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Abstract- A numerical investigation was conducted to study the evaporation ofwater into 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 acertain temperatureof thefreestream, 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 

friction coefficient ; 
specific heat of fluid [J kg-’ "C- ‘1; 
mass diffusion coefficient [m2 s- ‘1; 
dimensionless stream function ; 
latent heat of evaporation [J kg-‘] ; 
thermal conductivity offluid [W m - ’ “C- ‘1; 
length of water surface [m] ; 
mass fraction ; 
mass flux [kg me2 s-l]; 
molecular weight ; 
Nusselt number; 
partial pressure [bar] ; 
Prandtl number, pc,jk; 
Reynolds number, pixie ; 
Schmidt number, $pD; 
Sherwood number ; 
temperature PC] ; 
velocity component in x direction [m s- ‘1; 
velocity component in y direction [m s- ‘1; 
horizontal spatial coordinate [m] ; 
vertical spatial coordinate [ml. 

Greek symbols 

?* independent similarity variable ; 
Q, dimensionless temperature of fluid ; 
i4 dynamic viscosity of fluid [kg m - 1 s- ‘1; 
V, kinematic viscosity of fluid [m2 s - ‘J ; 

P, density of fluid [kg ms-3] ; 

z;,. 
stream function [kg m-l s-l]; 
ratio of local cp to cp, ; 

;; 

ratio of local k to k, ; 

ratio of local p to pL, ; 

4, ratio of local p to pm. 

Subscripts 
a, air ; 
ev, evaporation; 
0, fluid-water interface; 
w, steam ; 
00, free stream. 

Superscripts 
* > reference state; 

> average; 

> differentiation with respect to q. 

I~ODU~ION 

DUE 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 [l] 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 Hy6dB [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 of evaporation 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 

373 



374 L. C. CHOW and J. N. CAIING 

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 Hybdd [S] 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 f6] 
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, steam or a 
mixture of the two over a water surface. Laminar Row 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 s~gni~cantly. 
Numerical results are obtained both for variable 

properties and for constant properties using a reference 
state, namely, the one-third rule. It is well established 
that the one-third rule is suitable for convective heat 
transfer [7] and for simultaneous heat and mass 

transfer of droplets [g]. The second objective of the 
present study is to verify the suitability ofthe one-third 

rule for the present situation. 

.ANALYSlS 

The schematic of the present problem is shown 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 

%., ~~~~ 

Fro. I, The schematic of the mathematical model. 

(1.013 bar). It is assumed that the water -Huid Interface 
is stationary and no energy is supplied from beneath the 
interface. Hence, the energy required for the 
evaporation ofwater must come from the stream itself. 

Furthermore. it is assumed that the gradients of the 
velocity, u, the mass concentrations. IX, and tn,. and the 
temperature, T, in the flow direction arc much smaller 
than those in the direction transverse to the llow so thar 
the boundary-layer approx~mat~orls are valid. 

The governing equations are 

mass ,i} 

The boundary conditions are 

for y > 0, at x = 0. 2.l = Ii,,. C = 0, 

‘1. = ?‘, _ 

ma = tn,,. 

isi 

for I > 0. at 1’ = 0, U = 0. C = f!*(S), 

7’ = I;,(X), 16) 

in, = m,,(r). 

for x > 0, as y -+ ‘x, u = U.,l’ = 0, 

T = 7;. (7) 

112, = 111, * . 

At the interface, y = 0, the fluid velocity, o&), and the 
temperature, T,(x), can be obtained by the following 

relations : 

zero net mass flux of air at interface, 

1 

at $9 = 0, m,pt; _ pD E!! = t-j, 
?,I 

energy balance at interface, 

(8r 

at y = 0, kz = pch,,. !c)) 

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

( 1Oi 

where M,, M, are the molecular weights of air and 
steam,respectively ; P,,, I’,, are the partial pressures or 
air and steam at the interface, respectively. The partial 
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pressure of steam at the interface, PWo, 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 soIutions 
For laminar flows of air or air-stream mixtures, since 

there is no energy supplied from below the fluid-water 
interface, the interfacial temperature, T,(x), should be 
equal to the wet bulb tem~rature of the free stream. 
Hence, it is reasonable to assume T,(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 
tem~rature of steam at one atmosphere (lOO*C). 

The invariance of the interfacial temperature, ‘I& 
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, 

By introducing the following variables : 

0 = (T- T,)/(T, - T,), 

(11) 

(12) 

G = (P*Pcuu,x)l’z~ 
g = y ( > 5. 1/Z, 

VX 

the governing equations, equations (2)-(4), become * = (Pw,4”2f, 

CA(f’!#,)‘l’ -+- Mf’/4$Y = 09 (13) u = z&y, 

+ ~~~~~(cp~ -c~)~~m~~/(cpsc) = 0. (15) 

The symbol & is defined as the ratio ofthe local k to the 
k at free stream. A similar definition holds for 4,,, 4, 
and~,.Thesearefunctionsof@andm,andaretherefore 
dependent on q implicitly. The dependent variablesA m, 
and 8 are functions of q only. The velocities u and Y are 
given by 

u = %lJ’l~p~ (16) 

The boundary conditions for J m, and @ are 

r = 0, f=.L 

f’ = 0, 

m, = m,,, 
e = 0, 

asq-+oo, f’l4p = 1, 

m, = mamt (19) 

@= 1. 

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

at 4 = 0, 4,m:+ Ffrn* = 0, (20) 

f h f$ attl=O, ##= -zPrmP--- 
c,_(G - T,) 

(21) 

where h,, 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, g, k, cp and L) at a reference 
state with temperature T* and air mass concentration 

* m,, 

T* = TO + & 7;, - TO), 

m,* = ma0 +&m,, -m,,). (22) 

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

* = ; !f$ ( > ‘i2(sf’-f). 

(23) 

The similarity equations, equations (13)-(1.5), become 

f”‘++p = 0, (24) 

SC 
rnz + z fm: = 0, 

(26) 

The boundary conditions become 

at 9 = 0, f=fo, 

f’ = 0, 

m, = m,,, 

0 = 0, 

asg-+m, f’=l, 
m, = m aco> 

o= 1. 

(27) 

(28) 
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The two conditions at the interface become RESULTS AND DJSCLSSJD& 

at ye = 0. (I’$) 
In previous experimental investigations, corn- 

parisons of the rates of evaporation of water into air. 
humid air or superheated steam were made with the 
same mass flux and temperature ofthe free stream. The 
inversion temperature was obtained based on :hese 
comparisons. In the present work. the esaporattori 
rates. ti,,. are also compared in the same manner. 

where hTg is evaluated at the interfacial temperature 

Thermophysical properties 

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

Pa, P*, ideal gas relations ; 

P. = pa i-p* : 
Pa, ref. [lo], p. 23 ; 
PW> ref. [l l] ; 
P3 ref. [12] ; 
4, kv ref. [13]; 

k, ref. [lo], p, 257 ; 

(‘p‘s, ref. 1141; 

(:pW, ref. [13]; 
c 
LT’ 

= macpa f mvcpw ; 
ref. [ 1 O], p. 5 11. 

Numericul solution procedure 

The similarity equations (13H15), subject to 
conditions (18)-(2 I), 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 [ 151. 

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, T’,‘,, and an 
assumed profile for each dependent variable,,f, m, and 0. 
Based on the guessed T,, m,, can be determined from 
equation (I 0). For the variable-property case, the value 
off” 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 f0 again, 
using equation (20). This process is repeated until 
the percentage change of all the dependent variables 
between two successive iterations is less than lo-“. The 
converged results are used in the energy balance 
equation (21), to check if the assumed T, 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 
equal to 1OOC. The speciesequationand the associated 
boundary conditions, including equation (20) are 
ignored, and,f, is updated with the energy balance at the 
interface, equation (21). Again, the iterative process 
stops when the percentage change off‘and 0 between 
two successive iterations is less than 10-s. 

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

The a:erage G,, for a water surface of length L ii 
delined AS 

I is i. 

ii,, .= ~~ j 
1. 0 

tiz,,(.u)J.y. ! .; 1 i 

From equations (17) and (23), it can hc shown that. 

where I+Z , is equal to 11, u, . the mass Rux of the free 
stream. 

Most of the calculations performed art: 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 free 
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. pttrc 
superheated steam and a mixture of equal amount hl, 
mass of air and superheated steam. At the lower free 
stream temperatures, water does evaporate faster m au 
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. Specihcally. 
the curves representing the evaporation rates for the 
threecasesintersectat threedifferent temperaturesThe 
inversion temperature may be defined as the 
intersection between the curves for pure superheated 
steam and for pure air. The intersecting temperatures 
between pure steam and any other humid ai7 
compositions arc always lower than the mvcrsion 
temperature defined above 

In Fig. 3. the evaporation rates are plotted as c! 
function of the free stream air mass concentration ft>~ 
three different temperatures. At ‘I-, 35O’C’. the 
evaporation rate increases monotonically as nr, 
decreases. At T, := 3Oo”C, the evaporation rate is fairly 
constant as ma I decreases from 1 to 0.5. and it begins tc> 
increase when m,,, drops to below 0.5 At ‘l‘, = 200 C’. 
the opposite trend holds, the evaporation rate drops 
when tn,, is reduced from 1 to 0 7 and stays almost 
constant for lower values of fu, i 
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To3 (‘C) 

FIG. 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 = Ti(L-GT,) (34) 

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

7 

_..I 

a significant percentage increase in the temperature 
potential T, - To 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 To is depressed. 

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

h = C Re’i2PraklL (35) 

VARIABLE - PROPERTY 
RESULTS 

L I I I I I I I I I I I II I I I I I I1 
0. 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

maoD 

FIG. 3. The evaporation rates vs mass fractions of air in the free stream. 
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Table 1. Results from variable-property solutions 

150 1.0 
0.5 
0.0 

200 1.0 
0.75 
0.5 
0.25 
0.0 

300 1.0 
0.75 
0.5 
0.25 
0.0 

350 1.0 
0.75 
0.5 
0.25 
0.0 

500 1.0 
0.5 
0.0 

3.773 2.299 
2.691 1.913 
2.788 1.416 

5.250 2.541 
4.706 2.350 
4.813 2.099 
5.058 1.849 
5.442 1.619 

7.883 3.077 
8.212 2.743 
8.909 2.460 
9.707 2.224 

10.54 2.026 

9.170 3.377 
10.03 2.945 
10.92 2.637 
il.97 2.407 
13.06 2.230 

12.4X 4.466 
17.42 3.157 
20.80 2.839 

‘1 ma0 

0.959 
0.484 
0.0 

37.9 
87.6 

100.0 

0.942 44.2 
0.709 76. I 
0.472 88.1 
0.235 95.2 
0.0 100.0 

0.909 52.6 
0.678 78.2 
0.448 89.0 
0.222 95.5 
0.0 100.0 

0.893 56.0 
0.661 19.2 
0.436 X9.4 
0.215 95.7 
0.0 100.0 

0.843 63.5 
0.397 90.7 
0.0 loo.0 

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, - To is of the order of a 
few hundred “C or less). 

The Prandtl number ofsteam is approximately unity, 
whereas the Pr for air is about 0.7. The Prandtl number 

effect gives a 12”/0 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 

3.196 2.74X 
3.216 3.052 
3.185 3.117 

3.130 2.73X 
3.159 2.870 
3.143 2.944 
3.114 2.98X 
3.074 3.011 

2.986 2.7X I 
3.027 2.7X2 
3.000 2.791 
2.945 2.82 1 
2.X76 2.X53 

2.903 2.X26 
2.951 2.758 
2.927 2.750 
2.864 2.765 
2.782 2.798 

2.635 3.080 
2.6X6 2.662 
2.510 2.690 

2.477 
1.66X 
1.135 
0.595’ 

3.5X4 
2.7X2 
1.994 
I.076 

4.092 
3.317 
2.379 
I.286 

5.259 
3.453 

00 I Ta = 

2 T,, = 

3 Te, = 70 
4 T, = 

5 Te, = 

\ \ As 
VARIABLE - PROPERTY RESULTS vl\u 

30% 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 

0. 0.1 0.2 03 0.4 0.5 0.6 0.7 0.0 0.9 ro 

mam 

FIG. 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 &~e~~ient, cp 

Cf au -= p- 
[ II’ 2 

2 8Y 0 
Pm% 

= C#,U ‘/fkp& R&i I@. 

Nusselt number, Nu. 

(36) 

Nu = - kg x/[k,(T,-T,)] 
[ 1 0 

= [c@‘], Rez’. 

Sherwood number, Sh. 

(37) 

Sh = - pDdm, 
[ I aY Cl 

x/[pmDm(mWo-m,,)] 

= [#,mejSc], Rez2 Sc,/(m,, -m,,). (38) 

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 
Hy6dd [S] 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 

the Reynolds number for turbulent flows than for 
laminar flows, hence, for turbulent flows, the increase in 
fifor the steam case will overcome the depression of T, 
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 Sow 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 li 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 mam = 0 cases. The 
results using the one-third rule agree well with the 
variable-property results, except when the freestreamis 
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 

The evaporation ofwater into a laminar stream ofair, 
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 

8- 

s 
?- 

x 6- 

* = 
-- 

4- 

,i 3- 

1-F .E” 2 - 

- I- 

} ma, - 0.0 

m aa = 1.0 

- VARIABLE PROPERTY 

-- 1/S RULE 

01”““““““‘1 ‘1 1 
100 150 200 250 300 350 400 450 500 550 

Tm (“Cl 

FE. 5. The comparison between one-third rule and variabie-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 5. 

defined, is around 250°C. 

(2) The existence ofthe inversion temperature can be 6. 
explained by the combined effects of higher heat 
transfer coefficients for steam flows and the interfacial 
temperature depression by the presence of air. 

7 

(3) The constant-property solutions using the one- 
third rule agree well with the variable-property results 8. 
except when the free stream is composed of mostly 

steam at high temperatures. 
9. 
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EVAPORATION DE L’EAU DANS UN ECOULEMENT LAMINAIRE D’AIR E-l I>F CAPELiR 
StJRCHAUFFEE 

R&wn-~ On &die numkriquement I’tvaporation de I’eau dans l’ecoulement laminaire d’air. d’:ur humlde CL 
de vapeur surchauff&e, Des r&sultats sont t,%enus pour des propri&is variables ou constantes utilisant la r2gle 
1,‘3. On montre qu’au-dessous d’une certaine tempkraturc de I’Ccoulement libre. appelie lempGraturi: 
d’inversion, I’&vaporation de I’eau dkcroit quand I’humiditk de I’air augmente: et au-dessus de la tempCrature 
d’inversion, l’tvaporation augmente quand I’humiditk de I’air augmente. L’approximation proprittes 
constantes utilisant la rigle l/3 donne des rttsultats prCcis pour le dtbit d’Cvaporation de I’eau. exceptC quantl 

l’tcoulement Iibre est principalement de la vapeur :I haute remptrature. 

VERDUNSTUNG VON WASSER IN EINEN LAMINAREN STROM VON I IIF-l IiND 
UBERHITZTEM DAMI+- 

Zusatnmenfassung Zur Untersuchung der Verdunstung von Wasser In elnen laminaren Strom \,,n Lur‘t. 
feuchter Luft und iiherhitztem Dampf wurde eine numerivche Untersuchung durchgefiihrt. E\ \\urden 
Ergebnisse sowohl fiir variable Stoffeigenschaken als such fiir konstanle StofTeigenschaften tinter 

Verwendung der 1!3-Regel erhalten. Es zeigte sich. da8 unterhalh cincr hcstimmten Temperatur dcr frcicri 
StrBmung, die Inversionstemperatur genannt wird, die Verdunstung des Wassers rnll runchmender 
Luftfeuchtigkeit abnimmt. Overhalb der Inversionstemperalur nimmt die Wasser\erdunstung mii 
zunehmender Luftfeuchtigkeit zu. Die Naherungsliisung mir kons~anten Stoffeigenschafien rinl<r 

Verwendung der l/3-Regel fiihrt zu genauen Ergebnissen fiir die Verdunstungsrale tiei Wa\cer\. 
ausgenommen, dal3 die freie Strsmung tiberwiegend Dampf bei hoher Tcmperatur enlhZll 

MCHAPEHME BOAbl B JIAMMHAPHbIE IIOTOKM BWflL‘X4 
M HEPETPETOI-0 HAP.4 

AaHoTauan--- Hposene”o wicSle”“oe Hcc:re,‘IoBa”He acnape”Mfl BO;L~ H ~laclH”apnbw no~oKn HO~;Q?.~ 
anam”or0 aosnyxa II neperperoro napa. PesynbTarbl nonyqe”b~ KaK !I~R nepeMen”blx. ,aK M 
nOCTO5l”“b,x CBOACTB noToKa c noMowbm npaelr.la I :3. HoKa3a”o. VT0 HMXC HeKOTopOi? Tc,l,,epalypl>l 
ceo6on”oro noToKa. HasbreaeMofi TeMnepdrypoti M”“epcmi, Mcnape”se ao,w ybwnbmaercn c pocroLi 
BnaX”ocTM ao3nyxa. a -ro apeMa KaK abnue TeunepaTypbt Ic”eepcurr on0 sospacTaer Mcno 1h3oaaHw 
npu&wwte”Mn noc*oX”“blx csoi%cTB n0ToKa A npasMJla I ‘3 nolRo.rr(er rro:rywrb Towbre pesy.2bra rhI 
.n,w c~0p0cTu ucnape”w ~0fibl 3a HcK;nwe”HeM ciryqas, Kor;ia ca06omiblA noloK II octwH”oM 

npe,wTdsnneT co608 nap npe sb~co~oR rwnepdrype 


