A PHYSICAL INTERPRETATION OF THE WAVE DAMPING EQUATION. OF DORRESTEIN

WinsTon Kaaw - -
University College, University of Puerto Rico, W. Indies -
(Received 12 February 1971)

The two methods of wave damping equation which provide a‘physical interpretation to Derrestein equation
for wave damping by surface active Materials have been placed close to each other.

The effect of surface active agents onthe damping of waves and ripples was known fora very long
time and Pliny the Elder was able to calm the turbulent waters by powiing oil on the surface of the sea.
Lamb! was able to treat the problem theoretically, but he assumed that the horizontal motion of the wave was
annulled to zero by the presence of surface active agents a piori. Dorrestein? made thefirst direct approach
to solving the problem theoretically by deriving a damping equation for the presence of surface active
agents. Levich® also gives a direct approach using a mass balance equation for the film molecules. The
purpose of this paperis to juxtapose the two methods of the wave damping equation which then provides
a physical interpretation to the Dorrestein equation for wave damping by surface active materials.

NOMENCLATURE

T = shear strees

Py = g; = grady

4 = area available per molecule

N, = concentration of film molecules

v, = gurface velocity

14 = gurface tension .

C,-! = surface compressional modulus of elasticity
jsurf = surface flux of molecules (convectine)

jdiff = diffusional flux of molecules = — D, grad N,
Iy = flux of molecules across surface -

METHOD

At an 'interfaoa. which is ooﬁtaminated, the bouﬁdary oonditions are unaltered except fof thbl
continuity of the shear stresses. It is found that T4 Pt= T, where T and I, are the tangential
visoous stresses for the two phases forming theinterface. In the damping of waves by films Dorrestein

a4 dUv,

obtained the equation —- il e that is the rate of change of areape; unit area is equal to the

spatial rate of change of the velocity parallel to the surface. By definition,— — = —~—— — = ¢
2 — o rdiv(D).

dt

This is the damping equation obtained by Dorrestein and incorporates the effest of the film through C,—
the surface compressional modulus of the film. 0%

The Levich approach uses the usual hydrodynamio equations for wave motion and the ’ balan
equation of the film moleoules. y o e >

therefore

61



Dzr. Sc1. J., Vor. 22, JAXUARY 1972

Let us consider the mass balance equation of t he film molecules. In the rhost general form it is given as

In this particular problem, the film is insoluble, so that J, = 0. The distribution of film molecules is
envisaged ag stioking to the underlying 11qu1d and moving with it.

With the above considerations in mind the mass balance equa.tlon becomes

+d1v(ysurf)—-0 Thatls +d1v(N Uy=0.

N
or 38 ts + N, div (U,) = 0, analogous to the equation of continuity in fluid flow.
The surface tensioh y 18 a fuﬁction of the surface concentration of film molecules N,, therefoié
y =7 (),
dy d‘)’ dN 8
so that 4 —(ii = m T
dN,
substituting for — - 5 , from above we get
| dy dy
y i ‘ —iN, . N, div(U,) .
. dy

1=
By definition C,1=A4 -5 T4
where A4 is the area availablg per molecule, therefore,

1
Ne= 7+
dy dy
e —

Henoe, C, A 7 — N, e
Therefore LA C,~1div(U,).

dt

This is the same equation obtained by Dorrestein following the motion of the surface. This
implies that the Dorrestein equation, in effeot is a mass balance equation for the film molecules.

CONCLUSIONS

The Dorrestein damping equation is indeed & simple equation as opposed to the general equation of mass
balance above. However, engineers are more familiar with mass balance equations and should find this
paper very useful, especially in recent yea.rs, ginoce they are conoemed with the effect of surface ﬁlms on
hqmd flows to a oonmdera.ble extent. - - ]
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