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LаЬогаtо гу measuгements of geometгi c and elect гi ca l pa гam ete гs of spat ially о гdе геd c l1 a гged \11аtег d1·ops 
рго п1рt t l1at SL1 cl1 stгuct L1гes may 1·опn in atmospl1e1·i c clouds and in t'og. The шdегеd stгuctuгes of \va ter d1·ops 
influence t li e suгface tcnsion and s h ea г viscosity о{ clouds. 

The ext r·ateпestri a l space and terrestri al atmo
sphere coп tain а gгeat nшлЬе г of dust paгticles which 
coпstit u te the so-called dusty plasma. At ceгta in coн
ditioн s , dust paгtic l es - like atoms and пюlecul es -
сал fопл ord e гecl structuгes as iл иystal s ог liquids 
[F01t ov et а!. , 2004]. With form ation of t l1ese stгuc 
tuгes , dusty plasma behaves as а лoп-Newtoni a11 liq
нid : fiгst , it does лоt flow at some shear stress belovv 
tЬе cri tical valн e and , secoпd , its s h eaг viscosity de
c гeases as s heaг stress i11c гeases . Accoгdiпg t o labora
toгy m easuгemeпts [ Vorona et а/. , 2007], t he co 11t ri
bution of the orde гed соmроп епt iп to sh ea г viscosit y 
of dllsty pl asma сал reach te 11s of регсел t ог т о ге . 

We [Shavlov and Dzhumandzhi, 2010] l1 ypothe
sized that strн ctшe foгmati oп Ьу chai·ged wateг d юps 
алd ice crystals may Ье possiЬl e also in c l oнd s and iл 
fog, tЬ е st гн ctL1гes bei11g аЫ е to cl1ange the ph ysical 
алd mecЬani c pгopeгties of the atmospheгe. Огd егеd 
structuгes of wateг dгops vve гe obta i ned at J аЬо гаtогу 
co ncli t ions оvе г а l1 eated \vate г s LIГface [Fedorets, 
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Fig. 1. А plane spatially ordered structure of water 
drops. 

2004]. In t hose expeгiments , \~1ater dгops , seveгal teпs 
of microm eteг iл di amete г, wеге localized iп а s i11gle 
lауег алd vvere hexago 11 ally o r·d eгed гe l a ti ve to one 
anoth eг, ~1 i t l1 а spacing of tvvo to fi ve dгор diam eteгs; 
th e heig l1 t of t l1e l ауе г above the \vateг suгface was 
commeпsuгate v\1it h tЬ е dгор diameter. 

In thi s гespect , give11 tlыt wate г dгops are сара 
Ые of stгuct Lr ге foгmatioн, the objecti\res of оuг study 
vveгe to шеаsuге th eiг chaгges inside а dгор stгLJ ct uгe, 
t o calcul ate suгface teпs i on i 11 tllis st гLJctu ге , апd to 
estimate t he effect tЬ е dгор stгLJ ctuгes тау callse 011 
the pгopeгt i es of atm ospheric c louds алd fog. 

Drop c lL1 ste1·s v\'еге obta iп ed experime11 tally fol 
lovv iпg а ргосеdше simil aг t o опе герогtеd i11 [Fedo
rets, 2004]. See Fig. 1 fo r а typi cal ordered drop st ruc
tuгe, w itЬ its rouпd shape being e v ideпce of sur"face 
teп s io п. Tl1 e geometri c апd eJectri cal paгamete rs of 
the drop c lllsters \vere investigated as а fL1п ction of 
teшperatuгe Т ( Fig. 2) , пame l y t he spaciпg L, t he di
amete г D, t l1 e l1 eigl1 t above t l1 e vvate г sLJrface Н, алd 
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Fig. 2. Temperature dependences of the spacing L, 
diameter D, height above the water surface Н, and 
charge Z of water drops. 
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the charge Z (in elementary charge units). The geo
metгic paгam eters were est imated according to tl1e 
nнmЬег of pixels in а video image гecalc u1ated into 
length Lшits, to an error of ±0.5 pixel ог ±2 mi crons. 
Tl1 e heigh t Н was measшed as а half of visiЬle dis
tance between the centeгs of а dгор and its miпor im
age in v-r ateг vievved at an aпgl e close to th e vvateг 
surface tangen t. The drop chaгge Z vvas found from 
t he height гelat ive change ЛН/Н caused Ьу the exteг
nal electric fi e ld Еех between vvater and an e l ectгode 
above t he drop structure, as 

Z= Mg ЛН . 
еЕех Н 

Th e equat io п fог the d ro p chaгge vvas obtained 
assuming e l ectгi c-gгavity equilibгium betvveen t he 
chaгged dгор and the c lыrged \vateг sшface of t he 
same polaгity: 

Mg = Ze(E + Еех) , 

wl1eгe Е is t l1e field prodl!ced Ьу the chaгged wateг SLtг
face (inveгse J y ргорогtiопа l to t he height Е - 1 /Н) ; М 
is t he mass of а dгор ; g· is t J1e gгavitatioп acce leгatioп ; е 
is the uni t chaгge. In this vvay, the chaгge of \\rater drops 
\vas estimated to an error of ± 15 %, while the епог in 
\vate г SLI rface tempeгature \vas ( + 1/ - 1 О) 0 С. 

The paгameteгs showed decгeasing tгends as tl1e 
temperatuгe d ecгeased ( F ig. 2) and , within tlie 60-
100 ° С гапgе we investigated, \vеге гelated as 

D"" 1.26Н, L ""4 .8Н, Z - D4. 

Both v-1ater dгops апd vvateг suгface below tl1em 
vvere posit ively chaгged , t li e charge polarity appaг
ently beiпg defined Ьу t li e fact t hat тоге hyd1·oxide 
than hydгogen ions pass fгom \vateг to vарог d u ring 
e \rapoгat i o п . The c l1aгge Z of а dгор сЬалgеd as а 
function of its di ameteг D тоге rapidly than D2, i. e., 
additioпa ll y to the dгop 's surface агеа, whi c Ь is рго
рогtiолаl to D2, it mнst depeпd on the гаtе of the wa
teг-to-vapoг phase tгansition. 

ТЬе d го р spaciпg L vvas l1ypothesized to Ье t \vice 
t l1e Debye l e пgth (LD) iп vарог: 

L = 2L 0 . 

Iп огd е г to сЬесk tЬе Ьypothes i s , vve calcu lated , 
using the Debye equatioп , t he coпcentration of chaгge 
сапiегs t"or t l1e case of а рl а пе chaгged vvater sнrface, 
апd fонпd the D ebye l eпgth . Fо г the l atteг vve ob
taiпed t lie tЬeoгetical relat ioп s hip L = 2.7 Н, iл vvЬicЬ 
t l1 e factor 2.7 is iп ап oгdeг-of-magпitllde agree 111 e11t 
wit l1 t l1 e factor 4.8 iп t he empirical гe l atioл ship 
L "" 4.8Н. This арреагs to Ье sat is t.actoгy sнpport for 
оuг hypot hesis. The 2LD spaciпg of paгticl es iл dнsty 
plasma was validated ex peгim eпtally [Fortou et al., 
2004] and t heoret ically [ Shaulou and Dzhumandzhi, 
2010]. 

ТЬе L апd l 0 гe l at i oпships wеге used to predict 
w Ь et h e г water drops шау foпn spatially oгdered 

stгн ct u res ( clнsteгs ) i n atmos pl1eгic c l oнds алd iл 
fog. Tl1e calculated theoгetica l coпcentratioл of oг
dered drops сап Ье coшpared \v i tЬ the empirical coп
centration of drops in cloнd s usiпg the Debye lengtl1 
found f1·om the air coпductivity а= 10- 13 Ohm- 1·m- 1 

апd tЬе average ion diffLLsion coeffi c i eлt В = 1 о-8 т 2 / s 
[ Gi·ig·orieu and Meilikhou, 1991] : 

L 0 = ( s0B/ a)05 = 10-3 ш, 

vv h eгe s0 is tЬе electri c constant. 
Th e concentгation of dгops calcнlated as N = 

= (2L 0 ) - 3 = 1.5·108 ш-3 tLLГned ollt to Ье of tЬе sаше 
oгder of magпitlld e as the statistically average coл
centration of wateг drops iп cJouds and fogs, wЬich is 
N = 3·108 т-3 [Mazin and Khigian, 1989]. Tlшs , in
deed , water drops сап form огdегеd stru ctures in 
cloнd s and fogs. 

ТЬе sl!гface t ension of а dгор strllctнгe is given 
Ьу [Shaulou and Dzhumandzhi, 2010] 

2 
a=-e_z 2N. 

24е0 
The dгор c harge Z in c loud s гeac l1 es 103- 106 

[ Gгigmieu and Meilikhou, 1991]. At Z = 104, fo r iв
staпce, а = 10- 11 J / m2. Knowing tl1e sшface teл s ion 
а , опе сал estimate tЬе stability of the dгор strLL ctшe 
sLLГface to sЬ еа г fJow LLs ing t l1 e Ke l viп-H el mholtz 
stabllity cгiteгion 

ри2 2п 
-<-cr 

2 - х ' 

\\r h eгe р = 1 kg/ m3 is tЬе air deпs ity; и= ди l - is the 
дl 

iпterfac ia l \relocity diffeгeпce; ди = 3.10-3 s- 1 is the 
дl 

aveгage gradi ent of tЬе med ium hoгizoпtal velocity 
along t l1 e пormal to t he gгoLLпd sшface; l = 10-3 т is 
t he th i ckп ess of tЬе sшface Jaye r of tЬе dгор stru ctшe 
equal to tЬ е Debye length; х is t l1e chaгacteгist i c l eпgtЬ 
of tl1e iп staЬility zone. 

Tl1 e refrom 5.10- 12 ~ 10- 10;х, vvЬi cЬ fulfi lls at 
х < х0 = 20 m. 

Tl1l1 s, t he sшface of а c lol!d dгор stп1ctL1re сап 
Ье staЫe to sheaг t1ow wЬеп tЬе clol!d size is vvitЬiп а 
fevv tens of 111 ete гs. Iп lагgег clouds, the suгface ac
quiгes а 1·oughness vv itЬ t he chaгacteri st i c size х0 . It 
foll ov-rs from t l1 e above t l1 at stгнctuгe foгmat i o п in 
wate1· drops сап Ье ал important ageпt in the staЬili ty 
of t lie c loнd geometгy. 

ТЬе s l1 eaг viscosity ri of а dгор clusteг сап Ье es
tiшated апd compared with tЬat of аiг usiпg а foплll
la similaг to t he Fгeвkel equatioп [Fabelinsky, 1997] : 

Т] =Сехр( ~,} 
where С - hN; h is the Р1апk constant; Nis the coп ceп
tгation of paгti c l es; И is tl1e viscosity activatioп е п егgу; 
k is t l1 e Boltzmaпn constant; Т is the tempeгatuгe. 
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Shear viscosity v.тas investigated with reference 
to t he dis1ocation mechanism of shear flov-т typical of 
cгystal s. ТЪе activation energy of dislocations in met
al and ion crystals И is kno\vn to Ье 103- 104 times as 
low as t he atomic bond energy Иь. DescгiЬing numeг
ically tЬе viscos ity of а dust crystal witl1 tЬе above 
foгmul a гequires that Uweгe 1500 times \ оwег than 
Иь = Z21iT/ 6 [Shavlov and Dzhumandzhi, 2010]. ТЪ е 
\Т iscosity of а dгор stгuctшe estimated wit \1 tЬе acti
\Тation energy И = Иь/ 1500 was т~ = 10- 23 Pa·s at 
Z = 104, which is mLLch lowe г than the аiг \Т i scos i ty 
10- 5 Pa·s. Ноv-теvе г, already at Z = 105 tl1i s viscosity 
can геасh or even exceed the аiг viscosity. 

Tl1e viscosity increase may lead to а d ecгease in 
convecti \Тe theгmal condнctivity. Fог insta11ce , in 
some co11vectio11 proЫems, t l1 e Ray leigh nL1mbeг 
R = g~Ad3/(xµ) са п cЬaracte гi ze the staЬi li ty of gas 
i11 tЬе gra\Тity fi e ld in the ргеsе11се of а dovvnvvaгd 
tempe гatшe gradient А, v\Тh еге ~ is t l1e tЬeгmal ex
pa11sio11 coef'ficient; х is tЬе gas theгmal diffusi\Тity; ~t 
is t he k iпematic \Тiscosity; d is t l1e characteristic liп
ear size of t he structнre. Viscosity сЬапgеs coпtrol 
tЬе presence (аЬsепсе) of fгее convectioп and the 
heat traпsfer гаtе. 

Tlшs, stГLLctшe formati ол Ьу vva ter d горs i11 ал 
atmospheri c c loud сап chaпge поtаЬlу its l1ydгody
пamics апd heat t raпsfer pattem s. This effect шау Ье 
шоге pгoшinent i п tЬе cloнd s that contaiл ice cгys
tals witl1 their clыrges teпs of tiш es those of \vateг 
drops. 

Кгiоs/ега Zemli, 2011 , vol. XV, No.4 , рр. 48- 50 

The ex isteпce of spatially ordeгed structuгes of 
water drops a11d ice crystals i11 atmospl1e ric cloнds 
and f'ogs, as well as theiг effect 011 шесЬа11iс апd ther
mophys ical propeгti es of clouds арреагs to Ье quite 
realistic. This pl1e11omenon is wогtЬ being stt1died iл 
detail iп teпns of atmospЬeri c pl1ysics, as v\Тe ll as iл 
teпns of Eaгth 's cгyology wl1icl1 is а scie11ce that deals 
with objects co11taiпiпg vvater пеа r or belo\v t he fгeez
ing ( cгystallizatioп) point. 
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Electгocheшical сопоsiоп at t he шeta l-i ce iп te гfacc l1as Ьееп ex ploгed iп l аЬогаtо гу Ьу measш· i пg соррс г 
соггоsiоп гatcs at t l1e fгоп t of \\'ate!' c r·ysta lli zatioп , as "'ell as t l1 e c l ectгode poteп t i a l s of some metals iп \Vateг 
апd iп ice. Tl1e ехрегiшеп tа l data \\~е ге L1 sed to test а 11L1111 ei·ica ll y gгoш1ded 111odel of со ггоs i о п acce l e гat i oп aL 
t l1 e cгysta ll i zat i o п fгопt. 

Desig11 of foш1datioпs with геgагd to pгocesses i 11 
fгozen groll11d is ап iшpoгtant eпgineeri11g isst1 e i11 peг
mafrost areas. Sigпifi cant daшages are i11сштеd уеагlу 
fгom coпosion of engineeгing stru ctшes associated 
vvitl1 electгocЬemical гeactioпs i п vYЬi c li metals loose 
atoms - апd, hence, tliei г mecl1 aпic stгeпgtl1 - at coп
tacts \Vit l1 ice and i ce-гich soi ls. Ассогd i пg to ехрегt 

appraisa \, coпosion of pipelin es laid in permaf1·ost is 
coшmeпsuгate to ог gгeater t \ыл tliat iп tl1e foгest 
steppe zо пе [ Velikotslщ, 2010] , tl10LLgh th e теап aп
nLLal grouпd temperatuгe in t he fопnег is teвs of de
gгees l ovve г t l1 an iп t he latte r'. Tl1e higl1 co 1тosio11 ac
t ivity of'froze11 gгou пd is dlle to t l1 e ргеsевсе of ice алd 
to spec ifi c pЬys icoc l1 e mical pгocesses 011 its s uгface. 
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