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Effect of Slot-Nozzle Tip Angle for Wiping Ability
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Abstract:

From the viewpoint of surface quality, the jet wiping method, that is a non-contact type, is used to control the
coating thickness in a continuous galvanizing line. In order to study influences of nozzle tip angles on the wiping
ability, we conducted wiping tests using a wiping simulator and CFD analysis to examine the jet properties.
Furthermore, we observed the shape of the liquid film in the vicinity of jet impingement. The wiping tests revealed
that the nozzle tip angle had a large influence on film thickness. A thickness increase of approximately 20% was
observed at a tip angle of 90° compared to 50°. But there were no changes in impingement pressures and shear
stresses in both measurements and CFD analyses. On the other hand, the film shapes changed, becoming thicker

when the tip angle was increased. Therefore, the change of liquid film thickness is inferred as the main reason for

wiping performance changes by nozzle shape.
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Fig.1 Schematic diagram of wiping process
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Fig.4 Schematic of wiping simulator
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Table 1 Physical properties of coating materials, conditions of
coating process and dimensionless numbers

CGL | oater

. . . paratffin*l
Coating material Zinc (HNP-5)
Pot temperratur (°C) 460 90
Coating density (g/m’) 6623 759
Coating viscosity (Paes) 0.00294 0.007
(CI\cI)/arLi)ng surface tension 0381 0.0026"
Nozzle-strip distance (mm) 5-10 10
Transfer speed (m/s) 1.0-2.5 0.5
Jer injection angle (* ) (Horigontal) (Horigontal)
Plenum pressure (kPa) 30-70 1-2
Nozzle tip angle (*) 50-80 50, 70, 90, 120
T 0.024-0.074 0.03-0.04
S 0.5-3.0 0.6-1.0
G 50-500 230-460

*1 NIPPON SEIRO CO. HNP-5
*2 Maker's publication
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Fig.5 Influence of nozzle tip angle on coating weight
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Fig.6 Measured impingement pressure distribution on strip
surface (plenum pressure: 2 kPa)
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Fig. 8 Velocity countours in the case of 2 kPa in plenum
pressure
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Fig.9 Distribution of impingement pressure on strip surface
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Fig. 10 Distribution of shear stress on strip surface by CFD
analysis (plenum pressure: 2 kPa)
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Photo 1 Photographs of wiping test, Nozzle tip angle: 50°
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Fig. 11 Relationship between meniscus angle and coating
weight (plenum pressure: 1 kPa)
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Fig. 12 Static pressure distribution around the nozzle Left:
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Fig. 13  Static pressure distribution around the nozzle Left:
20 = 90° Right: 26 = 120°
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Fig. 14 Analysis geometry considering meniscus shape
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Fig. 15 Distribution of the impingement pressure on the
inclined surface by CFD analysis (plenum pressure:
2 kPa)
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Fig. 16 Pressure gradient of the impingement pressure on the
inclined surface by CFD analysis (plenum pressure:
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Fig. 17 Shear stress on the inclined surface by CFD analysis
(plenum pressure: 2 kPa)
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