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Abstract—The first difficulty encountered in dealing ‘with free surface flows is introduction
of appropriate boundary conditions at a free surface. The conditions for two-dimensional
rectangular coordinates and for three-dimensional cylindrical coordinates are derived using
basic tensor relations. Particularly in case of steady flow, the boundary conditions can be
simplified through the intrinsic coordinates.
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Fig.2. Film flow in three-dimensional

cylindrical coordinates.
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Fig. 3. Steady film flow in intrinsic coordinates.
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NOMENCLATURE

a : determinant of surface metric tensor

Aga : surface metric tensor

bas : second fundamental tensor of the
surface

g : determinant of space metric tensor

g, . metric tensor in space

H ¢ mean curvature of the surface
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position of free surface

scale factor

unit vector in x direction

unit vector in y direction

coordinate normal to the surface, m
unit vector in n direction

unit vector normal to the surface
pressure, N/m2

radial coordinate, m

coordinate tangential to the surface, m
time, sec

unit vector in s direction

velocity in x or r direction, m/sec
velocity in y or 0 direction, m/sec
velocity component in space

physical component of velocity, m/sec
velocity in z direction, m/sec
coordinate along the solid surface, m
hybrid tensor associating spatial and
surface tensors

coordinate normal to the surface, m
space coordinate

axial coordinate, m

e-tensor for the surface

e-tensor for the space .
azimuthal coordinate; angle between i

and §

curvature in n direction
curvature in s direction
viscosity, Kg/m-« sec
surface coordinate
surface tension, N/m

viscous stress tensor

7(ij) physical component of viscous stress
tensor, N/m2
! x derivative
. time derivative
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