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Computational Fluid Dynamic Analysis for Improving the
Efficiency of Desulfurization System for the Wet Flue Gas
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Abstract

In this paper the flow dynamics of the flue gas equipment in the desulfurization system was
numerically analyzed by simulating the problems for the turbulent and combustion flow from
Induced Draft Fan(I.D.Fan) outlet to Booster Up Fan(B.U.Fan) inlet using the commercial CFD
software of CFD-ACE+ in CFDRC company for Computational Fluid Dynamic Analysis. The guide

vane of this section was examined for the minimum pressure loss and the uniform flow dynamic to
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B.U.Fan with the proper velocity from I.D,Fan exit to B,U,Fan inlet section at the boiler both the

maximum continuous rating and the design base. The guide vanes at I,D.Fan outlet and B.U.Fan

inlet were removed and modified by numerical simulation of the CFD analysis. The flue gas at the

system had the less pressure loss and the uniform flow dynamics of the flow velocity and flow line

by comparing with the old design equipment.
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AFA9EHCFD, Computational Fluid Dynamics) 3l
A& B3] FujelolA] ofw] g3Adn|e] 53142 flal A%
3t Ao A5HE A4 CFD 2ZES0)9l CFD-ACE+ (1]
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Absorber

2] 1. FGD AXEHOIN B4Ele] St
Fig. 1. Schematic diagram of absorber in the FGD
system
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Fig. 2. Schematic diagram of (a) I.D.Fan outlet to
B.U.Fan inlet (b) Emergency duct |.D.Fan inlet to stack
inlet (c) B.U.Fan outlet to duct cooler inlet (d) GGH
treated outlet to stack inlet in the FGD system
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Table 1. Number of the cell and shape for the calculation

arid
Operation ) Total cells/(mesh type)
" section
condition Case 1 Case 2
Normal ID fan outlet (g?r(zti)tlfe 1,387,268
~BU fan inlet (Hybrid mesh)
mesh)
Emergenc ID fan outlet 1,423,800 2,234,881
9ENY | Stack inlet (Hybrid mesh) | (Hybrid mesh)
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Fig. 3. Analysis section for flue gas system
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Fig. 5. The duct shape from |.D.Fan outlet to stack inlet

(emergency operation)
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Table 2. The density and viscosity of flue gas

(b) Case 2
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Fig. 4. The duct shape from I.D.Fan outlet to
B.U.Fan inlet (normal operation)

" Density | Viscosity
[2)
Te(gp_ Gas Composition, (vol%) ka/m3) | (ke/rvs)
7';23 2O Z 222 '—1|210 0.9 2.060<10
: . . . . 5
409.15 3 8 62 07

(3) wi717k2~e] A ¥ (body force)ell ©|g+ &5 ¥g}
= AR
(4) 7 A2k deel i Ao wi7|7kse]
&2 freddel dist 2Asit
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(5) w77k HEdld vy WAEHENo slip
boundary condition)< ¥HE3tin 713t

(6) 312 A el W9 (damper) 7} AR Ho] A& 25
e 9o Mg BF 44 oy %
At glAgiy,

e SEEE 558
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e 25 AFste A S #3429 (Finite Volume
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PN Ll
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2 m
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%)
A7l C, =009, C =144, C,=192,
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& T FF7 27 M

UTE ol AARNL 837 o] 1 HIEE (fixed
normal velocity) 270& Fsit}.

2) &7 BAxA

A o] ¢ AAZRAL EASH HALANME 5%
A S, v ERAAME ALt
Aol 1% (fixed pressure) AAZRE 283199 )
olff A& E7= JRHEE 5ol YA ¥e dE =

o|& A%sisl

E 3 AT ZA=A
Table 3. Boundary condition at the inlet

Variable Unit Normal |Emergency
static pressure, Ps Pa [1.013x10°% 1.013x10°
temperature, T K 409.15 409.15
total gas flow, Q Am3/h |2,981,627| 2,981,527
velocity, Vi, m/s 23.515 23.515
kinetic energy, k m2/s? | 0.747 0.747
dissipation rate, € m?/s® 0.409 0.409

H 4 57 ZAEA
Table 4. Boundary condition at the outlet
Unit
static pressure, Ps Pa

Variable Normal

1.013x10°

Emergency
1.013x10°
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Fig. 7. Path line of |.D.Fan outlet to stact inlet (
emergency operation)
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Table 5. Comparison of flow uniformity in the duct
cross-section from |.D.Fan outlet to B.U.Fan (normal

operation)
Val Casel Case2
o VZ"ZZTV RMS | Point V’;’:izzv RVS | Point
Unit m/s % ea m/s % ea
2 2227 | 4248 | 1,890 | 19.81 | 24.92 | 1,890
3 17.42 | 4535 | 1,862 | 17.44 | 24.07 | 1,862
4 17.34 | 31.14 | 1,862 | 17.23 | 31.01 | 1,862
5 19.69 | 12.66 | 2,226 | 19.98 | 10.12 | 2,226
6 34.86 6.92 | 2,058 | 34.82 4.84 | 2,058
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(a) £ (b) Etgi2 (c) &3
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T8 8. =& HEo| euilo] gt= Bel 7ol SEU E70iM 2| 9.2E HEo| ohizlo]| Y= Aol B2l SEW STl St
Lot x| B4 BE UWIR| 74 EX
Fig. 8. Velocity distribution of 1.D.Fan outlet to B.U.Fan Fig. 9. Velocity distribution of 1.D.Fan outlet to B.U.Fan inlet

inlet without the guide vane at the common duct with the guide vane at the common duct

H 6. RIEE7| E70IM AiF F2lol| HEC| AECIHoA
FETYT H{w(H[ARN)
Table 6. Comparison of flow uniformity in the duct
cross-section from |.D.Fan outlet to stact inlet (emergency

E 7. ohiplel RFo| mE izddA diw
Table 7. Comparison of the pressure loss with or without
the guide vane

operation) Operétlmg Section Unit | Casel | Case2 | 1-2
condition
Casel Case2
Normal | D fanoutlet 1 je933| 315,33 | 174.00
Value Mean Mean ~BU fan inlet
. RMS Point . RMS Point
Velocity Velocity Emergency | D an outlet | 543 97| 431.45 | -87.48
- ~Stack inlet
Unit m/s % ea m's % ea

2 2375 | 36.33 | 1,271 | 2458 | 42.18 | 5,108

2] O plALO z]o] AL 0 0] AL = X =
2186 | 49.06 | 1,147 | 2379 | 50.14 | 1,147 2 13& M Al fel $271 ST A

o) o} Bz = 2] 2]
1941 | 4558 | 1147 | 1923 | 39.30 | 1147 | VTP A £2E e addelnt. 31 13 (@) (b)
o AYEEE H|uZHE & F Jl5o] FFAAe 55

20.26 | 3250 | 1,178 | 20.72 | 22.71 | 1,178

A 74T BA o2 AAE F HES 2 HE

[0 B2 BN BE =N BN OV)

19.96 | 33.90 | 1,271 | 20.06 | 23.42 | 1,271
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b) Case 2

P_tot - N/m~2

1157
12

7 12, ROISEH S70M ST K] MY 2E(BARN)
Fig. 12. Total pressure distribution from |.D.Fan outlet to
B.U.Fan inlet (normal operation)
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Fig. 13. Total pressure distribution of |.D.Fan outlet to
stack inlet (emergency operation)
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