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LBSTRALT

& pefripsvoted drop towsr was consiructed @mﬁ vaed am
sool water drops as they £211 theough the air. The drops
sapsed into a vegloun of hiph elsstric field, Obsarvations
wera mede of the distortlon, coyona onset, and avarkiﬂg
Pields For dliforent drop wradii (% 15 ewm. to 0.22 om,} and
temperaturas (25,2 degress G, to w? degraees U.). ﬁmm;
pemperature sbeervationa apresd well with ﬁhw&é of Hacky.
¢ was observed that s decrease In toupangture causes
an increase in the corona and spavkiog fields for & given
drop rvading, The ifncreass in the covens field, ﬁ@# drops of
vadive 0.15 em,, from $20 degrees Cemtlgrade to -U degrees .
Centigrade is about 13%, A& 3% increess in the corons field
was caleulated from Macky's fowmula wsing the variastion of
ehe surfoce tension of water with temperature over the same
EHREE o ﬁ@m&y“m values for coroma field must be corrected for
temporature 1 they are to be &@gli@@ o the natvral environs
ment within thunderstorns. '
Ko nusleation of the weter drops wils observed at

comporatures as low a8 -§ degress Centigrade.

aupiricsl eguation, tased on Macky's equation for
tha covons Field, taking the temperatures lnto account, and
caleulated for the observations 1ss '

B o= 447 m 5+ 8.8 wo@gﬁ +.0,0039 sm?:é

ﬂ
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where T 4o the water drop temp

eraturs in degress Contigrade,
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AN BEAMIVATION OF ?@%.ﬁﬁfﬁﬂﬁﬂ ﬁy uTKﬁW@
hﬁﬁﬁﬂuﬁﬂ FE&LB @m ﬂ%aﬂ&ﬁ@ﬁ&Lﬂ %ﬁ%hﬁ Hﬁﬁﬁm

IHMTRODUCTION

An examination of the effects of stvong electric fields
on superceoled water dreps was aﬁ'ﬁpémial imtmxast because
of hﬁé&r;pmaﬁibla r@lmtiwﬁship to the thunderstorm charge
g@n@gﬁfi@nmﬁmﬁ@nigm@;ﬁﬂd o initiation of lightring
éiaah&mg&ﬁa |

The y%im@ry conditions which affect water drope Iu &

thunderstorm cloud aye: pressure, tempevature, electrie

charges {bﬂﬂh free end imﬂun@d), styong electric fields,




ard type of contamlnation of the water,

This thesie Ls concerned with the electric fisld
necesgary to cause corens to be emitted from freely falling
water dreps of different radii and temperaturef.

The breskdown £ield for dry afr at RJI.F. ig 30,000
voltas per cemtimeter, W. &, Macky (1921) found that thie
fleld was veduced to 8,000-10,000 vélﬁ@ %ﬁr centinater
vhon water drops were present., Hacky studied the varistion
of corons end spirking Flelds for diffevect drop sizes and
reduced pressure. It wust be sesumsd that his experiments
wore carried out ab yoom ﬁwmyaxﬂtux@ gince no temperaturas
W@fﬁ~&iVﬁﬂﬁ Macky used 75.0 dynes per om. 43 the surface
tension of weter in his empirieally dervived equation for

the field and assumed Lhat it wag a namaﬁanﬁ; Tha surface
rgnsion of wateyr iucreases with a d&ar&&é@ in temperabure,
{fable 5. The suthor, therefore, ro~examined freely fallling
%@tﬁx ﬁr&yﬁ in strong electxie f£ields to obsayve the effect

of temperature on the covona and sparking fields..




GieranPalic by
t%;-'-\—r‘wi-t »fm

Yacky U M.L} showead :.,’zw.z: wabor drops wg 2 7Ei§3® spray
of tiny @ﬂﬁ?m»h@ “wien su %jmatﬂd o styong electyic ‘ z flelda,
Ba examipned tioe eifzets of increased fuil vmla&ity and reduc~
tion of air pressure. Bver since the eavly work of Macky
ﬁm'thg'EQW%wing of the breakdown potential gradient in aix
produced by the pw@éanam of water drope, 1t has basn asuumed,
for the purpeses of computation of miximum charge contailnment,
that the breskdown slectric field in thendevstorm clouds is
batwean 8,000 and 10,000 volis peor centineter.

Congider o weter drop in a wniform elestyle fiald Bas
The surfsce tenslon forcss ars counteracted by the elsctrical
stress on the surface of the drop. ﬂ:u.::s stress may be due
to induced chavge, free charge, or both. By equating the
surface tengion Forge on the mixﬂmmﬁmwmmu% of a drop to the
forea due to the internal pressure on the crosg-gectional
arss of the drop, ve obtaln; 27 ¢ § = rzd P, P= 2 8/r,
¥ pepresents interpal pressucs of the drop, 8, the surface

gension, and », the yadius. The stress on the surfaca of

the drop dus to & chavge on it 48 57—, vhere o is the

surface charge densily et a point, 4 dxop may be expacted to

breakup whon the surface temsion stress, P = 2 8/x, is equal

to the elestvical stress, —— , at apy point on the surface.
, : : 3 e Ok RRe g
The induced gurface chavgs, 7 , on a drop in & strong

alestric field may be csleulated from Ey = —~ st the surface

(2]
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of & conductor beasuse the Fleld within s wa&mcﬁﬁx ig ners.
ihe relazgtiow tims of weter 18 approwimately equal to 10-6
sovcndg. A watev deop is ﬁhwraﬁww@-mmmﬁiﬁﬁrmﬁ & good |
gotdaeior,

The fleld et the surface of 2 epherical dwop in 8

g & A L Eob i & .
pnd foyre $lald 4, L SR

By = 5 By eon €,
From this, By = 3 B, when 6 eguals mern, the wanimoem flald
at the surface of the dvop. |
The fleld, 84, that was obtaloed from the above stvess
squntion iz, " |
By = 2 {8/ <. ©)% in nks unite, or
By = 5720 (%iwg%,:z' |
*-meh&wa 9 i3 in dynes éﬁ% em., T 16 in ﬂmQQ‘ﬁﬁﬂ*ﬂﬁ”ﬁ@ in volts
pew ﬂw&%m&mx .
| Bauating the manimun £leld, B, at the surface of a drop
Ciw e undfvre fisld to the field, B, necessary to overcoms |
gurface tension forces, we obiaing
By = 2240 (8/0)%, |
5, 48 the sppitled field i volts per eentimeter, This
vapresents the theovetical walue of the applied field vhich
should cavse diszuption of & 3@%@&%&&1 diop of radiug v
Since the drops ave distorted by the f£ield, they are ne
longer sphevical and this formuls 18 pot expected to apply.

decovding to Loeb (1953), Macky's “observations indlcated

4 -

that, a8 fizids vesshed intensities of the order of 7-8 bw/em,




watey drops, dependd ng on thely size, began to bm drawn uut

into gpindle shaped configurations, the engg ¢f vbich broke
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sialds watow dﬁﬁ%ﬁ distovk, digrupi, and ﬁi&cﬁaxgm’m&gamﬁvé
and positive jous inko the gas by mewns of poing uﬁzmﬁaa¢”
From Loeb's descrliption it ig sssumed thal a8 a watey dyop
digrupts it ouits sorond. Toerefove, the applied field, lg,
waich causes disvuption is assumsd to be the same as the fleld
which caugses covons wmission,

The surfoce tension of watex is tabulated inm Table 5 as
& function of femperatuve. It s expected, on the hasis of
surface tension along, that the breakdewn [ield would be a
fonctien of cewpewature if the suvface tension forces ave
ovevsoms before the bueakdown £ileld for alz 18 rveachad.
According to thie theory; e surfece tepsion change foom 72,

dynes poy om. at 25 degroes Centigrade to 764 dynas per om.

2

P

gt -5 degrees Genbigrads aopsage in field of 3% fox

€£‘~
¥

sives an
5 given drop radius,

A nucleatad water drop wes aupestbed o give much highey
velues of covona and sparking flelde then those obuerved for
water drops due to the hindrance to distevtion and dis rupﬁiﬂn
by the ice, However, a0 nuclestion of the water dveps was
observed down to tempersturss as low as -9 degrees C@n igrvade.

X - .o o
Bocky devived en emplrical Formala,

& corong w &7 (nf,}

-
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E corong is &%@ covena fleld in wm&tﬁ por centimeber,. @umfaa@

gonsion in in dynes por awmt&mmt@xg dr&p vadiveg 18 in ﬂ@ﬁti“ :

tavs. Macky'e amwmmia aygii»& to the @g&rﬂiﬁg Flald ﬁﬁf
water drops falling in a verticsl field snd to the corona '.
fleld for watew &xwyw f@liﬁmg ia a horizontal fleld. ﬂmuky
BRYe Do ixfmﬁma&imn aﬂmﬁﬁwnjmg tmm@&r&&um@ aﬁﬁ@wﬁéw* B&&aua&
A ﬁhﬁ @mﬁﬁﬁhie lwyﬁwﬁ&ﬁm@ of supevcooled water @xwy& in
imiﬁi&@&&& Ightning discharges and in consideration of
mh&xgévﬁﬁm@xm&ﬁﬁﬁ mechanisns in ﬁ%umd@wﬂnmwm%, the effect
wﬁfﬁwﬁwaﬁiam o tomperabuye of water dyops in aﬁfwm@ a&é&t#ia
lelds wes studled. a o

To supersool the water awwwﬁg & refvigerator was

3
£
pas
@
3
?
Xk

af &%@_ﬁ@@u&g § gupsreoaling waa B&ﬁ&@ U dr@p of x#ﬁiuﬁ
04050 ﬁm; paod spaller. BiEfieulties wmr@ amawwmaﬁr@ﬁ"%m :
@%%@m$£&%@ f ] pzmﬁwmm and contrel thess small dropd, thﬁxam
fore, lavger ﬁxmpﬁ vere wsed, The lavger &wwgﬁ ware mag | )
cooled e rapldly im thelr fall &hﬁwﬂgm the cold alr in the
zefrigerator. | | | o
'mmm;¢%“u siuation i“ﬁ ﬁ}g for the heat balance of a
ﬁ&i%ﬁ%g pﬁ?ﬁlﬁ&& 18,

| By fp @ & 77 6 32 K T4 4 2400 WIC ¥ P,
Wher 1 is the Tate of hmﬁ& loss due %o radiation aud condus-

tiom, By is the rate ﬂf &a&t loas dma to evaporation and
comvection, @ = 3,2 %Euﬁﬁiﬁm}% » B= (573 + 1.5 T¢3 % 1@*7

wated in the shape of @ W@ﬁ&i&&l mylind@rk Caleulation




AEDE w1013, ¢ w1 +0,229 (Re)E,

Hewe Re g the ﬁﬁ?m Kéa nuwher, Yo is the aie t@mpax&ﬂmxé‘&ﬁ
degress Uentigrade, p is the pressurs dn wmiliibars, T* is the
difference in tomperature between the sphevical aurfaéﬁ and
the surreunding eir, v is the vadiuvs of rhe sphere, and Ik,
the diffusion cosfficient of wﬁéur vapor into alr, © is a
coefficiont dus to the relative aly gypsed, K is the &ﬁﬁﬁﬁi“
oot of conductivity of heat of the aiv, and ?w is ﬁhm
diffeyence in vapor deasity between the drop surface and the
undisturbed flow, By end Hy ave glven in cal./sec,, T¥% is
in dagrees Kelvin, ¥ is in centimetexs, k is in cm,2/see.,
5% 1g in smofom.3, ond K £8 in cel.fem? -sec, ~deg, C.fem, |
Slnee e ﬁﬁ@ﬂ%‘%@ﬁﬁﬁﬁ@‘WQQQ mere iniclal valoaiby, and g
asproached some frection of thelr termival velocity, Ludlem's
equation was Iutegrated with respest to thma,

Gunn & Kinzey il@%@}¢ aaﬁuméi%%&t for drops largey than
§,0080 om, ﬁiamam@fhﬁﬁlxing in aly, the waﬁ&&tivw forea ia
proportional to the welecity of the drop squared, The
following squation was written end polved for V¥ as & functivn

of t,

,

Where Vi & {mgfi)% emfoec,, g = 980 cw/sec,2, m = mass of the

T T T T B SR T T R




drop in grams, and ¥ = mg/Ve? gm/on.
The equation for ¥ was integrataed with vespact teo time

to get h, the distance the drop fell.

R g [“f @ o? Gegfw)h e ) “In 2 w(kg/m)*% ]
Since b was kuown él!ﬁ Cie durxnh mmaa mbﬁarvatimn&), ¢ was
found uy ﬁhaca$&xvu apprmxgmmtimmﬁ, By hmmwing . and the
ath@t raﬁmmﬁhﬁr@ in the ﬁqmaaxan xar v imr a givaﬂ size ﬂwwp,.;
V wal calculsted, ¥ou the sizes af drops used ﬁn the amp@ri*
ments it was found éhaﬁ‘th@ drops were within 2% of their
ﬁﬁfmiﬁ&l velocity after a fail of 170 e, o

The m&yn@la& number 18 & function aﬁ drﬁp aiza and

velocity of fall, Agcovding to Guom & kina&r {19&9)5 tha
_E@ymalda‘nw&b@y is: Re w,ﬁm €.xry, wh&rm4v is a ﬁunatimm
of time, Wha values of he, &ﬁah €, and k were eub&titutaﬁ
into lLudiam's equation, Ludlam' £ aquaﬁiom wasg 1ntagrataﬁ
with maagac& to time, asguming r wes a amwa&ant, to g@t th&

wwuuat af heat ﬁlﬂmw£&KW&@ in aalarims*

/’/’t : " -
iy + Hgle = w2 T ox T 1077 [1&%3&1: + 5.8 Tg &+

@%p%lmé'J‘@ngmjﬁ &m& 1(mmh{ﬁﬂa wﬁ .

L teann (Rafm )} _ 2 | o
¥e) gtaﬂl kgi i 2—3 ]] 23,1 v P%:f %‘E‘{; l:t’ _umoozzg 23’: 'Q’T m )&
v S ,

o s
[vast T keamh \J?‘“Sf*ﬁ ‘33"‘ « tan 1 (mvh\ kg/m t) ]J
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where 4Ly is the hinematlc viscosity of aly at tempevature Ty,
in emt/sen , .
Thig eguation was solved to find the amount of heat lost
from the drops exemined, The tewperaturs of the drops betweem
Field plates, fgy,W35 ca*cwlatnd Exomi | }   |
g Cp g m O To (¢ mie .
sssuning that cy» the ﬁ?@aiﬁ & heat aawau&ty at constant
presgure, was unity: and that the final mass of the drop, g,
was the same as the {aleisl mags, my.
The mass L5t by the drop was czleulzted from the
gucond torm on the right band side of théﬂﬂﬁu@tiﬁﬁ‘ ﬁy

»

H E . [ R—
dividing this term Ly

Cl";

500 calovies per gram, the mass lost
15 obtained, Caloulatipns of the mass lost by the drops
showad ghat it was negl ’%1&;

The caleulated tww@&xaturs$ are glven in T&biaﬁ 1 and 2,
These are eipected o be the minimum awount nﬂ ¢0b1¢ng fou
the drops hecausa the huﬁiﬁiﬁy was assumed to be 100%. A
mé@éu&&ﬁi@nnmf the maximum amount of cool in ng showed that
inscead of 0.5 degraes Centigrade of cooling, twice this -
ampunt, or about P degres of cooling wauld be obtained if
t&a Bumd 42 Ly of the atyx waa BETH « ' SR

The 3 axauu~ TS in Ludlzm's equation were corvected for
temperatuve and pressure whenever values of thelr veriation
ware gvallable.

Loeb and Meek (1941) showed that B/P = constant:, where

| . "
E ig the breakdown electric field for alr in volts per




L T -

wentive fv‘g and P iz &hm atwospharic pregssure in miil&m&tew&
©f mareu ryg (@xcept at extremely low pressures)

& saleulation was made of B/P = constant for the values
of pressure glves inm &ﬁﬁ-ﬂ&é& stondard atmosphere.  4nother
esloulation of § = 4&?‘{“!&}% W&ﬁJMﬁﬁa taking into account
the varietion of surface tension with tamperature, Ear tha
ﬁ&ﬁ& gtandard atmoespharic. tawgwxatuxwau Eﬁtmm&t&d vmlu@a
for the surface tenglon ¢f water were used below ~8 degrees
Genzigrade. |

Tho values of fleld caleulated by thess two methods
{Table 7)), indieate that neat the & km. level in the atmoae
é&@x%nth% @wﬁ@ﬁmrﬂ dependence of the corona anﬁ sparking
Lields begins to control the %&ﬁmvimur of water drops in
gﬁawmg cloctric £ alds iﬂ@?&ﬁﬁ of the amrﬁacm tengion &myanm
ﬁ@maw‘ﬁm temperature. Howevar, since the temperature at the
8 ke level fe about «37 @@ﬁxﬁﬂﬁ‘ﬁﬁmtigrﬂﬁa, droplets with
x%ﬁﬁi lavger than 0.005 cm, are nuclested at that temperature,
{foffer, 1961}, Therefore within a thunderstorm cloud,
éuwﬁ&a@ tension effeots contrel the digtortion, diﬂtﬂ?ﬁiﬁmg
coronag onget, and @p@rﬁing fialds of water drops up to near
the & km, lowel, E@&@véﬁﬁ t@m@awﬁt&f@ﬂ‘wiﬁbin clovds will
e bigher tﬁ&ﬁ in ﬁha ﬁurwmamﬁiﬁg sir. Bence, Eﬁ”f&@@

tengion contyol of iimlﬁﬁ of wetay érﬁgs may ba aimimzahad

in vigovous storms,
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APPARATUS

A vefrigevstor was congtructed in thé.@hﬂp& of &
vortiesl cylinder twe metexs high. I1& wag constructed in
ity $ections fitted together by thxaéﬂ&ﬁ wnds, %mvﬁﬁﬁyw -
five fﬂwt af 3/8 inch copper vefrigeration aubiﬂg wag
&t?&wha@ in gections muming lengthwise along an aluminum
pipe of Inside dlameter 10 inches and 3/8 dnch wall, This
was ueed as the core of the reﬁfigmratmx,v Three ﬂbaarvaﬁiwn
ports, 32 imahﬂv long and 2 inches wide, were &mt into o
zach gection at 90 degres intervels. The copper tublng
ﬁ&a clomped tightly ageinet the outside of the aluminum
core by chennel alumizum strips. A bakelite rimg at each
wnd of m&;h'@éaﬁﬁmm &@ﬁawﬁ the outside @@umimumlﬁhali;&w&y R
from the copper .“@ilﬂw "Fir%& a vermiculite imaukatinﬁ )
was uged %ammﬁan the &zwminum pipe &n& tha outer ﬂh&llo
& 1@&& devaloped &mwx&m the refrigerator and ﬁmw thm
ﬁ@awsumbﬁa& apparatus, aﬁyxaﬁﬁmm sheets were cut inté

amxﬁﬁa mﬁﬂ used ag insulation, Thin gstoinless steel wa&

£ ﬁtaﬁ %%&dﬁﬁ adah.@%aarvatimn p@xn to xa&aim the inﬁalatiwm

7 m ghve &ma ouLer &immkmmm shell wzigldity. Styw@fﬂam
ﬁ%x pa wwwmv&ut ﬁm& used a8 ﬁlmﬁﬁ for cbaervation ports
Whiﬁ% ware pot being used,

The waf cigerator was mounted vsrﬁiaally on & stand

w@ﬂﬁtﬂ&ﬁﬁﬁﬁ From a steel plate 1/2 inch thick. Bteel legs




hatalhic 48

R - e

¢t each coxmer with a 1/2 inch diameter bolt through a
gmall plate on the Lmrtc%\mﬁ each made leveling of the
refrvipgerator pogssibla,
The outzlida of the reflrigerator was wrapped with glass

wool insulation., & foil layer on the ourside was used to

¥

aflect as much heut as possible. Styrofoam 2 inches thick
and 10 inches in diemeter was used to plug the 1awmwkéﬁdfm£
tha refrigerator. & small hole cut imlhhw centar éﬁ the
styvofoam plug allowed water drops to fell threugh after
naminations dn the ¢lectric f£leld, |
4 Copsland Model B«33-C refrigeration COmPressor wnlt
was weed with fyveon 22 refrigerent. A photograph of the

drop towsr &md'aﬂmwwaasur unit 4s shown 4in Pigure 3.

kwmy@rawux@ was measured by weiog glass thermomaters
and irvonestmetanten thermocouples. The reference Juncgion
was placed io loe wabter along with g glays ﬁh@wm@matar“ |
A Leedswlioxthyop potentiomster (catalogue #8692) was used
to measure the output d&ﬁﬁax&nm; in millivelts between tha
&h&%m@cmuﬁﬁm\amd the reference Junction,

The millivolt scale of the potentiometer was read
o plus or wminus (.01 millivolt, The Cemperature was known
Lt plué oy minus (.2 degrees Centigrade. |

The glass theruometers were scaled in divisions of

0,2 deprose Lentigrade from «30.0 to 50.0 degrees,




PIGURE 1

PHOTOGRAPE OF REFRIGERATED DROP TOWER







ﬁﬁﬁ@%ﬂ%ﬁﬁﬁ@s refvigerator aiv temperature, and .

raLor wall Lomperaturd.

Hetew Droposze
Glesy tublng dvawn cut into a m&%ﬁww maﬁiiimwy tip
was ugad 88 & water dropper, %@?ﬁf&i‘&ﬁfwa%@ntvaﬂﬁﬁﬁ'wmw&
e &&ﬁ poed. It vﬁa Faumd %mﬂﬂ ﬂ&ﬁf&ruﬁt slzen of drmp@
wsoukd e produced by W&Ej@%% the rats of wotew ﬁlww'&hw@ugh
shes dropper. A 1,000 ul ﬁx&anmwyax flask was used a0 &
regepvely for Eh m*ﬁ&w& water., This was m@um&@ﬁ at the
ron of "@ “aiziwwraﬁmw gnd woter was fed throegh p&a&t%&
subing by weans of givhon into & peteoel, ?mmm the
peteaai, the water passed dowowards through a ﬁl&ﬁﬁ tuﬁ% tg
& eoll of plastic tubing & fest long. This tubing was inaide
o cen eonteining the cueling ﬁﬂim&i@ﬂ‘x¢w pmmaa0i£ﬁg th@l |
water, The lower gnd of the plagtic tubing wag m@mm@m&aﬁ
zo o glase dvoppew. Thig dropper wey fittad inte & yubber
stoppey placed in o bole in the &@ﬁtﬁm,mﬁ the eooling
solution can. o ’ ‘ ;, ;
The conling ”@anim% conteiner vestad on @ slab of

XE3

eyvofoan plosed GUEDSs the top of the refvigevator, &

@

§

hole in the ~mmaar of the &ﬁyﬁ@ﬁ@&m allowed adjustment of

the pogition of the ﬁ&w@@mr bk &haﬁ the drops fell ba&wa@n

the field plates. _ 4 |
The watey dz@ryww WAS ¢n lv%xmt&d at dxf%&r&nﬂ ér@ypimg

ErGturen ahamrwmd insluds initial water tamp&am&ar&,‘




R . —

rates by epunting the wumber of axa?ﬁ pecessary te 111 a
Whﬁuwﬁa& gylinder to & certain voluma, For @ﬁ&mpl&, at
oo drop per second, one dropper puroduced drops of redlus
4,32 om. The size of the drop was changed during many of
the laber runs. Drop size was maasured at the end of each

run bafore the potoock was shut o, 'Th% w&mﬁm@mﬁgpgaad
im ﬁh» meagurensate of a biv@n ﬁ&my x&diu& was observed
to ba plus or ndnus O, 005 e, %xmp r&éik ware xwwnﬁmé off

ey @ha_m&&r@am 0.01 cm,

L

W . 2 .
Peonngl ine Buth

Te he certain that the water drops being examined at

sold tempsrafures were as cold as pugsible before dropping,

4 precsoling bath was constructed. A coil of approximatel :
4

& feot of plastic tubing was placed inaside a lavrge tin can,

=

datey from the reservoiy passed through the coill very slowly
as the weter drops fell ﬁwmﬁ tha dropper. Ive and water
placed in the can completely covered the woll of plastic
pubing. Salt {ﬁaﬁ%} and mmwmaaiﬁm.mhiagiﬂ% {Mglly) were
ugad aﬁiawaﬁm}v L 3@@&% the melting point témy@w&%mﬁa of

the fce., With sodium chlowide, the malting point of the

jeo was lowersd sbout 3.5 dogress ﬁﬁﬁﬁiﬁ%%ﬂ@y With m&gn@aium

ehloride, the melting point of the ica Wi lowered about
5.8 degrees Centigvade. The vemparature of the preccoling
bath was monitored with a tﬁarmacmuyig, The tempetratura
st which the water drops left the dropper was asgsumed to be

tha sarme a8 that of the precooling bath.
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The three final rung were made using methanol in the
precooling bath, The methanol was refrigerated in a

freezer until its temperature was near -10 degrees Centi- -

grade, 4An attempted runm at -15 degrees Centigrade resulted

e

1 the freszing of the water inside of the dropper and

precooling coil, | - | o

Eield Plates and Electric Fleld

~ ‘Field plates were made from aluminum bar stock s

3 inches wide, 12 inches long,_and 3/8 inch thick, The
edges were rounded and polished., The front and back eof -
@ach pi&te was also polishéd smooth, lA f

'The‘fiald plates were mounted vértically oh‘lucite
angkeg by means of nylon scx &S . The 1ub1te anglea rode
on & £3 ﬁ @46&@ of lucite between two rails and Were
adjustable for any plate spac ing up to 2 1/4 inches.- ?ﬁe
entire field platé assembly, including the lucite base,
could be placed at any height within the refrigerator
plp@ and held there by getscrews., R |

A clamp to hold the plates parallel was made from
two lucite bars and two nylon screws. This clamp was
made after observing that the separatxon of the field
plates was greater at: tha top than at the bottom, When
this dlfferance in sep&r&tion was obaerved, results of
Obﬁelv&tlﬂﬁ& were not in agreement w1th Macky's reﬁults.
After the clamp was installed, the obgservations agreed

very well with those of Macky. The error in measuring




the epacing of the field plates was estimated to be not
more than 5%,

A.Beta'Elaatronics, 0 to 30 kilovolt, power supply
wag comnected to the field plates, One fleld plate was
connected to ground. A Sensitive Research electrostatic
voltmeter was connected between thé ¢ to 30 kilovéltapower
aupply'am& ground, Potential differences applied to the
plates were read.fycm“the electrostatic voltmeter., The
potential difference was divided by the plate spacing to

obtain the applied electric field,

Corona and Spark ﬁetectqrg"
i, The Eye |

In a darkened voom, a faintngOW ﬁés vigsible to the
eye as é.dxcp passed through the field and eﬁitted'corana,
 Sparks were visible when the field was equal to or exceeded
the critical sparking fileld.
2, The Rar | |

A hissing noise was heard frém each drd? as it‘pasﬁed

through the field and emitted coroma. A loud "zap" was .

heard sach time a drop passed between the'plates‘andlsParking'

oceurred,
3. Radio Receiver |

" The ﬁlecﬁrémagnatic.radiatioh'emitted from corang'”
and spark.dis&harg@slwés detected by placing the anﬁénné
of a short wave radio receiver near the field plates. As

cach drop emitting corona passed through the field, a burst




- - v

of statio was sudible on the vadio laudap@ﬁkﬁx* Sparks
made a wmeeh louder statie burst end were also audible.
4, FPhotographs '

FPhotographs showsd the coropa emitted from the drops
in the coroma field., Sparks also were visible in the:
photogrephs of dveps in erxitical end higher sgaxking
fiplds, The onget of corona fxam‘gh@togzaphs aauld ot

ba ﬂﬁ%ﬁ”ﬁimuﬁ as amcux&tely as with.thm radiq‘xaeﬁtven«

Fhpewrxarhy

A HMitchell 35 millimeter movie a@m@ma, ﬂpazataﬂ‘
nanually, was uvsed with Tri-X £ilm to ?h@tugxaﬁh the falling
drops. & 2 inch foeal length lens with an apevature of £ 2,8
wag used, The subject di@tanca'waﬁ about § inches, A hand’
erank wae used to advance the film after each exposure.

KI*U%i?&t$@ﬂ was awhiwved %y uaing an Amglww SéJEK*A
flash tube in & strobosceplc clrewit, The rate of flaﬂhing
was varisbie from gbout one flash per second to about 100
flaghes per second, This flashing rate was controlled by

& Berikeley Double Pulse Generator commected to the grid
of & 2050 &hyratram, {Pigure 2, Cirouit ﬂiagramQ

%%@rwaﬁér ﬁxwgparwp&taaak.was adjusted to giva a
water dropping rate of about one drop per second, &
wioroswiteh in the ﬁ&x@b@.airauit allowed flashing to be
initisted at will. The flash tube wes mounted behind a
thin white paper background, With the flashing rate of

the pulse genevator set on 100 flashes per second, and




FIGURE 2

FLASH GIRCUIT

Anafaw
E6TALZA

)

t7ro

W5 VAC

RWE ’a’mw
3 [+}
I

GW‘
|
[+
o]

2o
: Plllh
- BU#O'\
- 4
6.3V

[ > To Berk‘ler

:________) Pulse, Gﬁh.




B -

by use of the mlexoswiteh, one or two flashey were obtained
48 a drop passed through the fleld of view. About 25% of
the photogrerhs made showed drops, |
Drops falling between the field plates wers photo-
graphed under five general conditions:
1. With no field betwsen the plates. |
2. With low figld between the plates.
3o With corvena field.
4, With eritical sparking field.
S5« Witrh a highey faeld thﬁn tha critical sparking
Llﬂi& 12 ‘
Considerable ﬁ?ffiauiﬁy>wma enﬁﬂua&araﬁ Ln attampting
o phot agw&ph.ahm fﬁll&mg drapa with fxmnt illumination,
The intengity of ﬁh@ flash was nmn en@ugh to expose the |
imags of & ﬁrwp. 1@& simplest 1ightimg mothod geemed to
be llhmim&tamm wﬁ tha wiite p&pﬁr hackwx@mud from behind
but d*fﬁﬁm&lty'wau encountered from mmlﬁipla flashing
wiich reduced the contrast. Newarth&l&aﬁs phakagvapha ﬂf

drops wore obtained. {ﬁﬁwura 3 )

A Tycos cﬂm@unsatad d&al ﬂyge barwmmtar was used for |

obgexvations of atmospheric pressure, %arwmut@r m@ﬁdiﬂ&&

were not reduced to ses 1ave1°. Tha didl af tha baromataw isA

a&libxat@é i% wyaﬂuat&oaa of 0. 1 cm, of mercury fram 6&.& am,

Hg. to ?Q S oo Hgo Entarpalatiun bﬁtwaen ﬁha 0.1 amw ﬁg.
6iViﬂJﬁﬁ$ allowed reaaing af the barmmataz to plua ox ‘

wirus 0.02 em. of Hue

The bevometer was calibrated and set by use of &
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FICURE 3

FHOTOGIARY OF A WATER DROF TN IT8 GOROWA FIZLD

Thie photograrh ig of a .21 om, radiug water drop inm
tes corvons field of 8,700 volts per em. The distortion watio,
which 18 the retis of the hovizental to the vertical dimenmsion
of the drop, 18 Dp/h, » 3.75. The fiald plate spacing is 2
ome and temporature of the dvop is 27 dﬁgm@a Centigyade, The
vogitive field plate is on tha right,  The dvep is elongated
in the direction of the fleld. In the lower yart of the
ploture, the path of the falling drop 48 oublined by corond.
The iﬁ;gﬁa@ geot fo the dyop i forward scatter of the Jight
Fram the white buskground,  This photograph is Flieb, Tam 4.




o

rrecisicn weroury boremeter. Feriodie checks weve mzﬁﬁa
bgtwoum the Tycos baroneber gnd the marewyy baromatey,
Preggure was vevorded during eack wun. From the work pf
Loekh end Veel (19413 and Table 7, it can be seen that a
pregsure =¢3§@¢££ng does ok sfifest the resulis wntil the

presgure bas boem reduced to about 240 wn, Hg. The observed

pressure during the vbservations was arsund 650 wmm. Hg.




CBEEEVATIONS

Pavopetyic profsure, vocnm temperatuve, vefrigerator
gly Gemperalure, vafrigevator wall tewperature, inmitial
weter toupersture, appromimate drvop fall height, plate
@y&ﬁiﬁgh soxona potepilal, sperking potential, and drop

O

vadivg wers vessvded durivg each mum. \ .
A B wssary of the primayy observations from ﬁ&ﬁh T
apposrs in Table 1,
&mwﬁ%wﬁ tabulation of drop tewmperaturs, corona fleld,

aad gpark Lield srvenged in order of increasing drop radius,

18 plven dn Teble 2, Yable 2 shows that there 1 an increass

in the covons and epurhing fields with & decrease in drop

%@&3@ 3, the diffevence in percent between the highest
and lovest values of the #lelds at congtant Lompearaturs,
iliustrabes that the aversge deviation of the obseyved.
fiald for o glven duop size is about 2%,

A graph, Flgure 4; of corvona f£leld va, drop ﬁ@mparmwwwg
was made from the data in Teble 2. & distinet incvease of
corene fleld with u decrease in tempevature 18 showa, B
cgpecially in gho resulte of 0,15 em. radivs drops. Fov the

drops labeled ¥, thore is & luzge spread in thﬁ.mﬁaﬂﬂ#¢Mﬁmﬁa
just below U degrees Cemtigrade. The highest valuss of the

covens field ave favored berause diffflculty was encounteved

in the cleaning of the water, ics, and frost from the fleld




COROMA ¥

TELD (ov/om) VS, DROP TEMPERATURE

FLGURE 4

o

i3 W

Rey foy Pipure £

we 0,13 % 0,005 cm vadius drops

M -= 0,14 L 0.005 cm radius drops

H

e= (3,15 + 0,005 cm radius drops

es 0,18 ¥ 0.005 cm radius drops

§ aw 4,21 4 0,005 em radius drops
U ww 0,22 1 0,005 om vadius drops
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plages. It was alec chserved thet 88 succesgive obsdyvations

FRUE madz of the corens and sparking fields, without steempts

i3

Ea -

Cdag to elesn the plates, a docrease In these fields mmwwmp

Tha eorona ai mimwm way have taben place at the wet fleld

paabos and wmay wt bhave gome Ffron drop o wmgztmm

d empirical aquation for the corona fmm Wag w:i,mm
for the deta of 0,15 gwm, radius dyops in m;um 4y Macky's
i sxion was used as o basis for the m@iﬁml-ﬁqmﬁ&m
w%iah 183

B w447 mﬁ R s o1ty
i (3:3 Tk ¢

% w 75.6 dynes per ome, the suxface tension of water st gera

egress Centiprade, a » 8,8, b= =77, and ¢ =0,0039. Vaing
thae Lollowing values of fleld the comstants a, by and ¢ vere

palouliated. ’ _
’ - & ow 11,000 v/ons at -8 degrass Q,

Bow 10,600 v/om, at U dogress C,
Eow 8,700 vwiom, m +20 degrees m
The ubservations agree with the empivical equation within
& Loy percent mmgm for those low valuey below zers degrees
Gentl grade which are sssumed to be diminished from the trus
wnluo becavse of fee and frost growkh on the fleld plates.
The eovons field of the 0,15 om, zadivs drops mwwﬁm
abgat 13% ﬁf%m avound 9,700 velts pex om. at +320 degrees |
Sentioy ade m m:mmz;x 13,000 voltm m-x: cm, &% «8 ﬁﬁgﬁ&%
Lumtds mfém . .
A graph, Pigsre 5, of sparking field vs, tmpw&mm




FIGURE'S . = o e

SPARKING FIELD (kv/cm) VS, DROP TEMPERATURE (°C)

L i

Eey for Figure 3

H
'-. Fol

o - 9&13
~= 0,14 + 0,005 cm-radius drops
0.15 * 0.005 cm radius drops

0.005 om radius drops

-~ 0,18 + 0,005 cm radius drops
= 0,21 1+ 0,005 cm radius drops

@ w0 o= B
;

e 0,22 i‘O.QUS cm radius drops
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vas wade feom the dote in Teble 4. This praph 1llustrates
thet a8 the tewperature desrdsscs the ﬁpaﬁ%ﬁa@‘ﬁxﬂiﬁ for & -
ghven sipe drop Incvssyez, The ﬁW%?%imw £leld msoguroments

S

may wE be oo avcurdats becwuse of the possiblility of
applyleg & proster potential difference te the field plates
| thae the switical sperking value, 4alss, the close field
y@mﬁ@/ﬂﬁﬁﬁﬁmg.M%y'hmw& ped an offect in cavsing breaivdown.
Figare 6, £5p1d in kvfew ve, retis (/) was made
from measeresents of photographs of drop awmr&:imm Table &,
By iz the hovisontal leogth of the drvop i tha dizection of
ine fleld, Dy 1s the verelesl dvop length perpendidular o
ioid, he matic Dby ls the horizoutsl l@ﬁ&th of the
drop divided by the veyblesl lemgth of o ﬁx@@» Fig uw@ b
Shows that o deep of 0.1 on. rodlus 18 not distorted much
by an ﬁﬁmﬁﬁﬁmm in fleld up to avound 7,500 voles pex ﬁm;
whare the distortise vatdo io 1,25, ¥Wirh forther inoresss
In the £ield to 5,740 volts per ems {at which valus corons
wawmmwmu}ﬁ the ratis inoroases %&pﬁﬁiy’@ﬁ 375, Bparking
poourved Bk 2,000 wolie poy owme 80 @ rario mh/av of 4,48,
The dvop distovtion data mey be valuable for polarisstion

calentations in redar expeviments,
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FIGURE 6

FIELD VS. DISTORTION RATIO
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| SUMMANY AND COBCLUSIONS

The anthor @@ﬁﬁ&ﬁmmt@ﬁ & r@i&igwﬁ&&aw in the foym
of & vextical eylinder. Water drops were dropped through
the refrigerated aly and betwsen twe polished aluminum
flald ﬁlﬁﬁéﬁ supportad by a lueite fremework. The watew
S ware presocied to nety Lero degress Centigrede in

ardar that supsropoling might bo achieved wore easlly

within the Linited fall fistance, Ludlam's equation (1930},

was weed to caleulate the asount of supeycooling that would

be schioved by weter deops of different size falling through

siv &t cexperabures below sero degress Contigrada, The

sparling and corons flelds foy different drop sizes at

different tomperatuves were vbserved. AC water temporatures

balow sore degrecs Cenmtigreds; & aw@ﬁt amount mf‘diﬁf&ami%y
wes enscuntersd dus to the freening of water on the flold
oiates resulting fyom the breskup of the drops during |
applicatiss of cthe field. |

& study was muda of the covons and sparking £ields L
for freely falling w@ﬁ@x-@wmp$'wmmgiwg io radive from ©.13
gim, ¢ .22 em, a&\ﬁﬁmparmﬁmréa vanging fyom -9 degroes
Gentlgrade to 3@&2‘@@@%@@@ ﬁaﬁti@%&d@g it wmﬁ'm%warw@&
shet the corvons and sparking fields of water drops in airp
ipcresse with a decrease in tempevatuve. The in&w@aaw in
gorona and sparking flelds carmot be ascribed to an error inm

messuzing the drop siza, The 137 increaze in covona and




g

sporking flelds with & decresse in tempevature for & glven
gize of drop fe ascribed partly to & surface Cension inuwaaaé
with tewperature decredse snd parily to reasons unkaown at
this zima, |

Distorvtion of the drops incresses gwﬁdﬁally with an
incresse in field until about 85% of the sparking f;alé
value 1% reached, The last 154 Increass in the fi@ié, to
&h&-wpar&im% valug, inereases th@ distortion of the drop
from & ratio of 1.25 to 4,40, - | |

The theoretizal value of the applisd fleld which should
coupe dismuption and coyome, £, = 2240 (ﬁ!w)%, is wot a gﬁbd'
approvimetion for watew drops in wﬁxamgfmia;ﬁmiﬁ fields. xﬁ’
migt be venowbered thab ﬁﬁﬁa ﬂ@uatinﬁ.wa@ derived for a
spharical deop in & wniform fleld. Tha photopraphs of
dyops in %ﬁwmw@.@l%atﬁiﬁ fiml&& ghow that the drops appear
elongated in the direction of the field.

Bince the curvature is grestaest at the ends Bﬁ’ﬁha drop

in the divecrion of the field, the field is more concentrated

at theze ends thon was expected for 2 spherical drop of the

sme voleme a8 the elongated one. Therefore, the higher

field at the ends of the drop ceuses disruption and coroena
pmienion to eccur before the applied field veaches the

theoverical value. In fact; the drop breshup fleld was'

nearly the same as predicted from Macky's equation, Eg »
447 (8/0)%.

Supercooled water drops require kipher values of




L

elentyic Qmm&a to cause covona end spark éi&ahargwa thaw
that reguired by water drops at room mampmraﬁmr@»

The presiure depandence of the brealwdown slectric field
for ady is nob expected to have eny elfect upon water drops
fn thenderstorm clouds below ﬂh@ 3 lun. 3&%@&; »' |

An cmpivical eguation for the mbmawiﬂ corons ﬁiald ¥ H

e 047 (15,65 B8 2 Q7T ¢ 10,0039 w«% |

m e .

Thiz forumla tehes the @m@p t&mwmwaﬁuw& ihtﬁ manaiﬁa&a&ima'




SUZCESTIONS FOR FURTHER INVERTIGATION

More Information is needed about the corona &mﬂ‘ﬁmﬁwkw

ing fields of supercooled water deops, The temperature should

be desronsed to study poseibla nuelestion effectd of the

elavtric fleld on supercuoled water drops, If ﬁh@ éruy aize

18 veduced, wore gupey vencling of the water dould be anhlﬁvaﬂ»-

The distortion wutiv of water dmaya ghould be studied am;

4 Punstion of drop olze and tempersture, This information
_,ah@mid\%@\Wﬁzmahl@'im'p@i&xim&ﬁi&n'ﬁtuﬁimﬁ‘mﬁ thunderstorms
by radar. o |

- Shae ﬁ@@@md&ﬁ@ﬁ pf dxmm @&®ﬁ£iﬁiﬂnﬁ.mm drop size and
speed should be ewnmined, : |

& ﬁﬁ%&ﬁﬁl investigation @W tha aﬁﬁm@h of conteminanty
on water deops Inm sbyeng elestric fiel&@ gshould be nade,

?xaﬁmet'ﬁﬁmmﬁatimm of natural ﬁhmm@ﬁr&tﬂrm awwﬁi%i&n&
in the maaﬁwmﬁwrj and its effect on tha coxona %m& ﬁpark&ﬁg
Fleldn of &ugﬁrawmaﬂ& water drope in strong sledtric £ields
should be examined, Studies under actual pressure conditions
a5 exist within ﬁuwm&aramaxm slouds merit further &nvaﬂtiw

gation.,
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TABLE 1
SUMIARY OF FRIVARY OBSERVATIONS FROM ﬂmmm

Bag Ro,  Rading Brop '{*anm Sapometer B Smxk 14 fmmn&

fomd ﬁﬁ%ﬁﬁgk_ (Vlﬁ%&‘. L em) |

i e Ha s o "

B2 29,2 6550 . o
g - 6.2 29.2 656.0 8,380 www
3 .22 26,2 858,7  B,480 8,240

4 pa2z 28,0 65755 B340 wew
5 0,22 28,0 857.5 8,190 8,040

s a2 2.0 656.2 8,000 7,920
7 0.28 276 O B54,0 wew -
8 0.2 250 651.8 8,000 7,670
g ez 2 50,0 eme wem

W e,z 26.7 547,2 8,170 —
1L 8.5 Wb cww  mem .
e 05 26,2 649,510,000 9,860
b 0422 26,2 6498 8,000 7,500
12 ﬂdﬁi i s | w»m | W
13 0.2 26,5 6530 8,700 8,6
4 6.2 270 652.2 9,000

15 021 27.3 656.4 9,000
Wa L3 21,7 §48,7 8,540
17 .20 21,0 43,7 8,240
178 6,15 20,8 648.9 9,720

wn g2 2.4 652.0 7,840




TAHLE 1
{mmﬁim&wﬁ}

e e %ﬁﬁ%ﬁ ?‘f@i&iﬁ%’ mfiﬁm ﬁ{%ﬁf’é@i’f
22 0.1 34 6512 9,070 8,945
23 0,15 el e 9420 920
24 0.15 “1.0 B42.8  wew.. . mws
35 9.5 0 #1.0 wee 10,620 10,860
25 0,45 i 647.5 10,230 9,830
2% 0.8 - 25.6 652,7 9,610 9,320
26 0.8 2.7 §52.7 9,410 9,210
26 0,18 <40 652.7 9,290 - 9,180

27 6.8 eh.4 649.5 9,420 9,350
0.3 =36 646.7 10,530 10,120
S 04 5.3 651,210,790  em
30 0.15  -2.8  652.2 10,430 -
31 0ok 3.8 642,211,040 10,760
32 0.34 2.7 642,211,060 10,710
33 0,15  ~hd . 648.8 10,830 “e-
33 0.15  «B,7 648.8 10,630 10,430
33 0.15 T 648.8 10,430 -
33 G.15 6 o4 6488 10,360 sem
33 0.5 6.2 648.8 10,630 10,430
34 0.5 =9.0 646,0  =w= 10,960
34 015 =7.0 646.0 === 10,980
34 0.15 bl 645.0 - 10,890
54 0,15  w2.7 646.0 - 10,670




FARLE 1
{awuﬁﬁ&waﬁ}

Rup Yo, Badivs  Dyop ?wmp‘ Barometer B hp&r& E Coropa
i) Lo O Cemele)  (Vew) (Ve

R . .- R

3 015 | 1.9 " 646.0 e 1ﬁy¢3ﬁ
8 0,15 2.2 646,010,550 10,530
34 8,15 . 39 646.0 10,520, . 10,410
36 00,15 5.3 . 646.6 30,520 - 10,390
34 0,15 8.8 646,010,420 %ﬂgzlﬂ
0.15 1.9 646.0 10,360 10,110
35 0.15 w30 G484 . 9,510 9,800
0.15 0.4 8434 10,300 10,190
28 0,15 174 6484 9,810 9,710
15 0.15 22,5 648.4 9,680 9,530




TABLE 2

DROP TEMPERATURE, COROHA FIELD, AND BPARK FIELD

avvenged in order of incvsasing dvop redius

Mﬁiw Brop Temp, , Covona Field Spavl Field
Sord 1 B __ Crlond (v/am} ..
0.13 236 10,090 10,470
. 10,060 16,590

W e 4 T 1@ #2& )
| 10,230 10,590
guls wdad : 10, 716 - 10,880
- 10,790 | 11,180
10,750 1%, 2020
. | 16,580 11,060
w«k oD Iﬂ’?ﬁﬁ i0, » 980
| 10,870 11, ,620
S 10, ﬁiﬁ 11,110 -
L e i@@?%@
o 10,830
| lﬂ,?%@
15 w1 e 10,830
“Bed 10,430 10, 1630
m?#g g 1& '{53@
6.4 i 1@ 350
o, F 10,430 10, ,630
2.5 9,520 | 9690
: Qaﬁﬁﬂ‘ 9,740
- 8,630 9,6%0
- 8,080 9,?%&‘
R, 680 8,740
“1.0 10,420 10,670
o 100466 10,620
| 9,830 10,230
1.5 @,35&' | 9,450
. | %3«?3 o 9,330
WE*S o | - 1@*‘!‘53@
: - 1@’#%&
e i Iﬁﬂz&ﬁ@
- 10,470
2245 - 9,530 8,720
2,560 93@@3
9,450 - ,639




Redive

(wmntimu@d)

Drop Tamp. Corond Field Spark Flald
L I {p‘m} ‘ (mewﬁ ” p%?!ggg .
0 «5.0 10, 970 s

11,@@& e
1, 500 e
1@ 850 -
- aﬁ ‘ll QZQ Rt
Zw 40 L
1@w’?ﬁ o
wly 1 303 900 o i
10,860 o
10,900 by
"“zu? lﬂnﬁ@ﬁ fakados
10,780 o
10,660 - o
95770 9,960
ﬁ, lﬂ 9,850
u‘l{) ni 1 !} Q :LQ’ 55"’ )
10,150 10,400
10,110 10,230
1.8 1ﬁﬁw3@ e
18,700 srnie
: 1@ S0 -
10y + 390 ek
' 10, S4ED "
2,% 10, 1520 10,590
‘ ‘ 3«0 550 1@,71{1
2.2 10, 2390 10,550
&Q“%?ﬂ 10,590
10,510 10,830
16,350 10,470
. 1% 390 10,430
1,350 16,470
P 1& 350 10,550
lﬁ 330 10,310
14, 2430 10,510
B.9 10,150 10,430
o : lﬁ 270 10,350
) 1@ Ak 10,430
- 1@ 150 10,430
11.% 16, 070 10,330
- l& 110 10,310
10,070 10,380
o 10,190 16,310
17.% 9 720 9 2500
- 9, 680 9,800
9,720 9,840
25.2 9,870 19,000




T

TABLE 2
&‘mmzmum}

Radive Drop Tewp. Covena Field Spaxk ¥Fleld
femy . AU *3 MU S !{Wam} — (Wm!} |

8.18 ' ?3 6 ' ' 9,32@ . : 9,&1@
T S 9,210 9,410
*»4%\ L/ : 9,180 : ‘ ?,2%
,w&q@- ﬁgﬁzﬁ G610
| o 93700 9410
9,320 8,410
'%gﬁ?ﬁ ’ 9 éﬁﬂ

o210 26,8 8,600 8,700
27.8 82700 9,600
7.5 3,500 9,000
21,7 8,480 84590
R 8,530 2,560
8,480 8,530
8,430  B,530

2.5 - ?;%3& '7§éﬁﬁl
Jp3 8,960 3,070

21,0 81370 8,220

B.22 29,2 kbl 8,380
25,2 8,240 8,480
28,0 I o 8,140
| 8,040 8,190
27.8 7,020 - 8,000
25.0 7,670 8,000
2647 e a 176
26,2 7,500 8,000

b

P ﬁmﬁ%imwama sufficient data to compute




THDBLE 3

FERCERY DIFPLRUNCE EKIU“ER THE Hlﬁqﬁﬁf ABD LOWEST VALUES QF
THE PIELD AE Cﬁﬁafﬁﬁ? ?gﬁ%waamua&

Badius Temp, Gorona Fleld - Gpark Fleld
(ot L8 CE i ey
o3 a6 2 I

“‘3«3 2 1
‘ «5.3 hadad : . 1 A
E}R§~5 ) w@ 1 *%30“ P i z
‘guk,*?ﬁm N 2
“iﬁ&ug”{}ng@r - :{ )
Mf} &{1‘,&#\}“2 e 3
i i T |
*‘wwﬂ ‘5 &f&
""?!wm--ﬁ ' } 2

‘ #i‘:aﬁ "”!".: 1, -

8.8 b -1 1
0.21° 27.0,24.5 1 3

. ' ' 1‘2147 ! l 1 '_
21.0 | 1 1

6.22 29,2,25.0 | - '3

' ‘ 334@ o 1
27, Q 26,7 e : _Z _
2% wverage 2% aversge

=« indicetes oot sufficient data to compute




TABLE 4

DISTORTION OF 0.21 CM. RADIUS DROP

| (takéﬁ'frbﬁ Run 14 photégrapﬁs)

Es

Field plate spacing ==~ 2.0 cm. . -
Photograph field plate spacing -»~ 1.8 cm.
Temperature ==« 27.0 degrees €.

Photo No, D, em Dy, om  Ratio Dp/D,  Applied Field
_— : - et _Svfem)
T S

4"’9 ' . olé'@ uv"fﬁ‘g 1 100 O ‘
9-10 : | -
7=12 ‘ B -
gt .48 33 146 8,000
810 | |
13-16 57 .29 2,31 8,500
114 » | \
1213 .95 .25 3.75 8,700
12414 \
91 1.05 24 4,40 9,000

By, == length of drop in the direction of field, i.e.,

horizontal

D, == length of drop in the direction perpendicular éof"

field, i.e., vertical

Spark Field observed =~ 9,000 volts per cm.

Cﬂf@n&lFiEId observed -~ 8,700 volts per cm.




Rl

h@w@&lm o h&&ﬂﬁl%ﬁ?ﬁ HECK, ﬂr LUDLAMES Eﬁuaxxmw

Tnadtam®s mquatimv €1 Qmﬂ;, givos 23.0 degrees C. as the
flem] temperatves of 2 drop mr rading 0.185 om, falling 2

metars thwﬂugﬁ the alr at «30.0 desyeps O, vhon the Infitial

iwmp¢a ture of the drop 1& 6.2 dezpress ﬁﬁ

_ ¢ﬁm* tions ﬁuwim Calerinetar Cheok
ﬁefrig@r&@ﬁx'ﬁiw fﬂm§ﬁTaﬁur@ , | -20.,0 d&@»lﬂﬁ
Indtisl water teomergiure o 8.2 Zeg. G
Initizl zopn tempervature S 2.0 ﬁﬁg, G
ﬁm@&?=¢@§mkimﬁﬁﬁT‘m%@$ - 200,20 gm.
 Calowimetsr plus waber wasg | 202,90 gm.

Calorimeter plus wabar plug 30 drovs . ,

of woter mass | - 210,56 gm,
initial masy of w&hmx‘iﬁ calorimeter 1¢?ﬁ”gm,

Hass of 50 dve Cops ﬂf warey added (by waight) 0,66 gmy

Hasy of SU drope aﬁ wataw aalamlmtad Erom

obgsarend radius of 6,15 om, | - 0.58 pa,
Iniﬁial %mtaﬂ tomperature in salorimeter 19.4 deg. Q;
Finel watewr ampeveture In calorimeber 20.6 deg.
Final drep t@mpaﬁgtnra (by wvelght mathaﬁ) o ‘4$3,§;ﬁﬁgﬁgga

Final drop temparature ‘ |
{hy caloulated waigﬁt mmthnﬁ} 23.5 deg. €,
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CALCULATION OF EXPECTZD ERROR IR DROP RADIUS

Vo 4f3 T 2P D

Voluge = V

Badiug = p

Humbex @fv&rapg @ N o= 100
@anﬁiiyy@ﬁ'wat@r = B = 1,00
hib se. = 4,19 £3 100 1,00
o= (4,22 o

Exror in veading graduated cylinder (plus or minus 0.lce,)

4,3 o, = 4,19 3 100 1.00°
o= 0,218 cm. o
hah e, = 4,19 £3 100 1,00
r = 0,222 cm,

Brrer = 802 em, x 100% 49

A0 Cm,




EXPECTED ERRORS OF MEASUREMENTS

-+ Drop Radius

: Temperatur@

Sufface'Tensiom

Fressure: |

Drop Fall Height
‘Velt&ée {V§

\ Pl&tav$p;¢3ng

Corona Field

Spark Field

TABLE §

7 e o oo oo e v o S A e

v - ,.-.-—‘.....-.....‘.'.mbéa
W o v ol b o g A e T A
- w—--wh«lﬂ!.ull#'f'
- -3 - - o

R R N -

I oo by o g St Wy o o

\

0.

0.
0.
0.

03%
5 %
5%

%
%



TARLE 7.

VALHE& cr FIWLD CALCULATED FROM NACA STANDARD armnsramaﬁ
. PRESSUBES AND TM}:MTURES R

Altltud@ Te«nnp. ?:eﬁmme Ew39.5 P E=b47 (S/ ::)’i %:gg?.gﬁ
) (,ﬂ) (rem ﬁg) Svfem)  (v/em) - (dvnes cml
0 15 760 30,000 - 8,570: - 73.5 *
2 2 596 23,600 - 8,600 75.4
3, 5% -8 - e 8,780 77,0
4 AL 462 18,300 - mee . oae
5.3% w20 ew e 8,940 80%

6 <26 354 14,400 - e s

8 -3 267 10,600 . 9,120 83%

10 - .50 198 7,820 9,220  8s%

12 =55 145 5,730 ee- s
146 =55 106 4,190 e

o= 0,20 cm,

% Indicates estimated value.

- ;
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