THIS FILE IS5 MADE AVAILABLE THROUGH THE DECLASSIFICATION EFFORTS AND RESEARCH OF:

THE BLACK WAULT IS THE LARGEST ONMLIME FREEDOM OF INFORMATION ACT { GOVERNMENT
RECORD CLEARING HOUSE IN THE WORLD. THE RESEARCH EFFORTS HERE ARE RESPOMNSIBLE
FOR THE DECLASSIFICATION OF THOUSANDS OF DOCUMENTS THROUGHOUT THE U.5. GOVERMMENT,
AMD ALL CAM BE DOWNLOADED BY VISITING:

HTTP:{WWW.BLACKVALULT.COM
YOU ARE ENCOURAGED TO FORWARD THIS DOCUMENT TO ¥YOUR FRIEMDS, BUT

PLEASE KEEP THIS IDEMTIFYING IMAGE AT THE TOP OF THE
-PDF 50 OTHERS CAMN DOWNLOAD MORE!


http://www.blackvault.com/

UNCLASSIFIED / LIMITED 208967345

Project Cirrus. Occasional Report Number 6

GENERAL ELECTRIC CO SCHENECTADY NY

15 OCT 1948

Distribution authorized to U.S. Gov’t. agencies and their
contractors; Administrative/Operational Use; 15 OCT 1948. Other
requests shall be referred to Signal Corps Engineering Labs.,
Evans Signal Lab., Belmar, NJ.

UNCLASSIFIED / LIMITED




UNCLASSIFIED / LIMITED

Redistribution Of DTIC-Supplied Information Notice

All information received from DTIC, not clearly marked "for public release" may
be used only to bid on or to perform work under a U.S. Government contract or
grant for purposes specifically authorized by the U.S. Government agency that

is sponsoring access OR by U.S. Government employees in the performance of
their duties.

Information not clearly marked “for public release" may not be distributed on the
public/open Internet in any form, published for profit or offered for sale in any
manner.

Non-compliance could result in termination of access.

Reproduction Quality Notice

DTIC’s Technical Reports collection spans documents from 1900 to the present.
We employ 100 percent quality control at each stage of the scanning and
reproduction process to ensure that our document reproduction is as true to the
original as current scanning and reproduction technology allows.

However, occasionally the original quality does not allow a better copy.

If you are dissatisfied with the reproduction quality of any document that we
provide, please free to contact our Directorate of User Services at
(703) 767-9066/9068 or DSN 427-9066/9068 for refund or replacement.

Do Not Return This Document To DTIC

UNCLASSIFIED / LIMITED




S :n.---'.*" %

X14.097

-

GNKNNOUNCED

%M Zd/&%@ oagﬁ; gg‘t

:

AD-B3Y67 349

i o7 2
ke ﬁﬁﬁﬂ
™ GENERAL @B ELECT mc! @

Occusmnul Report Number 6| —

et P
paTmAlee YA 9

PROJECT CIRRUS
W-36-039-5€:32427

DTIC
ELECTE gn%
ocT 20189 % B
S D@ - "

L».u..— e

SCHENECTADY, NEW YORK
1‘57'0‘,¢:fober 1948

88 10 10075

1| gost o e




SIGNAL CORPS FNGINEERING LABOKATORIES
EVARNS SIGNAL LABORATORY
WJETEOROLOGLCAL BRANCH
BELWAR, NEV. JEHSEY

Distribution List for Reports -

from
Genercl Electric Research Laboratory
on
PROJECT CLRRUS
i (Contract No. W 36-039-5¢~32427)
No. of
Copies Organizahion

2  Chief, Resparch bection, Meteocrological Branch, ESL i
1 Chief, ieteoralogical Branch, ESL ‘

1 . heteorological Branch, ESL (contract file)
b ol e N .s-.&'-_,,\-l'

1 Chief, Research Branch, leadguarters, SCEL
1 Technical Reports Library, ESL

3  AGF Liaison, ESL
2

2

USAF Liaison, Veather, SCEL
Hail & Records, LSL

Chief, Engineering & Technical Div., SIGTuW-8,'0CSig0, ¥ashington 25, D. C.
Chief,. Research & Engineering Division, Office Chief' Chemical Corps,
Army Chemicel Center, md. Att: Dr. R, L. Fox
1 0ffice ol the Cuartcrmuster general, 1ar Department, Washington 25, D. C.
/L 0Office of Chief of Ordnonce, %ashington, D. C., Att: Or. . H. Carten,
ORDTS, Room 40,36, Pentagon Builaing
1 Director, Pitman-Dunn Laboratory, [rankford Arsenal, Philadelphia 37, Pa.
Abt: Lr. J. V. ilitchell .

10 Chief, Engineeriny & Technical Div., SIGGE-L-1, 0CSig0, Vashington 25, D.G.
2
7

1 Hollman Air Force Base, Electronics and Atmospherics Research Jivision,
50 Atmospherics Physics Section, Alomogardo, Neu fiexico.




G. E. Requisition

GENERAL @D ELECTRIC

RESEARCH LABORATORY

Accesion For

NTIS CRA&I O
DTIC TAB %
Unannournicord \Z
Justihicate |
Occasional Report Number 6 L ,
: PROJECT CIRRUS _ By

Distabr 1o

: Avotiabury Cedes
Variation with Temperature of the Nucleation Rate eond i b
of-Supercooled Liquid Tin and Water Drops

S Avuil 4 dror
| Dist ¢ ecial

128

Prepared by

Bernard Vonnegu}.

The-research reported in this- document was made possible through support extended the Research
Laboratory.of the General Electric:Company jointly by the Signal Corps and the Navy Department (Office of
Naval Research) under Signal Corps-Cortract No. W-36-039-$,C-32427. Acknowledgement-is also made of
assistanze from the Army Air Forces in providing aircraft and associated personnel.

%% é

Schenectady, New York
15 October 1948 -

EDG-21190 !

Ll Slore S N SR L




VARIATION WITH TEMPERATURE OF THE NUCLEATION RATE
OF SUPERCOOLED LIQUID TIN AND WATER DROPS

A. INTRODUCTION

In investigations of thekinetics of the formation
of anew phase, it is important tolearn at what rate
nuclei, or centers of formation for.the new phase,
make their appearance. It is possible toinvestigate
the rate of nucleation by observing single masses
of material duringand after a phase transformation.
However, in many cases it is difficult to separate
the kinetics of nucleation from the kinetics of the
growth of the new phase after nuclei have made
their appearance. The nucleation of a substance
can often be more easily studied by dividing it into
a large number of small, mutually independent par-
ticles and observing as afunction of time the num-
ber of particleswhich have undergone transforma-
tion. The time required for a particle to change
from one phase to another once a nucleus has formed
will,-in general, be proportional to the first power
of the particle radius. The chance that a nucleus
will form will generally be proportional to the sec-
ond or third power of its radius. Therefore, by
making the particle sufficiently small, the time
required for the occurrence of a nucleus can be
made-large in relation to the time.required for the
particle to transform once a nucleus has appeared.
It isadvantageous to make nucleation measurements
onsystems containing a sufficientlylarge number of
particles_to be easily treated statistically.

Preliminary investigations have been made on
the nucleation of supercooled tin and supercooled
water. Observations were made at constant tem-
peratures on the freezing rate of systems composed
of large numbers of supercooled drops.

B. EXPERIMENTAL METHODS AND RESULTS
1. ‘Nucleation of Supercooled Liquid Tin

In the experiments on tin, the samples were
prepared from a fine tin powder (obtained from
Eimer and Amend) consisting of small spheres of
tin ranging-in diameter from approximately 1 to 10
microns. (The fact that the particles were far from
uniform:-in diameter complicated the interpretation
of experimental results. In future work, it will be
desirable to perform the experiments on samples
containing drops as nearly identical as possible.)

In-the first experiments, the sample of tin powder
was mixed with a bakelite varnish- and spread as a
film on a glass slide. The slide was mounted in 2
small electric furnacebuilt to fit on-a-Philips x-ray
diffraction apparatus. The apparatus was adjusted

to give a strong diffraction line of the crystalline
tin. The samnle was then heated above its melting
point (231.899C) to 2400C. At the melting point,
the diffraction line of the solid tin disappeared.
Hydrogen gas was run through-the furnace to pre-
vent oxidation of the sample. After having been
heated above the melting point, the sample was
cocled and held at some temperature below its
freezing point. The rate at which the supercooled
particles crystallizedwas determinedby measuring
the rate at which the diffraction line of sclid tin
reappeared. The results of a typical experiment
are shown in Fig. 1. It was soonfound that the rate
of nucleus formation was greatly increased by a
small decrease intemperature and that the tempera-
ture- control was not sufficiently sensitive to per-
mit measurements with any accuracy.

A-different apparatus was-then set up in which
the rate at which the tin particles solidified could
be measured by the rate at which their volume
changed. When liquid tin crystallizes, its volume
decreases by about five per cent. The tin powder
was first heated in air for about half an hour at
1500C to give it a thin coating-of oxide to separate
the particles. It was sealed into:the L.}b of a dila-
tometer (see Fig. 2). The dilatometer was then
pumped out and baked at a pressure of less than a
micron to remove any gas. ‘‘Octoii S’’ was then
distilled into the dilatometer under vacuum. A
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Fig. 1 Fraction of tin drops remaining unfrozen as function of time at 130°C from x-ray data,
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measurement of the rate-of nucleation was made by
first heating thie bulb to a temperature above the
melting point ¢ tin (2659C), and then placing it in a
silicone oil, constant-temperature bath. The rate
of nucleation wasaatermined by observing the rate

- of volume decrease as measured by the motion of

the “Octoil S” along a graduated capillary tube. A
long capillary tube was used in the first experiments,
but it-was found that appreciable error was caused
by the-slow drainage of the liquid from the walls of
the tube. This:difficulty-was minimized by using
the oil reservoir shown in-Fig. 2, Duringthe melting
of the sample, the tube was held at an angle so-that
the oil covered the end of the small fused quartz-tube
sealed into the pyrexcapillary. (The small tube wis
made of fused quartz sothat it would not melt while
it was being sealed into the pyrex capillary).
When the sample had been cooled to-almost the de-
sired temperature, the tube was tipped so that the
excess liquid ranaway from the end of the capillary
tube, thus forming the .meniscus in-a convenient
position.

The results- of the experiments: are shown in
Fig. 3. The time has been plotted on 2 log scale to
condense the curvesfor runs made over a long-time
interval. If the chances of a nucleus- occurring in
each tin particle were exactly the same and were
independent of the length-of time it-had been super-
cooled, one would expect the rate of nucleation to
decrease exponentially with time. The curves show
clearly that in-these experiments this is not the
case. The fraction of the sample crystallizing per
unit-time steadily decreases with time. Some drops
nucleate more readily than others, probably because
they-are either larger than the others or because
they-contain certain impurities which increase the
probability of nucleus formation. The data obtained
should be interpreted as the behavior of super-
‘cooled tin with-whatever.impurities were present.
1t is-probablethat tin,free-of impurities, if it could
be obtained, might behave very differently.

One of :the most striking features of the data is
the very great-effect of temperature on the rate of

\PERCENT OF TIN' REMAINING UNFROZEN

nucleation. A decrease in temperawre of seven
degrees causes 2 sixtyfold increase in the nuclea-
tion rate. In observations on the rate of nucleation
of supercooled water clouds in the presence of silver
iodide smoke, the author has observed a -similar
large negative temperature coefficient(l). For a
given smoke, the rate of ice crystal formation was
approximately thirty times greater at -139C than
at -100C.

An approximate value for the activation energy
of the nucleation reaction can be computed from
the data in-Fig. 3. The log of the reciprocal of the
time required for onethird of the sample to freeze
was plotted against the reciprocal of the-absolute
temperature to give the curve in Fig. 4. This cor-
responds toanactivation energy of -2x10% calories.
The data takenat 116.7°C has not beenused because
nucleation at that temperature proceeds so rapidly
that most of the sample is frozen by the time its
-temperature has come to equilibrium with the con-
stant temperature bath.

2. Nucleation of Supercooled Water

The author first attempted to measure the nuclea-
tion of supercooled water while conducting experi-
ments at the De-icing Research Laboratoryat M.I.T.
‘An emulsion of water drops suspendedin lubricating
oil was cooled to -290C with-the expectation of
measuring the nucleation rate by the rate-of volume
increase. This method was not successful-because
the solubility of water in the oil was sufficiently
large so that diffusion rapidly took place:from the
wifrozen to-the frozen drops.

Some preliminary-studies on water have been
made in-this laboratory using-a variation-of the:
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Fig. 3 Fraction of tin drops remalaing unfro.c% 4% a function of time from dilatometer data.

1. Vonnegut, B. To be published in- CHEMICAL REVIEWS.




method described above. In these experiments, 64
drops of distilled water weighing approximately
three milligrams eachwere placed ina square pat-
tern on a polished chromium-plated metal plate.

On the recommendation of Dr. V. J. Schaefer of
this laboratory, the chromium surface of the metal
plate was covered witha thin film of polystyrene by
dipping it into d solution. This-had been. found by
Schaefer to lower the temperature to which the
water could be supercooled. The plate with the
drops on its surface was then placed on a thermo-
stated copper block at some temperature below
freezing. To prevent impurities in the air from
settling on the water drops, the plate was covered
with a piece of plate glass which restedon a raised
rimon the copper block. The heat transfer between
the block and plate was sufficient tobring the drops
on the plate to the temperature of the block in less
than one minute. The number of unfrozen water
drops was measured as a function of time by visual
observation. Figure 5isacurve showingthe nuclea-
tion of the drops at various:temperatures.

Despite precautions tokeep-the water drops free
from impurities, it is certain-that.the drops were
contaminated by foreign material from the atmos-
phere and from the surface:of-the plate, which in-
creascd the rate of nucleation. Here again the data
would probablybe far different for completely pure
water. The striking feature of ‘the-data is again
the large negative temperature coefficient which
characterized the results of the- experiments on
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Fig. 4 Nucleation rate of tin drops as a function of temperature.
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Fig. 5 Fractlonof water drops remalning unfrozen as a function of time,

supercooled tin and on.a supercooled cloud seeded
with silver iodide.

The data for the freezing of water drops given
in Fig. 5 can be interpreted:in terms of the rate of
nucleus formation per gram of water, Figure 6
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Fig. 6 Nucleation rate of water drops as a function of tempr cature.

2. Schaefer, V. . SCIENCE, 104, pp. 457-459 (November 15, 1946).
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‘relates the rate of nucleus formation per gram to

the reciprocal of the absolute temperatures. The
rate of nucleation was calculated from the times
required for the firct 22 drops‘ofreeze at the vari-
ous temperatures. The-energy of activation com-
puted from the slope of the curve in Fig. 6 is -1.6 x 1P
cal. Itis interesting to extrapolate this data for
comparison with observations made by Dr. V. J.
Schaefer(2)(3) in his experiments on supercooled
clouds. If it is assumed that the liquid water con-
tent in the cloud in the cold box is of the order of
1 gm/m3, at a temperature of -250C, according to
this data ice crystals should be appearing at the
rate of about 104 per second. Actually, with clean
air at this temperature, no crystals are observed.
It is not until the temperature falls below -39.0
+0,1°C that many crystals begin to form. The rate
of nucleation in the water drops on the metal plate
is much larger than that in the water drops in a
cloud, probably because of the nucleating effect of
the surface of the plate and chance impurities.

The sudden appearance of-large numbers of ice

crystals when the temperature is -39°C or lower
indicates that in Schaefer’s experiments the increase
in nucleationrate with decreasing temperature must
be even greater than that found in this work.

C. SUMMARY.

X-ray diffraction, dilatometric, and visual tech-
niques are described for measuring the extent of
crystallizationof systems composed of many small
mutually independent volumes of supercooled liquid.
Preliminary -measurements on supercooled liquid
tin and supercooledwater show their rate of nuclea-
tion has avey large negative temperature co-effi-
cient corresponding to an activation energy of the
order of -2 x 105 calories.
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