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ANATOL JAWOREK, ANDRZEJ KRUPA

Gdalisk

Morphological Studies of Electrodynamic Spraying of Water

Electrodynamic spraying of liquicls is caused by the electric force applied to the surface of liquid.
The results of phenomenological studies of the process of disruption of the litluid surface and the modes
of spraying are reported. Distilled water was used as the test nredium. The water was forced tlrrough a
metal capillary connected to a high dc voltage. The microscopic observations of the jet n l.}r pnrŁrLuŁq
light reveal a number of phenomena which have previously not been reported.

1. Introduction

The spraying of licluids employing electric forces has been known since the
first obsełvations of Bose in 1745 |I,2). Tlre results of his experirnents lrave beerr
forgotten lor more than a cerrtury, arrd the phenomenon rediscovered in 1882 by
Rayleiglr [3], who determined the irrstability criterion for clrarged liquid droplets.
Zeleny in 1917 [4] estabilished tlre criterion for instability of an electTifi.ed liquid
at the tip of a capillary. Marry years later Vonnegut arrd Neubauer [5] considered
tlre initial and final states of tlre spraying plocess, and usirrg tlre errergy minimiza-
tion principle predicted the most probable clrarge-to-mass ratio of tlre produced
droplets. Drozin in 1955 [2] considered the electrical forces causing instabilities of
the liquid surface as alising from stresses in tlre dielectric liquid. Taylor in 1964
6,7] predicted theoretically the cone-jet shape of the meniscus of liquid issuing
from a capillary. Shorey arrd Michelson in 1970 [8] fourrd the conditions which
should be satisfied by the licluid to be sprayed effectively.

In tlre last two decades a nurnber of papers have been published on this sub-
ect. However due to the numerous parameters, such as: licluid flow rate, con-
,rctivity, dipole moment) permittivity, surfa,ce tension, viscosity, surrbunding gas
iessuTe, its ionization, diameter of a capillary etc., more or less influencing the

iisruption process) the results of licluid spraying are different as reported in dif-
erent papers. Tlre differences refer mainly to the liquids of conductivity in an
ltermediate lange, i.e. from 10-a to 10-8 CIm, and in particular to the distilled



156 A. Jaworek, A. Krupa

rvatcr.
Horvevct, marry tlreoretical arrd practical questiorrs remaitr still unłrttsrvercrl:

- Ilr wlrich rallge of electric conductivity tlre liquid can be spraycd a,s linc acrosol?
- Is it possilrle to syIlcltrotlize the electrodyrramic spraying rvitlr tlre aicl of an al-

terrrating clcctric ficld? Is tlre nreclranisrn of such spraying sinlilal to tlrirt ob-
tairied by the clc excitatiolr?

- Why tlrc spravirrg at rregativc polarity differs fi,orn tlrat at positive?
- lVlrat is tlre role of tlte cororra discharge from tlre water surfacc ilr tlre

electrodyllanric spraying?
A glowing intcrest in płrysical backgrounds of tlre electrotlyrrłlttric sprayitrg

is forccrl rna,irrly b.y its nerv a,pplications such as ink-jet printing, paintillg, frrel
atonrizatiotr irr corrrllustion systcnls, clrrulsificatiolls, lrricloitrcłrllsulatiotls, crop
spra,yittg, clra,rgcrl rlro1llets sct,ubbillg etc,, wlriclr al,c lrow citlrcr rvidcly ttsctl or
are belivccl to allorv to iltcrcasc thc clTcctivcrrcss of thc ltttltrllcr of tcchnological
proCcSScS.

Rccclrtl"v sone attclnllts rvcrc takcn to sutlrtłla,rize tłre krrorvlcclgc otr tltc splay-
ing proccss. Tltc sprayirrg lrrotlcs ltavc bccn systetlratic:tllly dclsclibed by llayati et
al [9] arrd Cloupeau altd Prunct-Foch [10]. Thcsc lnodcs a,lc collllllorr {or differcnt
liquirls at ccrtain spra,ying conditiolts, altlrotrglr some otlrer cvents an<l sub-nrocles
carr a,lso bc obscrved,

Tlre prrrposc of thc 1rrcsettt pal)cr is to cltaracterize tlre spraying process in
tcrnrs of thc fluid dispelsillg systcnr arrd tlrc chargirrg voltagc. 'I'he cxpcrinleltts
arc restrictcd to thc spraying of tlistillcd rva,ter in a, systetlr conprising a, nretaI
capillary fcd bv a lrv dc sotlLcc of positir.c a,nrl negative pola,rity, 'llte experinleltts
are carrictl out at aIrrbictrt ail at tcmperature of about 20oC:. Tlrc liclrritl is forced
tlrlorrgh thc capillary a,t a cotrstalrt h.yclrostatic pressure.

2. Experinrental stand

Tlte scltelna,tic diagrarrr of tltc cxllcriltteltta,l set ttp uscd for studyillg tlrc clec-
trodynanric clispcl,siorr of liclrrids is sltorvn in Fig. 1. The disllersion systcm consist
of a tlrctal capillary (Ilyporlerrrric nccdle of cxtcrttal rlia.tllcter of 0.9 lnnt and in-
tcrIlal clia,nrcter of 0.65 rnlrr) 1llacecl vcrticall.y artd strpplied from a high voltage
soulce atltl a, glouttrlcd fla,t brass clectrorle of rliattrctcr 300 Inm, rvitlr rounded
edges. Thc capilla,ry is coltncctccl to a cotrtaitrcr ilr rvhich a, stable cottstarrt levei
of rvatcr is rna,ilrtaitrcd irr ordct to kcep a cotlstant hyclrosta,tic prcsstlrc at the tip
of t}rc capillarv, The distarrcc bctrvcctl tlre capillary tip ancl tlte couttter platc Lr

r/ = 50 lrrnr.
Thc capilłary protrudcs froltr a stailtless stecl plate biascd at thc samc pG

tcntial as tlrat of the capillary. Tlrc diarnetcr of tlre plate is of 120 nrrn. Tlr'rs
clcctrodc scTeells thc tip of tlrc capillary fronr cxterltal clectrostatic fields, rvlricŁ
could irrduce a spttrious clrargc otr the surface of tlre issuing liqrrid, particrrlarl_v
rvhen lorv bia,s poterrtial is applictl.
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The lower plate is grounded through a microammeter which neasures the total
current carried by the water droplets and ionized gas molecules. In this plate a
small slot of 5 mm in width is made, in order to allow a part of the total number
of droplets to fall irrto instruments measuring their size and charge. The droplet
size distribution was determined by means of the droplet size analyzer of AWK
type. Tlre total number of at least 4000 droplets was classified irr 128 groups.
Charge orr the droplets was measured by means of a cylinder probe described by
tlre autlrors irr the papers [11,12] or alternatively by a Faraday cage.

ó

Fig. 1. Experinenta] stand

The water level irr tlre container can be clranged. It was kept at 20 mm
above tlre capillary tip. This rvater level is sliglrtly below the level at wliich the
hydrostatic pressule arrd the surfa,ce tension forces are irr equilibrium, a,nrl no
dripping occurs tlrerr.

\{any płrotographs were taken in order to learn more about the dispersion
process. The tip of tlre capillary was plrotograplred using tlre sltadow photograplry
in tlre liglrt pulses produced by tlre Xenon lamp of the flaslr duratiorr time of
about 3 ps or a commercial flash lamp with tlre light pulses of duration of about
1.5 ms. Additionaly the photograplrs in continuous light were takerr in order to
rrotice tlre spatial distributiorr of tlre produced aerosol. Attempts to plrotograph
tlre secluences in electrodyna,mic spraying were unsuccesful due to lack of a high
speed pIloto cantera,.

An origirral rnethod has beetl developed arrd applied to take some urrique plto-
tographs. Both, tlre pernra,nent liglrting arrd tlre light pulse of tlre duration of 3 ps
were applied simultarreously. Tlre nretlłod allows to observe on olle plrotograph
tlre particle shape, its positiorr ancl tlre trajectory of tlre particle as rvell. Bright
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traces orr the photographs are the effect of tlre permanerrt light scattering on a
droplet, at the time exposure of 1/30 s. Dark dots are shadoń of droplets irr the
Pulse light of 3 ps duration. The scheme of the light sources position is slrown iri
Fig. 2.

photocamera

Fig. 2. Sclreme of position of the light soulces

The permanerrt liglrt soulce is placed at g0-120o rela,tive to tlre lerrs axis wltile
tlre pulsating light source is rrear but only of a few grades off tlre axis.

3. Spraying at negative polarity

Tlre following modes of electrodyrranic spraying can be observed in our spray-
irrg systern, wlriclr are in gerreral colllllloll for differerrt licluids wlren certain spray_
ing corrditions are fulfilled. Tlre sprayirrg rnodes change witlr the increasing poten-
tial applied to tlie capillary tlrrouglr wlrich the distillecl water is flowirrg. Within
tlrese sprayirrg mocles some sub-rnocles can be distinguished. Altlrough tlrey are
similar in general to each otlrer, some differences in forma,tion of the liquid jet
have been observed. Some of tlrese sub-modes have lritlrerto not been reported
on.

3.1. Tlre tlrippirrg nrodc (Fig. 3)

The liquid drips frorrr tlre capillary with a constant frequelrcy /V, rvlriclr in-
creases nearly exponentially witlr tlre voltage ittcreasing (Fig. ł). The droplet
diameter decreases steadily as the poterrtial rises (Fig. 5).
From the voltage lrigher tlratr about -8.2 kV up to aliout -9 kV tlre rrrailt drop can
be accompanied by a small satellite (sibling) droplet or a few droplets (Fig. 6) of
nunber and size depending on tlre sprayirrg parameters arrd tlre applied voltage.
At about -9 kV the clrarge Q of each droplet approa,ches tlre Rayleigh charge
linrit Q" (F'ig, 7) and from eaclr droplet a series of snraller droplets is ńitted.-
As _the poterrtial of tlre capillary irrcreases furtlrer frorrr -9 kV up to about -11.5
kV tlre droplet elongates to an elipsoidal tlrick fiIamerrt and tlre liquicl is e.jected

l
l
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}

Fig. 3. Dripping mode. Exposure time 1.5 ms (shadow photograplry)
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Fig. 4. Dripping frequency as a function of applied voltage. Pressure p=8O mm HzO
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Fig. 5. Diameter of droplets issuing from a capillary at high voltage. Presstu,e p=80 mlrr II:O

a) b)

Fig.6. Drippingmodewithsiblingdroplets. Exposuretime1.5ms(słradowplrotography)(a),exposure
time:3ps+r/3os(b).
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Irig. 7. Tlre rat,io of acttral droplet, clrarge to tlre Rayleig}r lirnit. Pressule p=SO nrln H2O

fronr tlre frorrt of tlre perrdarrt clrop. Tlre filanrents breaks off and the liquid
nletriscus lelaxes repetitively back to its irritial slrape. Fronr tlte filanrent one of
a ferv sibling clroplets a,re fornrecl. Tlre frecluerrcy of droplet ploduction rate ca,l)

increase by orrc oI two olders of nragttitttde conrpa,red to tlrat of the dripping
mode. Tlte spraying is billroclal alrd tlre droplet rnodal diameters range from 900

1łrrr alrd 100 1lln dorvlr to 600 1ln arrd 80 pnr for tlre voltage illcreasittg frorn -9
up to -12 kV respectively.

As tlre voltagc increases furtlrer (-11.5 to 13.5 kV) tlre structurc of dispersiott
becorrres polydispcrse, with tlre particlc diarneters rarrging fron 100 prn to 1000

1łn. The observatiolrs irr the stroboscopic liglrt revea] tlrat tlre merriscus elongates,
and thc irregular droplets are ejected frorrr it. Tlrese droplets catl disrrtpt firrt}rer
into smallcr clroplets,

3.2. Spirrdlc rrrode (Fig. 8)

At tlre negative poterrtial frorrr -13 kV up to -16 kV the spindle nrode is
observed. At tlrc tip of the capillary a single spindle shaped jet is folmcd, wlriclr
rrext falls off. Tlre irrcrcase irr tlre potcrrtial causes a sliglrt elongation of the jet.
Tlre droplets are monoclisperse in tlre llalrow sizc range frorn 400 to 5001łm. The
siblings previously observed cease altrrost colnpletely. The droplets are spread in
an irregular mallnel a,round the capillary axis.
Above -16 kV the spindle nrode is tro lotrger nonodisperse ancl becorlres binodal.
Trvo sizes of droplets are distinquislred: tlre first one of diameter of about 600 pnr
anrl tlre secorrtl one of dia,meter belorv 100 1rrn. With the volta,ge increasing tlre

06

0,4

0,?

kv
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a,) b)

Fig. 8. Liquid sprayingat tlre voltage -r5 kV. Exposur.e tirrre 3 ps (a), 1.5 ps (L).

modal diameter of the larger droplets also increases, but t]te numbcr of clroplcts
ceases. Tlre small droplets a,r,e lnole llunerous but tlreir cliatrreters only slightl.y
decrcase.

3.3. Tlrrcad-drop rrrode (rig, 9)

Above -21.3 kV a thick jet of t}re diameter approxinratcly cclual to the itttcrnal
diameter of the capillary issrres from the capillir]. At the ńeał of the jct a la,rge
droP is forrned, and bcltilrd it the jet elongitu, io u fine thrcad. As tlrc tlrrcid
beconres sel'etal nrillirnetels 1olrg it breaks rrp irrto a, numbet of snła.ll rlroplcts.
The diamcter of tlre thread evaluated frorrr tlie plrotographs is of about 10d 1lm.Altlrough tlre jet formatiorr cltattges qualitatively conrpared to tlrc spinrllc mode.
tlre sigrrificant clranges irr tlre droplet nrorlal dianreteis lrave trot becn observecl.
The nurrrber of the firre droplets irrcreases rvith tlre volta,ge itlcreasing. 'Ihe size
of tlre main large rlroplcts ilrcrease steadily witlr tlre irrcrea=sc in voltag"c, brrt their
fraction in rrunber size distributiorr decreases.
No ot]rer sPraYirrg modcs lra,ve been observerl for rregative voltages iltcrcasing rrp
to -40 kV.
I]_ ri8. 10 the clroPlet modal clianrctcr Drro7 as a function of voltage is presenterl.
Tlre solid litre refers to t}rc rnodal dianretcr, while rvitlr <laslrecl lirres"the banrlwitlth
FWHM is irrclicated. only in tlrc volta,gc range fronr -11.5 kV to -13.5 kV wlrere
no moda,l value carr be distinguisltccl, tlre solid ]ine is ornitted.
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Fig. 9. Licluid splaying at tlre voltage -22kY. Exposure tinre 3 ps (a), 1.5 ps (b).

Fig. 10. The modal diameter and bandwidth (F'WHM) as a function of negatir.e voltage. Electrode
distance d = 5O mm. Capilary: exterrral clialneter 0.9 mm, internal diameter 0.65 mm

Negotlve polorlty

p=20mmH.0
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4. Spraying at positive polarity

Tlrc spraying of water at the positive polarity is quite clifferent frorrr thtrt
at negative. Particrrlarly at higlrer potentials tlre nrodes are llulnclous a,trd tlrc
produced aerosol catl lle fitler.

4.1. Drippirrg rnode

The dripping node at positive polarity irr its initial stage docs not diflcr
sigrrificarrtly from tlrat at tlre ltegative polarity, so olle carr rcfer to the scctiolr
3.1.

Witlt tlre irrcrca,se irr potcntial at tlrc ca,pillary, thc tlrippiIlg nrorlc <levclopcs
irrto tlre rrricrodripping nrodc. 'Ilre droplct profile elongatcs to arr cllipsoirlal tlrick
filanrent, rvhiclr detaclrcs f1,orn thc a,pcx of tlre cone. 'lhe fila,trretrts brca,k up to a
series of firrc droplets attd a singlc larger droplct (Fig. 11).

.. -;#i#fu,,,",,,#W3
Fig. 11. Licluid spral,illg at tlre l,oltage +1O kV. Dx1>osrtr.e tiltre 3 ps

,

Tlrerr thc liquid metrisctls rela,xes rcpetitively back to its initial slrape. Tltc lrunrber
of siblings irrcrcascs cortsidcla,blc rvitlr tlre volta,gc incrca,sing. In tlre voltagc ra,nge
fronr *9 kv to +10 kv thc tlroplct sizc clistributiotl is birrrodal, atrd tlte rnotlal
diameters are of abotrt 450 1rrlr ancl 100 1lrn.

4.2. Spilrdlc urodc (I|ig. 12)

At positive potcrrtial tlre spincllc tłrodc is observctl in the volta,ge range frollr
+10.7 kV to +77.2 kV. At thc tip of tlrc capillarv a single spirrdle slraperl jet
is forrncd, lvlrich rrcxt falls off. The iltcrcasc irr the poterrtial callses a sliglrt
elongatiolr of the licluid jet. Urrlikc tlre sprayirrg at ncgativc polarity, tlrc jct
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oscillates in a stable plane, rvhiclr cart turn sometimes to anotlrer stable position.
Tlre lerrglrt of tlre jet also oscillates,

l,

v

]: 
j]:::i.]łłiL}łtN]łlj,ira]::::::::

. :. _!,ł§,"+§; !ii../Ł :

a) b)

Irig. 12. Liclrricl spraying at tlre voltagc +12 kV. Exposru.e time 3 ps (a), 1.5 ps (b).

Sonetitrres from tlre liquicl colte cletacltes a tlrin tlrread rvhiclr clisrupts into a fcw
{ilrc droplcts (Fig. 12). Thesc srlrall droplets fornr a mist irr tlre space between tlre
capillary and platre. Passirrg near tlre capillarv axis (nraxirrrun electric field), a
snrall conra-likc clroplct is ejectcd lvitlr a lorrg firre thrcad bchilrd it. The droplets
are polydispersc altlrouglt trvo nroclal dianreters can be distinguished, tlrc onc of
about 200 1lm and tlre sccorrcl of 30 1łm. The sizes of the droplets forrnirrg tlre
nrist ]ravc not been r-lrcasurecl duc to lack of appropriate size analyzer. As tlre
volta,ge is incrca,silrg tltc Irrrrrrber of srnall droplets also iltcreases.

At thc voltage of +I7.2 kV the droplets are still clispersed in a stable plane but
only irr tlvo ea,sily distirrgrrislra,blc synrnetrical strearns (Fig, 13). The spindle
is formcd alterrrately irr thc directiorr of orre stream arrd tlie otlter. Tlre size
distribution is still bimodal rvitli larger droplets of cliameter of about 200 iłnr and
smallcr of 30 pnr altlrough the number of larger droplets ceases rvitlr tlie voltage
increasing. Tlre mist is no longer observed. At +19.5 kV the streams becomes
urrsyrrrrrretrical relative to capillary axis (Fig. 14). One of tlris streams cotrsists of
a snrall rrtlnrber of large rlroplets of diameter of about 200 1lnr, rvlricIr are forrrred
fronr tlre spindle. Tlre droplets irr the second streartl arise fronr disruptiorr of a
firre thread ejected from tlre secotrd spindle. The small droplets are of diametcr
of about 30 pm.
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Fig. 13. Licluid sprayirrg at tlre voltage +18 kV. Exposure tinre 3 ps + 1/3O s (a), 1/3O s (b).

Irig. 14. Liquid spraying at tlre voltage +22 kV. Exposute tinre 3 ps (a), l/SO s (b).



N,Iorpłrological Studies of Blectrodynamic Spraying of Water I67

4.3. Con-jet mocle

\Ąritlrilr thc voltagc range fronr +24 kV to *28 kV liquid issuing from tlre cap-
illary takcs the fortn of a cotre rvitlr a filte elongeted jet issuing frorlr its apex, I}y
obselvations in tlrc liglrt pulsating with frequency of about 100 IIz arrd witlr prrlsc
clura,tion of 3 1rs it wa,s estabilished that the tlrread rotates rorurd the capillary
axis (Fig. 15a). At its end tlre thread becomes finer and takcs tlre spiral form
(Fig. 15b). This spiral tlrread disirrtegrates ittto srrrall droplets. Tlre droplets are
sprcad rviltding roulrd the motlrer spiral (i.e. tlre second spiral is superinrposed
on tlte first onc). In tlrc light of lorrg duratiotr pttlses (1.5 rns), tlre sprcacling
tlroplcts rcsclrrbles a clcvcllopittg spiral (Fig. 15c). 'llrc firre rlroplets of tltc nrea,n
tliatnctcr of 30 1rrrr arc produccd rvithilr tlris rrrode.

'I'ltc a,crosol is dispersed rrea,rly rrllifornly in thc spraying corre rourtd tlre capillar.y
axis. Thc sizc clistributiolr rlocs Irot cltange significantly with the voltagc rvithin
this lrrodc of spraying. Itr tlris nrodc a lrystcresis has bcen observecl. Tlre onsct
volta,ge is al;out +24 kV, but tlrc mode extiltguishes at about +20.5 kV.

It lras also beelr observcd tlrat a ferv of tlrc clispcrscrl clroplets arc attractcd
frolrt thc plarre back to the upper electrode. Olre of tlre probablc cxpla,rra,tion is
that tlrc clroplcts approach the rvater surface, corrtact rvitli it, but if they arc not
capturcd clue to the surface tension they are reclrarged irr thc cxisting electric
Iicld alrd folcccl ullrvard. This lrypotlteses rrccds holvevcr further investigations.

Abovc tlrc voltagc of +28 kV the cone-jet nrode clranges its fornr. Unlikc tlre
spira,l sub-rrrode, tlrc jet docs not rotate roulrcl tlrc capillary a,xis, }rrrt ta,kes a
sta,blc positioIr. 'flte jct can lic in tlrc capillarv axis or carr forrrr with it an anglc
rrot grcatcr tlran 30" (Fig. 16). 'flre jct is straight on a distaI}cc up to about
10 lnnr, a,ncl tltcn changcs to a firrc tlrrcad wlriclt utrdergocs kink irrstabilitics,
i.e. tlre tlrrcad lrloves irregularly rourr<l tlre mother-jct axis. Tlre thrcad breaks
up itrto scries of {ine dloplcts ncarly urriforln itr size. The acrosol slrrcads nearly
urrifornrly alourrd the jct axis (Fig. 16b). Tlre dianeter of tlre jct cva,luatcd
fronr tlre photographs is aborrt 100 1łrrr. Tlre jet dia,neter is lower arrd its lcnglrt
beconres slrorter rvitlr the itrcrca,sc in volta,ge.

'fltc droplet dia,nretcrs arc ill tlte ra,nge of about 30 1rr.r. It is belicvcd tliat
thc tlroplcts snrallcr tlran tneasurecl at,c also present irr tlrc sprayed a,crosol, but it
rvas llot possible to estabilish this fact because of lack of an appropriate particle
sizc analyzer.

Irr tlris sub-trrorle of sprayirlg a, hystercsis is also observerl. Tlre corre-jet spra1,-
ing rnotlc comnrenccs at about +28 kV, llut returrrs back to the spiral sub-nrode
at +27 kV. Tltis tnocle prololrgatcs ulr to about +32 kV rvhen the breakdorvn
ocC1l ts.

In Fig. 17 thc droplct Ino<lal clianreter D,,roą as a futtctiott of l,oltage is prc-
sctrtccl. 'fhc solid liltc rcfcrs to tltc rlrodal dianrctcr, rvlrilc rvitlr tlre dashed lirres
thc barldrvidth FWII\'I is irtdicatcd.
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a)

c)

Fig, 15, Liquid sPraYing at the voltage +26 kV. Exposure time 3 ps (a), exposrrre tilne 1/3o s (b),exposure lime 1.5 ms (c).
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c)

Fig. 16. Liquid sPraYing at the voltage +28 kV. Exposure time 3 ps (a), exposure time 1/3o s*3 ps (b),
.xposure time 1.5 ps (c).
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Fi5. 17. Tlrc rnodal diameter and}anclu,idt,lr (FWIIIU) as a ftrtlctiorr of positive voltage (clcctrocle
distance d=50 nrn, capillary exterlral dianreter 0.9 Ir-rnr, capillaly iIrternal <liarrreter 0.65 nlir)"

5. Conclusion

Thc studies of elcctrodylranric spraying leads to tlre following collclusiolls:
1, Thc droplet size is founrl to rlccreasc as th€ {ibld strcngtit at tlle tip of capillaly
incLeases, for botlr polarities althougli for nega,tivc polarity, at tlrc lroltag"s i,igh".
tlrarr about -15 kV tlre upper nlodal dianetcr of the droplets sliglrtly ińcrcoror.
2. At positive polarity tlrc rlroplets are ntuch fincr tlran tlrose at negativc.
3. No nrultijet rnode (i.e. trvo or more jcts issuirlg sinrultaneouŚly fi,orn t]lc
caPillarY) in spraying of rvater has bcen obscrvcrl. a,s rcportccl by nrany a,uthors.
perlraps t}ris nrode car} be iclerrtified rvitlr tlte spiral sub-rrrode.
4. Tlre thread or jet elonga,tittg frorr the cone a,t positive polalit.y is ttlttclt longer
tlrart that at negativc.
5. Tlre exPlarratiorr of tlte rolc of tltc cororra disclrargc fronr tlte surfacc of rvatcr
alrd thc sPace clta,rge formecl b.y thc gas iotts a,rrcl slrra"vcd droplcts ltecd firrtlter
soplristicatctl experillrerrt a,l invcsti ga,tions,
6. Tlre ftrrtlrcr studies orrglrt to distinguish betrvecn tlre current transported b.y
tlre gas iotrs ancl rvater droplets.

Received JaIruary 1992
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streszczenie

.RozPYlarrie elektrodyrrarrriczne:cieczy zacllodzi pod wplywem sił elektryczrryclr wywierarryclr rra
Powierzchnię cieczY. W pracy prz_edstawiono wyniki bidaIi piocesu rozpadu powierŹcluri Ći".zy i Jpi".ro
YYs.tęPujące_modY ro_zpylania._ Ja]<9 cieczy testowej użyto wody rlestylowanej. Ciecz wyplywi prr",
ka.9ilar_ę stalową Podlączoną do_ źródła wysokiego napięcia p.ąd,r rst.ł.go. 

'Prowadzon"e' 
ob"".*..;"

mikroskoPowe ujawniły szereg charakterystycznych m"a3* r"zpylŃ" nń opisywanyclr dotyclrczas 
-w

literaturze.

Studia morfologiczne elektrodynamiczne1o rozpylania wody

Ilayvxr,re Mopóonoruqecxlłe padoTLI anclcTpoAIłrraMlł!łccxoro
p ac nLI JIIłBaIIłlrl B oA,1,I

Pe: roue

3nexrPo4nHal\tHqecHoe pacn.,JrHBallHe ,*(łAKocTtt nl)oHcxoAu,r lIoA ltJlHflllHcl\l a,,c,.TpH(lecKHx
c}lJI Bt 13bIBaeN,lblx Ha troBepxtrocTb l]oALI. B cra,ruq fipeAc,raBJIeIl pc3),JIr,TaT rłcrlr,rratlufi lIpo-qecca pacnaAa noBepxHocTH }f{HlłKoCT!t H onr4callln l!btcT),llalotllHe 

^loA1,I I)acnl,|IMDa,rlilrr. Hax
MePHYlo }fiuAKocTb nPHMeneHo At{cTffflnilpoBaHHylo no41,, }ł{N4xocTt, BtJTcKaeT vepe: c.ralsHofi
ł{annJlJtRP noAcoeAHHeH}lr,rfi x rłcroqrIHKy Br,lcoHoIo HaIIpr}Xelr}a-q nocToJIIIttoro1oia. Br,Inortge-
trtble MrłKPocKonoBb|c lla6lloAeHun noHa3arx lta pflA xapaxTepr4cTtłqecHHx NloAoB pacnHrunallrl,
He onucbIBael\ltIx Ao nacTollqero BpeNreHvr ;lureparypofi .


