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Abstract : Due to the strengthening of environmental requirements, aging denitrification facilities need to improve their
performance. The present study aims to suggest the possibility of improving performance using computational analysis techniques.
This involved modifying both the geometric design and the operating conditions, including the flow path shape of the equipment
such as the inlet guide vane and the curved diffusing part, and the flow control of the ammonia injection nozzle. The conditions
presented in this study were compared with existing operating conditions in terms of the flow uniformity, the NH3/NO molar ratio of
the mixed gas flowing into the catalyst layer, and the total pressure drop of the facility. The flow field applied in the computational
analysis ranged from the outlet of the economizer in the combustion furnace to the inlet of the air preheater, the full domain of the
denitrification facility. The performances were derived by solving the flow fields using ANSY S-Fluent and the injection amount of
ammonia was adjusted for each nozzle using Design Xplorer. Compared to the denitrification performances of the equipment
currently in operation, the conditions proposed in this study showed an improvement in the flow uniformity and NHs/NO
composition ratio by 45.1% and 8.7%, respectively, but the total pressure drop increased by 1.24%.
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Figure 1. Definition sketch of the flow field for case 1.

Table 1. Geometrical conditions for Figure 1

Descriptions Value Unit
(a) 3.66 m
(b) 32 m
() 32 m
Dimension (d) 2.55 m
(e) 11.2 m
® 2.8 m
(2) 11.8 m

227|1&2 2o 4
A8 wdo] Y= A

Z=5A A

oy, 4

o

=

=
[}

SJstol AT REHE 2]

=
e

At AIGY] ¢tmi]o} BAlEF
7HA BHE m% 1835k



(a) Initial design (b) Modified design

Figure 2. Configuration of guide vanes installed before AIG.
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(a) Initial design (b) Modified design

Figure 3. Geometrical configuration of curved-diffusing parts.
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Figure 4. Geometrical configuration of the entire flow field for
case 2.
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Figure 5. Computational meshes of the entire flow field for case 1.
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Figure 8. Comparison of spanwise velocity distribution prior to AIG.
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Figure 9. Comparison of spanwise velocity distribution at the inlet
of catalyst layers.

Table 2. Flow conditions

24 dvl9 s e

Locations Descriptions Value Unit
Mean velocity 13.6 m/s
Flue gas inlet | Total flow rate 49.8 m?/s
NO/air ratio 125 PPM
Mean velocity 24 m/s
AIG inlet Total flow rate 2.69 m>/s
NH3/air ratio 1320 PPM
Flow fields Temperature 640 K
inside Density 0.551 kg/m?
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Table 3. Comparison of velocity uniformity, RMS of velocity

Location Case 1 Case2  Improvement  Unit
Prior to AIG 14.7 9.00 +38.6 %
Catalystinlet  27.9 15.4 +44.7 %

Table 4. Comparison of pressure drops

Location Symbol Case 1 Case2 |Improvement
Domain inlet
AP, 9
0 AIG 5 | 107[Pa] | 91.4[Pa] | +14.4[%]
AIG to
AP, - 0
catalyst inlet >—3 | 53.8[Pa] | 90.4 [Pa] 68.0 [%]
Catalyst inlet
to domain APy, | 803[Pa] 794 [Pa] | +1.12[%]
outlet
Total APy | 964 [Pa] | 976 [Pa] -1.27 [%]
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Figure 10. Distribution of total pressure for the entire flow field.
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Figure 11. AIG nozzle flow rate for case 1.
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Figure 13. Comparison of NH3/NO molar ratio at the inlet of
catalyst layers for case 1.
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(a) Uniform injection

2.2
before optimization
after optimization
18-
otlaf
=
m
14
= |
Z1.0
S F
=
06l
0.2
L 1 L L | - |
0 0.2 0.4 0.6 0.8 1
X/H

Figure 16. Comparison of NH3/NO molar ratio at the inlet of
catalyst layers for case 2.

o] & H] £3E H|ushH Figure 163 ZTh. Figure 15(a)of A
HorRol HA3}t A9 #Q EAtollA= dF WA Yo}
7h Eokth BARES AT 9ol A d9olA NHy/NOSQ
£ H|I7} QA A= 249819 HARI] M, G o
A FEAP A= 12.0%004 EAFFS] 2 HE 9.86% & /50|
2% N =E QI Case 2= case 19] H|S Lo} &AL AJof
o] A7}t Attt

AIGO] YR Uot EARF Alojo] aatg Fuf & Y tolAY
NHy/NO HAF=E 2|5l Table 591 2t} EARF Alojof o5t

27 dulo] A5 A4S Y3t CFD 7|H Hgof et A+ 31

Table 5. Comparison of RMS of NH3/NO molar ratio at the catalyst inlet

Case Before. .Ai.’ter . Improvement | Unit
optimization | optimization
Case 1 10.8 435 +59.7 %
Case 2 12.0 9.86 +17.6 %

Table 6. Summaries of performance improvement

Location |Definition| Case 1 | Case 2 | Improvement | Unit

Catalyst inlet Vi 279 | 153 +45.1 %
Catalyst inlet| 10.8 | 9.86 +8.70 %
Domain inlet
to catalyst | AP, _; | 161 182 -13.1 Pa
inlet
Domaininlet| -\, 1 964 | 976 124 Pa

to outlet

ik 7)€ Rdo] 4 HdHG It o] S S A 4
ol AAe F2iHRe -5 540] 7|E Hdo] ¢ Eest
o] FEyotel Aot 4] E9(mixing)o] S| wZo]
o o BEY FARE SEARE 4] st 2 AR A
@ AH41°] oJshd Aol fdE= wi717tAe dAtskE A
BE7} 2w AT GRYote ZAREF Alo] aabyh Arkal
HUE & dFoAe A 2U2® ditehdal] £

7|& 2L = B/ (case DI D FAF 7 (uniform
injection)Ql %7] 277} & Ao A AAIRE £ FA(case 2)
I} Ao} AL ZA(controlled injection)Q] 7HAH A9 A%
= &1 5 IFIAY 75 FLH(V,,.)% NHyNO Z/gH]
(M,,,), 1211 u]] F A ZFoHAP)E % 2]sH Table 6
¥ gt

Pt QH Ao e Ft eikRe] B4 WA O & Equation
(HDZE AYHE T HAE 27.9%01A4 153%=2 59 +2
o] A FAEI ol A &4 FAAZ B ofg}
Sfjol] #5% FokE ol &Y A8 £ Aol T2l
=g

Au|9] Aol FoHA dEYote] BAREE EEE X
ol #Y EAMET NHyY/NO 2HE 12 [FAot=H] m%
2|5ttt Table 59 Wepd BRe} Zro] AIGO] ZAF Wo] &
< BAfole a4 Ed(case 2y 2710 AAE V& 2E
(case NETH sttt 18y £ E(case 2)° YEYo}
BAME ZF(controlled injection)o}H 7] X (case 1)o|A &
ALS A6 A= Z-$(uniform injection)ETF RMS H2}7:
10.8%°7 4] 9.86%% AZE ZFASHC}

Qre] ok 95 54 Bt ofjz} Aol WAl AL
Hh=th A J449 JEMER] B8 fRo dYdHe=E

e
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= 1.24% S7FsFatt

4
8o] Yolu o) 5 Yol KYHE EFHAY 45 7Y
o] 45.1% = Aet.

EA, 22 Ao] /¥ Hgsto] Guvjor BAL wZof &
Afepe 28] BE7RAY NH/NOS| 2448 8.7% AATeH
it

A, 559 Wol AMslo] YT BRt S SolHL %
o et gadtgot RN F2Y B40R ¢
2 sk F7kstel Av] A 9 Bt 1.24% F7459
o}

A H
o] 45| AAslol Hule] Rl 4
3 wekEh

A A
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HA(KETEP)9] A o} 33t A4 Y th(No.2018111
0100320).
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