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ABSTRACT 

A variety of products, such as battery electrodes, solar cell panels, and mobile displays, require thin 
and uniform films to satisfy their specifications. The continuous liquid coating process, especially the 
slot coating method, can produce such thin films with precise controlling the thickness in high speed.  

The coating liquid is pumped to the slot die that has a large cavity inside, which is called the die 
manifold. Conventionally, the role of the manifold is distributing the liquid to maintain a high degree 
of uniformity in the cross-flow direction. The distributed liquid flows into the feed slot and ejects 
onto a moving substrate to form a thin wet film. Recently, significant demands on high-performance 
films usually require extremely thin film or highly loaded multi-functional nano- and micro-particles 
inside the liquid. Such requirements include 1) damping external disturbances, e.g., flow rate 
oscillations from a gear pump, and 2) controlling particle concentrations uniformly under complex 
flow patterns, e.g., recirculation or contraction flows. Apparently, new design principles are required, 
and computational fluid mechanics are crucial in analyzing complex flow patterns. 

Here, we analyze three-dimensional suspension flows inside a coating die manifold numerically. 
Mass and momentum conservation equations coupled with a particle transport equation are solved by 
a space-time finite element method with Galerkin-least squares stabilization for large scale 
computations. Because there exist high shear rate regions inside a die manifold, we used a particle 
migration model by Phillips et al. (1992) which can explain the diffusive particle fluxes under the 
nonhomogeneous shear rate flows. 
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