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Abstract

In the gas wiping process of continuous hot-dip galvanizing, edge overcoating develops near the edge
of the steel strip. The overcoating is supposed to occur due to the reduced impact pressure of wiping
gas on the strip surface. The purpose of this study is to investigate the effect of edge vortex on the
reduced impact pressure. Three-dimensional unsteady flows are simulated using a commercial code,
STAR-CD. Standard k- & model is used as a turbulence model. It is found that an alternating vortex
structure in the vicinity of strip edge is developed by buckling of opposed jet streams and that the
reduced amount of impact pressure at strip edge becomes smaller as the air knife gets closer to the
strip. The effect of edge baffle on the reduced impact pressure is also investigated.
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Fig. 1 Schematic diagram of a hot
dip galvanizing process

oF 108} o] FHEr}. wels Pa olde ofd
£ AAs) %f‘fﬂ ALE HUAE =z Fd
o] W $£H0F FEAA EILY oIS
Zrol itk ojWf m&ol FAIF BAREE =S
diojifol Tt & oG WHE 7t go]
wlolalm B2k slAebo] Hh:ﬂq]}\-] AR
2&5E olde Fr ZAWITAAAY 7iA9
ZE4E Ad3Ho &M BAHE=H o] 3k
E2 78y ol$&E, dojvelxzel F@ Alo]
ol A-(H/2), EAEE 7MY £=(v) 283
dlojrfo] T FAlY HA(g Tl i =HdE
F
196030l Add sp2oto]y WHELES F
AbE8ld ofele] Wi R 943 A E 2
B F3o] Qo] EAAANE A AAY 4
2l Egoldrg FAHNA FFHLE AMgEL
wgolty, ey o] W2 Fig. 204 ¢
nu FFozrE] oF 30~60mm Ho]A
QoM =FFA7 ZFd FAF FAR
ISHH AR FAHNA= f=d d¥ol F
E *26 v AHEE AYa gled, olgst
H=g @Xf(edge overcoating)> A F2 F3
dolmds 1A HuFe shtolth &
AR e @) J=F B4E A7) -°r1
st} el FRNARE Fwe FEOLRZ
wet oojuel L EAMEY AA(HE FH St

ol

O
A

- rlr s r1r

.i_mlo-{mom_nzenﬁk

SUAN R - AT

Air Knife

Edge Overcoating [ [ [ ‘

()
Zinc W////////%w////////
RS

Air Knife

Fig. 2 Coating thickness profile

ANozx Ze dio 2d oldg Zwe
FART o Fol Fol Wz A= $AR F
He RS #E F AMTh

gy BeF @4 ddd i Y 7
< otA7AE o] FAA F2 AHolth Hut
1 =FHE orde FA7 diF 10~20n mF
=2 o9 oG Fol7] YE v A=F &
Fe] olud alsd i = FZEHA
g Udn 2 23 x A 7] 47
a8y dA7tA g uEe FeF
% ted Zo] A F X Az A4
At
AR Takeishi®t Morino®7} xi]A] & upe} 7
o] A olde] EHAFHol 1 YUY Holgt=
o] Zo|t}. Takeishi®t Morinoe oz 7Hx] =zl
A AL FIF AT odojyolZrt HAH
AR UL AL AHolde EFuAHoe TR
A=F XS LAY dojye)|Zrl HAFH
o] 31g W Ao FYORHE GYRZo=Z
E7te §%Fo] ¥ /%15].—1 o]Zo] Aol E
A BAoz AL v¢F dxFgF I
fFddan AFsAnt. add @R F=F
o %vﬂﬂ of - wElg gojehs A& AAH

AAotde] FHAH FrgFo] %L &
MQt e BHEEE
Takeishi®} Morino® 7Z4#TP(strip edge)ol A &
Aste ERE 459 LA 9 FAFPoes
Adte BAEFol FEHE wHAUFI dAAME
TES 93 A9 A 2ok

EA= oojuolX2RE BEAHE J|As #
¥ DRedge)dl A F71H 22 o F(vortex)2 H

ox Hi

¢

39
T
2 foop 2

P o

mlo r}L

Nr}m

> 2



a@:gaq o} A A %5 2 (wiping
B s A4S &
gnaqsohpw+ﬂmiﬂuwa=w°”%
e%%z%q‘% < AAske aAve 2A9
=F @go] gqds FoErE A

—v—'

A& d9gez HY

@i AEFe FAag aglo] E £ Jue %
A&t H ot stA HAgd T2 9F 959 B
A dAYZ dEiAe 95 93 49E A
Zatgth ag3n A gE AAgozy AxgF
£ gAFEE HHL oA FL suFolg}
v 2AFEE gz Job dhvkstd ugtel v)AE
Al 93] HA Y2 oldEg HolgEe £
o 7NAZA A detgo] nFg FEshy] Wil
o}

2 dFdAME HoAM AFT 9 F=FY
8JE F 9F 94%Fd 2¥E& <LFax b
kst v e dAgGozy A=F A&
AAE F Juie Aol B A dAol
Az o] Wyo] 851 9l7] wWFojty 13w
oA 7A = GF 9HF(edge vortex)? A olAY
Foll W ol mFg AAojut I Fr)3
o2 HAE gFo] ofug W2oF oojijolT
9] ofd AMATHE T2ATIE= Ao EH’EHHE
AF4d vtrt ok weEtA EAZARE 9 FAx
dAE TolE ¢ Ae T o AAHFHA W
ANEF7)I= w0y dAoltk B AT
EXRL2 gf 9% #Ae HAUEH o]Ho] d
o ufolZ o} ol A|AFE ojwt JFE 7A
A it FAEAH EAHE AEIE=9 STAR
-CDE o] &3l st Aol

o2x 7142 S5 Yol
S el
UE

l

o

mlo nlJ

2. 3AHH v 72| $RloiN

2.1 X[uf 2HE A

B dT7dAe 459 24 WAUSE A
AHE7] As A FAHHE FYsigith
= dojyolZzRE BAIEE 7]AS Mach
F7 digF 03~0.6917) wEel el g A °ﬂ
HA B gAe 371 4FH 5% S
Pt 2T GHEFo2ZE EFE ke Eﬂé

g A% 9 4% 729 24 1107

(a) Schematic diagram of an air knife
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Fig. 3 Schematic diagram of an air knife
system and calculation domain
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Fig. 11 Mean surface pressure distribution
for different nozzle distance

FAHI o] oF A &HHE AEY 9
YA & F713oh Fig 1€ 49HEd g/t 3
71 w8 WU $E¢H ZAEE ¢+ A
o Idd H/d=20 °l3dAE H#tl uket
FESEY As7E A9 Aol YA @3 e
g ojAL @ReolEo] A Iy oA AHAEA
21 Jde Aeq B 5 Qivh & £ dFA
tFan e dojyolZLe AERAHE ©F
9}591 3717t 204 )} 2E AFeA Eatn
Aoeg BT}

ot

¥o
rlr

322 AH 9fnp ZHE S Aole| A2l

e o g AHHE nAHAIE F /)
9] dojijojL 2 RE EAlE AEN} MR FES3
A Zata AH et 7fE9E FEAESTO] @
. meEx AEe] dRAE 9450 PAHHA
2@ Fig. 129 22 Awete gy @R ¢
st WAss 7 St Wioln TS
Rl AF 2ol WY F dveltt. 2@
2t 2 AMEE Aldle Ao wie A
929 Aol EAAR oz FRAHO ok
ok JustE gatel ¥ A oyt HH
T AE f£%50] N2 $E53E F90] FolA <}
5L BAE & QA HAG o] Fho] AR
2 T/ AEJ AZ FESE FHol HolA
2 ojd me} dF 9FS PAANE FEY B
FAAGol SUHETh o9 B ofFE B AT
AMe 95 T4 YA AT F A= A
T3 et FA S Yol B gkt

Fig. 132 G#9 2F& 2987 98 A=A}

Edge Baffle

Fig. 12 Schematic diagram of an edge baffle

£ —0— G/H=0.1
§ 02148 —0— G/H=0.2
AN ——G/H=0.3
% 02 _: —v— G/H=0.4
X —<o— No Edge Baffle

0 2‘5 5’0 7'5 160 1;5 1;0
Distance from the strip edge (mm)

Fig. 13 Effect of edge baffle on mean
pressure distribution near the strip

FE8le AMdA Y Zugd 4HY Az BAF
< yehd Aol B dFdME H/d=2, d
=lmm € ® G/H#] 0.1, 02, 0.3, 04 ] 7}
A AL dis AdE FIPsdh olF G/H
=019 A$¢E= 72y ERHAA gy AsE &4
g & A o)A L G oFo] T = 3l
= FEF F3o] g7l wEelth. a8y Gwkol
@i} %7}%}011 rﬂra} B Atz AE F

o= AEs AAEA
e 799} 7191 2o Az ¢HABF 2A



@R old H=F A E 9

223 PAL A9 99 ?Jél%}oﬂ 036;—% =
7] W&o Zw d¥e FELF L d5H ¢
F72 AFEA Ha, AEFL e 9fE 7
FE AZAG. oz Aoz A Aw T
HBEgge Fuo o 45% AT o Folzch
2% gRoA TAsE HE &Y Ade
ojojtfol L Alolol A=t THE BAZE A
ot HE@ol 2% 9€ & 279 9%F°] A
Ao Ao FEYHS 459 IS 23S
BAZ ed & 9dFo YATFE ARy F
ELE e 1 d¥go2 oL AstA Az =
i *‘I%H*—i% T AvHe dARE o B

R A dgo] AA3 AEE & F
sd%lt}. ol AH o] @y 9Fo] YHE F
2 AAs7] gEolnt.

& o

% 7]

£ A7E TRVYTRGATA A4 9
FANRATA Age AYoz FRHASU
o}, olol Z4h =@y

k]
o

Fo2

(1) Ellen, C. H. and Tu, C. V., 1984, "An
Analysis of Jet Stripping of Liquid Coating," J.

Fluids Engineering, Vol. 106, pp. 399~404.

9% ur 4% Fxo B4 1113

(2) Yoo, S. R., Choi, I. S, Nam, P. K., Kim, J.
K., Kim, S. J. and Davene, J, 1999, "Coating
Deviation Control in Transverse Direction for a

IEEE Transactions
on Control Systems Technology, Vol. 7  pp.
129~135.

(3) Takeishi, Y. and Morino, H., 2000, "Mechanism
and Prevention of Edge Over Coating in
Continuous Hot-Dip Galvanizing," JAYA
International, Vol. 40, No. 11, pp. 1127~1133.

(4) Park, J., R, Jeon, S. H. and Park, R. B., 1999,
"Edge Overcoating and Buildup of Continuously
Hot-Dip Metallized Strip," Journal of the Korea I
Institute of Surface Engineering, Vol. 32, No. 4,
pp- 555~ 560.

(5) Kwon, Y. P., 1998, "Instability of High-Speed
Impinging Jets (1)," Trams. of KSME (B), Vol. 22,
No. 4, pp. 452~458.

(6) Zhao, Y. and Brodkey, R. S., 1998, "Averaged
and Time-Resolved Full-Field (Three -Dimensional),
Measurements of Unsteady Opposed lJets," The
Canadian Journal of Chemical Engineering, Vol. 76,
pp. 536~545.

(7) Honami, S., Shizawa, T., Sato, A. and Ogata, H,,
1996, "Flow Behavior with and Oscillating Motion
of the Impinging Jet in a Dump Diffuser
Combustor," Journal of Engineering for Gas
Turbines and Power, Vol. 118, pp. 65~71.

Continuous Galvanizing Line,"



