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Abstract

This experiment explores the basic nature of the condensation of water vapor
into droplets on the surfaces of cover glasses. This condensation occurs because
of the difference in temperature between the water vapor and the cover glass.
The condensation process 1S observed under a microscope. The growth of the
droplets can be described as: nucleation, aggregation (piling up) and coalescence.
The growth is irrelevant to surfaces or environments. It i1s found that the
temperature difference of moist air over the cover glass do not affect the
nucleation size of the droplets in simple plain surroundings; while the change of
flow rate does. In general, the coalescence 1s speeded up at higher temperatures.
Furthermore, the effects of electric fields ~ magnetic fields and ultrasonic waves
are also studied. It can be observed that the size of water droplets become
smaller and grow more uniformly under magnetic fields or imposed ultrasonic
waves; also, the aggregation rate 1s decreased by imposed magnetic fields or
ultrasonic waves, and 1t 1s increased by imposed electric fields. These effects of
magnetic fields ~ electric fields and imposed ultrasonic waves might be related
to the flow conditions and the vibration of surrounding air in the system. This
experiment provides the first step in the understanding of the formation of water

droplets and their self assembly mechanism in different environment.
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PRECIPITATION

Precipitation 1s any form of water (liquid or solid) that falls from a cloud and
reaches the ground. There are, obviously, lots of different types of
precipitation: rain, snow, hail, sleet, etc.

Nucleation : The initiation of a phase change of a substance to a lower
thermodynamic energy state. (1.e. vapor to liquid Condensation)
American Meteorological Society

When water vapor condenses or freezes, it prefers to condense or freeze onto
something - it needs a surface (preferable some liquid water or ice already
present). Away from the surface of the earth (in the "free atmosphere"), the
only available surfaces are tiny solid particles suspended in the air (dust,
smoke particles, sea salt, etc.) These are called condensation nuclei. They are
generally quite small; typical sizes are 0.01 to 1 micrometers in diameter.

The formation of precipitation begins with the process of nucleation, which 1s
the deposition, freezing, or condensation of water vapor in the free air onto
condensation nucle1. Let's say you manage to get some water vapor to
condense onto a condensation nuclei. What will determine whether this iitial
water droplet will continue to grow or not? The answer 1s that the relative
humidity of the air around the droplet will determine its growth. If we assume
the nuclei 1s "normal” (i.e. neither attracts nor repels water molecules), then

. IF RH < 100 % ---> evaporation exceeds
condensation ------ > droplet will shrink

. IF RH = 100 % ---> evaporation equals
condensation ------ > droplet will remain same size

. IF RH > 100 % ---> condensation exceeds
evaporation ------ > droplet will grow
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We see that under "normal" circumstances, drop growth by condensation or
deposition will only occur when the environment 1s supersaturated - when RH
> 100 %. This 1s fairly rare. How then will a cloud ever form?

The answer 1s that some condensation nuclei are hygroscopic, they attract
water. Because they attract water molecules, hygroscopic nuclei allow drop
growth to occur when RH is equal to or less than 100 %. Thus these type of
nuclei are very important for cloud formation.

It 1s common to observe tiny droplets of liquid water in clouds even when the
temperature 1s below freezing. When liquid water 1s present at below freezing
temperatures, it 1S called super-cooled water.

Remember that water molecules want to have surfaces to condense (or in this
case, to freeze) onto - call them ice nuclel 1n this case. Since there are very
few 1ce nuclei in a typical cloud, you end up with super-cooled water droplets
hanging around looking for something to condense on. If it gets cold enough
(below -39 C), these super-cooled water droplets will freeze even in the
absence of 1ce nuclei. This 1s called spontaneous nucleation.

Drop growth by condensation or deposition of water vapor onto appropriate
nuclei 1s very slow. Figure 7.1 in Danielson shows that it takes more than 2
hours to grow a 30-micrometer diameter cloud droplet from a condensation
nucleus by condensation alone. We know from routine observations that a
thunderstorm can form and produce rain in less time than this. How 1s this
possible, given the fact that drop growth by condensation 1s so slow?

Growth by collision and coalescence (Warm rain process)

The handout distributed today shows that typical condensation nucle1 are 0.1
to 1 micrometer in diameter. Typical cloud droplets are observed to be 1-30
micrometers in diameter. The smallest precipitation particles are about 0.2
millimeters in diameter (or about 200 micrometers), and they can be up to 5
millimeters (5000 micrometers) in size. Condensation and deposition alone
can grow typical cloud droplets in a period of 20-120 minutes, but you would
have to wait almost forever for these processes to produce a
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precipitation-sized particle that 1s heavy enough to fall. Luckily, there are
other ways to produce precipitation-sized particles that work much faster.

The growth of precipitation particles beyond the cloud droplet stage can be
accomplished by the combined effects of collision and coalescence, and also
by the Bergeron process (the three-phase process). Collision and coalescence
involve interaction of liquid water droplets with other liquid water droplets - it
1S most important in clouds with temperatures above freezing - hence the
name "warm rain process" (Danzelson p. 190). The Bergeron process 18 most
important in clouds with temperatures below freezing. It involves interactions
between 1ce particles, super-cooled water, and water vapor - hence the name
"three-phase process").

Collision 1s self-explanatory. Liquid cloud droplets carried by air motions
within a cloud can collide. Obviously, the most effective type of collisions
will involve one big droplet moving through a group of smaller droplets. If
the droplets are all moving at different speeds, that will also increase the
likelihood of collisions.

Coalescence refers to the fact that water 1s "sticky". If two water droplets
come 1nto contact (say by collision) then they will stick together and make
one larger droplet. Not all droplets that collide will stick together - they could
bounce off each other. Therefore, collision and coalescence are not an entirely
efficient process. Furthermore, these colliding droplets will tend to limit the
size that a precipitation particle can reach - no larger than about 5 millimeters
in diameter.
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http://www.uccs.edu/~tchriste/courses/PHY S549/5491ectures/nucleation.html

The free energy of a droplet of radius R 1s the sum of the energy cost due to

the surface tension, 4 7 oR’, and the energy gain due to the volume of the new

phase, -(4/3) 7 R’Af, where p is the density (mass per unit volume).

Nucleation details

When moving 1nto a 2 phase region on phase diagram - how does the new

phase form ?

Two 1ssues:

1. Thermodynamics: Is nucleation possible ? (energy minimization)
2. Kinetics: How fast does it happen ? (nucleation rate)

Homogeneous Nucleation

vapor --> liquid (solid) for a pure water

Energy minimization involves two terms:

1. volume transition
2. surface formation

volume transition:

AG = :—Jr r AGy

\ change in free energy

rg.d&se of liguid per unit volume

for this system, the activity is essentially the pressure (P)

27



where 1S the atomic volume, Ps 1s the pressure above the liquid (solid), and Pv
18 the pressure in the vapor.

We want Pv > Ps so that A£G 1s negative
=> supersaturation provides the driving force.

surface formation:

AG,,, = 4ar'y

surface engrgy per unit aea

Change 1n surface energy 1s always positive when forming surfaces.

Total energy change:

4
AG,,, = gn’r; AG, +4xr'y
L~ SUnace @)
AG -
-
. -~ AGtotal
r “_‘“‘a_\\ r
)
volume
(-r3)
note:

« 1nitial formation of nucle1 has increase in G => metastable
o 1f r <r* then nuclei shrink to lower G

o 1f r > r* then nuclei grow to lower G

o r*1s a critical radius for nuclei
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Films will also have an interface term => heterogeneous nucleation (coming

soon!)
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