THE KINETIC ATMOSPHERE
Net Vaporization and Condensation

NET VAPORIZATION AND CONDENSATION

Definitions

Vaporization: Vaporization is the process by which molecules leavie the
previous liquid or solid phase or attachment to a substratbemaie gas
molecules.

Condensation Condensation is the process by which vapor molecules tea
gaseous phase and attach themselves to a wateresarfan ice surface or to some
other substrate. After such attachment, they arengelogas molecules.

Substrate A substrate is any surface bearing water molecutethe free
atmosphere, most substrates are surfaces of eitheat \iguier or ice. In addition,
any surface exposed to the free atmosphere that does inetyatpel water may
be considered (and—in fact—is) a substrate.

Gross Vaporizationt Gross vaporization refers to the process of vaporization
without any consideration of the reverse process of gasdensation.

Gross Condensation Gross condensation refers to the process of condensation
without any consideration of whatever vaporization rbayaking place.

Net Vaporization: Net vaporization occurs when the rate of gross vapavizati
exceeds the rate of gross condensation upon any substiatieredt.

Net Condensation Net condensation occurs when the rate of gross ceatien
exceeds the rate of gross vaporization upon any substraerest.

Intermolecular Attraction : Water molecules are attracted to other water
molecules by various intermolecular forces. These athger molecules can be
vapor molecules or a droplet of liquid water or a crystade In addition, water
molecules are attracted to what are called hygroscopic sabsthy various
physio-chemical forces. Finally, water ions are at#réi¢o ionized surfaces. Any
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and all of these forces of intermolecular attractian and do cause water
molecules to move toward one another and to bond together.

Zone of Attraction: The resulting zone of attraction has two parts. ddre is
composed or the substrate and any water molecules bonded teeisecond part
is the force field surrounding the substrate and its bond¢erwnolecules. This
force field extends as far as the various forces gralta of causing variations in
the trajectories of nearby vapor molecules.

The force field acts so as to diminish the speed of watéraules moving
away from the substrate and its zone of attraction; amttease the speed toward
the substrate of those molecules moving toward the stédsind its zone of
attraction.

Latent Heat of Vaporization: Because of the attractive forces of the zone of
attraction, water molecules leaving the substrate undengmwtion of their
escape velocities and become vapor molecules with lesickenergy of
translation than they had when first leaving the sabsstrThis loss of enthalpy is
carried on the books as the latent heat of vaporization.

Latent Heat of Condensation Because of the attractive forces of the zone of
attraction, water molecules leaving the gaseous phakgmacceleration of their
arrival velocities and become liquid or solid phase molecmits more kinetic
energy of translation than they had when first leattmegvapor phase. This gain
of enthalpy is carried on the books as the latent Headr@lensation.

Free Atmosphere Considerations

Ubiquity : Every surface exposed to the free atmosphere is undgitgath gross
vaporization and gross condensation unless that surfacelpcepels water.
Every such surface exposed to the free atmosphere is undpeiber net
vaporizationor net condensation. There are no exceptions unlessutate
actively repels water.

This means that every such surface is either underganeg gain in water
molecules or a net loss of water molecules; a net dantbalpy or a net loss of
enthalpy. There is no equilibrium.
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The Equilibrium Fallacy : The concept of equilibrium is a useful concept, but—
like the concepts of infinity and centrifugal force—it =t @ reality. It is a useful
fiction. Equilibrium can be very closely approximatedha laboratory under
controlled conditions; but, in the free atmosphere isduo# exist. This is
especially true at the molecular level where the grattical mandates of
statistical mechanics apply.

The idea that in one second some 517,727,454,042,331,290,445 vapor
molecules should be arriving at one square centimetereainosurface, while
exactly 517,727,454,042,331,290,445 molecules are leaving that squareestant
is beyond belief. The idea that the enthalpy loss andntiealpy gain in that same
second are equal down to the last quantum of energy adlyéudicrous.

The illusion of equilibrium is assisted by the time spand spatial
parameters that we human beings are forced to live Withe reduce the area to
one square micron or the time to one millionth of selceve produce even greater
disparities from one area to another or one time spamother .

No, Virginia, equilibrium does not exist. It is a well-mebat but a lie
nonetheless. The most that we can hope for is pseudobemguili When your
instruments tell you that a state of equilibrium exigtsat they are really telling
you is that they are not sensitive enough to measuneotimequilibrium that is
really there.

The Primal Opposition—Attraction versus Repulsion

Whether some portion of the atmosphere is undergoingapetrization or
net condensation at any give time and place depends upoelahee strengths of
a variety of different forces and processes.

Temperature: First and foremost among these forces are the repitstes
made manifest in thermal agitation. Increases intetmperature of the substrate
always lead to increased gross vaporization. Gross conmensat the other
hand, is inversely proportional to the square-root of th@éeature; and so tends
to decrease with an increase in temperature.
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Increases in temperature thus favor net vaporizatibiedecreases in
temperature favor net condensation—as experiment and observatioclearly
show.

Intermolecular Forces. The intermolecular forces of attraction obviouslytac
favor condensation. If it weren't for thermal agitatitimese forces would ensure
that everything that is would be solid. The liquid and vapasps would not
exist. The forces that bond water molecules to one anatiieto various
substrates and solutes are many and extremely comptexhd=sake of
simplicity, let us consider four groupings and how taéfgct net condensation or
net vaporization.

Water to Water Bonding — Water molecules attract one another at
moderate distances, and repel one another at verydikis@ces. In both liquid
water and ice, the balance between these opposing forabistss the effective
inter-molecular distances. The strength of these benalso affected by particle
size. Large droplets and crystals will undergo net cosatteon at combinations of
temperature and vapor pressure that cause smaller draptetsystals to undergo
net vaporization.

Thus, for any combination of vapor pressure and temperahare will be a
droplet or crystal size that represents a balance betgresa condensation and
gross vaporization. It doesn’t take much, however, to upaebtalance. Given
the natural variability of the free atmosphere, tfeedf a cloud droplet or ice
crystal is a brief one.

This tendency for the smaller droplets and crystalapmrze may be
overcome by the incorporation of strongly hygroscopic substnate the droplet
or crystal, by higher concentration of solutes, or by greatgzation of the
smaller particles.

Hygroscopic Bonding— Water molecules bond strongly to certain
hygroscopic substances. Ordinary silica is one such slestdime water
molecules do not ordinarily combine chemically with kiygroscopic substrate or
act to dissolve it, but simply adhere to the surfadé ofhe bonding forces are
unsaturated by this adhesion, and may continue to attedet wiolecules until
they are covered by water to a considerable relatigéhde

Copyright 2008 by Patrick J. Tysonwww.climates.com 4
Last revised in January of 2010



http://www.climates.com/

THE KINETIC ATMOSPHERE
Net Vaporization and Condensation

However, the strength of the hygroscopic force diminishés the depth
from the surface of the droplet or crystal. Thusétds to net condensation at
certain combinations of vapor pressure and temperatuyeuprib the point where
it is once again balanced by the forces of thermaltagita

Nevertheless, droplets and crystals with strongly hygrossojpistrates tend
to undergo net condensation and growth when similarhdsireplets of pure
water will be undergoing net vaporization and diminution.

Solute Bonding— Strong chemical bonds exist between water and certain
solutes, such as common sea salt or common atmosgh#ates. This bonding
tends to decrease gross vaporization, and therefore tendscasaaet
condensation. A salty or acidic droplet will grow undemndibons where a similar
droplet of pure water will diminish.

Quite naturally, however, the growth of the droplet deses its
concentration of the solute. Once again, it widlale a droplet size where gross
vaporization and gross condensation balance momentawmigl.once again, this
delicate balance does not last for long.

lonic Bonding — There are numerous processes in the atmosphererithat te
to ionize atmospheric molecules—water included. lonizas@very strong force
compared to some of the forces described above. As sigbapable of bonding
both molecules and small droplets or crystals together fnuch greater distances
than the weaker forces normally act through in the tavailable to them.

lonization produces both negatively (excess of elesjrand positively
(deficiency of electrons) charged ions and particlake charges repel and unlike
charges attract. Free electrons have a tendencigtatmto points and edges.
Since snowflakes grow at those very same points and atlgelikely that ionic
forces play a role in the growth of snowflakes and ottecrystals—probably by
attracting hydroxyl ions.

Similarly, small ionized droplets can be attracted toaegther, producing
the “collision and capture” mechanism by which cloud dro@et¢sassumed to
grow. The power of ionic forces in creating condensasigraphically illustrated
by the Wilson cloud chamber.

Conclusions- The net effect of all of the various intermolecldanding
forces is to increase net condensation and diminishapetrization. We are thus
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back to our starting point where the forces of thermaatagn tend toward net
vaporization and the forces of intermolecular attractimmding) tend toward net
condensation.

Decreasing temperatures also tend to net condensation, Yput—b
themselves—do not appear to be sufficient to explain mostsgineric
condensation processes. We need the forced inflow broughtlabthe
intermolecular forces of attraction.

Inflows and Outflows
As we saw irGross Condensation, we can divide up the population of

molecular inflows into four groups. Each group has a diffemotive force that
impels its vapor molecules toward the surface of the satbstr

Unforced Inflows — Unforced inflows are those molecular movements
toward the substrate originating in the surround humid airatteathermally driven
and would occur even if no forces of attraction existedeyldan be expressed by:

1 3
n=p —— NETO1
=~ 2mm kT

Here, N, is the vapor flux rate in number of vapor molecules per uei af
substrate surface per unit timpjs the vapor pressurc{éj]6 is the effective
molecular mass at temperatlireandK ;is Boltzmann's Constant in units of
energy per degree Kelvin per molecule.

As we saw irGross Condensation, in still air this flux can be more simply
expressed as:

CONO1

<|

and in moving air by:
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nv,
n=—F—x CONO7
2(w+1)
Here, N is the number of vapor molecules in unit volume of humidheir have a

component of motion toward our substratgis their mean speed toward that

substrate is simply the number of vapor molecules in unit volumawhid air,
and w is the wind velocity in unit distance per unit time.

This flux is purely a function of the characteristaéthe atmosphere
surrounding the substrate. The characteristics ofubstrate play no role in its
magnitude or direction.

Forced Inflows — Forced inflow does not include any unforced inflow, but
consists only of those vapor molecules whose impact osulb&trate is solely due
to the combined forces of attraction of the substrHteg.were not for these forces,
the vapor molecule would have passed by the substrate ledcat

Because of the enormous variability in the strengtitsranges of the
various zones of attraction, it is not possible (attinie) to develop a simple
expression for the forced inflows on the order of NETO1. dafe however,
produce some general rules.

1. The longer a vapor molecule is in a zone of attractlemore likely it is to
become part of a forced inflow. This means that vapor mt@sdaving a
slow speed relative to the substrate are more likely t@aptied than ones
moving more quickly. This, in turn, translates out toenales have lower
kinetic energies of translation relative to the substb&ing more likely to
be captured. Finally, when placed in the construatadividual molecular
“temperatures”, the cooler ones are more likely to beucag@tthan the hotter
ones.

2. Droplets or ice crystals with a hygroscopic component ane rikely to
capture ambient vapor molecules than those lacking in dosigonal
attractive forces. This explains why condensationfea®king are so
difficult to bring about in the absence of such nuclei.lskb gupports the
hypothesis that forced inflow is necessary to explain cosateon
phenomena.
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3. Hygroscopic attraction is often not enough. The much strdogees of
ionic attraction are frequently necessary to promqielrgrowth of
condensation in both droplets and ice crystals.

Knock-Backs — The surfaces of water droplets and ice crystalsuinjed to a
continual bombardment by air molecules. What, then, arelthnces that water
molecules that otherwise might escape the zone of atimaotbecome vapor
molecules might be knocked back to the substrate by collisiinnwin-aqueous
air molecules?

Rejection by ambient vapor molecules is not counted in thislabpn,
since that must be considered a simple transfer of impessdting in either forced
or unforced inflow. In any case, as we shall see, thisqgzhenon is insignificant.

In still air, the dry air molecular flux against therface of a droplet or
crystal is given by a variation of NETO1:

n=p _ 1 NETO02
o\ 2em kT

Here, N, is the molecular flux in number of impacts per unit arehtame, pis the

dry air pressurer.ﬁ6 Is the effective molecular mass of the dry air, ard th
remaining terms have their previously agreed-upon meanings.

Once again, this expression can be simplified to:

n=nVv, NETO3
in still air, and:
nv,
n=—F—-x NETO4
1 2(w+1)

in moving air. The dot under the parameter signifies tleapnameter applies to
dry air molecules only.

Let us postulate a parcel of atmospheric air with dlleviing parameters:
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T =273.15°K
p =1.007143 x 10Pascals

m_ = 4.75 x10° kilograms
k, =1.38065 x 16° Joules per degree per molecule

The dry air flux against a droplet or crystal surfa@nthecomes:
n. = 3.00 x 168" impulses per square meter per second.

If we assume that there are some 1.04'X w@ter molecules per square meter of
surface, then each of those surface molecules undergoes289 x 1Dimpulses
from above each secondLet’s double that number to allow for glancing blows.

At NTP, the average speed normal to the surface ofcapeg water
molecule is some 445 meters per second or some 1.1% ma@cular diameters.
This means that the average escaping molecule widlayee 2.48 x T0diameters
away from the surface before being hit by an incoming aleaule. This distance
is well in excess of the normal free path, and suchcutde must therefore be
considered to be part of the ambient vapor at that time.

In short, “knock-backs”—whether from incoming air molecuweshcoming
vapor molecules—are an insignificant part of the inflow pajna

Weaklings — We must assume that water molecules leaving the swfac
droplet or crystal do so with a wide range of velocities mbtmthe surface.
Some of these velocities will be less than the escaloeity. Such “weak”
molecular efforts will follow the standard parabolic @&pry and return to the
substrate. The net effect is zero. There is nedlgain or loss of mass, or a gain
or loss of enthalpy. Such efforts are therefore mearsagteconsiderations of
either inflow or outflow.

In consequence, only unforced inflow and forced inflows play a
significant role in either the net vaporization proaasthe net condensation
process. Moreover, the total outflow must of necessiinktipe sum of both the

! Of course, at the same time each surface molecutalisrgoing roughly a thousand times as many impulses from
below.
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forced inflow and the unforced inflow under conditions of so-dadiguilibrium
vapor pressure.

01.

02.

03.

04.

05.

06.

07.

08.

09.

ﬁo_utflow - _ﬁ_unforced inflow + ﬁ_forced inflow NETO5

~=I ~| ~

* k %k * %

Summary of Net Vaporization and Condensation Concepts

Unless a surface actively repels water, every sudapesed to the free
atmosphere undergoes both gross condensation and gross vaporization

True equilibrium does not exist in the free atmosphetee nMathematics
of probability mandate that either net vaporization existnet
condensation exists.

Which of the two processes is in effect depends uporodas felative
strengths of the combined forces of attraction and th#éoeed forces of
repulsion.

The combined forces of attraction include water-to wiatgrding forces,
hygroscopic attractive forces, solution forces, and ionicefarc

The combined forces of repulsion include the repulsareder Waal's
force and the forces of thermal agitation.

Net condensation occurs when molecular inflows to the substxceed
molecular outflow from the substrate.

Molecular inflows include both unforced inflows and forced inflows.

Unforced inflows are those that would occur even in the cetemlbsence
of any forces of attraction. They are a function soddlvapor
characteristics.

Forced inflows are those that occur solely because dttractive forces
of the substrate. They are a function of both vaporachearistics and
substrate characteristics.
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10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

Forced inflows are usually some two orders of magnitude gréete
unforced inflows.

In the free atmosphere, most condensation is initiatddrbgd inflows.
Indeed, in the absence of such forced inflows, supersatuiatthe norm.

Outflows are a function solely of the substrate charastics.

In moving against the forces of attraction, an escapeigr molecule loses
kinetic energy of translation. This energy loss isiedron the books are
the latent heat of vaporization.

In arriving at the surface of a substrate a vapor maeandlergoes
acceleration due to these same attractive forcabudtjoins the substrate
with increased kinetic energy of translation. This engagy is carried on
the books as the latent heat of condensation.

During net vaporization, the substrate loses enthalpyhentiee
atmosphere gains it. The loss is greater than timbgahe amount of the
latent heat of vaporization.

During condensation, the free atmosphere loses enthatpyhe substrate
gains it. The gain is greater than the loss by theumt of the latent heat
of condensation.

The diminution of temperature during net vaporization s the loss of the
“hotter” molecules to the vapor phase by the liquid or sdi@se. Since
temperature is an average, the temperature is diminished.

The increase in temperature of the free atmosphere dugingpbndensation
is due to the loss of the “cooler” molecules to the satestrSince
temperature is an average, the temperature goes up.

Neither “knock-backs” nor “weaklings” play any significant raiehe
transfer of either mass or enthalpy during net vapoorair net
condensation.

The gross vaporization and gross condensation process@sessence,
symmetrical.
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