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Gas Wiping Mechanism in Hot-Dip Coating Process

Yoshiaki Taxesny, Akivoshi Yamaucu and Sumitaka Mivauch:

Synopsis :

The liquid film flow on a strip steadily moving upward from a coating liquid bath in the gas wiping process for

continuous hot-dip coating was analytically investigated assuming that the flow was time-independent and laminar and

the surface tension was negligible.

The coating thickness profile of the liquid film can be estimated by solving the

equation of motion under the boundary conditions that both the impinging pressure and the shear stress of the gas
wiping jet act on the liquid film surface. The analytical results of the coating thickness profiles agree well with the
experimental results measured by the needle electrode method using glycerine-water solution. The analytical results
were also compared with data obtained in a commercial hot-dip galvanizing line. It is confirmed that the effects of the
line speed, the nozzle pressure, the nozzle-to-strip distance and the nozzle slit gap on the zinc coating weight can be
explained well by the analysis and that the coating weight can be estimated within £209 accuracy.
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Fig. 1. Analytical model of gas wiping.
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Fig. 2. Solution of film thickness.

TEREES* () DZKEABTDH 5, LIcHi> T, (9) RO,
Fig. 2 \iRT & 5 (CB%kh{s* () } thi{o* () }=6,* L DK
BTH 305, (9)RNVELEMEFEDIZD 136, 1XBIEh{o*
NIDEDEE L b /NS B TER 6T, KX i
BT HEUED B,

=
70" () {z,*2 () +6P,* (57) Y+ {2,*2(57) +4P,* (5) }*?

12P,*2(7)

351, Py x L THEBKREAKRTHA I EID, 6*
B A RAELD 3T AEAMEL 2 6 2l 670,
Thbb, BRALD T 2EHmMEFRD A2 LIS
08 HZ o, (9)REo* () CBIL TS ZEIZEY
FIR~ DI ERE S KD B EHTE 5,
2.3 AKXy FOFFHE
TACY 7Y v b OHINR~DERIT 15040 EFEET
HHEENBICESORER, B 28R L b kK
FHV 5,

EI%(—’Z)__TP&Sexp(—O.GQSnZ)

Po.—P, ( Q>3.61}7O.287
ﬁ— {1 +{0.143 B

b
Yp
B0

I, HREmHY Yy PO¥ARIRHIZD W T,
Beltaos™™Z & AR ZPH 5,

7 = v bR (752.5)

TIT‘ (ZZ) =67f (083377) —O'Zﬂexp(—0.695772)
GRS = v b

‘Tw_(ﬂl?:()_ouueo—”s

EG%MJL

- (17)

39

BERARD > S LB ALAVA L HE 645

72z L,

—0 06LU” B e
Twn—0.06 2 D (18)
R, BaUoB e (19)

B S = v b OMEDORE BRKEE) WY E b
RXERH 5,

0.613
%W:LZZ.N% ........................ (20)
('E) ( D”)
2-4 EHESG

R DE S 53 A 3 & CHLME SR & TRERIF L 30 » THRER
LTA%,
(FHESM]

JANVZAY w MFeYwv? B ! 1.5mm
J A v —$iREE D 20mm
74 2 AE 6 190°
WM MR & & V,:!2.5m/s
74 AR T 2R (20°C)
s X wn FE H1 P,:29.4kPa(in Gauge)
i+ #F W K B E p ! 6634kg/m?
¥ BE 4 13.04x10°Pa - s

DAYy b OERITENDES L MEXTYA
Wi 7113, Fig. 3R T LI v A ¥ U 2 iE (7=0)81%
TRl & CRIMERZFF>9Mm E 2 5,

BERICHENE S A 35 & CHRIER I E D F HF # Fig. 4
Rt SMCAMHEL TR ETONICEEITA L 2Y
Zy PoX b RS NEE L 2T Io 5, 56
CEEMCBET s L, ERSR VAU INMNE (=0 &
Y bFU EH TR VBUEL{ koTWv5, —F,
BEOEEREIL, 7TACVIZMELOLT P ICTHTT
FisH 6 FmEEbl, 7 AVvETTHRROBE LS
{(UF=D%5, 36 b EETIIMBGERE L v &

- 20 T T T T . 20 T T T T T
| r 4 | o J
e - B =~ r m
=~ o 4 =~ L |
10 - — 10 r— ]
R 1 i ]
° — 0
- m )_ p
L il L i
-TOE —-‘ 10’.—_ ;
-20 1 L 1 1 Il 1 -20 i [ 1 1 L 1 ]
-100 0 100 10 0 10
Po (—) Tw (=)

(a) Non-dimensional wall pressure gradient (b} Non-dimensional shear stress

Fig. 3. Characteristics of wiping jet.
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Fig. 4. Calculated results.
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Fig. 5. Velocity distributions of liquid film.
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Fig. 7. Comparison of calculated results with exper-
imental results of film thickness profile.

bTFPTRDH Y —HEBEL L-oRBBUREL RHH LR
FaER L L —BL TV b, 74 2 EREDER
JEELDK S S, Thb b AFREOREMEIKS
CERS I 35 THENTIE L EBRUE L XD D B DIX, TS
FOTREDEFEHNOBEBYEH LD LHLONS,
3:3 SEBEEOREREE BIFEE DL

Fig. 8 i, "R 7 4 ¥ 71D HFBEE O FEPME & BTE
PO ERLIZLDTH 5, FAMEIX, SIHRPIETCE

400 T T
| B=1.5mm ]
fg i D= 20mm |
5
= L 4
[=] Calculated values
= L A ;.
‘;’ 200 \s O A O Measured values
o Y 4
£ o g\ Vs
g L \O\E\ (rn{gnoin)
— )
o ’— \OM — 100
0 { 1 50
0 50 100 150

Pn (kPa in Gauge)
(a) Effect of nozzle pressure on coating weight

400 ] . —— 5
- B \B/s:115(5!:zrmﬂ 9.8 (kPa in Gauge) -{
£ | . 29.4 |
2 O
= I~ A ]
$ 200 | A 1
2 O 98.1
2 | 1
g | /A D%j’ .
Q LA D/
° o _a—" i

0 —L : L —

0 10 20 30 40 50

D (mm)
(c) Effect of nozzle-strip distance on coating weight

EREARBID - BB AN AT A UKk

Calculated values (mm)

o
o
|

200
20.0
20.0 1
11.5
11.5

1

1
Experimental values (mm)

Fig. 8. Comparison of calculated results with exper-
imental results of film thickness.
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Fig. 9. Effects of operating conditions on coating weight in commercial hot-dip galvanizing line.
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