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Several preliminary remarks may be helpful before describing ﬁriefly a
new technique for measuring surface velbéity fields. All will appreciate
that non-zero ve}ocity fields at a free surface can be caused by bulk flows
coupling to the surface. It is lgss well appréciated that surface velocity
fieldg can be generated by pther mechanisms 8o that bulk flows will result.
In this case surface tension gradients provide the driving force for the
velécity fields. Surféce curvature can complicate the measurement as well as
the calculation of velocity fields from first principles.

So far as we can determine Vo (0 is the surface tension or perhaps the
.surface tension tensor) is zero for 1 component systems kgpt at constant
tgmperature. Since 0 depends on temperature, a temperature gradient parallel
to the surface will generally cause the development of a surface velocity
field. Those trained in fluid mechanics tend to emphasizeAthe effects of
temperature gradients on surface flows.

The surfacg tension or interfacial tension of most any liquid-fluid
system depehds on composition in ways that are often very semsitive to.conqentraé
tion levels of~certaip components called surfactants. Long chain fatty acidé,
alcohols, amines and '"'socaps'" in genefal are very effective in producing large
excesses of these components at the surface. As a result the suiface tension

lowers. At equilibrium, the "Gibbs equation" holds
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.where T is the surface exeess (sometimes takes in units of molecules/cm?),

k is the Boltzmann constant and c the bulk concentration level of the surface '
active agent. From‘a molecular viewpoint, T is an excess defined across a
sharp surface by the integral

oo
= 1 (plz] - pH)dz
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where z is taken along the normal to the interface and pi is the density of

the fluid far into the fluid on either side of a "diﬁiding surface" and-p(z):
the local density through the interface. A discussion of important details
such as the choice of the surface is not appropriate here. -

| ‘For most systems far from.the critical temperature, the distance over
which (p(z) - pt) # 0 holds is of molecular dimensions, viz. ca 10 i‘- 40_;;
~ This charaeteristic range of thickness is that which surface ehemists usually
think about’in studies of adsorption .and deserption and cataiysis as weii as
surface flows. Other'characteristic distances are often invoived,depending
on the nature of the flows being analyzed. Unfortunately this can beAmisleading;

A striking example where iatuitioﬁ_may lead to‘serious error occars.when‘

certain surfactant molecules are allowed to spread at the air-water interface.
A close packed monolayer of a long chain fatty acid will have r~5 X 10 14
molecules/cmz. Since such materials are relatively insoluble in the Substrate
the concentration amounts to about 10-9'molar ﬁhicﬁ is a very_dilute solutionm., .

However, the surface tension will have gone from about 72 mN/m for pure water

to less than 30 mN/m. Further since the "Gibbs elasticity" -T gF 1s large, ‘there

r-T
0

T -
i 0
These fundamental notions from the field of surface chemistry 'can be easily:

can be large surface tension gradients with only small dllatlons,

demonstrated. Partially fill a petri dish with water, sprinkle a smallvameunt of

clean, dry talcum powder over the surface and then touch the tip of yeur finger
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' to the surface of the water. A momnolayer will'start to spread on the surfaoe
pushing the talcum away from the finger. The effect ie rapid and obviously
involves;substantial surface tension gradieots.
| Since such a small amount of material can cause substantial surface

"flows, it is obvious that contamination will be en important factor tovcontfol
ﬁhehever such flows are important. This factor should be kept in mind when
developing designs for the floafing zone process in zero gravity. Unfortunately,
it may well be that surface contamination fectors are not well enough
controlled in many crystal growth situafions. For example, note well that
so called "deionized distilled water" can be sufficiently contaminated with
amine surfactants so as to lower O by a few oN/m and develop a non-~trivial
‘excess at the surface.

The Qelocit& fields confined to the surface can be measured by techniques
thae_are_rather similar to them used for bulk measurements. For example,
seed particles can be floated at the air-water interface that will provide
trajectories from which the velocity field can be determined at least:
approximately. Laser doppler methods can be used. However,vthe particles
ereAlarge compared to the thickness of the interfecial region so that bulk
effects are averaged in with the surface fields. This may be satisfactory
dependihg on the characteristic length scales. |

My group is developing new methodology based on the fluctuations intrinsic
to any fluid surface. -Even at equilibrium, liquid systems are agitated on
the microscale as molecules move and collide on very short time scales
' (10‘14 sec or less). The effeets of these collisions average in cooperative
ways producing small amplitude fluctuations observable on a liquid-fluid surface
in macroscopic time and length scales by varicus techniques. The appropriate
measurements can. be made by various scattering methods2 including laser

light scattering spectroscopy.
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Surface fluctuations develop into either propagatipg or non-propagating
waves of very small amplitude. The situation can be modeled accurately by-
the convgntional methods of hydrodynamics. The theory is too long and
complicated to discuss here3 oﬁher than to point out a starting place.

The sgrfacé elevation from a fixed plane is taken to be a

summation of decoupled, harmonic surface waves

=g -> i(-q’o;S_(:)-)t)
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where q is the surface wave number, and ma'(=w; + iw:)iis.the complex
. ' q q
frequency. The light scattering technique picks out a particular E for
analysis so that the spectrum (or the equivalent autocorrelation function)

of the surface waves is determined. The spectrum can be analyzed to

produce the frequéncy (w!) and damping factor (w}) associated. .with waves
q q '

characterized by the wave number E. The wave number, q, is AZ“ & where
. : . rip
A is the wave length qf the surface waves and € the direction of

rip
propagation. Light scattering techniques allow one to select both lrip

and 8.
The sensitivity of the light scattering measurement to surface profile

fluctuations. is incredible in’thatq <A(E)-A(3)> is on the order of

11?&(10‘_8 cm) for a good signal/noise ratio to obtain.

' The dispersion relations (;q = ;q(a ;es+)) required for analysis are
genera;ed from the hydrodynamical field equations by a rather tedious |
'calculation4 when all of the details df the surface response is included.
I note only that IA(E)I/Rrip ratios are always smali enough so that all
of the field equations can be linearized; linear response function

techniques can be applied easily. When the viscosity of the medium is zefo,

the dispersion equation is simply
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with w" = 0.

In a typical light scattering experiment, 100 et

< g < 2000 cm_1 S0
that w' ~ 500 ﬁHz (Note w' = 2mv). This is a conveniént frequency range
for measurement. Fufther, the scattering region only‘needs to be large
enough so that the réduired averages can be done properly. A careful .
désign of the lens éystem used to focus light onto the surface does allow
spacial discrimination ranging from ca 50 um as the minimum characteristic
distance. In fact, we have designéd such a system in order to determine
locél values of 0 and the velocity fields over a fluid surface of about
100 cm2 aréa; With the incident beam focused on a given location in the

| surface, the scattered light is analyzed for & from which the local o and
the velocity information can be determined. The geometrical factors can
be controlled experimentally so that EIis specified and not just 13].

As a result, velocity information is available and not just the speed.

The model invoked so as to determine the surface velocity includes the
substrate velocity field as a part of the potential function used in
solving.the relevant field equations: ¢ = -Ux + ¢' wﬁere U is the speed
of the fluid flow in direction x and x is the direction of wave
propagation. The jump conditions at the surface, I, include

oY
ox
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where ¥ is the stream functipn; The resulting dispersion equation is of
the form
f(q, w', W', o, U,...) =0

. >
where q = !ql and ... implies that there are other parameters that must
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be included (visﬁosi;&, etc.). The experiﬁent can be run for different
qualues,sd that it is possible to determine both 0 and U independently.
Clearly it will be more convenient to know O by aﬁ independent experiment
so that oniy U need be determined during one oﬁservatioﬁ.

Work is in progress directed toward the development of aﬁ apparatus.
‘to measure this sufface'laser doppler velocity (SLDV) effect quantitatively. -
The first-experiments will be done in collaboration with Dr. Fowle (Ar;hur
D. Little) who has developed an aﬁparatus for the study of temperatufe'

gradient effects iﬁ thin liquid films. We will attempt to resolye in

time and sﬁace veloéity fields on thé slowly fldwing surfaces of éure
liquidé (water, mercury, etc.) ﬁsing our SLDV techniques. If our
: éstimatibns-of precision, accuracy and discriminatioﬁ'are‘Qerified;
we will design a SLDV»system for the float zone experiment that.we'
hope will be flown in about five years.

It is also possible to generate waves on thé surfacé of a liquid.

The methodology has been developed by a number of workérs3 so. that w is

A

fixed and q (= q' + iq") is determined very aécurately. This approacﬁ_can
also be useg.to determine 0 and U and the sensitivity, precision and'v
accuracy will be of a higher order than that obtained by the use of
fluctuations as described in this paper. Unfortunately, the use of,wéve.
generators provides a complication that makes the simplicity of the
light scattering method very attractive. -Nevertheless, we are éxperimenting
with new pulsing techniques that may lead to a superior inétrument fbr
determining velocity fields on fhe surface Of a liquid.
Summary

I have emﬁhasized the need to consider the effects of very small
concentrationé of impurities on the éurféce.properties of liquids. I have
described a neﬁ methodology for determining the surface velocity vecgor
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as a function of location and time by the analysis of thermal fluctuations
of the surface profile in a small domain around the point of interest.

These fluctuations turn out to be waves so that the method amounts to

the analysis of the local phase and group velocities of the waves as

modified by a flow field. The apparatus now being constructed will be

used in a series of experiments involving flow fields established by

temperature grédients imposed along a surface. The SLDV methodology is

difficult at this stage of development and may turn out to be impractical

if the expected signal to noise ratio of the spectrum is not observed.

With this in mind we are experimenting with driven wave arrangements

that will provide the appropriate information but with a more awkward

experimental arrangement.
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