Effect of Air Impinging on a Liquid Coating Early in Drying
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Outside the impingement zone the non-uniformities produced by those stresses tend to diminish
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as the solvents evaporate and the layer loses mobility when it thins and grows more viscous; see

Figure 1.

THEORETICAL MODEL

We used a combination of models
that represent well the physics of
impingement, as shown in Figure 2.
Mass transfer, heat transfer, and
layer distortion produced by
pressure and shear of impinging
two-dimensional  air

jets  were

investigated by coupling the stream
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2. IMPINGEMENT FLOW
2D, INVISCID BUT ROTATIONAL
Velocity and Pressure Fields
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4. BOUNDARY LAYERS OF
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5. FILM FLOW WITH
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Thickness, Concentration, Temperature
Liquid Flux, Mass and Heat Flux

Figure 2. Combination of models

function and vorticity equations of inviscid impinging flow with the boundary layer equation

system that includes the flux of evaporating solvents to the gas above the liquid layer; the inflow

is given by simple formulas for free jet flow. The equations in the impingement zone are:

Stream function and vorticity,
Viy=aw, v-Vw=0;

boundary layer of velocity
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The liquid layer in the wet-stage of drying was modeled with a viscocapillary film-flow equation

3 h2 1
ﬁ _h_i(pambiem _O-I—I)+_[Tambienl +d_o-j+Vh + J :O’
aX 3,[1 dx 2# dx psolvenl

together with conservation of mass
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These equations were solved by Galerkin/finite element methods and 0™ order continuation.
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Figure 3. Streamlines of impinging air
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Figure 4 shows how the film profile is affected by the pressure and shear stress distribution of
impinging air, and by a surface tension gradient. The operating conditions are shown in Table 1.
The film thickness decreases due to evaporation, steeply below the stagnation point of the

impinging air. The film profile is mostly set by the effect of the shear stress of the impinging air.

Table 1. Conditions used to assess the effect of forces on film profile

Air Temperature 50 C
Concenttation 0 -
Slit hegiht of nozzle 1 mm
Distance between nozzle and coating 20 mm
film Initial tickness 50 um
Web speed 0.5 m/s
CONCLUSION

We modeled theoretically the mass transfer, the heat transfer, and the distortion of the liquid
layer produced by pressure and shear of impinging two-dimensional air jets. We employed the
stream function and vorticity equations of inviscid impinging flow, a system of boundary layer
equations modified to include the flux of evaporating solvents in the gas nearest the liquid layer,
and the viscocapillary film-flow equation of the liquid layer in the wet-stage of drying. Coating

uniformity was assessed from solutions obtained by the Galerkin/finite element method.
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