ol Lou amly code jb g ol Kl 42501 Lase sles )0 34290
Vsir 59 b A slive 5 33790 S 5 S S 5 5 IS slaazly (6515 o555
w‘ AW df:‘)‘ \\C—VJS» 9 \V—VJa& ¢ \Y

=5 5 S o815 (635 g (65,551 9 65 Jelod 4 bogye s N VST Jgan

By 535 a=ly 63,351 9 6551 Sl s
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