6 Exhaust Gas

Air Preheater
lFfuel
2 .
Air 3
Combustion F "
Chamber 4‘ ga
> 5
F 1 A Gaj >
air ir an
7 = 53667 R LI\ A
P, =1.013 bar [] N/ e \
Power
Y %
T Fsupplemenml fuel 6
Exhaust
Gas v
Stack Preheat or
Economizer Evaporator
A 7
HRSG Fsteam
T, =700 R 8 Water 9 Steam T, =874 R
P, =20 bar ——> L 5 P =20bar

FIGURE 9.1




Economizer

Tz, P7

Exhaust gas to

the stack

A TPinch

Evaporator

TG’ P6
Exhaust gas to

the evaporator

A TApproach

Ts, Ps

Condensate return

from the process

FIGURE 9.3

v

Te, Po

Saturated steam

to the process




Heat Rate
8785.6 BtwkW—-h

<« F,,=36 Ib/s

< 6 5
T, =1080.23 R Air Preheater
P, =9 bar T, =1625R Gas(Air + Fuel)
. |P; =8.55 bar
2 AIr 13 v F,, =233.6 Ibls
F, =230 Ib/s
l Combustion T, =1807 R
T, =536.67 R Chamber 4=\ P, =1.099 bar
P, =1.013 bar ) o %
1 Air Air /m P >
Compressor Power
U v T, =2689.47 R yﬁ'
32203.85 kW P, =8.123 bar PNet L7 MW
ower
Y :
233.6 E
s
T Exhaust T, =1302.02 R
233612 Gas Y P, =1.066 bar
Stack S <
T, =8043 R
! P7 =1.013 bar /
30.32 &
S »
T, =874R
30320 P, =20 bar
s
T, =700R
Py =20bar  prepeat/Economizer Evaporator
5005.5 Btu/s 25,133.4 Btu/s

FIGURE 9.4



T67 SF
To HRSG =P
evaporator 6_SF 6
gas _ SF

F,

supplemental fuel

Supplemental
fuel

A

T
P

6
F

gas

From
Air preheater

combustion
chamber

FIGURE 9.5



T,=1624.98R

b Tiisenlropic =1703.39R

Foq=3.543 —

fuel T,=2674.56R =
S 4 T,=1848R
P,=7.596bar Fuel 3
3 b P,=7.216bar P,=1.099bar
F,=229.893 — Ib
3 S F,=233.436 — Fo= 233436 2
3 Combustion 4 S S
Air p-|  Chamber > 5 Combustion Products
\ (for Fuel + Air)
Gas and >
m Power Turbine i E i
U Air / Net
Compressor Power
(a) Power
1b
steam injection 6.8968 ? Steam
Iniecti
steam injection 874R riection
. =?7R
_ lb 5, isentropic :
T;=1624.98R P - ?Ig T, = 2674.56R T,=?R
P,="7.596bar l uel P,=7.216bar P,=1.099bar
b
F,=229.893 ; F,= ?E F=2 E
3 Combustion 4 s 5 Combustion P dS ;
i Chamber ombustion Froducts
Air > > \ for Fuel + Air + Steam)
— >
Gas and
m Power Turbine f Z S z
U Air / Net
Compressor Power
(b) Power

FIGURE 9.6ab



A B I & [ D E | F ] & H i K
21 IN Combustion Chamber
F (Ib/s) M (molfs)
229.8931156 7.936927865
125 3.901999928|  0.243221338 combustion efficiency
26 |Steam/H20  £.896793468)  0.382814913 Moo 0.93
27|
|28 | 3] 111.630816 |psia
23 Tz 1624.98 R Teteam INJ= 574 R
30 Reference
3 Min, Fin Hir, Btu/mol| Heet Btu/mal | Hi, Total Btu
32 N2 6.19794697  173.62557 | 13400.839| 5530.51877  45779.562759
33 o2 1.662786388| 53.208167  14708.766 6387.00653| 13837.3085
[ 34 Ar 0.076194508 3.0438162| 10184.39 4776.50469 412025273
35 H20 0.382814913| 6.8967935 22217494 19505.414 1035.224583
[36 | coz a 0| 20206.564 5079.54664 1]
37 Ch4 0.243221338 3.9019999 338041.73 0] 82218 96244
ﬂ] Surn 24067635 146286.3514 Btu
38
40 hss BO7 8135797 Btu/lb
|41
42 Out Combustion Chamber vary Feua and min (hes-has)’
43 (Nas-ha,)® | B.47033E-22 | «————— using Solver
44 Pq 106.046336 | psia
45 T4 2674614001 R
[ 46 | Reference Reference
A7 | Nout Fot  Houw Btusmol Heet Btu/mol Hoy Total Btu Sont BIUMOLR| SprBluimol-R | S Total BIW/R
48 N2 B.19794697 | 173.62557 | 21811.149] 5530.51877 100906.4856 37.42010858| 29.43081159 | 49.51723907
[ 49 02 1.176343711 37.642293 23635.466| 6367.00653 20290.11672 41.57380119 329296038 10.16854724
50 Ar 0.076194508 | 3.0438182| 15399.571 4776.80469 5093964169 28.51994472 24 46692565 0.308817792
[51] H20 0.8692575689 15.660545| 40111.308 19505.414) 17911.62944 40.65604148 296476 9.570909615
52 coz 0.243221338| 10.704171| 34263611 B079.54664 6365523224 38.0341501 ) 23.34809172) 3.571719551
53 CH4
Eﬂj Sum 8.562964116| 2406764 146286.3514 Btu 73.13723346 Btu/R
55
| 56 | hss B07.6134569 Btu/lb 543 0.303682039 Btu/lb-R
&
| 58 | Out Gas and Power Turbine - Isentropic
|
B0 Ps 16.1505904 psia vary Tsjsen and min (95.-943)2
61 | Ts, isentropic 1719.303146|R (S5r-5qs) | 481959E-17 | «——using Salver
62
B3 | Reference Reference
B4 Mot Fout Hout Btufrmol Hes Btu/mol Hoy Total Btu Sort BUimMol-R| Sy Btuimol-R | gy Total BiulR
65| M2 6.19794697  173.62557 | 14121.677 | 5530.51877 53247 54169 37.6132336| 29.43081158| 50.71421775
BB 02 1.176343711 ) 37.642293 15482.495) B387.00653 1089942041 41.54858664 329296038 10.13858626
| 67 | Ar 0.076194508| 3.0438182 10651.686  4776.80469 447 6337109 30.06411497 | 2446692565 0.426475083
BB | H20 0.869257589 | 15.660545| 30106.654 19505.414) 9215.207915 39.79083731 29.6476 B.816912156
B3 coz 0.243221338] 10.704171) 21419.867 | 8079 54664 3244 650462 35.85105355| 23.34909172| 3.040743887
70 CH4
[71] Sum 8.562964116| 240 6764 768544542 Btu 7313723513 Btu/R
72
73 hsi| 319.3269299 Btu/lb 55| 0.303852046 Btu/lb-R
74
|75
76| MGEP Turbine 0.8604
|77 | Out Gas and Power Turbine - Real s calc =has+{Nsi-haz) Moae Tubine) = 359.5996491 Btw/lb
78
E Ps 16.150904 psia vary Tsa and min (hes - hﬁca\cula[ed)i
Ts.a realy 1857 546824 R (s =Pessiiistea) 2.84136E-18 | * using Solver
Reference Reference
Mo Fout Houe Btufmal Heet Btu/maol  Hyy Total Btu Sat Btuimol-R| SpeBtumal-R | Sg Total Btu/iR
M2 6.19794697  173.62557 | 15197.902| 5530.51877 59917 92906 38.21525935  29.43081153) 54.44554142
o2 1.176343711| 37.642293 16633.158 B£387.00653| 12052.99605 4219229454 329296038 10.896108
Ar 0.076194508 3.0438162| 11338.129 4776.50469 4999365496 30.44813159 ) 24 46692565| 0.455735041
H20 0.869257589 | 15.660545| 31485.527 19505.414) 10396.41857 40.55071692 296476 9.477617123
coz 0.243221338| 10.704171| 23209.248 B079.54664 3679866223 36.85196185  23.34909172 3.284191007
Ch4
Sum 8.562964116)  240.6764 8654714704 Btu 78.55819259 Btu/R
hss 359.5996431 | Btu/lb s5a 0.326410044 Btu/lb-R
Power Air Comp -28303.558 Btu/s
Power G&P Turhine 59739.2043 Btu/s
Net Power 33158.0217 ki
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