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ABSTRACT

The electrostatic field of the atmosphere is normally emnhanced i
fog and cloud. This field, even when gquite small, can effect the ca . bino-
tion of colliding but otliervise noncoalescing droplets. Stronger fields
produce forces of rutual attraction amopg tne droplets. Prelininary
results on the degree 40 vhich electrostatic farces act to Lodify the
zotion of cloud droplets are presented. letnods for the possible ~odifi-

cation of the field sre discussed.
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I. INTRODUCTION

Tie effect of the aversge caarge in modifying t.e .otion of neignboring
droplets in clouds or fog nhas bLren estinated :any times. Generally tuis
effect and, conseguently, tnat of the field also is concluded to be cf
negligible significance, except possibly in tuurderstoris. Tne equaticns
used in these deductions have restricted validity for smali droplet
separstion and velocity. Witnin the past several montus, however, zrigorous
solutions to both tne electrostatic and hydrodynamic problezs have become
available. A RAID colleague, M. H. Davis (1960) has obtained a couplete
solution for tne force between two clcud droplets in 2 uniforsz field. Tne
other haif of the problem, that of the uydrodymemic forces, is now possi-
ble also. The viscous forces between two cloud droplets can be derived
frou a solution to the two-body hydrodynamic problem given by L. M.
Hocking {1959). Together, these results provide ine necessary couponents
for an accurate evaluation of tne role of electrostatic fields and charges

in tae collision and coalescence of cloud drops.

II. ELECTROSTATIC FORCES

First let vz consider only electrostatic forces. For xost purposes,
wvater droplets with dielectric constant of 81 can be considered as
conducting spheres. Couloub's law is not valid for this problem, since the
distance separating two droplets is comparable witn their dismeter. Az an
illustration, Figure 1 shows toe forces on two 10-microm drops computed accord-
ing to Couloub's law and couputed from tne couplete solution for charged
drops of equal size. The abscissa is used to designate the separation of

the near surfaces of the drcoplets in units of droplets radius. Along the




ordinate is plotted tne force in dynes. Tne letter 8 is uced to denote

ne separation of droplet surfaces wiiile R refers to droplet radius.

A%

$ and F, represents a
(5+2R)? §

fictitious solution in the form of Coulorb’s law, 3‘2 - 1:2 .
5

Ql - - Qz = 10 elecentary units. Curve F i computed frox: & complete

Curve Fl represents Couloub’s law, Fl =

solution for the Iorce between two droplets with equal ard opposite
charges of tae sane magnitude. This charge (10s) is of the order of
magnitude of charges observed on cloud droplets.

All the forces due to charges on the droplets coincide at large
separations.

?2 is fictitiously large and represents socue sort of & maximum
possidble %heoretical force for charged droplets. Coulonb’s law,
F1 (;::‘;“’2 ; becomes insensitive tc separation and incorrect at small

separaticns. Ths true foree, F, falls in between and coatinues to increase

exponentially as ioc separation dscreases. The force of atiraction due to
a week field i3 shown by the lower heavy line. This force arising from

tne polarigation of the droplets in ‘e field increasas more rapidly with
decressing separation than does that 4.3 to weak charges on the drops. An
order-of-tagaituda change i1 the ambient field strengta praduces a change
of two orders of zagnitude in the force. The same is true of the charge

on oppositcly charged drops. However, the chsnce that two dropa have hign
charges of opposite sign is szall while all drops wiil be affected sinilar-
1y by the electrostatic Tield. The dire.t effect of charges on the druplets
is of secondary izportance in the following work sc we will concentrate

our attention on the eifect of tha electroatatic fisll.
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IIX. HYORODYRAMIC FORC:ES

ntil Hocking®s work vas published last year, no suitadle solution
was availsble P0r the motion of two neighboring cloud droplets or for the
relative forces between them. In the past, estimates of the cozbined
effect of elecirostatic charges and viscous motion hed to be made using
the reiative temuinal velocities of the cloud droplets. The rclative
terninal velocity was used to campute the time required Tor freely falling
droplets to pass one another. Dividing the time of pessage into the radial
disctance two drops must move in order to effect collision gave the radial
velocity. Buploying tais velocity in Stokes' lew for the viscous drag
ailowed ore to eatimete the electrostatic force of atiraction reguired
to offeet the viscous force resisting the motion of the droplets toward

s

each other.
Pigure 2 shows the relative trajectory of 2 smaller droplet of &

microns radius about a larger droplet of 20 microns radius, computed Iram
the rigorous solution to the two-body hydrodynamic problen., The collision
efficiency 18 defined as the square of the ratio of the critical
porizontel-droplet separation ai a large vertical distence to the large-
droplet radius. The critical droplet sepmmation is the meximam horisontal
separation at large vertical distances from which the Ywo droplets will
eventunlly coliide. The hydrodynaaic collision eificlency for these drovlets
is zexo. One can sce from the disgrem taat only & slight motion towards one
snother as they pass the poaint of minimum seperation is required to effect
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collision. At great distances considerably greater motion does not result
in collision. If sufficient electrostatic force is added throughout the
entire trajectory for collision to occur, the new collision efficiency may
be called the electrostatic collision efficiency.

V. 808 BIECTROSTATIC COLLISION EFFICIENCIES

At this point in the work of camputing hydrodynemic and electrostatic
collision eifficiencies, it is possible to give the maxirsmm field required
to produce collision in a few cases of normally noncolliding droplet
pairs.

The integrstion of the hydrodynamic eguation describing the motion of
droplet pairs that incorporates the electrostatic forces step-by-step is
not quite ready. In lieu of this, the maximum electrostatic fields
required have been obtained in a manner similar to that previously describ-
ed except that actual velocitiss and distances are used. The time required
for the center of the small drop to move from a position opposite the
bottox of the lsrge drop t0 a position horizontally opposiie the center of
the large drop is divided into the minimum droplet separation giving the
cadial velocity with which the small droplet must move in order to effect
a collision. The force required to produce this velocity is obtained oy
using this velocity "V" in the expression for the viscous drag 6mlav,
vhere 7 is the viscosity and "a" the droplet radius. Table 1 lists sows
of the resulting electrostatic collision efficiencies and the maximum field
required in each situstion.




Note that fields of the order of the atmospheric fair weather 2ld
are not sufficient to increase significantly the hydrodymamic collision
efficiencies, although they may strongly affect coalescence. Larger
fields 4o produce increased collision efficiencies. The electrostatic
force acting on the droplets is a function of the squars of the product of
ths field and the radius of the droplets. From this relationship one
estirates that collision efficiencies can be enhanced significantly for
fields of the order of several tens of volts per centimeter. Fields of
the order of hundreds of volts per centiumeter (such as exist in actively
precipitating clouds) can be expected to provide collision efficiencies as
mich as an order of ma@uwde greater than the hydrodynamic efficiencies.
It is difficult to estimate the effect of fields of the order of 1000 volts
per ceutioeter, since electrostatic discharge will occur between droplets
before collision is effected.

These results denonstrate that the electrostatic field in clouds is
of fundamental irportance in the colloidal stability of clouds and in the
quantitative evaluation of the precipitation mechanisn.

V. ELECTROSTATIC FIELDS IN FOG AND CLOUDS

The fair-weather field over land is of the order of one volt per
centimeter decreasing logarithmically upvard. In fog or in precipitation-
free cloud, the normal field is usually larger, sowetimes by an order of
magnitude. Precipitating clouds contain very strong fields, of course.

The field in nonprecipitating fog or clouds is enhanced because
atwospheric conductivity is less within a cloud than in cloud-free air.
Applying an equation due to Gish (1939) for sudden changes in conductivity of an
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atmospheric layer, cne can compute the nev steady-etate field. It can be
shown that tiue field within the cloud should aventuslly increase by the

same factor by which the cloud cruses the ambient conductivity to decrease.
Fog bas been observed by Gunn (1954) and others to decrease the conduc*ivity by

5 to 20 tiunes.

VI. MOOIFICATION OF THE ELECTROSTATIC FIELD

It is natur«l from the above results to think of the possibility of
fog or cloud uodification by increasing the electrostatic field. As
suggested above, initially the field is enhanced through the difference in
conductivity o: tie air in the cloud end outside. DBecause the conductivity
is decreased vithin the cloud, the cloud boundary is a region of charge
accunilation dve to the sudden decreased ionic mobility as iecms try to
proceed through the cloud. The incressed charge at the boundary bduilds the
field within the cloud. Modification would appear possible through increas-
ing the conductivity in the air above the fog by the addition of igns in
SOIe DAnner.

Something else may be possible al)so. Several years ago I proposed a
cloud electrification hypothesis involving cloud droplets vhich almost
collide in an elsctrostatic field. The recont work substantiates this
hypothesis. If one refors to Figure 2, it vill be easier to visualize the
situation involved in the following reasoning. In a wertical uniform field
the drops will be polarized so that opposite charges appear ca the near
gurface of the droplets as the saall drop spproaches the underneath side of
the large drop. For drops which Just niss calliding, the new theoretical
results nov show that a breakdown potential or a force sufficiently great
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t0 shear off a small portion of one drop appears between the closest
points on the surface. FEither way, the droplets exchange charge when the
smell drcp is underneath the large drop. Due to the vertical assymetry
of the relative trajectory sauown by Figure 2, charge is not transferred
back when the small drop moves around the top side of the large'r drop.
When the droplets separate, they are charged in such a way that the
existing field is enhanced as their separation increases.

Applying this theory to the modification of the field within the
cloud, it appears that one should spray the top of a cloud layer or fog
with droplets slightly larger than those of the cloud to increase the
field within the cloud and incidentelly provide charged droplets to
further ephance the pessidbility of collision. The fields necessary and tae
most suitable drop size undoubtedly depend on the fog itself. Further
research is required to determine these. Without practical evaluations,

the probability of positive results in fog modification is extremely
small.
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