B s SR N By B s s EHE] B b b o

UN (,LA S]I}F]IIE]D

TR g e M | Kby o) § i =

%,Wmﬁn

CAD 255 553

[ e /«f{l el
Lo jlye

S IR B ix'l“i CHCUNTCAT INFORMATION AGENCY
VHINGTON HALL STATTON
A.,H,IN Jox 17 VIRGINTA

RYRL Y
& e

” N ;
{ “ \R 0 A )

Py

S Sy P S N U USSR

‘ml

UNCLASSIFIED

Ab# A A\ RS




NOPICH:  When government or other drawlngs, speci-
iLeatlons or other deta are used for any purpose
other than in conneetion with a definitely related
government procurcment operation, the U, 3.
Government thereby incurs no responslbility, nor any
oblipntlon whatpoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
mpplled the onld dravings, specifications, or other
datn Ly not to be regarded by dmplicatlon or other-
whoe n Ly any manner licensing the holder or any
other person or corporatlon, or conveylng any rights
or permigslon to manufacture, use or sell any
prtented Inventlon that may in any way dbe related
Lherebo.




{

"REPRODUCTION QUALITY NOTICE

This document is the best quality available. The copy furnished
to DTIC contained pages that may have the following quality
problems:

* Pages smaller or larger than normai.
o Pages with background coior or light coiored printing.
o Pages with small type or poor printing; and or

e Pages with continuous tone material or color
photographs.

Due to various output media available these conditions may or
may not cause poor legibility in the microfiche or hardcopy output
you receive.

If this block is checked, the copy furnished to DTIC
contained pages with coior printing, that when reproduced in
Black and White, may change detail of the original copy.




JovpRRp— L AR SRS L 1T




Arthur D. Little, Inc, v
Contract DA18-108-405-Cml-852 1+

Quarterly Report No, &4 ¢

¥y

Covering the Period

April 15, 1961 to July 15, 1961

Regcarch in Electrical Phenomena Associated with Aerosols

Prepared by

Bernard Vonnegut
Arnold W, Doyle
D. Read Moffett




YABLE OF CONTENTS

1 INTRODUCTION
1I DEPOSTTION OF ELECTRIFLED AEROSOL PARTICLES
IIT DRO? CHARGING
v CHARGE ON A VOLATIIE PARTICLE
1 EXIECT OF CHARGE OM 11K VAPOR PRESSURE OF SMHALIL LIQUTID DROPLITS
Vi FUTURE WORK
APPENDIX A ~ SELECTED BIBLIOGRAPIY ON DROP CHARGING
~i- Arthur D, Little, Inc,

&
{e

3%

18




11

LIST OF TABLES

Page
EFFECT OF SURFACE TENSION AND CHARGE ON THE VAPOR
PRESSURE OVER LIQUID DROPLETS 7
RESULTS OF TESTS ON THE DEPOSITION OF ELECIRIFIED
PARTICLES ON GROUNDED OBJECTS 20

ii Arthur D, Little, Inc.




FIGURE 1

FIGURE 2

FIGURE 3

LIST OF FIGURES

Page
CHARGING CURRENTS VERSUS NOZZLE~TO-TARGET SPACING

FOR DIFFERENT LIQUIDS 10

CHARGING CURRENT VERSUS ATOMIZING AIR PRESSURE 11

APPARATUS FOR THE STUDY OF CONTACT CHARGING 13

-iid- Avthur D, Little, Inc,




QUARTERLY REPCRT NO. &

RESEARCH IN ELECTRICAL PHENOMENA ASSCCIATED WITH AEROSOLS -

S ABSTRACT

Results of experiments on the charging of particles by

i . spraying them against solid surfaces are presented.

% large differences 1n charging characteristics were

! exhibited by various liquids, No reasonably consist-

; ent charglng mechanism is presently available in the
literaturc. Work will continue toward a clarification
of the charging process. The effect of charge on the
vapor pressurc of small particlies was evaluated for
maximum charging levels. At maximum charge the elec-
trical forces on a droplet are equal and oppeosite to the
turface tensilon forces and the vapor pressure over a

; swall drop is equal to that over a plane surface. This
reduction in vapor pressure is important only for small

drop alezes, The deposition of charged particles on small
grounded objects was considered. Two geometries were
analyzed to show that in spite of low average clectric
ficlds there can be a conslderable intensification of the

. field around swall grounded objects, As a result charged \

acrosols will be selaectively deposited on these targoets, i
This was demounstrated experimentally.

T. _ INTRODUGTION

During the period April 15 te July 15, 1961, we continued our study of
clectrical phenomena associated with acrosols with particular atten-
tion to drop charging, the cffect of charge on the vapor pressure of
small paveleles, the fZate of charpe on small volatile particles and

the deposition of electrifled particles on grounded targets,

Arthur D, Little, Ine, ;



11, DEPOSITION OF ELECTRIFIED AEROSOL PARTICLES

It can be shown both theoretically and experimentally that the properties
and behavior of aerosols can be congiderably modified by electrification,
One of the most interesting effects that can be achieved by electrically
charging the aerosol particles is to decrease the rate of coalescence

and coagulation of the aerosol particles while at the same time increas-
ing their rate of deposition on objects, It appears that techniques

for releasing stronply electrified aerosol particles might be potentially

useful for increasing the deposition of aerosols on objects and personnel,

The effects of charging the aerosol particles arise directly as the re-
sult of electrical forces exerted between the particles and their sur-
roundines., If all of the aerosol particles are given a large chaxge
all of one sign, then a very strong repulsive force exists between the
patticles that prevents them from cclliding with each other.

Laboratory experiments show that acrosol particles can readily be given

10 electrons cmnz. It can bc showu that

surface charges in cxcess of L0
vhen two such dropg in the size range of 10 microns approach each other
to within one radius the electrical force of repulsion will be several
factors of ten greater than the force of gravity, It is clear that be-
cause of these large clectrical repulsive forces the aerosol particles

will not be able to collide and to coalesce or agplomerate.

While the like electrical charpe on the charged aerosol particles gives
rise Lo forces that prevent them from coapulating, at the same time it
gives rise to forces that can preatly increase the rate of depocition

of the particles on surfaces or objects ncarby, These forces arisc as
the result of the squal and opposite clectrical charpe that cach charped
particle induces in surrounding objects, With the exception of some
clean, dry dielectric substances such as certain plastics the electrical
conductivity of most substances such as the earth, rocks, vegetation,
the human body and building materials is sufficiently high that an aero-
sol particle charged with one sign induces an image charge of equal and
opposite sign, As a result, when a single charged aerosol particle is

near such a surface, it experiences a strong attractive force. When it

-2 Arthur D, Little, Inc.




comes within a particle radius of spuch a surface, the attractive force

TS o P O S

can be a hundred or a thousand times greater than the force of gravity.
Accordingly, under such conditions a charged aerosol parxticle instead
of falling downward may move upward and deposit on the under side of a

surface,

In addition to the short range image force that acts to precipitate
charged aerosol particles there is also a long range precipitation

force acting in the same direction.

In the general case in which we are dealing not merely with a single
charged aerosol particle but a large mass of such particles each parti-
cle will be attracted to the surface not only because of its own induced
ilmage charge but because of thé image charges induced by all of the

other particles., It is clear that since this force depends on the action
of all of the particles it will depend strongly on the electrification,

concentration, and geometry of the aerosol cloud,

We can obtain some feel for how the magnitude of this precipitating
force depends on various factors by considering the problem mathewatical-

ly for several different simple geometrics,

I£ Q is the charpe per aerosol particle, the electyical force acting on
cach aecrosol particle is simply the product of this charge and the clec-
trio field T' ox

£ = FQ
The electric ficld and hence the force at ithe surface which the particle

approaches is dependent on the size and peometry of the cloud,

Congider the slmplest case, that of a horlzontal layer of acrosol particles of
concentration N per wnit voluwe, and of thickness h over a surface,
From Poisson's relation the field at the surface is given by

I = figlnQ
Or in words the precipitating force is proportional to the depth, number

concentration, and the charge on tae aeroscl cloud,

It should be recognized that in practice the maximum electric field

that can be maintained is limited by the onset of corona discharge from

-3~ Arthur D, Little, Inc,



vegetation, structures or personnel, Over a forested area the maximum
field will be about 10 or 20 volts cmul while over an cpen field the

gradient may be as high as 100 volts cmul.

Although the average field over the surface of the tervain is limited
to rather low values the field will be considerably intensified around
expesed objects and personnel and as a result the rate of aerosol deposi-
tion here may be far greater than elsewhere and cbnsequently‘the acroeol

will be selectively deposited,

One can make an estimate of the concentration of the field around an
object or man by considering the potential in spacte in which it exists,
For example, in a ficld of 100 volts en™! a man's head is in a region
vhere the potential Is about 20,000 V with respect to ground, Because
of the relatively high conductivity of the body the man's head is at
ground potential and therefore a corresponding amount of charge has
passed from the ground up to his head, If we approximate the head as
a sphere of 10 cm radius, its capacity is about 10-11 farads so the
induced charge on it is about 2 x 10-7 coulombs and the field at its
surface is approximately 2000 volts nm-l. Accordingly, we see that
the ficld and hence the rate of aerosol deposition should be about 20

fold greater on the man's head than on the ground.

Another simple and instructive geometrical arrangement that one can
consider is the case in which the charged aerosol is on the inside of
a sphere. Tn this case it can be shown that the ficld on the inside
of the sphere arising from the aerosol is given by

)= % ar Qn
Lf we integrate to find the potential at the center of the sphere we
find that the potential 1s given by

E = % ﬂern

Wino

If an object electrically connected to the sphere and small relative to
the size of the sphere is placed at its center, the field is concentrated
in much the same way as in the previous example and the clectrical deposi-
tion of particles on the object should be enhanced, Iu the case where

the object is a sphere of radius r' we can calculate that the field F' at

-l - Arthur D, Little, Inc,




4 its surface is related to the field at the interior surface of the

large sphere by

Experimental verification of this concept was obtained by filling a
cubical chamber approximately 1 meter on an edge with a dioctylphtho-
late (DOP) cloud, A small grounded sphere 3 inches in diameter was
located in the center of the chamber. In some cases the aerosol cloud
was charged prior to its introduction into the chamber. Corona dis-
charge from fine wires or points was the charging mechanism, Both DC
charging and AC charging were used, Iun both cases, the amount of DOP
deposited on the small sphere per unit time for known DOP concentrations
was determined, [xperiments were run in scts of 2 tests; one test with-

out charging the other test with charging.

Results are given in Table I, Note that considerably more DOP deposited

on the target when a charged cloud was used. This was true whether the

cloud was chaxged with AC or DC high voltage, UWhen DC high voltage was
. ugsed a substantial fraction of thc aerosel was lost in the duct work

leading into the chamber, Conscquently, the concentration of DOP in

the chamber was about 1/10 that found when no charging was used, When

AC charging was used duct losses werce much reduced, So that results could
be easily compared, amounts of DOT collected were normalized to the

game DOP concentration and theose normalized values are reported in

Table 1,

The fact that depogition was cnhanced for both AC charging ond DC charxg-
ing is an interesting one. Tt has been mentlionced carlier that two types
of forces aiffeclt Lhe depusiilon, loag-range precipitation forces and
short-range image forces, Since there is no net space charge in the
AC charped cloud, there is no long-rauge precipitating force and the

short-range image force must account for the increased deposiiion,

The charged clouds exhibited a "target-secking' capability and from 9 to
83 times as much aerosol deposited on the target relative to that deposited

by the uncharged cloud, The spread in the ratio is attributed to differ-

-5~ Arthur D, Litcle, Inc,



ences in the level of charging and nonhomogenity in the clouds, However,
i the increases in the amounts deposited are impressive and serve to sub-
- stantiate the concept discussed above for iamcreasing the deposition of

agents on objects and personnel,

“6- Arthur D, Little, Inc,
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111, DROP CHARGING

When a liquid is sprayed from a nozzle the spray is very often found

to be electrically chaxged, When particles are impacted against a
target, the deflected particles are often found to be highly charged.,
These effects are analagous to the common phenomenon known as Tribo-
electricity. In the latter the relative motion of two solids causes
charge ceparation, Relative motion between a liquid und a gas, a solid
and a gas, or a liquid and a solid can also cause charge separation

and produce a charged aerosol.

The charging of aerosols by their contact with a solid target is often
encountered, particularly when they are being pneumatically transported,
Some mechanisms to explain the chargiong have been supgested but very
little cgreement among investigators is scen in the literature, Conse-
quentiy, a program has been initiated to evaluate the magnitude of the
contact charging and the influence of physical properties of the test
systom and to clarify the mechanism which is cousing the charge separa-

tion-

An apparatus was constructed in which liquids were atomized in an air
atomizing nozzle of the painters spray gun type. The spray was dir-
ceted apainst a tayget, The tarpget was grounded through a micro-
microammeter, Charpging of the aerosol by dmpaction with the target was
coen as an electric current flowing to or from ground thfough the ammeter,
Liquids were sprayed at 10 ce/min, and air pressure was held at 40 psi

excoplt whare otherywise indlcated,

1t was recognized that some charging would occur during atomization

and all of the charge measured would not be attributable to impact
charging. However, a few experiments were made wherce the chavge due to
atomizating was evaluated separately, These indicated that charging
did occur durlng spraying but substantially preater chargilng was pro-

duced vhen the spray was jmpacted against the target.

-8 - Arthur D. Little, Ine,
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Magximum charging was exhibited when the plane of the target was pex-
pendicular to the agxis of the spray. The magnitude of the current was
dependent upon the spray nozzle-to-target spaclug. Results for five
dififerent liquids are shown in Figure 1, Note that the currents differ
by four orders of magnitude between the dioctylphthalate and kerosene
group and the acetonitrile, nitromethane and denimeralized water group.
There are two important differences between these groups, DOP and kero-
senc have low dielectric constarts as well as low conductivity, Acetoni~
trile, nitromethane and denimeralized water have high dielectric con-
stants and are several orders of magnitude more conductive than DOP or

kerosene,

There is another strong indication that conductivity is important, Tap
water (uipgh conductivity) gives lower currents than denimeralized water
and freshly condensed steam (very low conductlvity) gives higher cur-

rents than denimeralized water,

The effect of changes in alr pressure was of interest, Results are
seen in Figure 2, where acctonitrile was impacted against an aluminum
target, A wide range of currcents wac encountered., When flow rate is
held constant and alr pressure is reduced, larger drops are formed,
Reduced charging might be attzibuted to increascd drop size, Unfor-
tunately, drop size is not the only variable which changes with air
pressure, The veloclity of the aiv stream varies directly with air
pressure, Conscequently, a spray droplet produced at lower pressure
would have lower kinctic energy, There is additional ovidence that
kinctic enecrgy is dmportant in the chavelng process. 1If we reexamine
the upper curves in Figure 1, we note that current falls with increasing
nozzle- o-target spacing, With increased spacing the drops woull also
have lower kinctic cenergy because of lower velocities caused by aero-

dynamic drap.

Substitution of varioug target materials produced changes in charging,

gometimes reversing the polarity,

-9= Arthur D, Little, Inec,
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FIGURE 1

CHARGING CURRENT VS, NOZZLE~TOQ-TARGET SPACING

FOR DIFFERENT LIQUIDS
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We are intrigued with the performance depicted in Figure 1, It ig
certainly no accident that a difference in current of four orders of
magnitude exists, There 1s some mechanlem which would explain this
significant difference and it is important that this charging mechanism
receive cloger study, These first experiments have served well to
point out that liquid properties, target properties, geometrical
arrangement, etc,, are Important in the charging process, However,

the experiment 1s far too complex to permit a sultable separation of

variables,

Based upon our results and a review of the literature, a second experi-
ment has been devised, A schematic of the apparatus is shown in

Figure 3:

In this arrangement there 1s no air atomization and, corsequently,
charging attributable to this factor will be c¢liminated. TFurthermore,
it 1s possible to obgerve closely the droplet stream and the impact
arca. This permits accurate size determinations and reveals details
of what happens at the time of the impact, The charged ring near the
tlp of the atomizer will be energilzed so ag to induce neutral drops
rather than charged drops which would orxdinarily be expected to form.
Charging will be evaluated by measuring the charglng current or the
accunnulation of charge in the collector, Charpe per drop can then be

colceulnted from the known drop size and frequency,

Various liquide, target materials, drop sizes, lmpact angles and drop

velocltics will be studied.

Some oxperbments bave been conducted with this apparatus but without

the charged ring near the drop generator, This work indicated that

the magnitude of the charge on the particle leaviug the diopper waos
large compared to any charging which may have taken place gt the time of

inpact,

~1%- Avthur D, Little, Iuc,
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' With the charged ring it is possible to reduce the charge on the drops
- ' or reverse the polarity of the charge so at some intermediate setting

neutral drops must form,

Our review of the literature indicated that there are at present three
different theories which explain the charging of drops when they im-
pact on a solid surface. They are (1) a mechanical disruption of the
clectric double layer at the surface of a drop, (2) inductive charging
in the field of the contact potential of the solild surface, and (3)
charging due to the existence of fluctuations in the ionic concentra-
tion within the drop as it is disrupted by the imprction. The

references are cited in Appendix A,

The first theory assumcs the existence of a double layer, The outer
layer of the charge is, for cxample, negative and extends from the
outer surface to a depth of the order of magnitudc of 20 molecular
diameters. The positive layer extends to o similar depth below the
outer one, lhese layers have no well-definred boundaries because ot
. the necutralizing cffect of osmotic forces. In general, the character
of this diffuged double layer is not well understood but it is quite
surc that it depends heavily on the liquid, the ionic concentrationm,
and the liquid interface (liquid-metal, liquid-air, cte.). The droplet
charging 1s sald to result when a larger drop strikes the surface and
is broken up, According to the theory, the smaller droplets which are
torn from the outer gurface of the original drop will contain more of
the outer layer and will be charged negatively. ‘The larger droplet

will be positive,

The second theory invokes the use of the contact potential of a material,
It 1s well known that at the surface of a solid material there is a
potential a few volts different from ground, This potential results in

an clectric field extending a short distance out from fhe colid. When

~14- Arthur D, Little, Inc,
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a drop breaks up in the presence of this fileld, the resulting droplets
are sald to become inductively charged., This mechanism is clearly
closely related to the diffused double layer theory, The fileld of

the contact potential is bound to modify or, in fact, create a dif-
fused double layer in the liquid, The difference, however, 1s that
the double layer theory looks to the solid surface merely as a means
of disruption and hence needs no contact potential while the contact

potential theory requires no previocus separation of ions.

The fluctuational theory is based on the idea that random fluctua-
tions in the ionic concentration within a drop will result in some
portions of the drop having a net positiye charge and other portions

a net negative charge. Thus, when the drop is broken up certain of the

droplets will be charged plus and certain minus.

At the present time, nonc of these mechanisms are well understood and
there {s a great deal of disagreement as to which of these theories
1s operative in impact charging. It is possible that all three arc
operative but then the question is which is dominant, All the three
theories arc alwost wholly qualitative and the data which are avail-

able are contradictory,

The paper by Cill and Alfrey1 supports the contact potentisl

theory and rejects the double-layer theory as an unnecessary complica-
tlon, In their experiment, they broke up a water drop with an ailr
blast and blew it againet the plate of an clectrometer. The result
was a net chargiog ol the plate which they point out is cxplained by

the contact potential but wnot by the double layer,

in support of the double-layer theory is the work reported by Guest2
wvhich shows that in the splashing of water the negative charge comes
off as small drops (or possibly {ons), while the positive charge

comes off as bigger drops. The double~-layer theory is also supported

by Bikerman3 and Harpera.

-15- Arthur D. Little, Inc,
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The paper by Natansons strongly suggests the fluctuatiomal theoxy. He
developed a mathematical model of what the character of the charge
should be when using a spray from a bubbler, His experimental results
are very close to the theory. Dodd6 in similar work believes that the
double~layer theory can apply only to drops below 10"6 centimeters in
diameter but not to the drops studies by him and Natanson which are im
the low 10-4 centimeter range,

The confusion in this field scems to be from lack of good ciean ex-
periments and the fact that everyone is trying to explain his own ex-
periments in terms of ome theory. 'The truth may reside in the fact
that all three mechanlsms are operative but to varying degrees in dif-
ferent experiments, The results of Natanson and Dodd gave little
question that the fluctuational theory was a measurable phcnomenon, but
it canuot explain the work of Gill and Alfrey, Observations of the
tendency of big drope to be positive and small ones negative im spray-
ing experiments is difficult to explain except in terms of the double-

layetr theory.

The conclusion that can be drawn from all of this is that more work is

necded,

-16- Arthur D, Little, Inc,
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IV. CHARGE ON A VOLATILE PARTICLE

Two experimental approdches were made in an attempt to determlue the

t

fate of charge on a volatile drop, 1In one case a charged droplet was
located on an insulating fiber pendulum in an electric field. The goal
was to observe the drop while it evaporated and compuie the charge at
any time from the displacement of the pendulum, In practice the charge
on the pendulum itself was found to dominate the experimental resulis

so as to obscure the effect of the drop charge on pendulum displacement,

An alternative experiment was devised where charged water drops were
allowed to fall through ailr{ The initial charge and mass of the drops
were measured and the charge and mass at the comclusion of their fall
were mcasured, Because of their charge the falling drops dispersed con~
giderably and eprzad over a wide arca on the collecting surface, Since
it was necessary to collect all of the drops it was required that their
trojectoxy be lkept reasonably short to minimize the dispereion. This
dictated that the time interval be short. Scveral sets of measurements
were made but it was not possible to achicve a time interval long enough

to really sce what was happening,

Preliminary cxperiments indicate that a third technique has an excellent
chance of achieving success, This is one where a charged drop is sus-
pended in an electric field in a Millikan oil drop type experiment, The
movement of the drop in the field is obscuved, By proper control of the
polarity and magnitude of the field a given drop can be caused to hover
for cxtended periods, It can be observed wvhile 1t evaporates, Drop
charge can be determined if vone obscrves the electric fileld, drop size

and drop density.

-17- Arthur D, Little, Inc.
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V. EFFECT OF CHARGE ON THE VAPOR PRESSURE OF SMALL LIQUID DROPLETS

The surface tension of a liquid droplet generates a compressive force
which raises the pressure on the concave side of a liquid surface

according to the relationship

- X
po= 7
where p 1s the excess pressure in the liquid droplet, y is the surface

tension and r is the droplet radius,

This excess pressure glves risc to an increase in the equilibrium
vapor pressure of the liquid., TFor small droplets wherc the excess
pressurc is greatest, the largest increasc in vapor pressure above that
for a plane surface is achieved., The lncrcase in vapor pressure is ex-

pressed by the following relationship

PN M
In P Cor ( O RT
o {

)

3

whero P, i the vapor pressure over a planc surface, P is the vapor
pressure over the curved surface, (C) is the density of the liquid, M
is the molecular weipht of the liquid, T 1s the absolute teimperature,
and R is the pas constant,

If the droplet possesses a surfuce charge, electrical pressures must
be considered and the cquation is no longer valid. The term (Z¥) must
be modified to raflect the clectrical pressurc which is gilwven by the

followi-g rclationship:

i
! i

where p, is the electrical pressure and T is the electric field at the

=18~ Arthur D. Little, Inc,




surface, Since this pressure is directed radially outward, it must be
subtracted from the surface tension pressure term, The corrected form

of the equation for the case of 2 charged droplet is:

JE L
By ¢ RT

P2
In el (r

o}

The magnitude of the terms of equation are giveg in Table II for water
drops of various sizes, The electrical term (g; ) 1s evaluated for a
potential gradient of 30,000 volts per centimeter which is the usually
stated breakdown value for air. 1t is seen that the elcctrical term
is two orders of magnitude less than the surface tension cerm for a 75n
diameter drop and several orders of magnitude less for smaller drops.
Onc might hastily conclude that the electrical cffect is5 of little com-
sequence, This is definitely not the case,

Ye have found in our work that much higher potential gradients occur
than that stated maximum. Fox cxample, a 37,5 micron (radius) water
droplet can be charged until there is an electric field at its surface
of 300,000 volts per centimeter. TFor this condition the electrical
pressure term becomes éxloa. Note that this is exactly equivalent to
the surface tension pressure term given in Table II for this size drop.
A water drop of 50 micron radius can be charged until the electric field
at the surfuace is 275,000 volts/cm, The electrical pressure term in
this case 15 also just equivalent to the surface tension term.
Similarly a 10 micron radius DOP drop can be charged to 425,000 volts
per cm which also equals the excess pressurce in the drop due to surface

tenslon,
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TABLE 1X

EFFECT OF SURFACE TENSION AND CHARGE ON_THE VAPOR PRESSURE_OVER LIQUID DROPLETS

A e e e e bt

Drop

Radius %1
(microns)

0.01 Latt x

0.1 1.4 x

1.0 1,4 x
10,0 1.4 %
37.5 4 x
50,0 3 x
37.5 4 %
50.0 3 X

10
10
10

105

: 10

[4
107"

(Calculated and Experimental)

r? P
5 in
i P,
(calculated
based upon
30,000 volts/cm
or 100 ESV/cm)
4 % 10° 0.1
4 % 10° 0.01
2
4 x 107 0.001
2
4 x 10° 0.0001
4 x 102 0.00003
4 x 10 0.00002
4
4 x 10" 0
(ecxperimental)
3 x 104 0

(experimental)

’d[‘d

1.15
1,01
1.001
1.0001
1.00003

1.00002
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é’ Note in Table II that for large drops the surface tension term is
small and the vapor pressure over the liquid drop is essentially the
same as over a plane surface; Since the electrical torm canmot get
larger than the surface tension term, the vapor pressure cannot be

made lower than that over a plaune surface,

There is no doubt that vapor pressure of small drops can be reduced

by charging the drops. 1In the limiting case the equilibrium vapor
pressure of the charged drop is exactly equal to the equilibrium vapor
pressure over the plane surface. The extent of the effect depends en-
tirely upon the propevrties of the liquid in question. Since surface
tenslon and molecular welght are subject to wide variations between
liquids, the vapor pressure increase over a curved surface is also
variable, Those liquilds which show large increases in vapor pressure

will show the largest reduction in vapor pressure when charged,
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V1.  FUIURE WORK

During the next quarter we plan to continus studies on the charging of
aeroscls, The revised experimental technique of Figure 3 will be util-
ized to study 1mpact‘charging. We will look at such variables as parti-

cle size, liquid propertles, target materials, and coutact angle,

We will continue to pursue the problem of charge on a volatile particle,
We plan to use a Millikan oil drop type experiment, where charged vola-
tile drops will be held in space for extended periods of time by the use
uf electrostatic fields, With this technique we hope to determine what

happens to the charge on a volatile drop.

Experiments with the behavior of water drops show that whether or not
two colliding drops coalesce depends very much on the electrical charge
on the watcr drops and on the clectric field, It is probably that
aerosol particles of organic liquids behave in a similar way. Studies
on the coagulation or bounce-off of two drops are of imnterest in that
they are applicable to the stability of an aerosol cloud. We plan to
initiate work c¢r the coagulation of charged particles during the next

quartex.
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APPENDIX A

SELECTED BIBLIOGRAPHY ON DROP_CHARGING

E. W. B, Gill and G. F. Alfrey
The Electrification of Ligquid Drops

Phys, Soc. Procs., 1952, Vol, 65B, pp. 546-551

2. C. Guest
Static Electricity in Nature and Industry
U. S. Mines Bull., 1933, Bull, No. 368, pp. 29-32

J. J. Bikerwan
Surface Chemistry, pp. 403-405
Academic Press, Inc., New York, 1958

W. R. Harper
Ligq.dde Giving No Electrification by Bubbling; Brit, J1. of
Appl, Phys., 1953, Supplement No. 2, pp. 519-522

G. L. Natauson

The Electrification of Droplets in the Spryaing of Liquids as a
Consequence of Fluetuation i the Distribution ol the Iuns.
TIB/T4092, Dec., 1953

Translaced and Issued by T. P. A, 3

Technical Information Burcau for Chief Scientist Minilstry of Supply

I, E. Dodd

The Statistics of Tdquid Spray and Dust Electrification by Blopper
and Laby Mcthod

Ji. of Appl. Phys., Vol. 24, No. 1, January 1953, p, 73

Je Zeleney -

Variation with TTemperature of the Electrification Produced in

Air by the Description of Water Drops and the Bearing on Lightning.
phys, Rev., 1933, Vol. 44, p, 837,

J. €. Pomeroy

On the Supposed Lxcess of Negatlve Electrification Produced by
Spraying

Phys. Rz, 1008, tol, 27, p. 492,
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10.

11.

F. As Vick
Theory of Contact Electrification
Jl. of Appl. Phys., 1953, 3upplument No. 2, pp. 51-55

P, H. S. Henry
Survey of Generatlon and Dissipation of Static Electricity
Jl. of Appl. Phys., 1953, Supplement No, 2, pp. 56-511

G, C. Simpson

On the Flectricity of Rain and Its Origin in Thuaderstorms
Philo, Trans, of the Roy Sec. of London, 1909, Vol. 209A.
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