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Abstract:

Laminar two-dimensional flow of a viscoelastic fluid of the "second-order" type is
investigated above a rigid continuous plate moving with constant velocity, U, in an
otherwise quiescent fluid. Conventional boundary layer assumptions are invoked to
simplify the equations of motion. The x- momentum equation is turned out to reduce
into a PDE equation incorporating several elastic terms in addition to the familiar
inertia, viscous and pressure terms; the y-momentum equation simply reduces to the
pressure being constant across the boundary layer. The PDE equation governing the
flow is further transformed into a nonlinear fourth-order ODE through the use of the
concept of a stream function together with introducing a similarity variable []. The x-
coordinate is impossible to eliminate from this equation showing that velocity profiles
are non-similar at different x-locations. To find local similarity solutions at any given
X, a combination of finite difference and shooting method are used in order to get
results at Deborah numbers as high as 1.0. Because only three boundary conditions
are available for this problem, a fourth boundary condition is constructed from the
main governing equation itself with the help of Taylor series. Numerical results show
that the wall shear stress scales with fluid’s elasticity, increasing the higher the fluid’s
elasticity. The boundary layer thickness is also found to decrease with an increase in
the elasticity level of the fluid. It is thus concluded that with an increase in fluid’s
elasticity, or plate withdrawal speed, the final film thickness of the coating layer
should decrease in any free coating processes. This prediction is in agreement with
published experimental data dealing with coating formulations exhibiting
viscoelasticity.



