()

( :02-571-6085)
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50%

Il. Flue gas

1. Flue Gas

Flue Gas

20%,

10

50%,

(DUST

)

30
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60%,

30

(Acid



(SO2)

Corrosion) . (9
(SO:) . SOs
(H-0) (H-SOx)
S + 0. = SO: ( GAS)
SO: + 1/20. = SO:s ( )

SO:; + H:O = H.SO. ( Vapor)

(Acid Dew Point) ,

SO
< -1>, < -2> < -3> '
, SO SOs SO:
(02) )
SO
SO; S ,
3.000 0225

Lol R T T ey

S e (wt %)

< -1> (S) SOz
( : )
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S e (wt %)

)

SO: -> SO

S

(

GAS

>

Flue Gas
B-C

1.6%

S

115
GAS

105

115
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20C .
, GAS H-O 10 15%,

< -4 >
O: 3 4% S SOsppm,
R.B.U. (Rate of Build Up)
S 05% B-C : 100
S 10% : 110
(o2 7E HO = 10 — 15%, D: = 3~ 4%)
1
14
130 -+
1
-~ 1
%
3
R oo
H
7
0.5 1.0 7 R
ags 5 @ (wt %)
< 4 > S SO:s
( : / Plant / )
GAS . gas
gas .
, Flue Gas (GA/H, Economizer)
(GA/H) (GG/H)
gas 0 20 GAS
230 210 10 12%
Boiler (SA/H)
GAS 150 180 SA/H
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SA/H

(Eco.)

(Deaerator)

Merit

120 ~ 140

GA/H

60 ~ 80
(Feed Water Preheater)

(Anti Corrosive Heat Exchanger)

Buttele

(

90

M erit

GA/h  SA/H

: KCA NEWS Vol. 12- 11)

800

PTFE, PFA,

- 25 -

( ) 1938

FEP, EPE, ETFE, PCTFE,



ECTFE, PVDP, PVF PTFE, PFA
300

: : (FGD) (GGH),

(KCA NEWS Vol. 12 11)

SOOT

1/ 100
1.0mm
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. Flue Gas H/E

GAS/AIR GAS/GAS

Glass Tube , Teflon Glass
Tube , Teflon Tube 3 25
0 SUS Cs 300
GAS
< > Flue Gas 250C 250C (Pass )
SUS
GAS'WATER
Tublar
: , U : Teflon Lining
Header Plate Cap Sealing
(T eflon)Lining
< > Flue Gas . 250
W ater . 150 40k g/ cm?

< 5> Tube (Teflon Lining SUS T ube)
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Heater (GGH, Steam / GH )

FGD( ) Scrubber
Heater 40 50
, GAS Scrubber Heater
Heater 2 3
. GGH GAS Scrubber Flue Gas
100%
GGH Steam Gas / Heater Flue Gas Teflon Tube T eflon

100%L ining : Clean Gas (Tube Plate )

( Hastelloy C 22)

(B-C , Coa Boiler )
° (Economizer) (Air Preheater)
. ]
° (Gas Gas Heater, Steam Gas Heater)
) DeNOx (Steam Gas Heater, Gas Gas Heater)
==l e
2 e |
I =, ¥ |
|
— |
\ |
= : L2
E g L < (T 0 - S
< 6 > (GA/H)
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< 9 > (FGD) GG/H (

ﬁﬁﬁﬁﬁ

< 10 > (FGD) GG/H (
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L

==

< 11 > (FGD) GG/H (Hot Air )

< 12 > (DeNOx) Steam Gas Heater GG/H
. Flue Gas Duct
FGD DeNOx GG/H

Flue Gas
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Flue Gas 40 50

B-C Flue Gas Gas 10% ( 5
0 ) 90 100
Duct 110 : ,
< 4> Duct Flue Gas PBU
Duct .
Duct (Carbon Steel) . <
13 >
, 90C
H S 10%, B-C SA/H GA/H (Tubular )
Flue Gas 105 ~ 125 Duct
m,l- 7
| |
ISBi" SUS304 :.f
100 IP,*"‘T‘ I
/ -f\" (
15, 90 ’ j 1,‘ i
= s fal s 1
:i.i 70 / \ -
E
LH
&
i

=5 0 40 (=] 70 L.14] 100 120
H:i504 =5 0 20 4w S0 &0

< 13> (H-0)
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1. (HEAT PIPE)

1.
< 1> Cooling Cail Heating
cail ., Fin Tube
Header
< 2> Heat Pipe

=} -2 v 7]
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( ) < D
( )
2>
(Vapor)
(Vapor)
wick ( )
( )
( )
0
2.
8
1) ( 3 )
10,000k cal/ m*h
Sheet Fin
13
2) (50 80%)
TRU
80% , 50
TRU ( ) 25 35Cm
3) GAS
IDF, FDF

4)
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60

7,000

50
60%



. LNG

( (Sox, HCL, ) Heresite
5)
TRU ( )

6) Draft
30Cm 10 15 mmAq

7)
TRU ) ,
maintenance :
8) . TRU

Fin T ube , : ,

NCMH : Nm%H

SCMH . Standard (70 ° F)
Tee Tel : /

Tse/Tsl : /

Standard (70° F) (SCMH)

_ 273+ 21.1 _ 273+ 21.1
SCMHe= NCFHex -“=o25= = A CMHex 5205 ==
(SFV) (FA)
( 2 3m/ sec)
_ SCMHe+ SCFHs
FA8pprox = == 3500 % FA
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< 1> FA
_ SCMHe+ SCMHs
SEV= =3 600 < FA
Fin Pitch
< 5>

Tsl= Tse+ Rax (Tee- Tse)

Q)

g= NCMHsx Cpx (Tsl- Tse)
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=Ra)



A EUN}M
Vg aPgeicP BF
] - 152
| Fak] ik}
A | = 05
5 i 58
] M1 405
7 £ 58

1 -

HeTE
3.5¢11 84, <]
P
|
vl et —l |
: ' | L
E 1) #d "3 (FA 8 SIZE
T = - F T = & W W H MW (m
H (=) AP CP £
: V5.8 | .31 & | 9.0 | %5 | 47.3 | &4 | &b
L fam) W T T e e e T ] ™ | 3| 98| | wa | ] B4
T4 | 610 | 0.209 | 0.314 | — po - - - — |oom |0.Em | — = e = -
w | "4 [0.314 | 0470 |08 | 0Ra | = - = — |oa7 (o2 loe|om| - - =
@ | 1319 |g.e | ouser | 0.838 | 1048 | 1,284 | tatE3 | — — |o.aco |oeso |0 | 182 1073 | 1amm | —
o | 1524 | o523 | o.7ea | 10046 | 1,306 | 1.6 182 (200 | — |0.502 |D.mim | 01050 | 122 | 1583 | 1871 | 2,081
72 | 1829 |62y | o.mes | 1,250 | 1,82 | vem | 2ves | 2508 | 2.820 | 0804 | D.9TS | 1354 | 1.533 | 1.904 | 3183 | 2. 862
B4 [ 2134 | — | 1.097 | 1.463 | 1.820 | 2.195 | 2.580 | 2,926 | 3392 | — | 1.143 | 1.468 | 1.793 | 2.200 | 1.545 | 2.871 |
2 | 2438 = |1.,254 [1.872 | 7.000 | 2.508 | 2.906 | 3.344 | 3.2 - 1.300 | 1,672 | 2.044 | 2.538 | 2.008 | 3,279
18 | zraa | = |voenn | toem |20 |28 (3202|3787 | 472 ] — | 1,868 1.886 | 2.304 | 1881 | 3.279 | 3.897
120 b3 | - — |2600|283 303 |3.658 480 43| — — |20 | 2558 | 2077 | 3842 | 4,708
132 | 2383 | — — l2900|0a74 |3 480 | 4003 }as08 86172 — — | 2304 | 2815 | 3.493 | 4.004 | 4 515
144 | 3% | — — | 2.508 | 3.135 | 3.762 | 4.388 | 5.006 | 5.6 | — — | 2.508 | 3.066 | 3.B09 | 4,365 | 4,324
156 | we2 | = - |2.77|3.3% | 40% | 4755 | 5434 | Baina | — - = - - - =
16a | a7y | — - — | 3.658 | 4.389 | 5.021 | 5,952 | 6.584 | — - - - - - -
180 | asT2 | — - — |399 4703 | 5.8 | 6.2m | 7.088 | — - == - - = =
192 | 4| — = =~ | d4.180 | 5.018 | 5.852 | 6,688 | 7.529 | — - - - - - -
;4 | 5182 | — - — |4.441 |5.3%0 |68 706|785 — - - — - - =
6 | 5486 - - - 4,703 | 5.643 | 6,584 | 7.524 | B.465 - = — - - - -
= | s | — — — | 4.864 | 5.057 |5.080 | 7.942 | B.935 | — - - - - — -
240 | B0%s | — - — |szm g2 735 (08.060 9.0 — - - — - - -
NGRS, Wer
# 2)SIZE 4 % i e —
LTs i | 2 5 B B ‘Wsiro W) : oh
Himl| 135 0.3 Fid 3.8 0.5 7.3 54 £0.2 3 pie
L {nal =343 514 H06 BS7 108 1200 1372 1543 : o
T &0 | 4. 5.9 - - = - = = 4 e
% 914 57.3 79.8 102.1 123.3 - - - - 8 119
a8 s | mo 02,1 1300 a4 | Ee.7 | 2ea - — 7 i
] 1524 B9.5 13.9 1584 192.8 7.2 201.6 961 -
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1c8 743 - 2.8 .3 3.5 9.2 428.7 507.5 55,5 5P 1313
12 w4 - - =3 | w53 | a0 4457 560.5 | 6.7 ART L3
v i) - - =8 | ey | amae | sa3.3 §13.5 | 6848 —
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1% 1062 - - W0 | 4888 | 1.8 | BMW.2 7193 | so3a
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1= 4572 _ = — sir4 | &16 | 7.8 54 | 924 ﬂ: t;
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(2¢ 6) !-* E'Q AP!CF tsm

100
i 8

FIN PITCH

aPsid  (mmH;0)
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Frame, Plate pack, Tie bolt (Plate)
(Frame) Tie bolt

FRAME PLATE PACK

< 1>

port gasket
gasket

vent

Ay WA Ay

N W WY |
" R ‘.‘I.':r“ : ‘ﬁy“? ‘r.yé‘ﬁ

TYPICAL COUNTER-CURRENT FLOW

< 2> gasket

SECURITY

< 3> venting
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o plate

. (u-vaue : 2,000
6,000kcal/m’h )

EFFICIENCY

< 4>

RE-ARRANGEMENT FLEXIBILITY

o Plate gasket

Plate : sus 304, 316, 316L, HASTELLOY, NICKEL TANTALUM,
TITANIUM, TITAN-PALLADIUM

Gasket : SBR -
NBR -
Resim cured bulyl -
Silicone -
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Fluoroelastomer -

Compressed asbestos fiber -
EPDM -

Acid resistant fluoroelastomer -

Thermally

Thermally
short plata ong pate
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V.

1. Flue Gas Heat Exchanger (GAS AIR, GAS/'WATER)

HI : (kcal/kg)

Qa : (kcal/kg)

Le : GAS (kcal/kg)

Lr : (kcal/kg)
Qs : (kcal/kg)

Qb : (kcal/kg)
Qa =HI - Le - Lr

Qb =HI - Le- Lr + Qs = Qa + Qs

( : : ) X
F(kg/h)
X .
- Fa—a (kg /h)
_ X X
- Fb="0b © Qa+ Qb
X
_ _Fb _ a+ Os
X) =1- Fa 1- X
Qa
_,._Ga
Qa+ Qs
_ Qs _ Os
Qa+ Qs HI- Le- Ir+ Qs
. Qs
" HIl- Le+ Qs
/ _ ()
(S 05% )
@A SA/H (180 - 110 )
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Qs ={Go +Ao (m - 1)} x Cp x (tgl -tg2)
= {11635 + 10,859 x (1.2 - 1)} x 0.33 x (180 - 110)
= 319(kcal/ kg’ )

Sr=——F  »100(%)

Qixyb+ Qs
':'T-B;—Qs % 100( %)
) 9870-371299+319 x 100
=3.4(%)
Fs= >F xSr
) Qs : (kcal/kg’ )
Go ; (Nm°/ kg’ )
Ao (" )
m
tgl ()
tg2 ()
Cp ; (Kca/Nm® )
Sr : (%)
HI : (kcal/kg’ )
Le (kcal/ kg’ )
Fs )
2F (KY )
B GA/H, SA/H (180 - 110 )

Qs = {Go+Ao(m - 1) + Aomt } x Cp x (tgl - tgw)
{11635 + 10,859 x (12 - 1) + 10,859 x 12 x 0.2} x 0.33 x (180 - 110)
379 (kcal/kg’ )

X : GA/H 20% ( 10 30% )

379
9,870- 867+ 379

= 40 (%)

Sr=

x 100
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SA/H SA/H +a (

" SA/H (100%) AIR 20 - 80

Ss=(Aom + Aom?¢ ) x 031x (ta2 - tal) x VUr
= (10,859 x 1.2 x 12) x 031 x (80 - 20) x 1510

= 291 x 1510 = 057(kg/kg’ )
) r: SA/H (3KG : 510kcal/kg)
(100 T/h , B-C, 7,500kg/h )
" SA/H . 7500 x 057 = 4,275kg/h

Qs'=Qs - Ss r
= 379 - 291 = 88 (kcal/kg)

. 88
St'=gg70- se7+ 88 <10

= 096 (%)
Fs = 7500 x 0.0096 = 72kg/h(75.80 /h)

L0 Economizer (180- 110 )
o (Deaerator)
: 34% (Case A Qs, Sr )
40% (GA/H, SA/H )
o ( 140 )
STEAM ( STEAM h" = 660kcal/kg, r = 512.1kcal/kg)
)
: 100T/h
: 7,500kg/h
: 70
(X T/h)

100 x 140 = 70 x (100 - X) + 660X
X = 12T/h
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(tw)
tw = 70+-E
Fw

7,500 % 379
= + !
70 (100- 11.86) x 1,000kg/ T

102.3( )

(X' T/h)
100 x 140 = 102.3 x (100 - X') + 660X
X'=6.76T/h

Remark) Economizer

- H/E
LMTD H/E
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Economizer
COST (



> M erit ()

1) Economizer (GAS/WATER)
Case A Case B Case C Case D
OUTSIDE Flue gas
Mass Flow kg/h 22'850 66'184 116'691 181'975
Temperature inlet 210 170 153 210
T emperature outlet 130 115 115.1 130
Pressure drop mbar 2.86 501 5.28 9.19

INSIDE TUGE F eed water

Mass flow kg/h 20'000 35'000 80'000 96'000
Temperature inlet 60 80 60 39.5
T emperature outlet 838 106.7 74.3 79
Pressure drop mbar 368 106 331 303
GENERAL
Heat Transfer cap. Mcal/h 476 940 1'140 3'786
Mean temp. - diff. K 95 47 66 108
MERIT TOE/Y 446.7 882.2 1'070 3'553.2
10° /Y 72 1426 1729 574.2
COST (About) 10° 96.0 196.0 158 240
PAY - BACK YEAR 14 14 09 04
Remark)Merit
B-C OIL
Yb 1 90% (
HI : 9'870kcal/ kg
r : 0.95kg/ e
: 160 /¢
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2) GA/H, GGH

Case E Case F Case G Case H

OUTSIDE Flue gas Clean gas
Mass Flow kg/h 9'032 8'052 72'636 119'769
T emperature inlet 2829 338 168 60.0
T emperature outlet 109.8 1094 105.7 100.0
Pressure drop mbar 2.19 2.87 5.82 5.11
INSIDE TUBE Air Flue gas
Mass flow kg/h 8'405 7'275 68'103 116'692
T emperature inlet 20 20 20 153.0
T emperature outlet 220.6 293 91.1 1126
Pressure drop mbar 6.83 748 8.95 105
GENERAL
Hear Transfer cap. (Qs)Mcal/h 409 485 1'166 1'213
Mean temp. - diff. K 65.2 64.7 75 52
MERIT TOE/Y 384 455 1'094 1'138

10° 1Y 62.0 735 176.8 3044
COST (About) 10° 98.0 144 190 487.0
PAY - BACK YEAR 16 20 11 16

Remark) Merit (Case H)

Clean Gas Heating Steam
3kg/cm’G (r = 510kcal/kg)

16000 /TON
Merit(10° /Y)
=,

r
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ro: (kcal/kg)
yb : (%)

X (kg/kg)

Qs : (kcal/h)

Ss (kg/h)

Fs : (kg/h)

ss= -9 (kg/h )

Fs=—=2  (kg/h )

Fs= 2 (kg/h)

HI- yb
(y) LMTD
(Qs) LMTD
o LMTD
Flue gas (Draft)

>

- _ AR an
LMTD =1 gy <
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tgl

t2 /
ta2
tg2
)
tal

oy = 91 192 5 q00(06)

fgl- tal
— QS
A( )= u- LMTD
(m- Cp )
- Flue gas : 40 60%
- : 50 70%
- : 80 95%
(LMTD) ( )
< >

Flue gas : 89,000Nm’h x 190
Feed water : 102,000kg/h  x 70

A= T u
LMTD A
() LMTD(K) Al

190 75(115) 287 (195)

190- 100(90) 56 (100)

190- 110(80) 64 (88)

190 120(70) 72 (78)
190 - 100

75 2
120 " 22%
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