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The Production of Ice Crystals in a Cloud
of Supercooled Water Droplets

Vincent J. Schaefer
General Electric Research Laboratory, Schenectady, New York

STUDY OF ICE CRYSTALS and “ice
nucle1l” has been under way in this Labora-
tory for some time with the purpose of

investigating some of the basie problems related to the
icing of aircraft and other cold-weather phenomena.

Recently several experiments have been made with
supercooled clouds of water droplets which are inter-
esting and seem worth while to report.

In the experiments to be described a supercooled
cloud 1s formed by introdueing moist air into a small,
commercial freezing unit having a reetangular well 60
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cold echamber 1s maintained at about —15° C. with
the temperature —20° C. at the bottom and —-10° C.
near the top.

During more than a hundred experiments observed
up to the present time, all supercooled clouds formed
in the cold chamber have never developed into ice-
crystal clouds except under conditions whiech will be
deseribed. Thus, with all of the various types of dust
particles normally present in a research laboratory,
besides those whiech would be added by the -close
proximity of many manufacturing processes, nothing

FiG. 1. Photomicrograph of (a) crystal in ordinary snowstorm ; (b) type in cirrus cloud ; (¢) “‘diamond dust’” crystal.

em. long, 45 e¢m. wide, and 50 em. deep. In many
instances it 1s possible to carry out the experiments
with the top of the unit uneovered because of the
stability of the cold air in the well. This forms a
typical temperature inversion with the coldest part of
the air at the bottom of the echamber.” Under typical
laboratory econditions with a room temperature of
27° C., the temperature of the air in the center of the

served to initiate the erystallization of the supercooled
cloud in the cold chamber. Under normal conditions
in the chamber, the cloud persists for periods ranging
from 4 to 10 minutes, the life of the cloud depending
primarily on the evaporation and diffusion of the
water droplets onto the ice-coated walls of the well.
In addition to permitting these various types of “ecom-
mercial” dusts to enter the eold chamber, many ex-




periments were conduected in which samples of various
types of fine particles were intentionally added to the
supercooled cloud. Carbon, graphite, oil, sulphur,
magnesium oxide, voleanic dust, tale, silicates, silica,
diatomaceous earth, and many others were introduced
as aerosols in an attempt to forece the supercooled
droplets in the cloud to erystallize.

By using a collimated beam of light from a 32-c.p.
lamp in the cloud, the presence of a single ice crystal
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FiG. 2.
in the light path is easily observed. Water droplets
in the size range of 5-20 u, such as develop in the
experiments described, seatter light mostly i a for-
ward direction. At the same time, a typical water
droplet corona can be seen if the lamp housing 1s
removed. An ice erystal, however, due to its erystal-
line angular faces, seintillates in the light as 1t tumbles
about in the air and refleets light in all directions.

After undertaking many experiments in an attempt

to form 1ce crystals in the superceooled cloud, a piece
of solid ecarbon dioxide (dry i1ce) was placed in the
chamber. Within less than 10 seconds the supercooled
cloud was completely converted to one of ice erystals!
The introduction of additional water droplets to the
cloud only served to make the 1ee crystals grow, since
the vapor pressure of supercooled water 1s greater
Replicas (1) were made of the erystals
formed 1n the cloud, and the miceroseope showed them

than 1ce.
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Crystals formed in laboratory cold chamber.

to be similar to those found in Nature on eold morn-
ings and known as “diamond dust.” The relative size
of natural snow erystals i1s shown in Fig. 1. The
smallest of the three erystals in the photomicrograph
1s a typieal erystal of the diamond-dust variety; the
largest 1s a typieal hexagonal plate found in an ordi-
nary snowstorm; while the third form oceurs in ecirrus
clouds. Those shown in Fig. 2 are representative of
crystals developed in the laboratory eold chamber in




about 4 minutes after a superceooled cloud was seeded.

Besides using dry 1ee as a source of ice nuclei, a
rod cooled in liquid air and passed rapidly through
the supereooled cloud leaves a trail eontaining great
numbers of submieroscopic nuelei which, due to miero-
turbulence, spread through the cloud, eausing it to dry
up as the ice erystals grow. Subsequent experiments
show that myriads of ice nuelei form spontaneously
if a eopper rod having a temperature of —35° C. is
placed in a supercooled cloud having a temperature
of —12° C. When replicas are made of the nueclei,
which stream from the copper rod, they are found to
have dimensions of less than 1 u. Some of these tiny
crystals show the trigonal symmetry of crystalline ice
and are thin, triangular prisms.

Experiments are under way to investigate various
aspects of this spontaneous development of ice erys-
tals in order to determine whether relationships ean
be established between the laboratory experiments and
the natural atmosphere.

It 1s planned to attempt in the near future a large-
seale conversion of supercooled clouds in the atmos-
phere to ice erystal clouds, by scattering small frag-
ments of dry i1ce into the cloud from a plane. It is
believed that such an operation is praectical and eco-
nomically feasible and that extensive eloud systems
can be modified in this way.
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Dr. Willerd L. Valentine

Science

Messachusetts and Nebraske .venues
#ashington 16, D.C.

Pear Ur. Valentine:

in accordence with our telephone converssation
I am sending vou herewith the paper by Mr. Vincent
Schaefer on "The Production of lce Crystals 1n a
Cloud of Supercooled VWater Droplets™. 1 understand
that you will be sble to use this before the end of
November, %e will want reprints, of course, and
when the gelley proofs are returned the nuwber can
be indiceated. |

I will be away after towmorrow until November 4.
If you need to communicate with us regerding the arti-
cle during that period, 1 would suggest that you write
directly to Mr. Schaefer. 4lso, we heve & news release
on this work which we went to issue about the same tiue
this paper eppeers. i»8 soon a8 you have setl & deflinite
date, 1 would epprreciate your notifying Mr. George Grif-
fin, menager of our News bureau, whose address is 300
State Otreet, Schenectedy O, N.¥Y. lIn our relsase, we
will, of course, state clearly thet the work is beling
announced in “"Secience®,

we appreciate your cooperation.

Very truly yours,

James Stokleyicer
¢c: Mr. V. Schaefer
¥r. G, Griffin
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EA[study of ice crystals and “¥ice nuclei?’ has been under way in this
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leboratory for some‘time!with the purpose of investigating some of the basic
problems related to the icing of aircraft end other cold-weather phenomena,

Recently several experiments have been made with supercooled clouds of
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water droplets which ere interesting and seem worthwhlla to rEpozt.
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[ A supercooled cloud is formedgln the experiments to be described}by
w
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introducing moist air into a small, commercial dees freaéggunlt having & rec-
tengular well 60 cm. long, 45 cm.wide, and 50 cm.deep. In meny instance%, it

is possible to carry out the experiments with the top of the unit uncovered

because of the stability of the cold air in the well. This forms a typical

temperature inversion with the coldest part of the air at the bottom of the

chamber,
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Under typical laboratory conditions with a room temperature of 27?@

the temperature of" the air in the center of the cold chamber 1s meinteined at

sbout -15° C with the temperature -20/% at the bottom and —10#C near the top.
During more than a hundred experiments observed up to the present time,

all supercooled clouds formed in the cold chamber have never developed into

lce-crystal clouds except under conditions which will be deseribed Thus,

with all of the various types of dust particles normally present in & research

laboratory, besldes those which would be added by the close proximity of many

manufacturing processes, nothing served to initiate the erystallization of the
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supercooled cloud in the cold chamber. Under normal conditions in the chamber,
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the cloud persists for periods ranging from te& to dwemty minutes, the life of

the cloud depending primarily on the evaporation and diffusion of the water

droplets onto the ice-coated walls of the well. In addition to permitting
these various types of ''commercial'' duste to enter the cold chamber, meny
experiments were conducted in which ssmples of various types of fiine particles
were intentionally added to the supercooled c¢loud, Carbon, graphite, oil,
sulphur, magnesium oxide, volcanic dust, tale, silicates, silica, diatomaceous
earth, and many others were introduced &s aerosols in an attempt to force the
supercooled droplets in the cloud to crystallige.

By using a collimeted beam of light from & 32«~c.p. lamp in the cloud, the
presence of a single ice crystal in the light path is easily observed., Water
droplets in the size range of §EJﬂ20 ﬁz;nanﬂ, such as develop in the experiments
described, scatter light mostly in & forward direction., At the same time, a
typical water droplet corona can be seen if the lamp housing is removed. An ice
crystal, however, due to its crystalline angular faces)scintillates in the light
as it tumbles about in the air and reflects light in all directions.

Af'ter ma#i%éikég;'experiments in an attempt to form ice crystals in the
supercooled cloud, a piece of solid carbon dioxide (dry ice) was placed in the
chamber, Within less than t:i secondﬁ/ the supercooled cloud was completely

converted to one of ice crystals! The introduction of additional water droplets

to the cloud only served to make the ice crystals grow,since the vapor pressure

(1)

of supercooled water is greater than ice, Replicas= were made of the crystals .
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formed in the cloué)and the microscope showed them to be similar to those

found in Nature on cold mornings and known as ''dismond dusﬁ{L{\iThe relative
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~. . | ®lze of natural snow crystals is shown in Fig., 1. The smaellest of the three
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¥ e crystals in the photomicrograph is a typical erystal of the diamond-dust variety;
the largest is a typical hexagonal plate found in an ordinary snoﬁﬂstorggwhile
L ;
the third form occurs in eirrus clouds. Those shown in Fig. & are representative

| to
of those developed in the laboratory cold chamber in about ®em minutes after &

supercooled cloud was seeded,
.

Besides using dry ice as a source of ice nuclel, a rod cooled in liquid
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alﬁmoasaed rapidly through the supercooled cloud leaves & trail containing great

numbers of submicroscopic nuclei which, due to microturbulence, spread through

the cloud)causing it to dry up as the ice crystals grow. cubsequent experiments
show that myriads of ice nuclei form spontaneously if & copper rod having a
temperature of -SS?g,is placed in a supercooled cloud having a temperature of

-l2?ﬁ. When replicas are made of the nuclei, which stream from the copper rod,
R have dimensions of yry

they are found to,d& less than mm}—ﬂm Some of these tiny
are l'nn'l Prisms.
crystals show the trigonal symmetry of crystalline ice and have—i triangular eress-
Leciiony
Experiments are under way to investigate various aspects of this spontsneous
development of ice crystals in order to determine whether relationships can be

established between the laboratory experiments and the natural atmosphere,
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It is planned {in the near futgﬂg “to attempt & large=scale conversion of

supercooled clouds in the atmosphere to ice crystal clouds, by scattering small §
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fragments of dry ice into the cloud from a plene., It is believed that such an
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operation is practical and economically feasible and that extensive cloud uystemg
can be modified in this way, m J L Th A
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