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Abstract

Computational  results from  Navier-Stokes equations are presented for the
Stokes-wave/flat-plate boundary-layer and wake for small wave steepness(Ak=001), including
exact and approximate treatments of the viscous free-surface boundary conditions. The
macro-scale flow indicate that the variations of the extemal-flow pressure gradients cause
acceleration or deceleration of the streamwise velocity component and alternating direction of
the cross flow.
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Remarkably, the wake displays a greater response, ie, a bias with regard to favorable as
compared to adverse pressure gradients. The micro-scale flow indicates that the free-surface
boundary conditions have a profound influence over the boundary layer and near/intermediate
wake.  Order-of-magnitude estimates are conformed to the computational results. And
appreciable errors are introduced through approximations to the free-surface boundary

conditions.
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Table 1 Order-of-Magnitude Estimates

I v
region
blw fw blw fw

u 1 1 1 1

au 1 Ak 1 Ak

\% € e/x £ e/x

w Ak Ak Ak Ak

p Ak/Fr Ak/Fr*

7 Ak Ak

7 x Ak Ak

7y Ak/ € Ak
8/3x 1 1/x 1 1/x
d/ay| /e | 1/ledx)| /e 1/(edx)
3/dz 1 1/x 1/x

U, 1 Ak/x Ak/ € AKk/x

V. € £ /x2 Ak/e| Ak/(eVx)

W, Ak AK/x 1 Ak/x

wx | Ak/e | Ak/(eVx )| Ak/e| Ak/(eVx)

@y 1 Ak/x | Ak/e: Ak/x

W, /e |Ak/(eVx) /e | Ak/(edx)

Note - blw : boundary layer and wake
fw : far wake
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{c) depthwise

Fig.5 Macro-scale velocity
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Figb Macro-scale vorticity
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{c) depthwise

Fig.8 Micro-scale velocity
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Fig.9 Micro-scale vorticity
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