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Cold Model Experiment on Fluid Flow Phenomena in Hot Dip Plating Bath

Jun Kuroee, Manabu Icucus, Shigeo Matsusara, Kazunari Nakamoro and Zen-ichiro MoriTa

Synopsis : Flow phenomena in a hot dip plating bath were investigated by using cold models with reduced scale of 1/5 and 1/10.
The flow pattern, mean velocity components, root-mean-square value of turbulence components and Reynolds shear
stress in the bath were measured using a hot-wire anemometer and a two-channel laser Doppler velocimeter (LDV).
The flow pattern in the bath was three dimensional. Main flow induced by belt motion on the entry side moved into
the exit side and subsequently returned along the side walls and the bottom wall to the entry side. A part of the flow
returning along the side walls to the entry side entered from the edges of the belt into the region enclosed with the belt.
The flow pattern in the region enclosed with the belt was also three dimensional. The flow pattern in the whole bath
was in good agreement with that suggested by mean velocity vectors measured with the LDV. Mean velocity
components and the root-mean-square value of turbulence components were altogether low in the almost all part of
the entry side region except near the belt. A great amount of dross accompanied with flow in a practical hot dip plating
bath seems to exist in this region. As the Reynolds shear stress was very high in the vicinity of the strip extending
from the sink roll to the exit side, the dross would be vigorously disturbed and dispersed there.

Key words : Hot Dip Plating Bath ; cold model experiment ; flow pattern ; mean velocity ; turbulence ; Reynolds shear stress ; dross.
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Fig. 1. Schematic of a hot dip plating bath.
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Fig. 2. Experimental apparatus for 1/5 and 1/10
cold model experiments (numeral in blacket
denotes the dimension for 1/10 cold model).

Table 1. Main specifications of cold models.

1/5 model 1/10 model
Sink roll $140 X420mm $70X210mm
Belt ; 0.2:X240Ymm 0.2t X120¥mm
Vessel 108X 820% X 620° X 458%mm | 5 X410% X 310° X 229%mm
Transparant acrylic resin

2:1-2 EBRWEEOME

REF VIR OME #Fig. 2 2, Eftk¥ Table 1 23T,
7t 35, Fig. 2 DEIRA D EAEIL, 1/107kEF v BB DFik%
RLTWE, AKEE, THrIcvsslofEs LIcERAT
2 ) VBIO/KEREIEL, KENZ 2 —veREL
Twb, Yrzu—nEEEERDO 2 ROREHe —n L
PALTZY N v A~v b 2ED ARG, BEHEEM LS L L
Twd, T N2 s OBEEEv LI, F—RKE—X
EoTHKL.8(m/s) $ TKRELTHIENVHRETD 5,

IR T OREZ I E Fm % x, @3 Hh%z, BiTHn%
yEL, ENEFNROHEDHE#u, v, wt LI, 3612,
IKFEC D~ MMEAMRIZ Sentryfll”, ~Nov 3L H BT O A%
Sexitfll”, ¥z v—w EFHD~N)v S HIEMET 5 EBRE

S~ov MREZOELTC
2.2 70— —OBEFE

KEFEMH#Table2 2”7 bv—4—Lt L TR, Ik
LRTCIHICHREBTEROT 2 ) vhiF2MEHLE. 2
72, KREHNOKEZ, 72V vRFLEEVR—-EL 5 X
S5 1225% NaClUKIER 2R L1c, 7 v — 3% —  DEE,
HEDZCRERECTFTFIASZHCTIT>12, TO8
2213, E1/keFVEB AR L LY, MEREEND
BB A2 510 D1/107KkEF VEE b V12,
2.3 REOREFE
2:3-1 ERGEEFHC & A UIE

1/57KEFNVIEE ORKERD, FURIZ > T30 5 »
PHERT 5109, BEHEE 2 H v THREDHE #2472 72,
RIERRDOKENDOIRIEIZIE, 44 a8k EHC Tz, BdlR
7u—7, HELZumOBESHRTH 5, KREMIZ, &
EFmnrRE L TREDBEEY —F ko2, 272, i
WERIEFA O 2 v #Fig. 2 R T & 5o, AR OM
BELCEREL T, M PREIY, 20 IBHE I -7 %
B, 205 RRECHRBH PHC THEBOD L b D
ER ALY, EEBEOWREMLRETORNERLE L OBIE
EREPER LI, BHBERT F e E5TH3DT, 2
DR E L, EEEERMSE 2 AV TESR#E LELLOD
rmsfE#FT, MOVELUETH 50 5 » 2HMT L1,
2:3:2 v—F—F v 7 —EH (LDV) iz & 2HIE

LDViZ & 2HIZER, X7 7 A N—Fu—T &) 5N
e F OEEFOHK D 6, 1/100kE 7V EETIT - 12,
2 KIELDVTH, MNDOFmMERMT & 5108, FIZKE
WDx, zF7HIDOF VRS % FFCRIE LT, WERFDOKIE
POBEIERIZ A A a8kt L, AEEURFI0, BEEH1

Table 2. Experimental conditions.

Belt speed 0.75, 0.8, 1.0, 1.5, 3.0(m/s)
Working Aqueous NaCl solution

liquid Tap water

Tracer Acrylic beads(d = ¢2.0mm, blue)
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Fig. 3. glo}vlv pattern in the whole hot dip plating
ath.
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Fig. 4. Flow pattern in the region enclosed with
belt.
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Fig. 5. Flow pattern observed at the middle plane in
the y direction of the 1/5 model vessel (y=
302mm, vey =1.5m/s).
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Fig. 7. Velocity vectors measured by means of LDV
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