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Abstract-In the second part of the investigation the results obtained by numerical solution of the differential 
equations given in the first part are thoroughly discussed. The discussion starts with mass transfer through 
the particle interface when there is no movement in either phase. It is limited to the mean concentration in the 
sphere and the mean Sherwood numbers for both phases. Empirical equations are presented for the mean 
concentration in the sphere for the limiting cases of mass-transfer resistance in one of the two phases only. 
The last chapter of the paper contains the discussion pertaining to the influence of convection on mass 
transfer. With mass-transfer resistance in the sphere only there exists an upper limit for the mean Sherwood 
number which is due to the fact that the streamlines inside the sphere become lines of constant concentration. 
The instantaneous Sherwood number changes stepwise with time which may be explained by the movement 
of fluid elements in the sphere. For the second limiting case, mass transfer resistance in the surrounding fluid 
only, the mean Sherwood number is discussed as a function of the Fourier-, Henry-, and convection-number. 

1. INTRODUCTION 

IN THIS paper, which is the second part of a compre- 
hensive theoretical investigation of unsteady state 
mass transfer through the interface of spherical par- 
ticles, a comprehensive discussion of the results ob- 
tained is presented. The physical phenomena of the 

mass-transfer process as well as the underlying differ- 
ential equations and boundary conditions are pre- 
sented in Part I of the investigation. 

2. ANALYTICAL SOLUTIONS FOR LIMITING 
CONDITIONS OF THE FOURIER NUMBER 

For the two cases, Fo,,, + 0 and Fo,,, -+ ‘CL, the 
differential equations for the concentration field may 
be simplified in such a way, that analytical solutions 
may be obtained [l, 21. The resulting equations will be 
repeated here because they are helpful in the discussion 
of numerical results. 

2.1. Anul~~tical solutions jbr Fo, + 0 

For Fo,, = Fo,,,~ = Fo, -+ 0 concentration changes 
occur in the immediate vicinity of the interface only. 
In this case the convection has no influence at all 
on the mass-transfer process. This is the reason why 
the following equations are of fundamental impor- 
tance. 

The equations for the mean instantaneous Sher- 
wood numbers pertaining to phase 1 and 2 : 

S/z,, = 
21Jn 

D, li2 

C-1 

Fo,;:” 

D2 

A 
1,2 Fo,,‘!* 

=i-, * Dl 
(1) 

D2 

Sh2r = 3&a Fo,:‘~. (2) 

The equations for the time mean value of the Sher- 
wood numbers pertaining to phase 1 and 2 : 

Sh, = 2Sh,,, (3) 

Sh, = 2Shzt. (4) 

These equations apply for the general case of arbitrary 
distribution of mass-transfer resistance in the two 

phases concerned. 
For the special case, that mass-transfer resistance 

occurs in phase 1 (sphere) only, one obtains from 
equation (3) observing H*(D,/D,)“* -+ 0: 

Sh, =$!j, 
The Sherwood number depends on the Fourier num- 
ber only. The Henry number H* and the ratio of 
diffusion coefficients have no influence on Sh,. Accord- 
ing to Figs. 2 and 3 of Part I the concentration in the 
interface is zero for all values of Fo,,~. From equation 
(5) one obtains the following equation for the mass- 
transfer coefficient : 

fl = 5 (Ah)‘! * (6) 

It is to be noted that for t -+ 0 the mass-transfer 
coefficient is independent of particle diameter d,. For 
the other special case with mass-transfer resistance in 
phase 2 (surrounding fluid) only the condition 

H*(D,/D,)“* -+ m leads from equation (4) to the 
result: 

*For nomenclature see Part I of this paper. 
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The influence of H* is due to the fact, shown in Figs. 4 For the other limiting case with mass-transfer 
and 5 of Part I, that the concentrations in the interface resistance in the surrounding fluid only, that is 
are always greater than zero. H*(D,/DJ1;’ -+ m, the mean concentration t, is ac- 

cording to Fig. 2 a function of Fo,,,~ and H*. With 
2.2. Analytical solutionfor Fo, -+ x mass-transfer resistance in phase 2 only, the prevail- 

For Fo,, = Fo,, = Fo, -+ co the state of equilib- ing condition is as follows: 
rium is reached. The local concentrations are inde- 
pendent of radial coordinate. For this case a simple 

H*(D,/D,)“‘+ x, with H* > 1 and D,/D, > 1. 

mass balance leads to the results: 
With increasing value of the Henry number H* the 
mean concentration in the sphere decreases more 

Sh, = s, (8) 
slowly with time than for smaller values of H*. 

mla, 3.2. Meun Sherwood nunzbel 

Sh, = x. (9) 
For mass-transfer resistance in the sphere only, the 

Fo,,z, 
mean Sherwood number Sh, is given in Fig. 3. Curve a 
gives the numerically established relation between Sh, 

From these equations the following equation for the and Fo,,, over the whole range of Fo,,, while curve b 
mass-transfer coefficient may be derived: represents equation (8) for Fo,,,~ -+ x8 and curve c 

/i+. 
equation (5) for the other limiting case with Fo,, + 0. 

(10) Figure 4 gives the numerical results for the case of 

For t + x the mass-transfer coefficient is a linear 
mass-transfer resistance in the surrounding fluid only. 

function of the particle diameter dp. 
Curve b represents equation (9) for Fo,, + 3~. For 
Fo,,~ + 0 the curves may be calculated by means of 
equation (7). The success achieved by the mass transfer 

3. DISCUSSION OF SOME NUMERICAL RESULTS through the interface may be easily judged by means of 
FOR MASS TRANSFER IN A MOTIONLESS SYSTEM the curves for t, = const. Curve b is according to 

Mass transfer through the interface of a spherical equation (18) of Part I together with equation (9) 

particle with fluid motion in one or even both phases is equivalent to t, = 0. 

an extremely complicated process. It seems therek. - 
advisable to use the simple case of mass transfer in a 

3.3. Empirical equations 

motionless system as introduction. 
The application of the numerical results presented 

will be considerably facilitated by empirical equations 

3.1. Mean concentration in sphere 
developed for the mean concentration 5,. These 

The mean concentration in the sphere alters be- 
equations may be used to calculate the transferred 

tween the limiting values 5, = 0 and 5, = 1 while the 
mass M, by means of equation (17) of Part I. 

mean concentration in the surrounding fluid is accord- 
3.3.1. Mass-transfer resistance in the sphere only. 

ing to definition always 5, = 0. This is the reason, why 
The empirical equations set up for this case are as 

attention is paid to [, only. 
follows : 

For the condition of mass-transfer resistance in the Low Fo,,~ region: 

sphere only, that is H*(D1/D,)‘!‘+O, the mean 
concentration is shown in Fig. 1. It is a function of Fo,,, 1 [,=l- 

3.935Fo’j2 ml 
1 +O.~OFO-~.~‘~ (11) 

only. With mass-transfer resistance in the sphere only, ml 

the following condition is met: Range of application 

112 
-+O, with H* -C 1 and D,/D, < 1. 

06 Fo,, 64X10-2 
0.43 G 5, G 1.0 

Fourier numberFo,,r 3 

I- 

FIG. 1. Mean concentration in sphere for the limiting case of resistance in the sphere only. 
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Mean concentration in sphere for the limiting case ofresistance in the surrounding fluid only. 
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FIG. 3. Mean Sherwood number Shr for the limiting case of resistance in the sphere only. Curve a represents 
numerical results, curve b equation (59) and curve c equation (56). 

Fourier number Fo,* s It. D2 )/(di/L) 

,4. Mean Sherwood number Sit, for the limiting case of resistance in the surrounding i&rid only. 
represents equation (60). 

FIG Curve b 
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FIG. 5. Mean Sherwood number Sh, for the general case of resistances in both phases. Curve h represents 
equation (59). 

resrstances m both phases ‘, / /. 1 
” 

10-L IO” 10-2 10-l IO0 IO’ IO2 IO3 

Founer number Fo,, z t 
d,2/‘4 

FIG. 6. Mean Sherwood number Sh, for the general case of resistances in both phases. Curve h represents 
equation (60). 

Maximum error: f 3.87; 

High Fo,, region : 

f, = 0.646exp( - 10.15Fo,,,). 

Range of application: 

4 x 10-z d Fo,,,, < r/- 
0 < g, < 0.43 

(12) 

Maximum error: _t 3.87”. 

Combining equations (18) of Part I and (12) the mean 
Sherwood number Sh, may be calculated with a 
maximum error of 1.2%. If the Sherwood number in 

the low Fo,,, region is desired application of the 
analytical equation (5) is suggested. 

3.3.2. Muss-trqfkr resistancr in the surrounding 

@id only. For this case the mean concentration <, is a 
function of the Fourier number Fomz and the Henry 
number H*. The equations developed for this case are 
consequently more complicated than those for the 
other limiting case. 

An equation of rather general importance is the 
following: 

The values of m, II and p are functions of the Henry 
number H *, they are given in Table 1 together with the 
maximum relative error in 5,. Equations for In, II and p 



Mass transfer through spherical particles--II 459 

Table 1. Values of m, n, and p as functions of H* as well as 
maximum relative errors for 5, in two ranges of g, 

Maximum relative 
error of [, in o/o 

range range 
H* m n p 0.1<e,<1 o.05<51<1 

1 1.12 12.3 x lo-’ 0.600 5.3 14 
2 1.28 37.0 X 1o-2 0.570 5.9 15 
4 1.47 1.0 X loo 0.541 7.4 16 

10’ 1.80 3.4 x 10’ 0.500 6.9 20 
lo* 2.70 5.3 x 10’ 0.425 7.4 18 
lo3 2.96 5.5 x lo* 0.425 7.4 18 
lo4 3.10 5.6 x lo3 0.430 6.9 7 

have been set up too and are as follows: 

1 <H* < 10’: 

m zz l.12H*0.197 

p = 0.6/H*0.0748 

nintherangeldH*<lO: 
‘I 

n= -1.22 x 10-3H*3+3.12 x lo-‘H*’ 

+1.62x lo-‘H*-6.89 
n in the range 10’ < H* < 10’ 

n= 1.51 x 10-3H*2+0.387H*-0.573. 1 

(14) 

lo2 < H* < 104: 

m = 2.48H*0.0254 

n = 0.533H* 

.! 

(15) 
p = 0.414H*4.‘5 X lo-’ 

For the range lo4 < H* < lo5 and 0.05 < [, d 1 the 

following equation has been set up: 

F, = exp( -2.76Fo,,,,/H*). 

3.4. Some remarks on mass transfer with 

resistances in both phases 

(16) 

With mass-transfer resistances in both phases the 

Sherwood number Sh, is according to equation (1) a 
function of Fo,I and the product H*(Dl/D2)1’2, while 
Sh, is according to equation (2) a function of Fo,2, H * 

and D,/D,. Some of the results obtained are presented 
in Figs. 5 and 6, that have already been published 

[l, 21. 

4. DISCUSSION OF SOME NUMERICAL RESULTS 
FOR MASS TRANSFER WITH FLUID MOTION 

In most cases of practical importance the involved 
fluids are in a state of motion. The influence of fluid 
motion on mass transfer will be discussed in this 
chapter. It should be kept in mind though, that for the 
two limiting cases of Fo,,, -+ 0 and Fo, -+ x motion 
looses its influence. 

4.1. Mass-transfizr resistance in the sphere only 

4.1.1. Local and mean concentration. With mass- 
transfer resistance in the sphere only, the local dimen- 
sionless concentration in the surrounding fluid is t2 
= t2P = <i, = 0, while the local concentration inside 
the sphere 5 1 is given by : 

5, = f,[r*; Fo,,,~; (ReSch; v*l. (17) 

, ring vortex 

FIG. 7. Fluid motion inside and outside the sphere. 

With creeping flow conditions, Re + 0, this function 
simplifies to: 

5, =f2 F r*;F~,~l:w]. (18) 

In these functions q* = rli/n2 is the ratio of the 
viscosity of the two fluids involved. The fluid motion 
inside and outside the sphere is given in a qualitative 
way in Fig. 7. 

The local concentration as it changes with time is 
shown in Fig. 8(aac). The convection number, 
(ReSc),/( 1 + q*) = 103, is kept constant. The Fourier 
number Fo,~, is 2.25 x 10m3 in Fig. 8(a), 8.1 x 10m3 in 
Fig. 8(b), and 2.2 x 1O-2 in Fig. 8(c). With increasing 
Fourier number the local concentration decreases 
from <i = 1 at Fo,,,~ = 0 to t1 = 0 at Fo,, = CCI. 

Concentration changes start at low values of Fo, 1 near 
the spherical interface ; they are more pronounced at 
the backward stagnation point at 0 = 180” than at the 

forward stagnation point at 0 = o”, which is due to the 
fluid motion inside the sphere. In Fig. 7 the movement 

of element E from the forward point A to the backward 
stagnation point (point B) parallel to the interface may 

be pursued following the arrowed line. After arriving at 
point B the element moves through the axis of the 
sphere to the forward stagnation point A. This move- 
ment through the axis leads to a kind of concentration 
tunnel within the sphere. It is to be clearly seen in Figs. 
8(b) and (c). 

The mean concentration 5, in the sphere is given in 

Fig. 9 as a function of Fo,, for several values of the 
convection number (ReSc),/( 1 + q*). The calculations 
for (ReSc),/(l +q*) -+ co have been carried out by 
Carrubba [3]. The results of Carrubba differ from 
those presented by Kronig and Brink [4] which are 
based on an analytical solution of an incomplete 
differential equation. 

The lower limit for g, is given by the curve for 
(ReSc),/(l + q*) -+ m. The lower limiting curve is due 
to the fact, that the streamlines in the sphere have 
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Fig. 8(a): FIT,,, = 2.25 x 10d3 and E, = 0.84 

Fig. 8(b): Fo,, = 8.10 x 1O-3 and 5, = 0.67 



Mass transfer through spherical particles-11 461 

Fig. S(c): Fo,, = 2.20 x 10mL and 5, = 0.38. 

FIG. 8. Concentration field within the sphere for the limiting case of resistance in the sphere only 

0.6 

0.6 

V4 2 L 6 1O-3 2 f, 6 IO-’ 2 L, 6 10-l 2 4 6 IO0 

Fourier number Fo,,,, E 
f-D, 

d;/4 

FIG. 9. Mean concentration in sphere with fluid motion in both phases for the special case ofresistance in the 
sphere only. 

become lines of constant concentration. This happens 
when the conductive transport normal to the stream- 
lines is negligibly small compared with the convective 
transport in the direction of the streamlines. The curve 
for (ReSc),/( 1 + q*) -+ x may be represented by the 
following equations: 

Low Fo,, region: 

5, = 1 -4.546Fo;‘;. (19) 

Ranges of application: 

0 < Fo,, < 1.57 x lo-’ 
0.43 < i;, < 1.0 

Maximum error: k 3.6%. 

(20) 

High Fo,, region: 

c, = 0.7exp(-31Fo,,,). 

Ranges of application: 

1.57 x lo-’ < Fo,, < x 

0 < g, < 0.43 

Maximum error: k 1%. 

The equations available for the two limiting cases, 
(ReSc),/( 1 + q*) + 0 and-+ a, form a sound basis for 
mass-transfer calculations when convection is either 

present or not. For all values of (ReSc),/( 1 + u*) 2 10“ 
it is always permissible to make use of equations (19) 
and (20). 
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Fourier number Fo,, 

FIG. 10. Instantaneous Sherwood number Shl, for the limiting case of resistance in the sphere only as a function 
of Fo,, for several values of the convection number (ReSc),/(l +q*). Curve c1 after Kronig and Brink. 

The upper limit for t, is given by the curve for 
(ReSc),/(l + q*) + 0. This curve is identical with the 

one given in Fig. 1 ; equations (11) and (12) describe 
this curve. In this case convective transport in the 
sphere may be neglected. Mass transfer is due to 
molecular transport only. 

4.1.2. Instantaneous and mean Sherwood number. 

The instantaneous Sherwood number Shl, has been 
defined by equation (45) of Part I. In Fig. 10 Sh,, is 

presented as a function of Fo,,, for several values of the 
convection number (ReSc)J( 1 + II*). There are again 
two limiting curves for (ReSc),/(l +py*) + z and+ 0. 
Curve a has been presented by Kronig and Brink [4]. 
It is correct for Fo,,,, + x only. At low values of Fo,,,, 

all curves in Fig. 10 start off from the one for (R~SC)~!( 1 
+ q*) + 0 and coincide with the curve for (ReSc),/( 1 

+q*) + rj at high values of Fo,,,,. The characteristic 
features of the curves are the steps. There are ranges in 
which Shl, is almost independent of Fo,,,, alternating 
with ranges, in which Sh,, is an extremely strong 
function of Fo,,,. The cause for the stepwise change of 
Sh,, has been carefully investigated by Schmidt-Traub 
[5] and Carrubba [3]. 

The steps are due to the fluid movement in the 
sphere. Figure 11 shows the positions of the fluid 
elements A, B, C and D at two ditferent values of Fo,,,; 

The elements are moving along the interface and the 
axis of the sphere. The movement starts at Fo,,,, = 0 

with element A in the forward stagnation point 
according to Fig. 11(a). According to the initial 
condition the local concentration is <,” = I. 

In the first time interval the elements A and B move 
along the interface; element B vanishes at the back- 
ward stagnation point into the interior of the sphere. 
The concentration of these elements decreases while 
they move along the interface. In the same time 
interval the elements D and C move along the axis of 
the sphere and get into the interface. The end ofthe first 
time interval is reached, when element C reaches the 
forward stagnation point according to Fig. I I(b). 
During the first time interval the concentration of 311 
fluid elements of the sphere reaching the forward 

b) 

Flc;. 11. Movement of fluid elements A, B, C and D inside the 
spherical particle. 

stagnation point is 4, = <,,, = 1. This is the reason 
why the instantaneous Sherwood number approaches 
a constant value. 

The second time interval starts with element C 
leaving the forward stagnation point and moving 
along the interface. All fluid elements reaching in the 
second interval the forward stagnation point have a 
lower concentration. The result is a steep decrease of 
Sh,,. The end of the second interval has come when 
element A reaches the forward stagnation point again. 
The cycle then starts anew, but a less pronounced step 
will be the result because all elements will have a 
decreasing concentration. 

The mean Sherwood number Sh, is shown in Fig. 12 
as a function of Fo,,,, for several values of the 
convection number (ReSc)J( 1 +q*). The first step in 
the curves for Sh,, are still to be found in the curves for 
Sh ,. The following steps are levelled off though. 
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IO+ 2 I 6 lO-3 2 4 6 to-’ 2 C 6 10-l 2 1 6 10’ 

Fourier number Fo,,,, 

FIG. 12. Mean Sherwood number Sh, for the limiting case of resistance in the sphere only as a function of 
Fo,, for several values of the convection number (ReSc),/l +q*). 

0 

1.0 181 

radial coordinate r*sr/R 

\,~Fo,,=ZE-~ 

irReScJ= IO3 

/Y. I I H’ =I 

v 
radial coordinate r*sr/R 

FIGS. 13 and 14. Local concentration t2 in surrounding fluid for the limiting case of resistance in the 
surrounding fluid only: 

Fig. 13: q* = a, particle with rigid interface: 
Fig. 14: q* = 0, particle with ideal mobility of interface. 

4.2. Mass-transfer resistance in the The mean concentration <, is given by the function: 
surroundingfluid only 

4.2.1. Local and mean concentration. With mass- 
Cl = f, [F%,2 ; H* ; (ReSc& ; II*]. (22) 

transfer resistance in the surrounding fluid only the The local concentration in the surrounding fluid g2 is 
local concentration in the sphere is independent of the given by the following function: 

radius r* and equal to the concentration in the 
interface: 

t2 = f;[r*; Fo,,,; H*; (ReSc),; q*]. (231 

4, = 4, = 51, = 5zp. 

In Figs. 13 and 14 the local concentration t2 is 
(21) shown for n* = E and n* = 0 with H* = 1 and 
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10’ 10’ 

Fourier number Fo,, 

10’ lo2 
Fourier number Fo,~ 

GS. IS and 16. Mean concentration in sphere for the special case ofresistance in the surrounding fluid only: 
Fig. 15: q* = x, particle with rigid interface: 
Fig. 16: q* = 0, particle with ideal mobility of interface. 

FI 

10-J 
lo-/ 10~’ 1o-2 10.’ too 10’ lo2 10) 

Fourier number Fo,, 

Fourier number Fo,, 

FIGS. 17 and IS. Mean' Sherwood number Sk, for the limiting 
case of resistance in the surrounding Ruid only: 

Fig. 17: q* = C/J, particle with rigid interface: 
Fig. 18: q* = 0, particle with ideal mobility of interface. 

(ReSc), = lo3 kept constant for both cases. Curves are 
presented for two values of Fomz and angle 0. It may be 
of interest to note that the local concentration tz for 0 
= 180” is increasing slightly over a limited range of r* 
instead of decreasing. This proves that there are 

limited time intervals during which the mass transfer in 
the vicinity of the backward stagnation point is 
directed contrary to the general direction. The con- 
centration gradient in the interface is steeper for rl* = 0 
than for q* = x because of the fluid motion within the 

sphere. 
The mean concentration in the sphere 5, is shown in 

Figs. 15 and 16 for ye* = XL and v* = 0. With increas- 
ing Henry number the influence of the convection 
number (ReSc), is felt already at a higher con- 
centration. 

4.2.2. Mean Sherwood number. The mean Sherwood 
number Sh, is given for q* = z and q* = 0 in Figs. 17 
and 18. The curves given for (RrSc), d 10” coincide 
with those given in Fig. 4 for the motionless system. It 
is important to note that the influence of the con- 
vection number increases slowly with increasing 
Henry number H*. As a first approximation the influ- 
ence of (R&c), may be neglected, when H* < IO’. But 
even for higher values of H* the results discussed 
for motionless systems will always give a sound basis 

for mass-transfer calculations. 
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TRANSFERT MASSIQUE INSTATIONNAIRE A TRAVERS L’INTERFACE 
DE PARTICULES SPHERIQUESS 2’ PARTIE: DISCUSSION DES 

RESULTATS OBTENUS PAR VOIE THEORIQUE 

RbumGLes equations aux derivees partielles don&es dans la premiere partie sent traitees par voie 
numerique et les resultats sont discutts. On considere d’abord le transfert massique a travers I’interface 
sans mouvement dam chaque phase en se limitant a la concentration moyenne dans la sphere et aux 
nombres de Sherwood moyens pour les phases. On presente des equations empiriques pour la concen- 
tration moyenne dans la sphere darts les cas limites d’une resistance au transfert dans une seule des deux 
phases. 

L’article considere ensuite I’influence de la convection sur le transfert massique. Pour une resistance 
au transfert massique dans la sphere, il existe une limite superieure du nombre de Sherwood moyen 
qui est due au fait que lignes de courant dans la sphere deviennent des lignes de concentration 
constante. Le nombre de Sherwood instantane change par echelon en fonction du temps, ce qui peut 
s’expliquer par le mouvement du Auide dans la sphere. Dans le second cas limite d’une resistance au 
transfert dans le fluide environnant. le nombre de Sherwood est etudie en fonction des nombres de 

Fourier, de Henry et de convection. 

INSTATIONARE MASSENUBERTRAGUNG DURCH DIE GRENZSCHICHT 
KUGELIGER TEILCHEN TEIL IIIDISKUSSION DER THEORETISCH ERMITTELTEN 

ERGEBNISSE 

Zusammenfassung--Der zweite Teil der Untersuchung ist einer ausfiihrlichen Diskussion der Ergebnisse 
gewidmet. die durch numerische Losung der Differentialgleichungen fur den Stofftransport durch die 
Grenzflache kugelformiger Partikeln erhalten wurden. Als erstes wird der Fall behandelt, bei dem sich beide 
Phasen im Zustand der Ruhe befinden. Auf die mittlere Konzentration in der Partikel und die mittleren 
Sherwood-Zahlen fur beide Phasen wird dabei eingegangen. Berechnungsgleichungen fur die mittlere 
Konzentration in der Kugel werden fur die beiden Grenzfalle. bei denen nur in jeweils einer Phase ein 
Stofftransportwiderstand auftritt, mitgeteilt. Im letzten Kapitel wird der EinfluB der Konvektion auf den 
Stofftransport diskutiert. Tritt ein Stofftransportwiderstand nur in der Partikel auf, dann ergibt sich fiir die 
mittlere Sherwood-Zahl ein oberer Grenzwert. Dieser ist darauf zuriickzufiihren, dal3 die Stromlinien 
innerhalb der Partikel Linien konstanter Konzentration werden. Die momentane Sherwood-Zahl indert 
sich fur diesen Fall im Bereich niedriger Werte der FourierrZahl sprungweise, was auf die Bewegung des 
Fluids innerhalb der Partikel zuriickzufiihren ist. Fur den zweiten Grenzfall, fur den der Stofftransportwider- 
stand allein in der Umgebung der Partikel liegt, wird diemittlere SherwooddZahl als Funktion der Fourier-. 

der Henry- und der Konvektions-Zahl erortert. 

HECTAHMOHAPHbII? MACCOIIEPEHOC YEPE3 IIOBEPXHOCTb C@EPMYECKMX 
YACTMD. YACTb 2. 06CY)KAEHME PE3YJIbTATOB, IIOJIYYEHHbIX 

TEOPETRYECKMMM METOAAMM 

ziHllOTBUHR- 06cy~narorcn pe3ynbTaTbI WiCneHHOrO peIIIeHEis IlpHBeAeHHOrO B IIepBOti 'IaCT 

pa6OTbI nu@$epeHuuanbHoro ypaBHeHm. PaccMaTpesaeTcR nepeHoc Maccbt repes noBepxHocTb 

Yacmubr npa ~TCYTCTBAA ABmfceHm B KaKoFGna6o 113 @as. AHanu3 ~~~B~AHTCN Ann cpenHeR 

KoHqeHTpauw BeuecTBa B c@epwiecKofi YacTkiue A cpenHer0 3HaYeHwi wcna LUepByAa Ans o6eAx 

+a3. npeACTaBneHb1 3MIIlipkiYeCKHe ypaBHeHHSi Anll paWeTa CpeAHefi KOHUeHTpaUAH BelUeCTBa 

B racTwe Ann npeAenbHor0 cnyqas, KorAa ConpoTuBneHrre nepeHocy Maccbl oKa3bIBaeT TonbKo 

OAHa A3 &as. B UOCneAHeM pa3Aene PaCCMaTpABaeTCH BnHIlHAe KOHB'ZKUHA Ha nepeHOC MaCCbI. 

B Cny'iae, KOrAa COIIpOTkiBneHAe IIepeHOCy MaCCbI COCpeAOTO'ieHO TOnbKO B YaCTAUe, CylueCTByeT 

BepXHIld IIpeAenCpeAHerO YHCna~epByAaBCneACTBAeTOrO,'ITO JUiHAA TOKa BHyTpH C$epblCTaHO- 

BI~TCR nrirfa~MIi ~0~~0~~~0BKo~qe~Tpau~~.TeKy~ee3Ha~eH~e~~cna~ep~yna~3~e~~eTcflcKa~Ko- 

o6pa3Ho CO BpeMeHeM, 9TO MO)I(HO 06anCHHTb ABA~eHAeM ZKAAKAX 3neMeHTOB B CI$epe. B CnyYae, 
KOrAaCOIIpOTHBneHAe nepeHOCy MaCCbICOCpeAOTOSeHO TOnbKO B OKpymalOuIe8 qaCTHUy 2G,AKOCTH, 

cpeAHee 3Ha9eHAe wicna IIIepByAa 3aBHCHT OT KpklTepWl @ypbe, reHpll II KOHBeKTABHOrO wcna. 


