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A study on a uniformity of flow field in a duct cooler of FGD system
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ABSTRACT

A flow uniformity in a duct cooler of duct system of FGD(Flue Gas Desulfurization)
linking a reheater and a absorber has been investigated in the present study. For this
purpose, the flow characteristics according to the geometry of a vertical and horizontal vane
in a curved duct of the duct system has been examined with the aid of a numerical
simulation. The results indicate that the vertical vane with a little deflection toward a
recirculation region makes the flow distribution in the duct cooler more uniform than that
without deflection, and horizontal vane does not effect the change of the flow distribution for
an angle of inclination. The mean flow uniform factor shows its maximum for duct system
without the vane(case NP) and its minimum for the vertical vane with a little deflection(case
P-0.8-0).

Key words: Fuel gas desulfurization system(¥jd€34dul) Vane(W<l), Flow uniform factor(f%
Y93} A<), Duct cooler(HEZH)
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Fig. 1 Schematic diagram of FGD system
for wet limestone-gypsum process.
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Fig. 2 Geometry of duct system linking
a reheater and an absorber.
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Fig. 3 Grid layout for duct system.
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Fig. 4 Comparison between numerical result
and experimental result for velocity

profiles of a 4 degree diffuser.

Fig. 5 3-dimensional velocity vector for NP.

Fig. 691 67FA1 #iel Aol st 771 &
Ag dHeMe sxdE RTE EAGAT
case NP9} case P-1-081 7% sRddiME
ZagEY 4B FdiME FaAA TAI}E
gtg)rt THYE 9Z9] FX Y AgH AL
g9dge] 2 A

£ 2 & o case NP9}
case P-1-09] 708 ARANAE o|HT Ag
sl ogdo] AFEHRA Yoo AL IFH wF

i B 44
TZAA HESL Aol L9 7WIFHO
Hagdel 7] WEoltt. FAudel XH <t
zgdoz HIY case P-09-0, case P-0.9-5,
case P-08-0 % case P-08-59 gl W
AR M FANE £EHE EXE RAFD

gom, A F9e YU e

® A3 Fig. 61 Uebd SEEEE BEn
AAB m@ay] Ha, g SRER R
ARmd ARYF FEILAMN AALE BEE
FHET o E&TAE Fig 7(@)~ M EA8KA
o} #jelo] AXHA @& case NP g 7%
% AHEWEe Z&TAQ Fig T(@E AHEH,
Z@ YZo] A S HFGA THEER A
A Jdetds o] AL ZHA Y GRFFEA
e Ane A Hog XY, EI HEF
29 7WF FFAGME UYHES FHAA
ggd 2450 AAYY AHY ALl

ool £Wgoz HFEL AFAIIEER, A
B opabgr ARWAAME 0T
w3z et Fig. Tb)e
2 AAHz:, FEHYL 0
case P-1-0ol M9 S&=4&
Bolzo HQlo] AXHA @& Fig 7@ &
ey vzsd HEEZHY o9 FFHA
A Aed 9de AV 4 g4l RE Y
2 4 g T@d #idol AAHASAE EF
3 AL gode ary A FARIRA e
Ao 2R Q937 500 2A Fr] Wioln,
oz RE F# FFL W2E FAHILL FH
T g4 37 ARNL F QAeE & F AH-
AWl 7o ALY FFERLE A
#aEo] g Fig. 7(c)9 case P-09-09] A ¢
o £EEE 7 WF RN Ay Yol
4135 AHHAL 74 m/secd] FHESEE Y
s AL & 4 ook #AWAY A S Fig
Te)et BLatA ARstn FHudel A4S
5 71%o Ax% Fig. 7(d)9) case P-0.9-59 7
Lol pure AEAAA case P-0.9-09 A
Bolxwt W FEWAME
Ze] "dEZHEAANY &
& & F dk FAHAE As
% 99ez 0§ APz Fig. Ne)~ (D case
P-08-07 case P-08-52 7Z$ol¥ case P-09
-07t case P-09-59 2% ARHOE fFrAR
225 naFY Y& 990 A AA
AL o & k. wEN HEZHAA LA
Aed g9 arg AaAr] e
109 27dg Aed 4o AFH
g JgoMe FHFEEE FIHANE A

FRaTE AL ¢ 4 A

e o

2o
dy BT
=

s

A

of H

—
-



126 LR T S A ERLE &

Bottom plane int direction (f) case P-0.8-5 Top plane in n direction

Fig. 6 Velocity vector at the bottom plane and top plane in N-direction.
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L (f) case P-0.8-5 L
Bottom surface in y-direction Top surface in y-direction

Fig. 7 Contours of the main flow velocity at the bottom plane
and top plane in 7 —direction (unit ; m/s).
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Fig. 8 Velocity vectors at the front plane
of duct cooler.

HEZHA FRHE FAT dde LA
T 22RT EEE 43R A%4 Fig. 8@~
DX E 299 Addd =AFd GEAFTAAN
ez BANEG [ 9E 7o AHE £-9
YA £22XE ZAHYCY Fig. 89
wilo] MRF =] %-& case NPY ZA S 9%
el e 2% gdFelr A7 23 FEAX
7b #EEg. 23 sl FAZE e A

= o
£l case P-0.9-5 @ case P-0.8-59 A=
ArNzE 2z ge 399 case P-08-0 %
case P-09-0) nlsle] Hlw?3 EAZN &£TEFE

g HoFED Fig. 8b), (c) 2 (e)9 case P-1-0,
case P-09-0 % case P-08-0¢A 3]
E79o] HIH A olgl g 2z HEFo
ALY {5l A3 ol &x=REEJ}
Hoh FdEz|

HEZ e A 9 %% 4o
7] $18t chgo] A T ﬁ%lﬁ} ﬁl-r—(ﬂow
08 E]3td d27tA widd

=
o

:10

uniform factor),

ol me gEZe WA FESHL W
Zagch 45 #d3 AFE $I9 VRAA
BEEE U 2 SE4R) EEAAE b
$Hm2 o go] B4% HEAEY BRYEI
wobAlE Ag onlwct

g

°]Fd

LR

Fig. 9 Distribution of the flow uniform factor
at cross section along s line between
F and L.

f (w,— w)?dA

[,aA

(10)

gs=

at § cross section

N
X

P B R

I e

o 2

Fig. 901]“ Welo] MA A && e W
AR 57HA Lo tisty e T dsAs
HEEHL B2 X sFig. 9 FF)d o
g Jeldd. fEddsdse Aol 4
A H A & ALt eFAude] AXH FH L
Hlsley HAygoe=z & Holw,

= =l Eg-;';]
FUAHANA HRGE Heldrt °]—‘F°ﬂ%
éf&ﬂﬂ

L

e

Zale 7]

O

i oft

-y
o] 9E & 2
case P-1-02]
case NPol| )&}

adA T, w0l

o] & Fig. 7°ﬂ*1
Acd g9 A7

F1 At

P-1-001| A



g qEZHAN S 5T} #F

ez g Egd oz AA2HA #3¥
AE Ao},

case P-0.9-0, case P-0.9-5, case P-0.8-0 &
case P-0.8-5¢ i3t A= REH, #ude &
FAE Ascsgddoz o7igt HIAARE HE
%a?"ﬂ}*‘i 4gs 7ds EEREXE IS F 3

EAe 2 T A% 2 A7 AN AHA s
Ae we JgwAdel wFol 7 @A
GJehde A9 9E R4 2 7
% wol WHEm, £HuA0] AL 27 ¥
= Aol

FETgs AEE

&E7] Hste A& 0.8 BEEZY A I
d ZAx #HFF #% TU3t AF(mean flow
uniform factor), 6,2 21(12)8} o] Aot

Om= fosds/ fds (12)

A1) o HF % TS Ase 2 #
o] g & YE Y9 {FFol TYstH B2
= AL Y

Fig. 10dl& A12)d A" HF F5TYs
AeE 2E Adzdd disld =T 2
Fg AHHEY case P-08-094ME 0,0 1407
24 713 &2 g2 JdeEgoen, #gle]l MAF
2 @& case NP9 A%+ 0,° case P-0.8-0

o] Ao rtt o 458 AT FIHHAT. EF

NP

P-0.9-05 P0.8-05

-0.9-0

P-0.8-0

Fig. 10 Mean flow uniform factor at cross
section along s line between F and L.

A 129

Mg P-1-081 A$E

e Afde A4S
2 s’g—:— Aol ustel Gzry & e Uehd
2o 71-;(] 0_1—}_—_

az%am &% Fstdl ol e

B QAN AAe udggEud AY
7l 279 498 Adste YEASAA 9=
2o §57Yse ot nBIAD o]
Astel A=Al 2ol 4 A€ el Fere
e E R T

(1) QEZH U wAse AcH F9& 2
227171 98 E FAHQ 27HE e
dooz HIANA AcE Fd9dAMd FHF

£ ZdA7e Aol utEA gt

(2 AT FF TYE Ase #F T
7} ZL& case P-0.8-0% $E NELE
3, £Ad o] FAQ case P-1-0% BH=
oF 284, FAMWo] HAHA &E& case NP
ALE= o 45u) RE ZA AAH FELYE
o Hxrt EX ge Aoz JERT

(3) #guigle] 5° 9 ZAAE ZE Ade
AANZE ZA gE A4 vEte fEidsE
AL 2 e Jeheg, sodae Farz
& Zx g Ao HEEHY FF T

REFERENCE

1. Lee. Y. I, Kim. L. B, and Kim. B. H., 1997,
A Study for Large Capacity FGD System,
KOPEC, ]. Power Engineering, Vol. 29, pp.
6-17.

2. Lee. C. S, Choi. Y. S, and Yang. C. R,
1997, A Study for the Flue Gas Reheating
Method of Wet FGD System for Thermal
Power Plant, KOPEC, ]. Power Engineering,
Vol. 29, pp. 18-28.



130

. Partankar, S. V., Pratap, V. S., and Spalding,
D.B, 1974, Prediction of Laminar Flow and
Heat Transfer in Helically Coiled Pipes, ].
Fluid Mech, Vol. 62, pp. 539.
. Partankar, S. V., Pratap, V. S., and Spalding,
D.B. 1975, Prediction of Turbulent Flow in
Curved Pipes, ]. Fluid Mech, Vol. 67, pp. 583.
. Han, T., Humphrey, J. A. C., and Launder,
B. E, 1981, A Comparison of Hybrid and
Quadratic Upstream Differencing in High
Reynolds Number Elliptic Flows, Computer
Methods in  Applied
Engineering, Vol. 29, pp. 81-95.
. Ludwig, J. C.,, Qin, H. Q., and Spalding, D.
B., 1989, The PHOENICS Reference Manual,
TR/200, CHAM.
. Sharma, D., 1974, Turbulent
Phenomena Straight, Rectangular—Sectioned
Ph.D Thesis, University of

Mechanics  and

Concective

Diffusers,
London.

10.

11.

VRESEEE TS S R

Shim. J. W., Cho. M. T, Suh. S. H, and
Yoo. S. S, 1996, Flow Visualization in the
Branching Duct by Using Particle Imaging
Velocimetry, Proceeding of KSME(B), pp.
641-646.

Sugiyama, S., Yamamoto, M., Nishikawa, H,
and Oda, Y., 1991, Numerical Investigations
on Fully-Developed and Unsteady Flows in
a Curved Duct, JSME, Part B, Vol. 57, pp.
18-24.

Myong, H. K., and Kobayashi, T. 1991,
Numerical Simulation of Fully Developed
Turbulent Flows in a Square Duct, JSME,
Part B, Vol. 57, pp. 2538-2546.

Harloff, G. J., Smith, C. F, Bruns, J. E,
and DeBonis, J. R., 1993, Navier- Stokes
Analysis of Three-Dimensional S-ducts, J.
of Aircraft Washington DC, American
Institute of Aeronautics and Astronautics,
Vol. 30, pp. 526-533.



