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21 AP rdg

AA = At A AR B, 5Hs, §71) 7.857] Eo] B
U2 Feto] X H SCR(TEH A ZrfghdA)) Belg 7z =2 HA| F74dl
et A E B A S

[Z17 3-1]2 SCR 32+ 9442 Uehd 22 2 SufjRh-g-7](Catalyst

Reactor)7} 9J= E B2 7]F 0 2 11.8x17.45x1 Im(LxHxW)2] 27| & 2F
o, sl o o] E2SEF-E 2l Mixing Pipe, Reactor layer(4set)+= Porous
2Eg A 4 9w ¥ 7o Ueshole] Reue saskch
[18 3-2]= 2 979 -5 L2t A A /<] SCRY}F Hj 7ol A2 H
FoF 7l (Inlet Guide Vane)2] FAFS el Ao 2 = 2 FH BB

= yz B A 0,005 A4E Aot ojuf] AT A M=
xyCB), 2650]) T vane] Ztzolch A4H B B ANSYS
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719 2-1: SCR 32} Design

22 AR FY

S48 A sk o ool ojal AMEE AL Bl AL, A B
= Artaflorshs 499 o= Fetst7] Wiwoll fretstA Al 2 et
oIt} whekA] CFDo)A] §3HbA] Al@ek7] 919 B74& Control Volume
FH 2 UY+=d] (FVM = Finite Volume Method) ©]Zl o] vt 2 A} 2
olch. Qo F74E L] S 1sterAe) Qe A A%
Hexahedral type(<5HA)T H| A E A2} Tetra-Prism(AHA| <} T 2]F)
type mesh7} ARSH T 12|31 A2} FEjof whet E4o] WA=t 7

1 T H 4::1 W
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1% 2-2: SCR Inlet Guide Vane
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9 2-3: SCR A A% 74

1% 2-4: SCR Guided Vanes A} 74
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Material | Mass Fraction
CO2 0.141
H20 0.085
N2 0.742
02 0.032

I 2-1: A5 Ideal Gas Mixture

P
=
-
4+ Layer(Future)
¥ Reference Pressure : 100378.8pa
3.1 LajfEI'I:FUfLII‘E} Mat‘EriaI PerEI‘tieS: Idﬁ‘al Mi:ture
[ : Porous Region
| 2% Layer(Future
Inlet : 715ton/h 4
375°C 1 Layer{Future)

v

l Qutlet: 0 pa

719 2-5: SCR AAZA

2.3.2 Porous Media 3|4
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Kperi= T2 A 2 g7t Zlo]H Kloss= 2old A 2 Al4tsh=
ZA0lek. QHHAR) 7940 KlossE: Bo] ALgslo] ojzjelat o] 2 45
HI5F O] Porous Media & & Ao A HAY A2 FASH= A
S5ttt £ AL KlossE 2851500 o]nf Kloss p/2E 5H}9]
A4 C22 EHA5)= quadratic resistance coefficient & A5} T
o] 71 9] FH2 & At o] W7t Foi 7 2 of whet AlttE = o4
4](P=pRT)& <851 7-9- 94213} W7} A2 Coupling o]

910] 2ol FFL 112 4 ek webA shte] As Azletel 4
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2
3
rlo

o

Ux— K,m U|Ux 2.1)
er

150(1 —¢)? 1.75(1 —
(-2 ., 175(1-¢)

AP = oo
D,%e? K D3

pUoo? (2.2)

[119 3-6]-2 SCRoJ|A Ammonia®} Hl| 7] 7} A7} A 0]= Mixing Pipe
e} F7to] 23S A2 JE| 2 LA H Catalyst(Z1[%)E Porous Media®
235t 922 HA| 5ttt ZF ¢)%]E & Mixing Pipe= [1¥3-7], Cata-
lyst layeri= [T13-8]9} o] Ml &9 & Al4tsto] mddlof 4853t [&#

3212 18 AT e Ao 2 T35, A4 §41, Kp(Permeability) 3t
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Region Name(for Porous)
1 Mixing Pipe
] grh Layei' of Catalyal
[===]F" l‘}w# Cataly
=== 2t Layer of Catalysi
= 1t Layer ﬂftatalysl

@
@
®

17 2-6: Porous Media A7 < 2 3

e il "“\\5
{\.f” i < e
Zh dHEE Lt Porous ®&H

719 2-7: Mixing PipeE Porous Media® 3t A}
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) o[ E- R~ L} Porous@ &t

13 2-8: Catalyst layerE Porous Media=Z A5t J At

3 2-2: -85 Porosity ¥ &A1 A4

T8 Pitchimm x mm] | Permeability | Loss Coefficient[kg m"-1]
Mixing Pipe 240 x 180 0.29 0.28
Catalyst layer 6x6 0.000004 95.22

233 AASDI|E

Ao A 71 Fad 8912 AA7FAT} Catalyst Layero] Arft o
Sai] §epo] BEE|LIFo|ch mabA] 2 Ao A1 7} Catalyst Layer
WO £ B2 E RMSEL O 2 $H415ho] Flue Gas o 4 =5 241631

Catalyst layero]] th$t 5 4 SH= 9J5] Additional Gudie VaneE A
Aste] ZY & Z 45}l Mixing Pipe2] 27|12} Volume Porosity & H3}A]
7] A Reference Model ¥} H] 1/ 5} 9] t}. Additional Vane Case= & 18 9]
A3 370 9] X ModelTt 2 7}of| AbA| 7]<6F 21, Mixing Pipe Model
27 NBUNAHE LT 5 AEF A& oluf $50] FULE

7]
A2 o & Hrslz] 95t 7]&-2 ICAC(Institute of Clean Air Company)
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AN F74 3 EP-T2 4§ £ HAF A 8 4] B]E[RMS(%)]= 7513 ©f

71z 2w £ w2 Az Blgo] 15% olid ¢ 5ol v

Stehal Bobsha QAR 2 Aol A UVW i B0 f50] m
Bhgol] AL WA 4 Qlel BE AMUE e Aeste e ug
o A 7152 A 9712 shalrh. s AL et Pt
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v N1 (2.3)
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T8 % itk whebA] A4 CFD §5 #UEE thavh 2 Aoz vk
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_ 100, JureaVi—V)?
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Vane)3} Mixing Pipe @4} X goto] & 18Me] QAL

< 2
s} o4 Al (13 3-91 3 A A

12

4\_
(Guide Vane)o|™, [T13 3-10]-& Porous Media®2 LSt F= HA| AAH
S+ Mixing Pipeolch. tA 20 2 [19] 31118 §4 #AEE Br1s]
At RS BARY A= ZF layer AJ2FHH A 71613 0™
HF-8-0] AJZt&]+= New 4th layer(Future layer)®] A =& 7} 7|02

Atk

[ additional |

/_ Guide Vane |

13 2-9: AAH4D: Additional 2F] %! (Guide Vane)

19 2-10: AAH4=©®: Mixing Pipe
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= Catalyst Layer 4

Catalyst Layer 3

Catalyst Layer 2

Catalyst Layer 1
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A 3%
S EER!

31 FEAs 4

Reference Designof|A]= Mixing Pipe ¥ LayerS G135} &t7]
2ol 555 A2 74st7t oF 8.35Pa2 WA YeraL Qi [194-2]9E

Reference Design2] Catalyst Layer(Z1|Z) XYH &2 2 E g o2

E3-1 97 948 f45FUE B G
T2 FEAFYE(%) H| 1t
Catalyst Layer 4 63%
Catalyst Layer 3 59%
Catalyst Layer 2 52% RMS
Catalyst Layer 1 46%
Pressure Drop 8.35 pa Guide Vane /St
28



UER T 6452 2 5 (RMS) S LrERR ST, 427 o] 714 27 vt

=

U= Catalyst Layer= 4 7] 7270 2 63%2] ujj-$- L2 72
Ick. el 2] F7HE 40%01439] 4B R UL S Shelet 4 9l

X Reference Designof| A & 4= 215%©] Mixing Pipe W ¢H}j7l

P7h9] 5 RABE o] 27] 9190 T
4 Qa1 w71 7FAT 3R E= 7] Additioan] Guide Vanes A 2] 9
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1% 3-1: Reference Design®] ZX™H 9] 55
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Reference Model (Without Additional Vane)

4t Layer RMS(%): 63% 3 Layer RMS(%): 59%

|
:

2nd Layer RMS(%): 52% 1%t Layer RMS(%): 46% |

1% 3-2: Reference Design®] XYH] 45
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32 A A
3.2.1 Additional Guide Vane Cases

Catalyst Layer(Z1l|5) o] Additional(5-7}) Vane©] $l+= 73-¢-9]
2% WakE Bl 9ol s WMol T} gol tiA 5 7
Hotof| E -5 HeE SHRISHAT Vaned] ZH & 90k oA £10%, £5
T, #2550, 1.5 £0]71H F18H o] ZArg-A| <5t 84S At

A WA Ao A= 87 s W1 A5 90k = RIS F Hqt
Aot s A= Alskh. [CL-4-3]00| A &4 1< Additional Vane
o] 91-& Refernce Design®] 2454 A1} Additional Vane(90 Degree)
muo] AR A Ak s Waksh tha T o] selg

% 9Itk. B8] Vaned] AX 2 §50] 550] 92 WHS 2 5 ek

A=}
wetd Vane@o] £4] 552 WEHAZ 4 Gk 212 Slg 4 ek
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[14-4]¢]+= Additional Vane(90 Degree) Model 2] Catalyst Layer(Z
f3) XYH FEEE g os yefil [#4-2]o= AE5EddE
(RMS)E Reference Designa} H] 5} t}. Reference Designi} <+

= 8|3 & o 235]8 Additional Guide Vane 4 2| & FAS}HA v} &
£02 Qlolo] §4ETU| o LeRdS 2 5 oo §42 R UL Caw-
lyst Layer+= 44| ~ I A L7HEL T 85% 9] o F 0 & ufj-¢ L A & 5
Holal Q.

o] Caseof| 4] L&}

O
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O
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1o,
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I
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Additional Vane (90 Degree)

0 5 10 15 20

4th | ayer RMS(%): 85% 3 Layer RMS(%): 85%

5
-

2nd | ayer RMS(%): 85% 1¢t Layer RMS(%): 87%

19 3-4: Additional Vane(90 Degree )2] XY™H 9] -5
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I 3-2: Reference Designi} Add. Vane(90 Degree)2] (RMS) H| 1!

on 522 = (RMS)
= Istlayer | 2nd layer | 3rd layer | 4th layer
Reference Design 74% 89% 94% 82%
Additional Vane 87% 85% 85% 85%

8 =5t 842 918 AAE Additional Vanes] THEE] 8471:7] 4]
E3} Ztro]lH, [ 4-5]%= 1st~6thQ] Additional Vane 2} tH3}of tfj st

XYW | 4%, [1 4-6]= Tst~12th®] Additional Vane Z} = 3}o] gt
XYHO] 8% (19 4-7]= 13st~18th2] Additional Vane Z} &= HH S}oj| tf g+
XYHE] -5 sfAolH, [& 4-4]= Zt & HS}o] uh-E (RMS) 2]

)

34 :



H 3-3: Additional Vane Radius Degree

Additional Vane Degree Change (1st)

T Vane 1 Vane 2 Vane 3 Vane 4 Vane 5 Vane 6 Vane 7 Vane 8
7t 90 90 90 90 90 90 90 90
EIA =S 610 610 610 610 610 610 610 610
Additional Vane Degree Change (2nd)
) Vane 1 Vane 2 Vane 3 Vane 4 Vane 5 Vane 6 Vane 7 Vane 8
7t 120 110 100 90 90 80 70 60
EI =2 457 499 549 610 610 686 784 915
Additional Vane Degree Change (3rd)
sl Vane 1 Vane 2 Vane 3 Vane 4 Vane 5 Vane 6 Vane 7 Vane 8
pas 120 110 100 90 80 70 60 50
EIE=2 457 499 549 610 686 784 915 1098
Additional Vane Degree Change (4th)
ach Vane 1 Vane 2 Vane 3 Vane 4 Vane 5 Vane 6 Vane 7 Vane 8
pa 120 110 100 90 85 75 60 50
HIAE 457 499 549 610 645 732 915 1098
Additional Vane Degree Change (5th)
ach Vane 1 Vane 2 Vane 3 Vane 4 Vane 5 Vane 6 Vane 7 Vane 8
7T 130 120 110 90 85 75 65 50
Bl =2 422 457 499 610 645 732 844 1098
Additional Vane Degree Change (6th)

Each Vane 1 Vane 2 Vane 3 Vane 4 Vane 5 Vane 6 Vane 7 Vane 8
7T 130 115 105 90 87.5 77.5 65 50
B =S 422 477 522 610 627 708 844 1098
Additional Vane Degree Change (7th)

Each Vane 1 Vane 2 Vane 3 Vane 4 Vane 5 Vane 6 Vane 7 Vane 8
2T 140 130 120 100 90 75 60 50
B =S 392 422 457 549 610 732 915 1098
Additional Vane Degree Change (8th)

B2 Vane 1 Vane 2 Vane 3 Vane 4 Vane 5 Vane 6 Vane 7 Vane 8
7t 140 130 120 95 87.5 80 60 50
EIAE=S 392 422 457 577 627 686 915 1098
Additional Vane Degree Change (9th)

B2 Vane 1 Vane 2 Vane 3 Vane 4 Vane 5 Vane 6 Vane 7 Vane 8
pag 140 130 120 97.5 92.5 75 60 50
EI =S 392 422 457 563 593 732 915 1098
Additional Vane Degree Change (10th)

B Vane 1 Vane 2 Vane 3 Vane 4 Vane 5 Vane 6 Vane 7 Vane 8
7t 140 130 117.5 95 97.5 80 65 50
EIAE=2 392 422 467 577 563 686 844 1098
Additional Vane Degree Change (11th)

B Vane 1 Vane 2 Vane 3 Vane 4 Vane 5 Vane 6 Vane 7 Vane 8
7t 140 130 117.5 95 97.5 80 65 50
EIE=2 392 422 467 577 563 686 844 1098
Additional Vane Degree Change (12th)

ach Vane 1 Vane 2 Vane 3 Vane 4 Vane 5 Vane 6 Vane 7 Vane 8
pa 140 130 122.5 95 94 80 65 50
HIZ] = 392 422 448 577 584 686 844 1098
Additional Vane Degree Change (13th)

ach Vane 1 Vane 2 Vane 3 Vane 4 Vane 5 Vane 6 Vane 7 Vane 8
7T 140 129 121 93 93 82.5 67.5 50
HIAE 392 425 453 590 590 665 813 1098
Additional Vane Degree Change (14th)
ach Vane 1 Vane 2 Vane 3 Vane 4 Vane 5 Vane 6 Vane 7 Vane 8
2T 140 130 121.5 94 93 84 70 50
B =S 392 422 451 584 590 653 784 1098
Additional Vane Degree Change (15th)

H Vane 1 Vane 2 Vane 3 Vane 4 Vane 5 Vane 6 Vane 7 Vane 8
7T 140 130 122 94.5 93 84 72 52
B 392 422 450 580 590 653 732 1055
Additional Vane Degree Change (16th)

B2 Vane 1 Vane 2 Vane 3 Vane 4 Vane 5 Vane 6 Vane 7 Vane 8
7t 140 130 121.5 94 92.5 83.5 70 50
EIAE=S 392 422 451 584 593 657 784 4098
Additional Vane Degree Change (17th)

B2 Vane 1 Vane 2 Vane 3 Vane 4 Vane 5 Vane 6 Vane 7 Vane 8
pag 140 130 121.5 94.5 92.5 83.5 70 50
EIA =S 392 422 451 584 593 657 784 1098
Additional Vane Degree Change (18th)

B Vane 1 Vane 2 Vane 3 Vane 4 Vane 5 Vane 6 Vane 7 Vane 8
7t 140 130 121.5 94 92.5 83.5 72 50
EI =2 392 422 451 584 593 657 784 1098
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719 3-5: Additional Vane(1st~6th) ZX™H 9] 45
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719 3-6: Additional Vane(7th~12th) ZX'H 9] 55
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719 3-7: Additional Vane(13th~18th) ZX'H2] &%
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H:l

3-4: Y& Wiso] mE (RMS)

R & e A (RMS[%])
| Istlayer | 2nd layer | 3rd layer | 4th layer
Ist 87 85 85 85
2nd 63 66 68 71
3rd 41 47 42 44
4th 52 61 64 66
5th 42 51 50 56
6th 50 59 61 64
7th 63 71 76 74
8th 50 59 61 64
9th 59 69 74 74
10th 34 44 54 56
11th 61 69 75 77
12th 44 62 66 71
13th 45 58 67 67
14th 38 59 64 64
15th 31 34 41 48
16th 60 68 70 61
17th 39 51 62 60
18th 46 52 59 63

[E4-4]0l| 4] E2 gl=0] 181 0] AAHG4] 5} Sf4] 5 3rd2} 15the]
22 4 9ieh. AAAR(Grd)

7|3+ Additional Guide Vane9] 7-$- Catalyst 4#19] 7} 181 0] 54 %

A WA (15th) 2 A A5 Ad-

o\l

T}
ditional Guide Vane2 AA| A o g2 2451 AulE A8 4~ Q1o [O1Y
A2 34 3F 90 Degree 2+ 9]

Apzkat dobd A (15th)2 A A gE Additional Guide Vane2] ZXH 9]
SEHSIS T Tolch. e FAT H5L Hol Ak AT
90 Degreeo] a4 2510} ulms] 2 uf ehif 21 Fbel FAg A 3t

ol & 4= it} [(13 4-8]-2 15th additional vane degree change?] XY
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H 9] 85 © & Reference Design Case tH| A E & 2F2ldl 4= it} [&
4-5]%= Reference Design¥} H] 1/ 5}o] G5 UL 7} AUk gFAME] Q)
Wghe et ook A2 §E YRS FHAA 1 F R

Catalyst Layer 4 Zo| 4= 2}27%2] A7H-87+S B A},

1% 3-9: Additional Vane(15th Degree Change)2] XY™H 9| 55
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3 3-5: Reference Design} 15th Additional Vane 35 &4 = H| 1
SRt 5= 4= RMS)
= Istlayer | 2nd layer | 3rd layer | 4th layer
Reference Design 74% 89% 94% 82%
15th Additional Vane 31% 34% 41% 43%
Degree Change
H] 1l 43% 55% 53% 34%.

[Z19 4-10]-& 3th Additional vane degree change®] ZX™H9o| G52

Reference ¢} B w3t

2 AAA FEHAE S

DIy

fgolct gl

905, 15HA, 3HA 2 AASH
et 502 XYH

Lot

o

o|a}l
=

| ¥i 717}~ f-5-©] Additional Vane

4= QI [1¥9 4-11-2] Reference
Additional Guide Vane®] ZX™H 9| 7%

A% 3NAE A Vane s FrsHs

Wi717h A G5 0] 4 Saslths e oF 4 ek (17 4-12] XYR2]

719 3-10: Reference?} Additional Vane(3th Degree Change) -5 H] 1l

41



O
=
M of38%l] e Hds & 5 3k

42



I 3-6: Reference Design} 3rd Additional Vane 52+ 4 & (RMS) H|

on FE 2 AL (RMS)
= Istlayer | 2nd layer | 3rd layer | 4th layer
Reference Design 74% 89% 94% 82%
3th Additional Vane 41% 37% 42% 44%
Degree Change
H] 33%] 42%. 52%) 38%1

Velocity 5

719 3-12: Additional Vane(3th Degree Change)2] XYH O] 95

43
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3th Additional vane degree change} 15th Additional vane degree change
of it = e £ ) ZolZ A2 ATHo] 9178 4 Layeri= 3th Addi-
tional vane degree change©| RMSZto] -9-<=$HtH 1,23 Layer+= 15th Ad-
ditional vane degree change®] RMSZ}to] tf Ztt= A& & 4 U} [&

4-712 7 W QA A ol w2 AV-E vl o]

1% 3-13: Additional Vane(15th Degree Change)¥} Additional Vane(3th
Degree Change) % H| 1!

3 3-7: Additional Vane 3th®} 15th Degree Change (RMS) H] 1!

oy S5 ETIE(RMS)
= Istlayer | 2nd layer 3rd layer | 4th layer
3th Additional Vane 41% 47% 429% 449
Degree Change
15th Additional Vane 31% 34% 1% 48%
Degree Change
v 10%., 13%] 1% 4%7
44



3.2.2 Mixing pipe

o
= 1_.
e,
o] AH]= B 5 =1 Mixing plate =+ Mixing Pipegt+= B3-S 7} 11

FrYot F I Eof A FAH AR Yoot Hj 7| 7140 S5
AsH] 82517 Y8l R Yol/7tA 87| (Static Mixcer)7} A 2]

Qi E =1o] A= Mixing Pipegtil E 7|5}t Catalyst AT, Amonia
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Mixing Pipe (300mm) Mixing Pipe (600mm)

5 10 15

b

4th Layer RMS(%): 79% 3 Layer RMS(%): 92% 4th Layer RMS(%): 80% 3 Layer RMS(%): 95%

L IR DI

2nd Layer RMS(%): 86% 1¢t Layer RMS(%): 70% 2nd Layer RMS(%): 89% 1°t Layer RMS(%): 74%

719 3-15: Mixing Pipe 300mm 600mm XY'H 2] 551} RMS 3t H| 1l

T 3-8: M.P(300mm) 3} M.P(600mm)2]- &% & (RMS) H| i
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3.2.2.2 Mixing Pipe9] 3=& Wislo] -2 v 7|7} A &
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3 3-9: M.P(Bloking 3%)3} M.P (Bloking 13%)3} 455 = H]
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3.2.3 Additional Vanes + Mixing Pipe
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3.2.4 Additional Vanes + Mixing Pipe + Catalyst
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o}, 4T} Catalyst9] ZXH 0] 9% H]

ne(1

Velocity ] i

1% 3-22: Additional Vane(3th Degree Change)+Mixing Pipe(300mm)+ 3
ok, 4tk Catalyst®] XY™ 2] 5537} RMSZ} H|

54



3 3-12: Add. Vane(3rd) + M.P(300mm)+3T+=1}]=1} Add. Vane(3rd)

+M.PG00mm)H4TZ=r & G527 AT v
—n FE 2 A% (RMS)
= Istlayer | 2nd layer | 3rd layer | 4th layer
Additional Vane
(3th Degree Change)
+Mixing Pipe(300mm) 1% 1% 19% 41%
+3layer of Catalyst
Additional Vane
(3th Degree Change)
+Mixing Pipe(300mm) 1% 1% 1% 29%
+4layer of Catalyst
H| 1! 0% 0% 18%. 12%]

55



Al 47

a4E

41 Q¢°F

2 Q7oA S00MWF ARshel i s 9 v Q) AejH S
DRGSR 55 725 BAS7I98] AL A et 4L 2o}
o] QI ZI(Guide Vane), tE Yol/7FA Z3H7](Mixing Pipe), Z1lj(Cata-
lys) THE §EWSHE SIS Fhafs 2USHE Sie A4 o) A
(Guide Vane), Mixing Pipe 223 A5t} Inlet Guide Vane?l ¥ 9]
2u)o] T2E Reference Design©.2 AAsto] AAGH 5t 4.2 A
a5}od ZXW, XY $5 547 & ool ek 23} 8| Lt
A mEl2 = 2] HA] Zuf & Aol 871 2] Additional Vane-S 47|
sfo] ZEE vlRo] 710} £F FAEI 4 S50 AL Ao
= A Ha= Duct WH9] Mixing Pipe(Jr 2 Yot/ 7tA £317])9] A7)
2} Block&(Volume Porosity) & =74 A Hslst= G572 221519t
A A= Additional Vanel 7} Mixing PipeS % ¢}6lo] UtE gl o] o=
iy

%

HJ
ﬁ
Jdo
off
A|m
o,
=2

E A& 3Hol5} 9Tt Reference Design -8 Z} 7]
thofl (3 5-113 2 =1 5-1, 5-21=2 |5k

S| A1} A HA| Additional Guide Vane A 2] 2 82 9] JARS vl

T RERUSE FET 5 AL T WA W2 AR Mixing Pipe

£ 9= & AR Catalyst Layer H O

Aol 2 ol gl 23] §5 BRAL §U 4 2lo] Guide Vane



HE4LFRAY Y 35 EFUE VT

o & U = (RMS)
= Istlayer | 2nd layer | 3rd layer | 4th layer
1 Reference Design 74% 89% 94% 82%
Additional Vane
2 (15th Degree Change) 31% 34% 41% 48%
Additional Vane
3 (3th Degree Change) 41% 47% 42% 44%
4 Mixing Pipe (300mm) 70% 86% 92% 79%
Additional Vane(15th)
> + Mixing Pipe(300mm) 34% 34% 42% 48%
Additional Vane(3th)
6 + Mixing Pipe(300mm) 37% 44% 44% 43%
7 Add. Vane(3th)+M.P(300mm) 1% 1% 19% 41%
+ 3layer of Catalyst
3 Add. Vane(3th)+M.P(300mm) 1% 1% 1% 29%
+ 4layer of Catalyst

=
A= RMS)7t F45H dsed= & = et ol 2 drEdstol e

w5l o4 g,

57



RMS OF CATALYST 3TH LAYER

Add.Vane(3th)+MP{300)+Catalyst 4

Add.Vane(3th)+MP(300)+Catalyst 3 |}

] 1%

15%

Add.Vane(15th}+MP(300) 44%
Add.vane{3th)+MP(300) 2%
Mixing Pipe{300mm) 92%
Additional Vane(3th) | | 42%
Additional vane(1s5th)  IEEEOEOEOIONOOUENNE /1%
Reference 94%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
19 4-1: ZF 95514 =4 9] Layerd RMSZE H 1!
RMS OF CATALYST 3TH LAYER
Add.Vane(3th)+MP(300)+Catalyst4 ] 1%
Add.Vane(3th)+MP(300)+Catalyst 3 19%
Add.vane(15th)+MP(300) | 4%
Add.vane(3th)}+MP(300) 42%
Mixing Pipe(300mm) 92%
Additional Vane(3th) | 42%
additional vane(15th)  RENERRAREREOIIEOE 1%
Reference 94%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

13 4-2:

7} 8 =54 R4 o] Layer3 RMSZE H]

58



<qr
__o_l

1940l 5
EEED

Down Scale

S

A

o
—

St

WAZ171ele

=

=
Al SCRAHIE 4
A Aot whEbA] SCR, A7 719

Al
=
Qs

pzs
=~

o] AdH]
Z|gto 2

KeX
=2=

=]

3 Szl Frjop/ 7t

O

MRV (Magnetic Resonance Velocimetry)2} PIV (Particle Image

=

ol 472 &
o} metA o] m

500MW 2] H7]2 X
(e}

A wt

Velocimetry)

=
=

Tor
T
ol
~u

59



(1]
(2]
(3]
[4]

[5]
[6]
[7]

[8]

[9]

[10]

[11]

= R

“AIAIANARZA|,” https://yearbook.enerdata.co.kr.
AR, “H7| e HEH,) 2019.

"W E T eF e QA 7 e, pp. 87-136, 2021.

O\ T, CFD & -85 73} §4.9] Scale-up o Hg+ 217, PhD
thesis, A2t stw ofjsh¢, 2018

“Ansys cfx introduction,” ANSYS Inc. Release 14.0, p. 1, 2021.
“Ansys cfx introduction,” ANSYS CFX Tutorial, 2011.

I. Lee, D. Kim, J. Lee, and K. Yoo, “Reduced scale model experiments
and numerical simulation for flow uniformity in de-nox scr reactor, j,”
KOSAE, vol. 17, no. 4, pp. 347-354, 2001.

C. Lee, M. Kim, and H. Chung, “Numerical study on the aerodynamic
characteristics inside curved-diffusing parts of denox facilities in coal-
fired power plant,” J. Compt. Fluids Eng, vol. 25, no. 1, pp. 13-19,
2020.

Y.-J. Jung, S.-G. Hong, G.-W. Lee, and B.-H. Shon, “Numerical study
for flow uniformity in selective catalytic reduction (scr),” in Proceed-
ings of the KAIS Fall Conference, pp. 151-154, The Korea Academia-

Industrial cooperation Society, 2011.
483, [utY, and HER], “7ho]E H|Q

: &
qH-37] Wil d-f-soll ot At giekr]Alets] FFor=rd],
pp. 281-282, 2014.

B671, B4, ANA, o147, 0174 and £, “Ser FHNA
W] WRel 45 FASE I FH A A7 GRI£ o]
=Z], vol. 12, no. 10, 666467 1



[12] v, spEH s GHGn]o 55 o dolof ¥Hot ¢+~ PhD
thesis, A%t tn’, 2020.

[13] J. S. Ha and T. K. Kim, “A study on the flow and concentration uni-
formity before the catalyst layer of a scr de-nox system,” Journal of

Nakdonggang environmental research institute, vol. 15, no. 1, pp. 262—
270, 2011.

61



Abstract

A CFD study on flow uniformity of
SCR System in 500MW Coal-Fired
Power Plants

Doohyun BAEK
Graduate School of Practical Engineering

Seoul National University

Since the Paris Climate Change Accord in 2015, the demand to reduce
global greenhouse gas emissions has continued. It was closed in December.
Starting with this, the coal-fired power generators are continuously shutting
down as a policy of de-coal energy conversion to continuously reduce fine
dust emissions from coal-fired power plants, such as environmental power
supply and seasonal management system. In particular, 58 coal-fired power
plants are in operation in Korea, and the gas turbine combined cycle power
plant, which is an alternative to coal-fired power plants, is also required to
develop facilities for nitrogen oxide (NOx) removal.

On the other hand, there are 40 power plants with more than 10 years
of life remaining, and efforts are being made to increase facility capacity to
improve the performance of environmental facilities with the goal of com-
plying with exhaust gas emission standards for the operation of coal-fired

power plants.
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However, each unit costs a minimum of 100 billion won to a maximum
of 300 billion won. Although this seems like a natural measure to satisfy the
domestic carbon-neutral policy and respond to changes in the electric power
market, it is a method that ignores economic aspects such as investment for
facility expansion and securing of land from a company’s point of view. En-
vironmental facilities for coal-fired power plants include selective catalytic
reducing system (SCR), electrostatic precipitators, and desulfurization fa-
cilities. These facilities are reaction methods that remove Nox, Dust, and
Sox through chemical and electrical reactions. A method of increasing the
reaction efficiency includes a method of increasing the reaction area or max-
imizing the reaction time by passing an appropriate amount of gas through
a predetermined area at an optimum speed. For this, efficiency can be im-
proved by adjusting the guide vane and gas distributor so that the optimal
amount of gas can pass through the reactant. That is, the reaction efficiency
can be increased only by a method of uniform flow by minimizing gas drift.
In a previous study on this, the efficiency could be improved by measuring
the actual speed in the environmental equipment (electric dust collector) to
improve the efficiency of the electrostatic precipitator, and then adjusting
the gas distribution plate to obtain the RMS(Root Mean Square) value and
make it uniform early.

Therefore, in this study, 3D model modeling was carried out based on
the Selective Catalytic Reduction (SCR) facility of the 7th and 8th Serise
boilers among S00MW class coal-fired power plants in Korea, and the flow
characteristics of exhaust gas were evaluated using computational fluid anal-

ysis (CFD). It was verified and proved that the gas flow can be uniformed
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through the improvement factors (Guide Vane, Mixing Pipe). In addition,
through this study, an adjustable (motor power, etc.) guide vane model was
proposed to secure the meaning of this study.

In the future, it is expected that it will be able to establish itself as a new
technological paradigm for flow analysis in the expansion of thermal power

plant environmental facility improvement and research in related fields.

Keywords : CFD, SCR, Guide Vane, Flow Uniformity

Student Number : 2020-26224
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