THE KINETIC ATMOSPHERE
Gross Vaporization

GROSS VAPORIZATION

Definitions

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

In some papers, the tersublimation is used to describe vaporization
directly from the solid phase, while the teewaporation is restricted to
vaporization from the liquid phase. Since the procg8ise same in each case and
the resulting gas molecules indistinguishable from onéhangcthis is a distinction
without a measurable difference. We shall use ba&tetm vaporization and—on
occasion—the term evaporation to describe either process.

Substrate: Vaporization takes place from any surface bearingpotaining water
molecules. Most commonly, this surface is water or i8emetimes, however, it
is the surface of an atmospheric particulate, a bladeast, a rock face, or the
glass surface of a window. When we are not particulamgerned with the nature
of this surface, but primarily with the process of vapaiian itself, we will simply
refer to this undifferentiated surface as the substrate.

Gross Vaporizationt Gross vaporization refers to the process of vaporization
without any consideration of the reverse process of gasgensation.
Throughout this paper, use of the terms vaporization, evagorand sublimation
will refer to gross vaporization. If net vaporizatiesnmeant, net vaporization will
be specified.

Net Vaporization: Net vaporization occurs when the rate of gross vapavizati
exceeds the rate of gross condensation.
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Water Vapor and Steam It is customary in physics texts to refer to gaseou
water at temperatures greater than the boiling poiste#sn. Gaseous water at
temperatures less than the boiling point is referred wadesr vapor.

Again, this is a distinction without a relevant diface. The processes by
which the gas molecules are formed are identical in easd. Moreover, except
for differences in the mean temperature of the gasvalsole, there are no
measurable differences in the two populations. Both ptaposawill contain
molecules whose individual thermal energies are idertticahe another.
Consequently, we will use the term vapor to refer tgadleous water molecules,
regardless of both the mean temperature of the popuktithe boiling point
temperature at the ambient pressure.

The Zone of Attraction

Zone of Attraction: Every aqueous substrate is surrounded by a zone of
attraction. This is a volume of space where the speedspof molecules leaving
the surface of the substrate are diminished by theuwsatractive forces of that
substrate. The zone extends out from the substrdidée as that diminution of
speed exists. The zone is not necessarily uniform ixtésmigion from the surface,
but varies topographically as the individual attractivedsrvary from place to
place over the substrate.

Surface Tension This zone of attraction is created by three diffegraups of
forces. The first group is those forces of attractiat exist between water
molecule and water molecule. The strongest force ofjitbisp is the hydrogen
bond. It is this bond and the other forces that create whaewas surface tension
in liquid water and surface force and surface energy in ice

Diagrams of surface tension often show representatibthe surface
molecules forming a smooth unbroken “skin” to keep the sub-sunfexecules
within. This is artistic license. In reality, thisréace network is continually being
bent outward by the impulses transferred to it by thieoutes within. In addition
it is continually being bent inward by the bombardmentiodiad vapor molecules.
It is hardly “smooth”.
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This “skin” is also continually being broken and ruptured asribees
energetic molecules within break through the bonds o&serension to escape;
and as high energy air and vapor molecules penetrate ivirthout. Sometimes,
it is the surface molecule that escapes or submeggesng a rapidly-filled gap in
the net.

Nevertheless, this “skin” effect is very real and fitvees that create it are
extremely strong ones. As we shall see later, tbpgstion of water molecules
that manage to break these bonds is quite small at mmpsspheric temperatures.

Hygroscopic Forces The second group of attractive forces is due to the
hygroscopic nature of one or more condensation nucleiabsarate of some kind.
These forces may also include the hydrogen bond, buatttiaetion is between
water molecules and some other substance. Commonaodénsation nuclei
include silica, salt, and various sulfates. Hygroscopitefo@act to increase both
the strength and the range of the zone of attraction.

lonic Forces The third set of attractive forces is due to ionicaation. This
ranges all the way from ion mediated nucleation (IMN)ree way to the strong
attraction between an ionized substrate and ionized vapecutes. The power of
ilonized water molecules to attract other water moledslgsaphically illustrated
by the condensation trails in a Wilson cloud chamber.

Moreover, in the free atmosphere pure water does ndt eXlisatmospheric
water and ice is a solution of whatever solutes happée available at that time
and place. Raoult's Law mandates that solutions will vapa@t a slower rate than
the rate of the pure solvent. This means that the owreentrated the solution,
the less the rate of vaporization. Cloud droplets fdrai®ut solutes such as sea
salt may well vaporize at a slower rate than cloud etsghat form about non-
solutes.

Other Molecules and the Zone of Attraction For our purposes, we are
concerned only with the attraction of the aqueous satiestor vapor molecules. It
may well be, however, that other gaseous moleculedtaaetad as well.
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Spatial Variation of the Attractive Forces Irregularly-shaped substrates
produce irregular zones of attraction. Cloud condensatictei are often

irregular in shape. The points of ice crystals exexdker attractive forces than do
the edges, and the edges exert weaker attractivesfthrar the flats.

In both droplets and ice crystals, ionic forces of ativactary with the
concentration of solutes and ionized areas from plapi&te on the substrate.

Because of these variations, the escape velocity ddsda water or ice
molecule to leave the zone of attraction and beconagarymolecule will likewise
vary from place to place on the substrate.

Departure and Outflow

Maxwell Distribution of Thermal Energies: There are very good reasons for
believing that gases, liquids, and solids at the same tatopehave the same
mathematical distribution of molecular kinetic energidfie arguments, however,
are not particularly germane to the present discusdéawill simply postulate
that the same mathematical distribution existslithaée phases.

The distribution of kinetic energies of those vaporanales whose next
interaction is with an object of interest (here, a sals) during some appreciable
period of time is:

df. =—i_exp—u—i_dq VAPO1

Here, f.

is the mean number of molecular interactions per squater per

second,U; is the individual molecular kinetic energy of trangiat(measured

normal to the surface) of those molecules whose nextactten is with that
surface.

Since we have postulated that the distribution of eeengf translation is the
same for water molecules and vapor molecules, we cangeWAPO1 to read:
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— f.
df_, =—=exp~-=tdu, VAP02
T kgT p_k T
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Here, the—i subscript indicates that the molecules under observadios thad their
last interaction with the object of interest (the stdis), rather than their next
interaction. They are leaving the surface, not arriving &xpression VAPO1
measures inflow and arrivals at the substrate, whileesgmn VAP02 measures
outflow and departures. The dimensions of both equatiensuanber per unit
area per unit time—or, more precisely, grebability associated with that number.

Note: In this expression and in future expressions, waill use thetilde (~)
under the parameter to indicate that the parameter appks to water molecules
in the expression.

Thermal Distributions : In The Nature of Gas Temperatures, we defined
temperature to be a function of the mean value of tla kotetic energies
(translation, rotation, and vibration) expressed normé#hé thermometric surface.
This definition was expressed in the formula:

T= NGT04

W‘q
M

o]

If we are discussing the temperature of the sub-systevater molecules
leaving a surface, we can also say:

VAPO3

~ ‘IC|
I ™M

o]

T=

Here, u .is the mean total kinetic energy (measured normalg@taporating

urface) of that sub-set of water molecules leavingtinface during some
appreciable period of time, and the other two terms haiephevious meanings.
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The concept of individual molecular “temperatures™ Equation VAP03 shows
that the temperature of a sub-population of evaporatiagrgdecules is a direct
function of the mean kinetic energy of those molecuégsal to the surface at the
moment of evaporation. It does not stretch a point tochrtme@pply this concept
to individual molecules. That is,

p2

[ -

T =

~=I1

VAPO4

>~

B

Here, T_. is the temperature of an individual water molecule hatotaj kinetic

energygfi normal to the surface at the moment of leaving that ceufa

If we combine equations VAP02 and VAPO04, we get t&ibution
function of molecules leaving the surface of the substnaerms of their
individual molecular temperatures:

—h|

_ T.
df. = exp—?'d'[_i VAPO5

~

= |l

Note that the most probable molecular temperatures am tdd@K; and that the
higher the individual molecular temperature the less likelye surface molecule
Is to have that temperature. This is entirely apart ffuerselective process
inherent in the escape mechanism itself, where theeifiotiolecules are the only
ones allowed to escape.

Selection and Escape

Escape Velocity For any particular bonding situation, there will esisine
molecular velocity along the proximity axis that représéhe escape velocity,

Ve Molecules moving away from the substrate with less that critical

! Quantum considerations mandate against a true zero value.
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velocity will not escape to become free vapor moleculdslecules moving away
from the substrate that possess that velocity or grediterscapé.

Diminution of Escape Velocities As a prospective vapor molecule moves away
from the surface, the various attractive forceseséwweduce its velocity along the
proximity axis and consequently its kinetic energy afdfation along that same
axis. This means that when the successful moleculesh® vapor phase, they
will have less thermal energy than when they firfittee substrate. This process
may be expressed as:

vapor _— ,, substrate__

u_ u_ = VAPO6

Note that the loss of energy (heat of vaporizationdlslg along the proximity
axis. There is no reason to believe that any of the &thetic energies manifested
in any of the other degrees of freedom are affected ondih@ad in any way.

Derivation of Escape Energy We may readily derive a value for the escape
energy by simply dividing the experimental heat of vapozagier unit mass of a
substance by the number of molecules in that unit of. malss will produce:

Qvaporization

us = VAPO7
- N

~

escape¢

Here, U_"is the kinetic energy of escape (measured normal to anylfeova

vaporization:

the vaporizing surfacefQ is the heat of vaporization per unit of mass

andN is the number of water molecules per unit of mass.

Escape Velocity for Liquid Water at NTP: An approximation of the escape
energy for a molecule of liquid water at NTP may be catedl by using the values
found inWater: Some Useful Values.

2 Some of the escaping molecules, of course, will flstby incoming air or vapor molecules and returneddo th
substrate. Since these molecules cannot be distingdisinedapor molecules arriving from the surrounding
atmosphere, we must treat them as simply anothepfpire inflow. The proportion of such “rejects™st very
large.
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Let us postulate a water molecule mass of 2.99% Rilbgrams (the mass
of the most common isotope of water) as the individudémdar massifl_; ).
Then, the escape velocity becomes:

escape 3
yEsaPe LN VAPOS
v o

~

This gives us an escape velocitf 1) of some 884 meters per second from a
surface of pure water at NTP under laboratory conditions.

The Escape Population To ascertain the proportion of surface molecules likely
to have this escape velocity or greater normal to and &awaythe surface of the
substrate, we have to know the standard deviatQrof the speeds along the
proximity axis of the surface population. This is giverthsy expression:

G = VAPO9

m

~

This gives us a root-mean-square spe@d{ some 355 meters per second.

That makes the ratio of>>***to 6 equal 2.49. The area under a normal

curve to the left of the ordinate of 2.49 standard deviai®09128. This is the
proportion of the surface population that possesses velaitirmal to and away
from the surface equal to or greater than the escapeity.

If we assume (this is the weakest part of the argumieaitthe subsurface
impulse flux toward the surface I¥)V,, (seeMolecular Speeds and Velocities),

this gives us a mean impulse flux of some 4.74% idpulses per unit area and
time. Multiplying that value times the escape proportioeigi@bove gives us an
escaping population of molecules of some 6.06%% fi€r unit area of surface in
unit time. All of this is delineated ihable WSV06in Water: Some Useful
Values.
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Therefore, the odds of a water molecule breaking away &rpfane surface
of water at 0° are a little bit better than one lmuadred attempts. This success
ratio goes up as the temperature increases.

Isotope Selection Because escape is based on velocity and not energyr lighte
iIsotopes are more likely to escape than heavier ones.isTib& the opposite of
the condensation process, where heavier molecules aeclikaly to be captured
by the zone of attraction than are the lighter ondse riet effect of these two
selection processes is that—in the absence of repleamthnthe mean molecular
mass of a water droplet will increase over time.

Vaporization from Ice: Weaker bonding at the points and edges of ice crystals
leads to differential rates of vaporization. The pogadirst, becoming rounded.
Then, the edges become rounded. This same differentiaficourse, takes place
in the melting process. The points melt first, thenathges. The general effect of
these processes is one of rounding.

Water droplets have a very strong tendency to adopt a sptsraqee even
when the condensation nucleus or substrate is irregilils.tendency in ice is not
as strong and nowhere near as fast, but it is stiéthe

Heat of Vaporization

Transfer of Enthalpy during Vaporization: The net transfer of mass from the
liquid and/or solid phase to the vapor phase results ih ganein enthalpy for the
vapor phase and a net loss of enthalpy for the evapotage. This is always
true.

However, this does not mean that the resulting cooling afthporating
surface results in an equivalent warming of the vapstesy. If the evaporating
surface is cooler than the air, the net result magy @eoling of the air despite the
increase in enthalpy.

Moreover, the loss of enthalpy by the substrate ibalsinced by the gain in
enthalpy by the atmosphere. The enthalpy lost byiténution of escape
velocities and energies due to intermolecular forcegtcdction must be carried on
the books as latent heat.
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It should be noted that latent heat is not real heatanihot be either
measured or detected—although it can be calculated. tic8ysh bookkeeping
device.

Because enthalpy and heat totals, whereas temperature is average it
is entirely possible to add heat (enthalpy) to a systedneffect a reduction in that
system’s temperature. And, as we shall s&éross Condensation, it is also
possible to remove heat (enthalpy) from a system and sinedtisly effect an
increase in that system’s temperature.

* k% %k * %

Summary of Vaporization Concepts

01. Every surface of water or ice in the atmosphere umesrgontinual gross
vaporization. Every non-water surface that carries @ more transient
water molecules undergoes continual gross vaporization. pfoGgess is
spontaneous and ubiquitous. It is not necessary to atitbreeaubstrate to
bring about vaporization.

02. The amount of gross vaporization that takes place fronparticular
surface at any particular time depends upon the relategihs of the
intermolecular bonding forces on the one hand and thesihyenf thermal
agitation (temperature) on the other.

03. Water molecules strongly attract one another. The \&fanges of water
to water attraction are subsumed under the rubric of suténsion. Itis a
very strong set of forces.

04. The bonding forces also vary with the hygroscopic natureec$ubstrate.
Some materials are strongly hygroscopic, some less so,rsartral, and
some actually repel water.

05. The third set of forces involves ionization. lonized si#tes can be
powerful condensation nuclei, and can attract ionized vwatéecules that
might otherwise be unattracted to the substrate.

Copyright 2008 by Patrick J. Tysonwww.climates.com 10
Last revised in March of 2010



http://www.climates.com/

THE KINETIC ATMOSPHERE
Gross Vaporization

06.

07.

08.

09.

10.

11.

12.

13.

14.

15.

The bonding forces vary with the topology of the surfaspecially as this
topology affects the number of other molecules in closegmproximity
to exercise their attractive forces.

The bonding forces vary with the various solutes dissbinghe water or
ice. As a general rule, these solutes increasdreegsh of the bonding
forces.

The combination of the various attractive forceshm zone of attraction
may attract gas molecules other than simply vaporcutds.

The distribution of thermal energies in gases, liquadsl solids is
postulated to take the same form in each of the phasese® with the
same temperature are assumed to share the same thexamsana the
same distribution of kinetic energies of translation.

Thermal agitation, specifically kinetic energy of s&tion directed away
from the surface, varies with surface temperatuMs matter what that
surface temperature is, however, some molecules ak lsufficient
thermal energies to escape the bonding forces.

Vaporization is a strongly selective process. Only thiteeh (higher kinetic
energy of translation) molecules are able to vaporizas diminishes the
mean temperature of those that remain, hence coolinydp®rating
surface.

At NTP, for a plane surface of liquid water, a bit ogae percent of the
molecules moving away from the surface will have enowbcity to
completely escape and are thus able to vaporize.

Because escape is based on velocity, lighter isotopes ardikabdye¢o
vaporize than heavier ones. This increases the mektuatar mass of
those that remain.

Vaporization from ice varies with location of the nmlée on the crystal
surface. Points vaporize first, followed by edges.

Vaporization increases the enthalpy of the vapor systed decreases the
enthalpy of the evaporating system.

Copyright 2008 by Patrick J. Tysonwww.climates.com 11
Last revised in March of 2010



http://www.climates.com/

THE KINETIC ATMOSPHERE
Gross Vaporization

16. Overcoming the bonding forces reduces the kinetic er@rtyye escaping
molecules and therefore the enthalpy of the systerwdmke. This loss of
energy must be carried on the books as latent heat.

17. The temperature of the resulting vapor system may beased or
decreased or remain unchanged by the vaporization prockegedult
depends upon the relative temperatures and masses oaffw a&ing
surface and the vapor system and upon the strength bbdtikng forces.

18. In considering heat transfer and temperature changssssential to keep
in mind that heat is a total while temperature is amae This is
particularly important in understanding the nature of kaieat.
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