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Abstract— A numerical investigation was conducted to study the evaporation of waterinto a laminar stream of

air, humid air and superheated steam. Results were obtained both for variable properties and for constant

properties using the one-third rule. It was shown that below a certain temperature of the free stream, named the

inversion temperature, water evaporation decreases as the humidity of air increases ; and above the inversion

temperature, water evaporation increases as the humidity of air increases. The constant-property

approximation using the one-third rule yields accurate results for the evaporation rate of water except when
the free stream is mostly steam at high temperature.

NOMENCLATURE
g, friction coefficient ;
¢ specific heat of fluid [J kg™' °C™'];
D,  mass diffusion coefficient [m? s~ 17;
£ dimensionless stream function;
he,,  latent heat of evaporation [J kg™'];
k, thermal conductivity of fluid [Wm ™1 °C~17];
L, length of water surface [m];
m, mass fraction;
, mass flux [kgm™?s™1];
M,  molecular weight;
Nu, Nusselt number;
P, partial pressure [bar];
Pr,  Prandtl number, uc,/k;
Re, Reynolds number, pux/u;

Se, Schmidt number, u/pD;

Sh,  Sherwood number;
T, temperature [°C];
u, velocity component in x direction [ms~17];
o, velocity component in y direction [m s~ ];
X, horizontal spatial coordinate [m];
v, vertical spatial coordinate [m].
Greek symbols
1, independent similarity variable;
0, dimensionless temperature of fluid ;
i, dynamic viscosity of fluid [kgm ™! s~ 1];
v, kinematic viscosity of fluid [m? s~ '];
2, density of fluid [kg m™3];
W, stream function [kgm~1s7!];
¢, ratiooflocalc,toc, ;

¢, ratiooflocal ktok,,;

¢,,  ratio of local pto u,;

¢,  ratio oflocal p to p,.
Subscripts

a, air;

ev, evaporation;

0, fluid-water interface ;

W, steam;

0, free stream.
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Superscripts
* reference state;
o, average,;
s differentiation with respect to .

INTRODUCTION

Duk To its widespread applications, such as in drying,
film cooling and air conditioning, the subject of
evaporation of water into an air stream has received
considerable attention. Superheated steam has also
been recommended as an attractive drying medium for
materials that are not temperature sensitive. Wenzel
and White [ 1] studied the drying of granular solids in
superheated steam and reported higher drying rates in
superheated steam than in air at the same temperature
and mass flow rate. Moreover, for the case of drying
with superheated steam, the water removed from the
solids during the drying process becomes a part of the
drying medium whereas, in air drying, the moist air
must ultimately be replaced by fresh air heated to a
suitable temperature. Yoshida and Hy3dd [2]
demonstrated that superheated steam can provide an
excellent medium for drying food products. As well as
allowing a higher evaporation rate as compared to air
at the same temperature and mass flow rate, steam is
cleaner and there is less oxidation in food, thus reducing
the loss in nutritional value during the drying process.

Chu et al. [3] investigated experimentally the
evaporation of liquids into their superheated vapors.
Three liquids were used, water, 1-butanol and benzene.
They compared their results with available data using
air as the drying medium. They reported significantly
higher rate ofevaporation with superheated vapor than
with air except when the superheated vapor
temperature is relatively close to the saturation
temperature. In fact, when the vapor is near its
saturation temperature, the evaporation rate should
approach zero, whereas evaporation will still occur
when air is at the saturation temperature of the liquid.
This leads to a critical temperature at which the rate of



374 L. C. CHow and J. N. CHUNG

evaporation into its superheated vapor is equal to the
rate of evaporation into air. Chu et al. [4] studied the
evaporation of water into superheated steam-—air
mixtures. Again, they reported that superheated steam
will help the drying rate when mixed with air.

Yoshida and Hyddd [5] also investigated the
evaporation of water into air, humid air and
superheated steam. Since it is generally accepted that
water evaporation decreases as the humidity of air
increases, they were particularly concerned with the
critical (inversion) temperature mentioned above. They
showed experimentally the existence of an inversion
temperature. Above the inversion temperature, water
evaporation actually increases as the humidity of air
increases and the evaporation rate is the highest for
pure superheated steam. Trommelen and Crosby [6]
investigated the evaporation of water from drops of
nine different materials. The drops were approximately
1.5 mm in diameter and both superheated steam and
dry air were employed as drying media. They also
reported the possible existence of an inversion
temperature.

The objective of the present work is two fold. First,
the physical reason for the existence of the inversion
temperature is investigated. The situation considered
here is a laminar boundary-layer flow of air, steamor a
mixture of the two over a water surface. Laminar flow is
chosen so that analytical expressions for the
evaporation rate can be obtained. Thus, the physical
explanation for the above phenomenon can be focused
upon. In the present problem, the temperature profile
across the boundary layer is very steep and the
thermophysical properties can change significantly.
Numerical results are obtained both for variable
properties and for constant properties using a reference
state, namely, the one-third rule. Tt is well established
that the one-third rule is suitable for convective heat
transfer [7] and for simultaneous heat and mass
transfer of droplets [8]. The second objective of the
present study is to verify the suitability of the one-third
rule for the present situation.

ANALYSIS

Governing equations

Theschematicofthe present problemisshown in Fig.
1. Steady-state evaporation of water into a laminar
stream of air, humid air or superheated steam is
considered. The pressure of the stream is atmospheric

P Py = | ATM
T :f AIR - STEAM BOUNDARY LAYERS
Mom = P To» Mao

WATER RESERVOIR

FiG. 1. The schematic of the mathematical model.

(1.013 bar). It is assumed that the water-fluid interface
isstationary and no energy is supplied from beneath the
interface. Hence, the energy required for the
evaporation of water must come from the stream itsell.
Furthermore. it is assumed that the gradients of the
velocity, u, the mass concentrations, m, and m. and the
temperature, T, in the flow direction are much smaller
than those in the direction transverse to the flow so that
the boundary-layer approximations are valid.
The governing equations are

5 -
c{pu Apr )
mass dew) , ey = (), it
éx v
du du < u .
momentum  pu —— +pp - = :A( Ji=— 1, 12}
ox Oy 4y
) am, im, O amy,
species  pu —— +pr—— = —— /;D-»;---w)_ {3y
cx dy Gy cy
cr or
eNergy P i -—- +pe o
ox &y
B /k oT oD )(“'ma eT -
= =\ ko Con = Cpy) = =
ay\ - dy PR Epw ay v ‘
The boundary conditions are
fory>0,atx=0, u=u,v=0,
T=1,. {3}
M, = My,
for x>0,aty=0, u=0,v=ruv4x),
T = Tylx} {6}
m, = ma{}{-‘\’)s
for x> 0,as y— o0, u=u,v=71_,
T=T,. in
My = My

At the interface, y = 0, the fluid velocity, vy(x), and the
temperature, To(x), can be obtained by the following
relations:

zero net mass flux of air at interface,
ém, .
at y=0, mpv—pD—-"=0, {&
fy

energy balance at interface,

-

T )
at y=0, k(j— = pvhy,. (N
ay

Also, the mass concentration of air at the interface can
be obtained by assuming ideal-gas mixtures for the
fluid,

PaOM:\
Myg = 2 e

o LI (10)
P, oM, +P oM,

where M,, M, are the molecular weights of air and
steam, respectively ; P,q. P o are the partial pressures of
air and steam at the interface, respectively. The partial
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pressure of steam at the interface, P, is the vapor
pressure of steam at T,

For the case when the laminar stream is composed of
pure superheated steam, the species equation and the
associated boundary conditions become irrelevant. In
addition, the term involving the mass concentration of
air in equation (4) should be ignored.

Similarity solutions

For laminar flows of air or air—stream mixtures, since
there is no energy supplied from below the fluid-water
interface, the interfacial temperature, Ty(x), should be
equal to the wet bulb temperature of the free stream.
Hence, it is reasonable to assume Ty(x) to be constant
along the water surface. For the case when the free
stream is pure superheated steam, the interfacial
temperature should be equal to the saturation
temperature of steam at one atmosphere (100°C).

The invariance of the interfacial temperature, T,
with x allows great simplification of the solution
procedure. It can be shown that similarity solutions for
the present problems exist [9]. First, the continuity
equation can be eliminated by using the stream
function as a dependent variable,

puz%, pv = —Z—t. (11)
By introducing the following variables:
0 = (T~ TAT, — To)
Uy 172
n= y(;;;) , (12)

‘/I = (poo#muoox}uzj:

the governing equations, equations (2)-(4), become

(G IT+HIFIB) =0 (1)
|G| +1m = (19

(@0 +3Pr o, 0
+ e, uCn—Cpu) Promyf/(c,S¢) = 0. (15)

The symbol ¢, is defined as the ratio of the local k to the
k at free stream. A similar definition holds for ¢, ¢,
and ¢,,. These are functions of §and m, and are therefore
dependent on# implicitly. The dependent variablesf,m,
and @ are functions of  only. The velocities # and v are
given by

U=y f'/$, (16)
1 fu,v, \'7?
U= 5 (T) S =1V, (17
The boundary conditions for f, m, and @ are
n= Os f=f09
/=0,
My = Mg, (18)

0=0,
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asn—o, fo,=1,
m, =m,, (19)
g=1

The condition of zero net mass flux of air and the energy
balance at the interface, equations (8) and (9}, can be
rewritten as

S
atn =0, g+ fm =0, (20)

h
aty =0, &8 = ~[Pr fs

2 ? pr(Teo - TO) (21}

where hy, is the latent heat of evaporation at the
interfacial temperature, T;,.

Again, as discussed in the previous section, when the
free stream is composed of pure superheated steam, the
species equation and the associated boundary
conditions will simply be ignored.

Reference state—the one-third rule

The above analysis is repeated by evaluating the

thermophysical properties p, 4, k,c,and D atareference

state with temperature T* and air mass concentration
m¥,

T* = T, 44 —_
. 0+ S(IToo TE))’ (22)
m, = My +§(maw - ma())'

Using these ‘constant’ properties, the similarity
variable #, the stream function , and the velocities u, v
are redefined as

u 1/2
X

¥ = (ppu,x)"2f,

u = uwf’,
1 1/2
v= 5(%3) (0f'=1).

The similarity equations, equations (13)-{15), become

23)

fm +§1_ﬁ‘u —_— 0, (24)
S
m; + 76 fm, =0, (25)
v, 1 7 cpa"'c,uwPr ;7
' +iPrf+ 2 =0, (26)
Cp Se
The boundary conditions become
at n= 09 f=f0’
/=0
)]
ma = Mo,
0 =0,
asy—o0, f'=1,
My = My, (28)
6=1.
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The two conditions at the interface become

., Se
atn =0, m,+ f;jma =0,

{(29)

he
T (30)

atn =0, 0= S Pr—ifo
2 ()p('I SO 70)

where hi, is evaluated at the interfacial temperature.
Thermophysical properties

The properties of air, superheated steam and their
mixtures are obtained from the following sources :

Pas Pws 1deal gas relations ;
Ps = Pt Pus

s ref. [10], p. 23;
Lo ref. [117;

i, ref. [127;

kyky, ref [13];

k, ref. {107, p. 257;
Cpas ref. [14];

Cpwr ref. [13];

Cpo = MCp +MCLy )
D, ref. [10], p. S11.

Numerical solution procedure

The similarity equations (13)}15), subject to
conditions (18)~21), and equations (24)-(26), subject to
conditions (27)«30), are solved numerically by the
quasilinearization method. This method has been
successfully applied to two-point boundary-value
problems [15].

For the cases when the free stream is composed of
either air or humid air, the calculation starts with an
initial guess of the interfacial temperature, Ty, and an
assumed profile for each dependent variable, f,m, and 0.
Based on the guessed Ty, m,o can be determined from
equation (10). For the variable-property case, the value
of f, is then updated by the condition of zero net mass
flux of air, equation (20). Next, the similarity solutions
(13)-{15) are solved to obtain a new profile for f, m,
and 0. These profiles are used to update f, again,
using equation (20). This process is repeated until
the percentage change of all the dependent variables
between two successive iterations is less than 1073, The
converged results are used in the energy balance
equation (21), to check if the assumed Tj is correct. If
not, another value for T, will be used and the above
procedure is repeated.

The calculation procedure is simpler for the case
when the free stream is composed of pure superheated
steam. This is because the interfacial temperature is
equalto 100°C. The species equation and the associated
boundary conditions, including equation (20), are
ignored, andf is updated with the energy balance at the
interface, equation (21). Again, the iterative process
stops when the percentage change of fand 6 between
two successive iterations is less than 107 7.

The calculation procedure for cases using the one-
third rule approximation is identical to that described
above.

CHow and J. N. CHUNG

RESULTS AND DISCUSSION

In previous experimental investigations, com-
parisons of the rates of evaporation of water into air.
humid air or superheated steam were made with the
same mass flux and temperature of the free stream. The
inversion temperature was obtained based on thesc
comparisons. In the present work. the evaporation
rates, m,,. are also compared in the same manner.

The average m,, for a water surface of length L is
defined as

Mg, = - J Higdx)dx. 131
L Jo
From equations (17) and (23} it can be shown that
N2
T 172 (9 . .
ey = ~Jol 2| —— . (variable properties) {32)
. ) 15 12 "‘1,1 NE2 ) i .
Mgy = ~fol - 1 e ) (one-third rule) {33}
)

{
N i A4

where m, is equal to pu, ., the mass flux of the free
stream.

Most of the calculations performed are for the
variable-property case. Some calculations are also
presented using the one-third rule. These latter
calculations are used merely to compare with those of
variable properties to demonstrate whether the one-
third rule is suitable for the present situation.

In Fig. 2, the water evaporation rates for the same frec
stream mass flux and length of the water surface are
compared for three different compositions of the free
stream. The three compositions are pure air, pure
superheated steam and a mixture of equal amount by
mass of air and superheated steam. At the lower [ree¢
stream temperatures, water does evaporate faster in air
than in humid air and in superheated steam. However.
the trend is reversed for the higher free stream
temperatures, namely. water evaporation actually
increases as the humidity of air increases and the
evaporation rate is the highest for pure superheated
steam. Another observation needing to be noted is that
the inversion temperature is not unique. Specifically.
the curves representing the evaporation rates for the
three cases intersect at three different temperatures. The
inversion temperature may be defined as the
intersection between the curves for pure superheated
steam and for pure air. The intersecting temperaturcs
between pure steam and any other humid air
compositions are always lower than the inversion
temperature defined above.

In Fig. 3. the evaporation rates are plotted as «
function of the free stream air mass concentration {or
three different temperatures. At T, = 350°C. the
evaporation rate increases monotonically as m,,
decreases. At T, = 300°C, the evaporation rale s fairly
constant as m, . decreases from 1to 0.5, and it begins t¢
increase when m,,,, drops to below 0.5. At T, = 2007C.
the opposite trend holds, the evaporation rate drops
when m, , is reduced from 1 to 0.7 and stays almost
constant for lower values of m, , .



Evaporation of water into a laminar stream

377

14
13
12 -
|
(I
N
-
» 10 - 2
£ 9 |
> 3
x 81
~— T -
6 -
<
INVERSION
e 5 POINT | m -0
x 4 - a® :
& Ll 2 Mgy = 05
—
) R 3 mqw = 1.0
> \9 2 VARIABLE ~ PROPERTY RESULTS
L ] —
| € |
~— L1 1 [ NS NS VU U TN S NN UM N W S [ i
100 150 200 250 300 350 400 450 500 550
T, (°C)

Fi1G. 2. The evaporation rates for various free stream fluids.

To help explain the existence of the inversion
temperature, the variable-property results are given in
detail in Table 1. Also, in Fig. 4, the interfacial
temperature T is plotted versus the free stream mass
concentration for various free stream temperatures. It
can be seen that the presence of air depresses T, from
100°C to the wet bulb temperature.

The heat transfer from the free stream to the water
surface can be written as

Q=hT,—T) (34)

where h is the heat transfer coefficient. For low T, the
depression of T, due to air-water vapor diffusion causes

a significant percentage increase in the temperature
potential T,—7, compared to the temperature
potential for the pure steam case. This explains the
generally accepted fact that water evaporates faster in
air than in moist air. However, if T, is large, the
percentage change in the temperature potential is not
significant when Tj is depressed.

The other quantity that governs the heat transfer is
the heat transfer coefficients, h. The & depends on the
Reynolds number, the Prandtl number and the thermal
conductivity approximately in the following manner:

k= C Re'? Prk/L (35)

7
6 \
o
= i To =350°C
L4
€ 5L
~
e Tp = 300°C
~ 4L
R i
o 3f
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E
=.
J L
- ~
s g |
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F1G. 3. The evaporation rates vs mass fractions of air in the free stream.
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Table 1. Results from variable-property solutions

T, Ko X 10° Ty
Q) my, —fox10® (kgm sy my, Q)
150 10 3773 2.299 0.959 379
0.5 2.691 1913 0.484 87.6
0.0 2.788 1.416 0.0 100.0
200 1.0 5.250 2.541 0942 44.2
0.75 4.706 2.350 0.709 76.1
0.5 4813 2.099 0.472 88.1
0.25 5.058 1.849 0.235 95.2
0.0 5.442 1.619 0.0 100.0
300 1.0 7.883 3.077 0.909 52.6
0.75 8.212 2.743 0.678 78.2
0.5 8.909 2.460 0.448 89.0
0.25 9.707 2.224 0.222 95.5
0.0 10.54 2.026 0.0 100.0
350 1.0 9.170 3.377 0.893 56.0
0.75 10.03 2.945 0.661 79.2
0.5 10.92 2.637 0.436 89.4
0.25 11.97 2.407 0.215 95.7
0.0 13.06 2.230 0.0 100.0
500 1.0 12.48 4.466 0.843 63.5
0.5 17.42 3.157 0.397 90.7
0.0 2.839 0.0 100.0

20.80

Lol /,) 10> 10 (9070 <10 [dm/Sc]y < 107
3.196 2.748 1.809
3216 3.052 0.6516
3.185 3117
3.130 2738 2472
3.159 2.870 1.668
3.143 2.944 1135
3.114 2.988 0.5955
3.074 3011
2.986 2781 3.584
3.027 2.782 2782
3.000 2.797 1.994
2.945 2.821 1076
2.876 2.853 :
2.903 2.826 4.092
2.951 2758 3317
2.927 2750 2379
2.864 2765 1.286
2782 2.798
2.635 3.080 5.259
2.686 2.662 3453
2.510 2.690

where C is a numerical constant which depends on the
evaporation rate, a is approximately equal to 0.33 for
low evaporation rate (when T, — Ty is of the order of a
few hundred °C or less).

The Prandtl number of steam is approximately unity,
whereas the Pr for air is about 0.7. The Prandtl number
effect gives a 129/ heating advantage to steam over air.
Steam has a smaller dynamic viscosity as compared to
air. Hence, for the same mass flux, steam can have a Re
over 60%, higher than that of air. This effect will give a

309 heating advantage to steam over air. These
advantages are compensated by the higher thermal
conductivity of air compared to that of steam {as much
as 25%; higher for air than for steam). Another factor
that contributes favorably to the evaporation rate of
water into steam is that the interfacial temperature is
higher, and the latent heat of evaporation at 100°C is
lower than that at a lower wet bulb temperature.

At high free stream temperature, the effect of the
interfacial temperature depression due to the presence

100
90
80 I 500°¢C !
L 2 T, = 350°C
3 Tp, = 300°C
& 4 Ty = 200°C
. - 5 T, = 150°C
© 60 -
G N VARIABLE — PROPERTY RESULTS
o Or
= B
a0 |-
30 1 { | | | I [ i | 1 i | i | 1 | i I 1
o ol 02 03 ©04 05 06 07 08 09
My

Fi1G. 4. The water surface temperatures for various free stream conditions.
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of air is not as significant as the factors that affect the
heat transfer coefficient. Thus, at high T,, the
evaporation rate of water actually increases as the free
stream steam mass concentration increases.

Other useful information that can be obtained from
Table 1 are the friction coefficient, the Nusselt number
and the Sherwood number.

Friction coefficient, ¢;.

o Q_lf 2
2] foa

= [0.(f'/$,) 1o Re ™. (36)

Nusselt number, Nu.

Nu= -—[ka—T} x/Tk o(To— T, 1]
o

= [$:070 Rel*. G7

Sherwood number, Sh.

om,,
Sh = -—]:pD T] X/[P D cof(Myo — My 5)]
Y Jo

== [(ﬁ;:m’a/fscj() Regz Scco/(maoo - a())‘

Next, the present results are compared with previous
experimental investigations. According to the de-
finition of the inversion temperature, this temperature
is about 250°C. Both Chu et al. {4] and Yoshida and
Hyodd [5] reported a much lower inversion
temperature of approximately 170°C. However, their
flow geometries were different and also their flows were
turbulent. The difference in the inversion temperatures
is probably due to the following reason. For the same
mass flux, steam has a higher Reynolds number than
air. Since the heat transfer coefficient depends more on

(38)
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the Reynolds number for turbulent flows than for
laminar flows, hence, for turbulent flows, the increase in
hfor the steam case will overcome the depression of Ty
at a lower free stream temperature. For evaporation of
water from drops, Trommelen and Crosby [6] reported
an inversion temperature of about 250°C which agrees
with the present work. Their drops were small in size
and the free stream Reynolds number was about 100.
Hence, the flow was laminar over most of the drop
surface with a trailing laminar vortex street. It can be
shown [9] that for this situation, the heat transfer
coefficient h has a similar trend as given by equation
(35). The agreement in the value of the inversion
temperature shows that the present model is plausible.

Finally, the variable-property results are compared
with the results using the one-third rule. In Fig. 5, the
evaporation rates of water for both variable and
constant properties are plotted versus the free stream
temperature for the m,,, = 1 and m,,, = 0 cases. The
results using the one-third rule agree well with the
variable-property results, except when the free streamiis
mostly steam at high temperature. It appears that the
one-third rule approximation works very well, even at
very high temperature, when the free stream is mostly
air. However, when there is a significant amount of
steam in the free stream, the one-third rule does not
apply for temperatures above 300°C.

CONCLUSIONS

Theevaporation of waterinto a laminar stream of air,
superheated steam or a mixture of the two is analyzed.
Numerical results are obtained both for variable
properties and for constant properties using the one-
third rule. The following conclusions can be made:

(1) For the same mass flux of the free stream, and at
low free stream temperatures, water evaporates faster

14
N
> 13
2 2
£
\ e }
m., =00
< 10 |- o
S
9 -
el My = 1O
< -
9 ?
x & INVERSION
5|  POINT
KN
e
- 4T
I st VIARIABLE PROPERTY
3 —— L RUL
lE| g 2F 3 RULE
i—.
o) 1 i t 1 L I L I3 I 1 L ! 1 L i 1 1 [
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F16. 5. The comparison between one-third rule and variable-property results.
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in air than in humid air and in superheated steam.
However, the trend is reversed at high free stream
temperatures. Also, the inversion temperature, as
defined, is around 250°C.

(2) Theexistence of theinversion temperature can be
explained by the combined effects of higher heat
transfer coefficients for steam flows and the interfacial
temperature depression by the presence of air.

(3) The constant-property solutions using the one-
third rule agree well with the variable-property results
except when the free stream is composed of mostly
steam at high temperatures.
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EVAPORATION DE L’EAU DANS UN ECOULEMENT LAMINAIRE D'AIR ET DE VAPEUR
SURCHAUFFEE

Résumé —On étudie numériquement [’évaporation de I'eau dans I'écoulement laminaire d air, d"air humide et

de vapeur surchauffée. Des résultats sont «-btenus pour des propriéiés variables ou constantes utilisant la régle

1/3. On montre qu’au-dessous d’une certaine température de I'écoulement libre. appelée température

d’inversion, I'évaporation de 'eau décroit quand I'humidité de I'air augmente ; et au-dessus de la température

d'inversion, I'évaporation augmente quand 'humidité de I'air augmente. L’approximation propriétés

constantes utilisant la régle 1/3 donne des résultats précis pour le débit d’évaporation de P'eau, excepté quand
I’écoulement libre est principalement de la vapeur a haute températurye.

VERDUNSTUNG VON WASSER IN

EINEN

LAMINAREN STROM VON

LUFT UND

UBERHITZTEM DAMPF

Zusammenfassung - Zur Untersuchung der Verdunstung von Wasser in einen laminaren Strom von Luit.
feuchter Luft und iiberhitztem Dampf wurde eine numerische Untersuchung durchgefiithri. Ls wurden
Ergebnisse sowoh! fiir variable Stoffeigenschaften als auch fiir konstante Stoffeigenschalten unter
Verwendung der 1/3-Regel erhalten. Es zeigte sich, daB unterhalb ciner bestimmten Temperatur der freien
Strémung, die Inversionstemperatur genannt wird, die Verdunstung des Wassers mit zunchmender
Luftfeuchtigkeit abnimmtl. Overhalb der Inversionstemperatur nimmt die Wasserverdunstung mit
zunehmender Luftfeuchtigkeit zu. Die Naherungslosung mit konstanten Stoffeigenschaften unter
Verwendung der 1/3-Regel fihrt zu genauen Ergebnissen fiir die Verdunstungsrate des Wassers,
ausgenommen, daB die freie Strdmung berwiegend Dampf bei hoher Temperatur enthiilt.

HCMAPEHHUE BO/bl B IAMWHAPHbBIE IHOTOKHW BO3AYXA
M NNEPETPETOI'O MTAPA

AnHoTauus — [poBeieHO YUCIICHHOE HCCIeJOBAHKE HCIAPEHUS BOABI B “IAMUHAPHBIC TTOTOKH BO3IYXa,
BIAXHOTO BO3[yXa M Meperperoro mnapa. Pe3yibTaThl 1OJIy4eHbl KdK JUIS JIEPEMEHHBIX. 14K H
[1OCTOSIHHBIX CBOMCTB MOTOKA ¢ NOMOIUBIO npaBHia 1/3. TToka3aHo, YTO HHXe HEKOTOPOH TCMIEpATYPhi
¢cB06GOAHOrO NOTOKA, HA3BLIBAEMOM TEMNEPaTYPOH MHBEPCHH, HCIIAPEHHC BOAbl YMEHBLILACTCH C pOCTOM
BJIXHOCTH BO3/yXa, B TO BPEMSs KaK BbILIE TEMIEPATYpPhi HHBEPCHH OHO BO3pactaeT. Mcno:iniosanue
1puGTHKEHUS OCTOSHHBIX CBOMCTB HOTOKA W NpaBuia 173 MO3BOJISET HOIYHMTh TOUHBIE PE3yIbTaThI
A7f CKOPOCTH HCMAPEHHS BOAbI 33 HCKJIOYEHMEM Ciydasi, KOTj@ CBOOO/HBIA NOTOK B OCHOBHOM
npescTasiseT cobol map NpH BLICOKOH TemilepaType.



