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Abstract—This paper describes two boundary value problems whose solutions assist in the interpretation
of two-dimensional heat and mass transfer in the lower layers of the atmosphere.

One model considers the transient diffusion of mass into a semi-infinite two-region system; one layer
is finite in thickness and the other one is infinitely thick. The diffusivities of the two layers are different.
Mass is suddenly and continuously added to the boundary of the finite layer causing diffusion throughout

the whole system.

A second model considers two-dimensional heat or mass transfer in a semi-infinite convection system
where the boundary heat or mass flux distribution is sinusoidal with downwind distance. Uniform

velocity and eddy diffusivity profiles are postulated.

The analytical results obtained for the two diffusion models are evaluated and compared to some
observed phenomena for the atmosphere. Applications of the results to practical atmospheric diffusion
problems in air pollution and climatology are also noted.

NOMENCLATURE
a, finite layer thickness in two-region
system [ft];
Cp heat capacity of air [ Btu/Ib°F];
C,,C,, constants in equation (6);
C,,C,, constants in equation (13);
D, eddy diffusivity [ft?/h];

* As astudent, the author first encountered Dean Boelter
on the Berkeley campus of the University of California in
1941. The author attended his classes in heat transfer, mass
transfer, acoustics and thermodynamics and was also one
of his group of researchers who investigated aircraft heat
transfer for NACA, smoke screen diffusion for the Navy,
etc. In 1946, the author joined Dean Boelter’s new engineer-
ing department on the Los Angeles campus to conduct
research in atmospheric diffusion and boiling heat transfer
and to engage in teaching activities. Dean Boelter was also
the major professor for the author’s doctoral program.
Although the author left the University in 1950 to join the
Oak Ridge National Laboratory, he kept in contact with
Dean Boelter and the important, new programs being
established by him at the University of California.
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height dependent eddy diffusivity
[ft*/h];

eddy diffusivity in layer 1 [ft?/h];
eddy diffusivity in layer 2 [ft?/h];
Laplace transform of G with respect
tot;

first derivative of g with respect to z;
second derivative of g with respect z;
mass concentration [1b/ft*];
function;

zero and all positive integers;
mean vertical heat flux in boundary
layer [Btu/h ft?];

defined by g(s) = | exp (—st) G(r) dt
0

where G(z) is the object function and
g(s) is the result function;

time [h];

potential temperature (temperature
plus the product of the adiabatic
lapse rate times height) [°F];
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T, potential temperature in problem 1
[°F];
T, potential temperature in problem 2
[°’F1;
To, mean boundary temperature [°F];
0 amplitude of the sinusoidal bound-

ary temperature in the down wind
direction [°F];

wind velocity [ft/h];

height dependent wind velocity
[ft/h];

W, mass flux [1b/ft? h];

constant mass flux at boundary of
two-region system [1b/ft> h];

X, down wind coordinate [ft];

X0 wavelength of the sinusoidal bound-
ary temperature distribution [ft];
z, height above the Earth’s surface
[ft].
Greek symbols
T, variable of integration in the Faltung
integral;
T, adiabatic lapse rate [°F/ft];
v, weight density of air [1b/ft*].
Moduli
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1. INTRODUCTION

A NUMBER of two-dimensional* transport solu-
tions can be found in the literature that aid in
describing diffusion systems in the lower layers
of the atmosphere (see [1-4] for example).

In this paper two new, two-dimensional
transport models are presented; they are be-
lieved to approximate actual atmospheric diffu-
sion systems that are currently of practical
interest. One analysis defines the transient
structure of the mass transfer concentration in a
two-region atmosphere in which mass is
suddenly added at a boundary by means of a
surface flux. A second analysis describes vertical
temperature and mass concentration profiles in
the atmospheric boundary layer for the condi-
tion of variable downwind boundary heat and
mass flux distributions, respectively.

The derived transport solutions are evaluated
for representative examples and the results
compared to observed atmospheric transport
phenomena and experimental diffusion data.
Application of the models to problems in air
pollution and micrometeorology are also dis-
cussed.

2. TWO-DIMENSIONAL TRANSPORT
MODELS

2.1 Transient mass transfer in a two-region semi-
infinite atmosphere

In 1947 and 1948, studies were conducted in
Los Angeles by the University of California for
the purpose of relating some of the meteoro-
logical variables to air pollution concentration
[5]. The following parameters were measured
within the lower few thousand feet of the
atmosphere : temperature, humidity, wind speed,
wind direction, and air gustiness. Temperatures
and humidities were measured with the aid of
radiosondes and light airplanes. Wind speeds
and directions were determined by the pilot
balloon technique. Smoke grenades, equipped

* In this paper, two-dimensional is taken to mean that
the transport potential is a function of either one coordinate
and time or of two coordinates.
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with fuses, were raised and lowered in the lower
layers of the atmosphere by means of a 600 ft3
kite balloon. After the smoke grenades were
detonated, lateral and vertical cross sections of
the smoke plumes were photographed with
telescopic cameras.

Air gustiness values from the smoke plume
photographs were obtained as follows: One
half the plume breadth was plotted as a function
of distance from the smoke source. Except for a
region very near the smoke source, these points
fell very closely about a straight line. From the
tangent of this line the ratio of a mean transverse
velocity fluctuation to the average wind velocity
was obtained. Typical vertical gustiness profiles
in the lower 2000 ft during November and
December in 1947 are shown in Fig. 1. These
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Fi1G. 1. Daytime vertical gustiness profiles over Los Angeles
(November—-December 1947).

gustiness profiles indicate that air layers charac-
terized by poor vertical mixing existed at an
elevation of about 2000 ft and above (such
conditions usually are most prevalent at that
time of the year). Temperature inversions
generally located in the upper layers and the
unusual wind velocity structure control this
stable region.
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FiG. 2. Typical and idealized eddy diffusivity profiles for an
atmosphere with an upper low-turbulence air layer.

It can be shown that gustiness profiles are
closely related to the heat-, mass- and momen-
tum-transfer eddy diffusivity profiles in the
atmosphere [6]. Therefore, in atmospheric
systems which contain upper air layers with
low vertical turbulence (as occurs at times in
the Los Angeles basin), an eddy diffusivity
profile of the type shown in Fig. 2 is found to
exist. Under such conditions, high air pollution
concentrations can occur in the lower layers of
the atmosphere if strong pollution flux sources
are present at the surface. :
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In order to be able to estimate the magnitude
of abnormal increases in air pollution concen-
tration in an atmospheric system in which a low
eddy diffusivity upper air layer appears (because
of unusual climatological conditions), the follow-
ing idealized diffusion system is proposed as a
model.

2.1.1 Hdealized system. 1t is postulated that at
time equal to zero, mass is added at z =0 ata
constant rate to a semi-infinite, {wo-region
diffusion system (see Fig. 2). The lower layer is
bounded by 0 < z < a and the upper layer is
bounded by a < z < . The mean eddy diffu-
sivity of the lower layer is D, and the value for
the upper layer is D,. Initially, the mass con-
centration in both layers is zero.

2.1.2 Derivation. The derivation of the two-
region mass transport problem is only outlined
here. In the region 0 < z < g, the boundary
value problem is defined by,

oG G
i D, = 4y
G(z,0) =0 )
W=W,=-~D, ang)’ ) = constant. (3)

Equations (1-3) are the differential, initial, and
boundary equations. Upon performing the
Laplace transform one obtains,

Sg(Z, S) - 6(29 0) = Digzz(za S) (4)
D09 = "2 ©

The solution of (4) is,
g=0C, sinh(z\/(fgz)}— C, cosh [z\/(—;—l)}

6)

From the boundary condition at z = 0 it can be

shown that
W,[1 [{D,
SN o

For the region z > a, the boundary value
problem is defined by,

C1=

oG 9*G
=) ®
G(z,0) =0 9)
lim G(z, 1) = 0. (10)

Equations (8-10) are the differential, initial and
boundary equations. Upon performing the
Laplace transform one obtains

sg(z, s) — G(z,0) =
lim g(z, 5) =

(11
(12)

D 29 zz(zv S)

The solution of (11) is

~com:(3)
o[-

From the boundary conditions at z = = it can
be shown that C; = 0.
The constants C, and C, can be evaluated
with the aid of the interface conditions
} (14)

gla — 0,5) = g(a + 0,5)

Dlgz(a - 0, S) = ngz(a + Oa S)-
Upon substituting equations (6) and (13} into
equation (14) one obtains two equations in two
unknowns, C, and C,. It can be shown that C,
can be expressed as,

o LB oo ()] oo ()]

(15)

o () o ()] = 2 )l (30)]
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After substituting equation (15) into equation (6) and rearranging the expression one obtains

oo G < V) oo ),
o T T

The last term in equation {(16) may be reduced by expressing the hyperbolic terms by exponential
functions yielding,

ot B) 5o o )] ome 5]

(17

The first term in equation (16) may be reduced in a similar manner yielding,

\/(Di)":-’o\/wz) Z Si“; - {exp [— (2an + 2) \/ (E%)] + exp [— (2an + 2a - 2) \/ (Dil)]} (18)
[

The sum of equations (17) and (18) yields the result function, g. In order to obtain the object function
or the solution, G, the inverse Laplace transform must be performed for equations (17) and (18).
For instance,

1
L_l{;—\?}exp [“ (2an + 2a — Z)\/('g'l')]} = L [fi(9)f26)]
: - 2 2 - -i o
_ JIL—I exp [( an + 2a Z)\/(Dl):l dr = (2an + 2a — 2) J‘ exp( ﬂ2)

dg.
D
0 \/s \/ 1" 2an+2a-z ﬁ (19)
2/(D1t)

Upon integrating the above integral by parts and defining

2 J exp(—p*dp = \/n [complimentary error function of

2an+2a—2
2/(Dyt)

2an + 2a — z]
2,/(D1)

Equation (19) can be expressed as

e am e )]+ UG [-* ]

_2an+2a -z fI:(2an+2a——z)}
D, 2. J(D:1)
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The remaining inverse transform can be evaluated in the same way.
Thus the mass-transfer solution for the region 0 < z < a is,

W, . t _ (2an + 2)? (2an + 2) 2an + z
- w1 2y Gl - S |- o e (3 m)
) t ex_(2an+2a—2)2_(2an—+-2a—z) ¢ 2an + 2a — z
U () 4,1 Joy © [ 2/ }}
W, " t _ (@an + 2)? _ (2an + z) 2an + z
D) + b, Dy %A {* ? [\/ (n)]e"p[ 4Dyt ] N RN X
t (2an + 2a — z)*  (2an + 2a — 2) 2an + 2a — z
B 16 R e e = |

The solution for z > a may be obtained in a
similar manner.

2.1.3 Results. The solution for the two-region,
transient diffusion system, equation (20), has
been applied to a representative problem. Con-
sider a system in which a = 2000 ft, D, = 106
ft?/h and D, = 10° ft?/h. The increase in ground
level air pollution concentration with time (after
the origination of the upper layer diffusion
resistance) was calculated and the results pre-
sented in Fig. 3; the concentration is expressed
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Fi1G. 3. Dimensionless ground level air pollution concen-
tration variations with time for a single and two-region
atmosphere.

in dimensionless form. For purposes of com-
parison, calculations are also shown in Fig. 3 for
a second system which does not contain an

upper diffusion layer resistance (i.e. a single
semi-infinite layer with a diffusivity, D = 10°
ft?/h). Note the significant reduction in pollution
concentration after a number of hours have
passed when the high diffusion resistance in the
upper layer is not present. Such transient air
pollution concentration variations have been
observed in actual diffusion systems (such as the
Los Angeles basin) when abnormal reductions
in turbulence levels originate in upper air layers.

2.2 Boundary-layer transport for the condition
where surface fluxes vary periodically with
down wind distance

One of the chief endeavors of a micro-
meteorologist is to measure potential gradients

(temperature, humidity and velocity) and bound-

ary fluxes (heat, mass and momentum) and then

calculate the corresponding eddy diffusivities.

From these results, the effects of atmospheric

stability on heat-, mass- and momentum-

transfer and their inter-relationships are in-
vestigated. In this regard, one of the factors that
frequently prevents such turbulence or transport
generalizations is the existence of non-uniform
boundary potentials or fluxes. For example,
how is a non-uniform earth surface heat flux or
temperature distribution in the downwind direc-
tion reflected in the vertical air temperature
profiles and their subsequent interpretation of
atmospheric stability? A related question is, if
vertical convective heat fluxes are being meas-
ured at various elevations above the ground at
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a given station, what variations in the measure-
ments are to be expected under such conditions?

Experimental information has been obtained
on this problem at the climatological site of the
University of California at Davis [7]. Wet and
dry bulb temperature profiles have been meas-
ured over a large grass field under conditions
of downwind variations in temperature and
humidity at the Earth’s surface. Such data
indicate that in nature, earth surface tempera-
ture and humidity contour plots are typified by
classical peaks and valleys more or less evenly
spaced. The highs and lows can be related to
variations in the ground moisture content,
composition, roughness, absorptivity and vege-
tation. If one plots the potential or flux variation

Only limited information on this problem
can be found in the literature. Philip [4] has
presented a number of boundary-layer diffusion
problems together with approximate and asymp-
totic solutions. Step function boundary con-
centrations and fluxes were specified. The
analysis presented here relates to a system with
a periodic or sinusoidal boundary concentration
or flux. The solution for this simplified two-
dimensional transport model is evaluated for a
specific case and utilized to predict distortions
in transport potential profiles. From the solu-
tion the relative importance of the diffusivity,
wind velocity and the wave length of the
boundary potential or flux variation is estab-
lished.
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FiG. 4. Specific humidity profiles in downwind direction at ground level.

at the Earth’s surface in the downwind direction,
a sinusoidal function results as a first approxi-
mation. For example, two specific humidity
profiles were transposed from a ground humidity
contour plot measured for a rye grass field at
Davis, California [7] and shown in Fig. 4;
corresponding temperature profiles having two
degree Fahrenheit amplitudes are very similar
in appearance to the humidity profiles. Larger
amplitude variations occur when there are local
changes in vegetation.

2.2.1 Idealized system. The idealized, two-
dimensional transport model (applied below to
heat transfer) is defined by the following
postulates :

1. The non-uniform earth surface temperature
varies sinusoidally in the direction of the
wind velocity.

2. The temperature gradient at z = oo is a
constant value.

3. The wind velocity profile is uniform.
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4. The vertical eddy diffusivity profile is uniform.

5. Lateral eddy transport is small compared to
lateral convection.

6. Steady state exists.

2.2.2 Derivation. The boundary condition at
z = oo was postulated to be a constant tempera-
ture gradient, d7/0z, in order to reflect the
presence of a mean vertical positive or negative
heat flux (averaged over a horizontal plane).
Under these conditions, a general system is
defined. For example, during the day there is a
net heat addition (unstable atmosphere) and at
night a net heat subtraction (stable atmosphere).
The intermediate case of zero net heat addition
at the boundary defines a neutral atmosphere.
The boundary value problem to be solved is
defined by the following differential and bound-
ary equations:

oT o*T
T(z=0,x) = Tycos2nx/xo + Ty,  (22)
ar __ (g/4)
2z (Z = 00, X) = W (23)

Equation (21) is the well-known transport
relation including the idealizations described
previously for this model. Equation (22) defines
the sinusoidal boundary temperature distri-
bution in the downwind direction. Equation
(23) relates the temperature gradient at great
distances above the boundary to the mean
vertical heat flux in the boundary layer.

It can be shown that the solution of equations
(21-23) is equal to the sum of the solutions of the
following two boundary value problems:

Problem 1:
D o*T,
0=2ar @4
Tiiz=0,x)=T, (25)
AT, (@A) 26

oz ye,D

Problem 2:
0T, DT,
> wd? @)
Ty(z = 0,x) = Tgcos 2mx/x, (28)
T,
E(Z = o0,x) = 0. (29)

The subscripts 1 and 2 refer to problems 1 and
2, respectively.

Problem 1 represents an atmospheric bound-
ary layer with a uniform interface temperature
or heat flux. The simple temperature solution*
is,

(9/A)o

T,=T, — z

ye,D - (30)

Problem 2 represents an atmospheric bound-
ary layer with a sinusoidal boundary tempera-
ture distribution in the downwind direction.
The mean boundary temperature is zero and
the temperature gradient at great distances
above the boundary is also equal to zero.
Equations (27-29) are similar to the ones for the
classical problem of periodic heat conduction
in a slab. The solution can be obtained by the
separation of variables technique. The resulting
complex equation is reduced to a real function
to satisfy the real periodic boundary condition
atz =0,

T, = Tyexp [—Bij'cos (Zni — Bi>.
Xo Xo Xo
(3D

It is more convenient to express temperatures
and vertical heat fluxes in dimensionless form.
The dimensionless temperature equation for
problem 2 is,

T = exp(—BZ)cos(2nX — BZ). (32)

The dimensionless vertical temperature gradient

* If the uniform eddy diffusivity is replaced by one that
increases linearly with height z, the classical logarithmic
temperature profile is obtained instead of the simplified
linear profile [equation (30))}.
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which is proportional to the vertical convective
heat flux is,

NS

= — Bexp(—BZ)[cos (22X — BZ)

— sin(2zX — BZ)]. (33)

The temperature solution to the boundary
value problem defined by equations (21-23) is
the sum of the temperature solutions given by
equations (30) and (31). Thus temperature and
vertical heat flux profiles for an atmospheric
boundary layer with a sinusoidal boundary
temperature distribution in the down wind
direction are defined.

vertical temperature gradient, 8T/0Z. The con-
tour plumes depict the vertical temperature and
heat flux variability as a function of downwind
position. A graph of the ratio of the vertical heat
flux at a given elevation to the heat flux at the
boundary (denoted as @) can be seen in Fig. 7.
Note the large variations in vertical heat flux
that can be encountered in a neutral boundary
layer with a periodic earth surface temperature
distribution (the extreme case). Such variations
become significantly smaller, of course, for
stable and unstable atmospheres (where mean
negative or positive heat fluxes exist in the
boundary layer). These results serve to illustrate
the errors that can be made by using ground
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FiG. 5. Dimensionless temperature contours (neutral case, B = 100).

2.2.3 Results. An illustrative example de-
picting temperature and vertical heat flux
profiles in a boundary layer with a sinusoidal
boundary temperature distribution has been
evaluated for neutral atmospheric stability
[(g/A)o = 0] for the specific condition, B = 100.
Figure 5 presents profiles of the dimensionless
temperature, T, as a function of the dimension-
less vertical and downwind positions. Similarly,
Fig. 6 shows profiles of the dimensionless

level vertical convective flux measurements in
the place of those existing at other elevations
above the ground where diffusivities are being
evaluated from fluxes and potential gradients.
The dimensionless temperature profiles as a
function of downwind position are shown in
Fig. 8 for this neutral case. The decay rates (with
respect to elevation above the ground) of the
temperature and heat flow amplitudes are con-
trolled by the dimensionless modulus B which
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is a function of the boundary temperature wave
length x, and the mean wind speed and eddy
diffusivity.

Some of the University of California vertical
temperature profile data referenced previously
for variable downwind surface heat flux condi-
tions were examined on the basis of the two-

dimensional diffusion model presented above.
A mean experimental ratio of the temperature
amplitude at the 310 cm elevation to the value
at the ground was 0-12 for a mean wind velocity
of 7-0 m/s, a ground temperature wave length of
about 200 m and a mean eddy diffusivity of
about 1800 cm?/s. The predicted temperature
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amplitude reduction, exp (— BZ), from equation
(31) was found to be 0-093 in comparison to the
experimental value of 0-12. This agreement is
considered to be better than expected because
the actual earth surface temperature variation
with downwind position was only approximately
sinusoidal in character.

3. DISCUSSION

The first boundary value problem discussed
in this paper relates to transient diffusion in a
two-region system where mass is added at a
uniform rate at one boundary. This model is
considered to represent a first approximation
to an important air pollution system of the
type that can be found in the Los Angeles Basin
(specifically where a high diffusion resistance
develops in the upper air layers and subsequently
controls the ground level pollution concentra-
tions). It is recognized, however, that the actual
diffusion system can be more complicated than
the idealized one presented in that time varia-
tions in the boundary mass flux and the eddy
diffusivity profiles can complicate the problem.
A number of extensions of this model to include
such variations have been made but not shown
here. For example, if the pollution boundary

sources vary from day to night, a more general
solution can be obtained by superposing the
present solution using different boundary mass
fluxes. Time variable diffusivity problems can
also be treated on a periodic [3] or step function
basis.

It is believed that the results of the second
boundary value problem discussed in this paper
will help the micrometeorologist in making
better measurements as well as in the interpre-
tation of the data. For example, if it is desired to
deduce local thermal turbulence structure at
some elevation in the boundary layer, both
local temperature gradients and heat fluxes
(rather than boundary fluxes) must be used if
the boundary fluxes and temperatures are non-
uniform. Also, from the theory it is possible to (1)
calculate local flux variations using experimental
measurements for ground temperature or flux
variations or (2) choose a site where potential or
flux variations at the ground are a minimum
(using the theory to set the permissible error).
The second boundary value problem con-
sidered includes the idealization that the wind
velocity and diffusivity profiles are uniform. In
the lower layers of the atmosphere, both the
wind velocity and eddy diffusivity actually
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increase with height; the velocity distributions
are normally represented by logarithmic ex-
pressions and the diffusivities are usually linear
or exponential functions [8]. Consequently, the
general diffusion equation has been considered,
namely,

gz_z + oD(z) 0T
oz2 0z 0z’

Linear and exponential functions of u(z) and
D(z) have been substituted into equation (34)
and solutions obtained in terms of height
dependent functions more complicated than
exponentials (such as Hankel functions). Such
solutions more accurately define energy trans-
port in the atmospheric boundary layer having
sinusoidal boundary heat or mass fluxes. The
resulting two-dimensional temperature profiles
are distorted versions of those elementary
ones shown in Fig. 5, reflecting the height
dependent velocity and eddy diffusivity func-
tions.

orT
u(z) Fie D(z) (34)
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Résumé—Cet article décrit deux problémes de valeurs aux limites dont les solutions aident a I'interprétation
du transport bidimensionnel de chaleur et de messe dans les couches les plus basses de ’atmosphére.

Un modele considére la diffusion de masse en régime transitoire dans un systéme semi-infini avec deux
domaines; ['une des couches a une épaisseur finie et I'autre est infiniment épaisse. Les diffusivités des
deux couches sont différentes. La masse est ajoutée brutalement et continuellement a la frontiére de la
couche finie provoquant la diffusion & travers tout le systéme.

Un deuxi¢me modéle considére le transport de chaleur ou de masse dans un systéme convectif semi-
infini ot la distribution de flux de chaleur ou de masse a la frontiére varie sinusoidalement avec la distance

dans la direction du vent.

On a suppos¢ que les profils de vitesse et de diffusivité turbulente étaient uniformes. Les résultats
théoriques obtenus pour les deux modéles de diffusion sont évalués et comparés & quelques phénomeénes
observés dans I'atmosphére. Des applications des résultats a des problémes pratiques de diffusion atmos-

phérique dans la pollution atmosphérique et la climatologie ont également été relevées.

Zusammenfassung—Die Arbeit beschreibt zwei Grenzwertprobleme, deren Losungen die Interpretation
des zweidimensionalen Wiarme- und Stoffiibergangs in den unteren Schichten der Atmosphire erleichtert.

Ein Modell behandelt den instationdren Stofftransport in ein halbunendliches Zweibereichssystem
ein Schicht besitzt endliche Dicke und die andere ist unendlich dick. Die Durchlissigkeiten der beiden
Schichten sind unterschiedlich. Der Begrenzung der endlichen Schicht wird plétzlich und kontinuierlich
Masse zugefithrt, wodurch Diffusion im gesamten System auftritt.

Ein zweites Modell behandelt den zweidimensionalen Wirme- und Stoffiibergang in einem halbunend-
lichen Konvektionssystem, wobei die Grenzwirme- und Stoffstromdichte stromabwiirts sinusférmige
Verteilungaufweisen. Gleichmassige Profile fiir Geschwindigkeits- und Wirbelverteilung sind vorausgesetzt.

Die fiir die beiden Diffusionsmodelle erhaltenen analytischen Ergebnisse wurden ausgewertet und mit
einigen in der Atmosphire beobachteten Erscheinungen verglichen. Anwendungen der Ergebnisse auf
praktische atmosphérische Diffusionsprobleme wie bei der Luftverunreinigung und der Wetterkunde

sind enbenfalls mitgeteilt,



TWO-DIMENSIONAL TRANSPORT MODELS

Anmoramua—IIpusogurcA pemieHne ABYX KpaeBHX 3ajlau . JBYMEepHOro Temio-u maccobmena
B HHMHHX CI0AX arMocPepn. OfHa MOfeab paccMarpuBaeT HECTALMOHAPHYW Anddysuio
MacCH B TONYOTPaHMYeHHON CuCTeMe, COCTOANIel M3 JBYX o6iactelf; OQMH CIOH uMeer
KOHEUHYI0 TONIUHY, a APYro# Geckoneunyio. Hoapduuuentl guddysnn croeB pasnu4nu.
Maceca MrHOBEHHO M HENPEPHBHO MOCTYNAeT HA TpaHMIy OeCKOHEYHOro CII0A, BHI3HBAA
muddyauio BO BCeit cucreme.

Bo BTOpO¥ MOAEnM pPacCMATPHBAETCA TEIJIO-H MACcCOOOMEH B MOJNyOrPaHUYEHHON KOH-
BEKTMBHOM CHMCTeMeé C CHHYCOMIAJbLHHIM 3aKOHOM pacnpefielieHMs MMOTOKOB TEIa M MACCH
BAOAL rpaHulb. CxopocTh M KoadduuuenT TypOyaenTHOro HEPeMeIMBaHUA NPHHUMAIOTCH
OXHODOAHBIMH

ToxyyeHnbie TepoeTMHECKHe Pe3YILTATH IR 2TUX Mofenelt Auddysuu OueHeHH M CpaB-
HEHH ¢ HEKOTODHIMM ABJIEHHAMH, HabmogaemmMu B atMocdepe. Takmne OTMEUeHA BOBMOM-
HOCTh NPUMEHEHNA Pe3yJbTATOR JIA PelleHHA NPAKTUYECKUX 3a7aY 3arpABHEHUA BO3AYXA H

KJIMMATOJIOTHH
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