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Abstract— When the meniscus is shape important and the velocity distribution itself is not required in high ac-
curacy, the basic equations have been transformed and combined to yield a meniscus shape equation, an integral-y-
momentum equation and an integral-x-momentum equation. Although their original forms were exact as they were,
thin film assumption with a parabolic velocity profile across the film rendered the working equation to emphasize the
flow characteristics near the free surface or on the solid surface, or to accomodate these two flow patterns. Most fre-
quently used in recent times is the integral-x-momentum equation designated by the integral method in the
literature. But a critical examination of simulated results for the dip coating process revealed that the integral method
could be applied safely to the limited case of employing the liquid of large surface tension and smail withdrawal
speed. Simulation was carried out in terms of M and U, instead of the capillary and Reynolds numbers, and di-
stinct tendencies of the final film thickness, the entrance length and the dynamic meniscus profile could be observed.
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Fig.1. Dip coating.
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Table 1. Schematic representation of deriving
three types of approximate equations.

identifi- coupling strategy of
cation type of equation two momentum
number equations*®
1 meniscus shape (XM) ,op+h" (YM) 5o s
equation
2 integral-y-momen- d

h
tum equation &f (YM)dy+ (XM) 5,

3 mtegral—x-momen—f (XM) dy-f-f (YM)dy

tum equation

*XM and YM signify the x-momentum and y-mo-
mentum equations respectively.
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Fig.2. Dependence of normalized film thickness
on dimensionless withdrawal speed in
terms of the physical property group.

The figure attached to each curve indica-
tes the equation used for calculation.
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Fig.3. Comparison of the results simulated by
an integral-x-momentum equation with
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NOMENCLATURE

Capital letters refer to nondimensionalized vari-
ables.

a

o

i)

=

e

=

w

[d

x w % < £ e
w

® Q9 » ¥ R

. White, D.A. and Tallmadge, J.A. :

determinant of surface metric tensor
gravitational acceleration, m/sec2
film thickness, m
_final constant film thickness, m
distance from stagnation point to flat
meniscus
entrance length
physical property group defined by
equation (19)
pressure, N/m?
volumetric flow rate per unit width,
m?/sec
line integral along the free surface given
by equation (31)
coordinate tangential to the free surface,
m
normalized film thickness
velocity in x direction, m/sec
withdrawal speed, m/sec
velocity in y direction, m/sec
coordinate along the solid surface, m
coordinate normal to the solid surface,
m
small disturbance
curvature in s direction
viscosity, Kg/m-sec
kinematic viscosity, m?/sec
density, Kg/m3
surface tension, N/m
function in equation (28)
x derivative
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