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ABSTRACT
Homogeneous nucleation theory is employed in Fletcher (1970) to arrive at a formula for formation of
ice from water. We identify T with the “snow point” and derive the equation in a few short steps. The formula
is (5.16) from Fletcher solved for T.
T=(D ASv AT)/ (k v ng a)
Then, using some other information, the result is.
T=D (7.15 x 10")/(k a ny AT**)
It should be noted that AT = To — T, is the underooling for formation of ice in the cloud.
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. INTRODUCTION

From thermodynamic considerations, we have (4.29) as (1) from Fletcher.
AGy = - <ASv> AT @
Also, Fletcher maintains that
<ASv>= (1.13 — 0.004 AT) x 10’ erg/cc-deg 2)

where AT = To — T is the underooling, typically less than 0.5 °C, so 0.004 AT is neglected, Hillig (1958), p.
351. To is the melting temperture of ice and the pressure dependence of To is well-known.

RESULTS

According to Fletcher, p. 109, there obtains this formula for the velocity, v, of ice crystal growth, which the
author posits to be the same for a cloud of supercooled water.

v =(D/KT) (- ps) (n’/ns 1) 3
Then, on page 105, Fletcher has.

AGy =-ns(pi- ps) C))
Putting (3) and (4) together obtains (with 1 approximately equal to a).

v=- (D/KT) AGy (1/a) (n’/ns’) 5)

Then, Fletcher notes that n’ = ngand we use (1).
We arrive at the following equation, solving for T.

T = (D ASyAT)/(K v ng a) (©6)
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From Hillig and Turnbull (1956) there is this formula for the velocity of ice formation.

v=(0.158 = 0.009) x AT"% **%) (/e o)
Combining (2), (6) and (7) we get the final equation for T.
T=D (7.15x10") /(k a ns AT"*) )
1. DISCUSSION

The author previously derived an equation for the onset of rain in a cloud, identifying it with the dew
point, where water droplets form, Jennings (2021).

T-To=Gk To%/ 60 ao) (P*H20 / Pair) RH ()]

The object is to solve for To, dew point, but not as a quadratic. It has to be done numerically because some
variables depend on T and others on To.

This paper is concerned with formation of ice nuclei in a cloud. The mathematics for classical
nucleation theory goes back to Lord Kelvin, Josiah Willard Gibbs and Max Volmer. The author’s first work in
nucleation was in Jennings and Middleman (1985).

Eq. (8) is presumed to be accurate for clouds assuming experimental results in a bath mimics ice
formation in clouds. Obviously it takes a computer to solve for T in (8).

1. CONCLUSION
Possibly Eq. (8) can be used to know when to cloud-seed with Agl or CH3-O- Na+, dry ice, NaCl, etc. Above
all, this paper is in honor of God, who generously provided much snow in the Sierra, even though
PROPOSITION 1 passed by a wide margin in the November 2022 election in
California.
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NOMENCLATURE FOR EQUATIONS (6) and (8)

a  atomic spacing of ice (cm)

D self-diffusion coefficient of water (m*/sec)

k  Boltzmann constant (Joules/Kelvin)

ng number density of ice (molecules/cc)

<ASy> average entropy of fusion over the supercooling range AT =To—T (Joules/Kelvin)
T  temperature Kelvin of the bath or supercooling limit in the cloud

To melting temperature Kelvin of ice

v growth velocity of ice-water interface (cm/sec)

ADDENDUM
This paper is speculative, so the author admits there are shortcomings. First AT is unknown for the
cloud. Second, it is only an assumption that laboratory experiments with ice formation mimic what
happens in a snow-producing cloud. Finally, the self-diffusion coefficient needs to be for water at,
say, - 20 °C, so that might be done by extrapolation.

Engineering Journal www.iajer.com


http://www.iajer.com/
http://www.iajer.com/

AN EQUATION FOR ONSET OF SNOW IN A CLOUD

REFERENCES

[1]. Fletcher, NH. THE CHEMICAL PHYSICS OF ICE Cambridge (1970).

[2]. Hillig, WB. “The Kinetics of Freezing of Ice in the Direction Perpendicular to the Basal Plane”
pp- 350-360 IN GROWTH AND PERFECTION OF CRYSTALS Ed. Doremus, RH et al. John Wiley
& Sons, Inc. (1958).

[3]. Hillig, WB and Turnbull, D. “Theory of Crystal Growth in Undercooled Pure Liquids” Journal of
Chemical Physics 24, 914 (1956).

[4]. Krynicki, K, Green, CD and Sawyer, DW. “Pressure and Temperature Dependence of Self- Diffusion
in Water” Faraday Discussions of the Chemical Society 66, 199-208 (1978).

[5]. Jennings, JH. “The Dew Point as Nucleation Limit in a Cloud” IAJER.COM Vol. 4, Iss. 12 pp. 1-3

(December 2021).
[6]. https://www.mpikg.mpg.de/886735/Nucleationlecture.pdf
[7]. Jennings, JH and Middleman, S. “Homogeneous Nucleation of Vapor from Polymer Solutions”

MACROMOLECULES 18, 2274-2276 (1985).
[8].  Young, KC MICROPHYSICAL PROCESSES IN CLOUDS Oxford (1993).

Author: John H. Jennings, M.S.
Jennings Research & Editing 2530 Hillegass Ave. #307 Berkeley, CA 94704 (USA)

Engineering Journal www.iajer.com


http://www.iajer.com/
http://www.iajer.com/

