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"SNOW AND {LOUDS IS THE SEY

¥incent J. Schaefer
General Electric Research Lsboratory R

Twc of the most beautiful ereations in nature are the
clonds that float acrcss the sky and snow crystals whieh form
there and Tall gently %o the ground. For nany centuries man
has considersd these things first of necessity; later as
objects which lent themselves %o poetis and Philosophical con-
siderations, and finally, at present, bscause of their intimate
relationship tc many of the prasticel agpecls of what we like
to term modern civilization.

Wnile 2 lapse of many esnturies exista between the time
when deep snow resiricted the movements of our save dwelling
antesiors, snow silll retains i1ts power to slow down cur :
activities; sometimes, with our heavily mechaniszed eiviliization,
Lo en embarraszing degrse.

. Snos on the ground has zlyays had an effect on transporta-
tion, but uniil recently snow in the sky was no problem. During
ihe war, & trouble known &3 "presipitaticn statiz® besame a
geriove hazard in ths safe Tlight of large planes through snow
storms. 10 wvas observed that whenevser planes entered areas
tentelning snow, theradio sguipment in the slane developed
garivng ; #vele dus Lo sitatie. This statie often besame

3¢ : er us®less 21l radic communization, chennsls,
STV g, When gevere, the effect was most speetacular
glth b i2 gpavike or coronas streaming from the ving and
prapeiler 3 4and other portions of the plans. The icss of

2ir o ground radio communicstion and dirvecticn beams in ex-

LE3 FLOTm gystems i3 & mozit sericus problem, eapesially since
<% ngtruments are strely needed when visibility is reduced

ersl of us Iin the Hesearch Laboratory

tudy of some of the basis problesms re-
¢” as produced by spnow. Similar

reil An ceriain types of rain and dust

DS 0

¥,

By PR, ef




-.n&\ -

[a

TS carry on our studies, zimple laboratory Taoilitiss gere
¢atablished on top of the Ressarch Laboratory al B2hensctady,
A% my bome in the hills west of Schensotady, and at the Mt,
#Washinglon Observatory in New Hampshive 2% an elevstion of
5,300 feet sbove sea level. ' :

{

. A number of physical and elestrical properties of snow

vere delermined st theas three places by siudying bosn single
snow particles and the general effects produced by large numbers
ef them in & storm. o

A study was made, for example, of the electricsl tharzes
carried by individual snow erystals falling from the BEy, to
see if ithese charges zould expliain the develogment cf :noy stasis
This experiment was made by permitling snow erystals f3llin
from the 3Ky to pass between two parailel plates chsarsged to
18,000 Voits. The path teken by the crystals aa they passed
between the charged Plates was photogrsphed, and & simple measure-
ment and 2alsulation established the guansity of elsctirisicy
tarried by the Individual partisles. It was scon esteblished
that the quantity of electricity carried by free felling anow
¥3s far t0oo mmall to produce the charging curprenis respensible
fer znow static.

Cther observations showed that much of the statiz slectri-
¢ity vas generated by the fragmentaticn of the z2now particles
&8 they were hilt by the propellers; or struck the leeding odge
of the wing at high velosity. It was found that a singlie
Srystal would bresk into hundreds of fragments when it hit a
metal surface &t a velceity of a hundred milses an hour. As .
the tiny fragments of the drcken erystals bounce and skid scress
the surfaces of the plane, they produce statie eleatricity
similar to that which develops when & glass rod is rubbed with
8lik or wocl cleth. In &n ordinery storm 2 B-29 intercepts
about & billilon snow particles during every second of fiight
through the snow arsa.

In the course of part of our studies, it became desirable
to sample the snow crystals while the plane wss £fiying through
She storm arsa. While this may sound iike a giffiszult probiem,
it actuslly was quite sasy to do. Using the snow arystal
repilce teshnique which I devised in 1040, we construsied e
device knoyn as an air decelerator. By "spliling® the 200 mile
an hour wind Jjust shesd of the nose of the plane with & group
cf expanding louvers, the air was slowped down to about 3C miles
an hour. %hen a snow orystal pssses into the mouth of the
decelerator, it is not deflected with the ailr bhui scts 1ike a
tiny projectile and continues tarocugh it and intc & chamber of
gulet air. Entering ths quiet alr ithe erystals are slowed down
by air frietion end at the end of their range fall gentiy onte
& plate coztsd with & dilute solution of tke resin known 2s
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Formvar.  This reain, when kept bsiow the fresezing point of
water, does not affeat sven the most fragile paris of a
delicale snow erystal. After being wet by the sclution, the
aclvent evaporates, leaving the snow particle ensased in a

- thin plastic shell whoss inner surface retains all of the
migroseople detalil of the original orystal. Thia plastis shell
forms within & fow minutes., It may then bs warmed. The residue
from the melted 2rystal readily passes through the thin sheil
Leaving a hellow cavity which scatters and reflects light in

a manner guits similar to the original <erysial.

The replics method has recently been very useful $o us in
our laboratory studies of the produsticon of snow in superstoled
clougis. It enables us 1o measure the reslative effisiensies of
varicus methods of produsing fee nuslei, and aiss permits the
¢x3y study of the erystal forms produced by these different
methods. Qur laboratory erystals are often so small that théy
would guiskly evaporate under the light needed tc prepare photo-
mizrographs of ¢them.

Snow erystal replizs solutions are now snroute to the snow
slepes of the Himslayas ip acrthern India, down to Antarztica
with the Finn Ronme Antarctic Expedition, and into the mountains
of Norway where sclentists plan to ssmple the falling snows o
iearn mors sboui the orystalliine forms charasteristic of these
interssting regions. : ‘

in 1G4%, ve were ssked by the AAF ito sontinue cur work on
M. Washington in . the field of alirersaft iz2ing. This work vas
done in tlose sooperation with the Mi. Washington Observatory,
where mudh of the ploneering work on the fundementals of the
iging problem were initiated.

The terrsiflic winds, intense cold, and dense, supsrsocled
zlouds that sweep over the summit of the mountain & good part
cf the time from September until July make 1t an ideal place
%o study fece producing 2lcuds under conditions which often
closely approach those found in the free alr. The great ad-
vantage of studying icing on Mit. Washingion is that the inves-~
tigator on the summl? is in no danger of being in s plane
erash ne maitler how severe the icing might betome. While thers
is some danger from flying ize fragmenis and sometimes in
readhing the summit If overtsken by z sudden storm, the
Observalory is an idesl place for studying elouds.

Cne soon learns that the besautiful cloud strudttures sssn
in the distanse loze much of their poetie properties upon tlosze
~ogntast.  They become sither wet or iey, with low visibility,
oteasional lighining discharges and contain either blinding snow,
Eviving raln, or perhaps & mizturs of these anpd stinging sieet

particies.
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To learn move about the properties of clouds, one must
zonsider the primary particle. Exespt for the ¢irrus clouds,
vhich scnsist of tipy ice crysials, practicelly all other
clouds are made up of water dropiets even ithcugh ithey may
gxist in air far below the freszing point. When ics ohysials
develop in these types of cloud forms, they rapidly disintegrate,
p§@é&aing snov areas in the region originslly ocoupled by this
slouds. ‘ 4

When an airegrafi enters a supereccled siocud, many of the
droplsts in the path of the plane do not follow the flow of alr
over the propeller blades, wings, and fuselage but instead <on-
taect the 2o0ld surfage of the piane. Upon touzhing these sur-
faczes the water droplets freeze to form varicus types of rime,
or ice, depending on the velocity of the plans, the size of
the eloud droplsets, the surface conditicn of the plans or
propeller and its temperature. .

In zonsidering various properiies of glouds, two of the

' most imporftant are the guaniity of zondensed watsry 1n thean

and the size of their decplets. These propertlies vary widely.
Por instense, the scondensed water in an ordinary valley fog,
zovering a sgyuare mile and veaching Trom the ground %o the tops
of the telephone poles, amounts to about a gallon of sater,
while the same volume iakepn from & dense cumulus gloud would
£411 s rain barrel to overflowing.

The wide range in liguid wvater contsnit of glouds is re-
lated in & conasidersable Gegree to the size of the individual
piloud droplets. Those which we commonly find vhen we gc inte
the slouds range in szize betwesn five and 100 mierons in
dizmeter. Particles larger than this can hardly be called
sloud droplets since they are heavy enough to fall tovard the
earth as & misty rain. .

The smaller stable 2loud dropleis have z diameter azbout
one tenth that of & humen hair. About & hundred miilion of
these must combine to form an ordinary rain drop.

in stable clouds the particles ssem to be wery uniform.
Under othar sonditions, the range in size is very large.

Wa have developed several methods for measuring the size
of eloud droplets. Tiny glass pistes or gyiinders coated
with scot, water sensitive dyes, or a molten layer of vaseline
are sxzposed for a fraction of & second to & passing ¢loud.
This may be done from & plane, on a mountain summiit or in &
ground fog. The cloud droplets affect the costed slides
teaving sircular merks which are related to the sige of the
droplets, With the molien vaselins the droplets ars entrapped
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as it pools leawing tiny spherical droplets or cavities which
are of  the exset size of the actual droplets. OUne of the mosh
peliable and commonest methods in use a%t present was developsd
at Mt. Washington by the Cbssrvatory and cur Laboratery. A
grouy of sylinders ranging in size from 1/16% to 3% are mounted
cne sbove the other and turned slowly with & motor while expoaed
to tne passing clouds. Metal oylinders are used in supgrLcoied
sLouds and porous sisy eylinders at temperaiures above freszing
Thess oylinders asre exposed for periods rangling fronm four o
twensy minutes depending on the density of the clouds. The in-
ereage in weight of the different size cylinders are measurad
after exposure, and thisz dats iz used to determine the liguid
water sontent, the average dlamsier, and the distributicn of
droplet sizes in the cioud system to whieh 1% was exposed.

Por getiing more detailed information, a clocud meler was
developed in our Laboratory. This consistzs of a tiny porous
metsl plug mounted so %aat ¢loud pariiclss contatt its cuter
sarfaze. By maintsining & suetion on the rear of ths plug,
avery cloud droplet touching the outer surface is drawn inte
i%. 43 the droplets sontinue te contaat the surface ihe
aloud water forms a3 a small droplet on the end ¢f a gsplllary
tube. When this grows 30 a certain size, 1% touches another
tube designed tc remove the droplet. This szseond tube 1s
imaulatsd from the first snd ss the gap betwesn the tubes 1s
momentarily bridged by the water droplet, an elescerie aurrsny
Piowe and actustes & ragorder. The sensitivity of the 2loud
meter may be adjusted 30 that it provides g detallsd aseond by
ascond rezord of the liguid water ¢onient of clouds, either on
mountaine or planes, in wind tunnela, or ground fogs, Hork
‘iz now underyay to adapi the cloud meter to alsc provide
partizle size datz.

When we know more about she piiysical properties of zlouds
and the natural processes whicth sause changes in them, we wik
be in a more faveorable position to prediet the development of
rein or snow or the potential ieing hazards sontained in thedm.
Our present ability to eonvert supercocled clouds ¢ snow opens -
new vistas to the study of 2louds. The produstion of preeinita-
tion, the dissipation of ground fog, and the elimination of
jeing nazerds in the sky dspends %o & major degree on our ebility
%5 obtain a betisr knowledge of the various eloud types that ars
in the atmsapherse.

At present we ars eagaged in a8 zooperative effort with the
7.8, Srmy Bignal Corps, the Alr Forces and the Havy in s
fundamental ressareg program to lesrn as much &s possible sbout
all kinds of clouds. No one knows where this ressarsa will isad
us %o, bui it 1z obvious that we havs much io iearn about these
elusive bub Pfescinating strusiures in the 3Ky,



