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Pressure Drop in Entrance Flows from Cavity
to Slot of Viscoelastic Fluids inside Slot Die
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In this work, entrance flows of viscoelastic fluids from a cavity to a slot in a slot die coating were investigated
experimentally and numerically. Aqueous solutions of polyethylene glycol (PEG) and polyethylene oxide (PEO)
mixtures, having viscoelasticity and Newtonian viscosity, were tested in order to clarify the effects of viscoelastic
characteristics to the excess pressure drops at the entrance. The measured excess pressure drop changes corresponded to
the flow pattern changes from a Newtonian-like flow pattern to vortex generation and growth patterns in an asymmetric
entrance flow with a submillimeter slot. Numerical predictions of the transitions in the flow patterns and the pressure
drops were also made utilizing exponential Phan-Thien-Tanner (EPTT) model with a finite element method. The
predictions qualitatively indicated the increase in excess pressure drop and the vortex generation and growth.
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Table I. Model liquid properties.

Fluid No. 1 No. 2 No. 3
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Fig. 2. Schema of the experimental apparatus.
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Fig. 4. Experimental results of transient pressure response through the
9:1 asymmetric planar contraction for the fluid No. 2.
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Fig. 9. Steady shear viscosity and dynamic viscoelasticity for fluid No. 2.

Table II. Relaxation time and estimated material parameter £ of the EPTT
model for fluid No. 2.

Mode G@®Pa) A(s) n (Pas) & & ns/Mo
Polymer 2.68 0.0272 0.0728  0.008  0.0301  0.1111
Solvent N.A. N. A 0.0081 N. A. N. A. N. A.
Total 0.0819

N.A. : not applicable
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Fig. 11. Theoretical predictions of streamlines (flow is from bottom
to top) for fluid No. 2, upstream of the asymmetric planar
contraction.
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Fig. 12. Theoretical predictions and experimental results of normalized
pressure drop versus Weissenberg number for flow in the 9:1
asymmetric planar contraction.
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