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Abstract-A series solution is presented for transfer between a sphere and a surrounding stationary medium 
enclosed in a concentric insulating sphere. It is shown that after a period, short compared to the time necessary 
to transfer a small proportion of the maximum quantity transferable, the first term of the series dominates. The 
transfer process then proceeds with a constant Nusselt or Sherwood number determined only by the ratio of 
the radii of the spheres. For large ratios Nu = Sh = 2. For a ratio of 5 : 1, the number is about 3 and for lower 
ratios it increases rapidly. For an array of similar spheres enclosed in an insulated volume, it is possible to 
identify an envelope around each sphere across which there is no flux. By approximating each envelope to a 

sphere, the analysis becomes applicable to such problems as evaporation from a cloud of droplets. 

1. INTRODUCTION 

HEAT and mass transfer from spheres in a stationary 
atmosphere is of practical interest for two reasons. 
First, for small unsupported droplets, as may be found 
in spray dryers, combustion systems etc., the relative 
velocity between gas and droplet is small for the 
majority of time taken for the droplet to evaporate. 
Secondly, in systems in which the relative velocities are 
not negligible, the asymptotic behaviour of the transfer 
equations as the relative velocity approaches zero must 
correspond to the behaviour in a stationary medium 

PI. 
Relationships proposed to date take steady-state 

models. The most widely used, namely Nu = Sh = 2 
considers steady transfer from an isolated sphere to an 
infinitely distant sink. Alternative relationships have 
been given by Cornish [2] who treats the case of steady 
transfer from a finite array of spheres in an infinite 

medium to an infinitely distant sink, and by 
Friedlander [3] who quotes the case of steady transfer 
from a sphere to a surrounding concentric spherical 
sink at a finite distance. In all these cases the driving 
force for transfer is taken to be the temperature (or, for 
mass transfer, concentration) differende between the 
sphere and the sink. 

The motivation for the work in this paper is the 
observation that in most cases of practical interest the 
objective of the process is to transfer heat or material 
between the sphere and the surrounding medium. Thus, 
as a result of the transfer process, we expect the medium 
to become for example, hotter or more humid. In these 
circumstances, the medium clearly acts as a sink. This 
position is recognized in those calculations in which the 

* S. J. Lawn is now with Vinten Instruments, Weybridge, 
Surrey, U.K. 

driving force for transfer is taken as the difference 
between sphere surface temperature and mean bulk 
temperature of the fluid. It is the objective of this work 
to derive theoretical values for Nusselt and Sherwood 
numbers applicable to transfer between spheres and a 
surrounding medium for which mean bulk conditions 
can be used for calculation of driving force. In the 
absence of an external sink, this situation can only be 
modelled by unsteady (transient) equations. 

In an array ofsimilar spheres, all transferring heat or 
material to the same medium, it is possible to identify an 
envelope around each sphere across which there is no 
flux. The transfer from each sphere is then identical to 
that which would occur if a perfectly insulating surface 
were placed around the relevant envelope. In this way 
transfer within an array of spheres can be studied by 
considering transfer from one single sphere placed in a 
medium contained in a finite insulated envelope. For an 
indefinitely large cubic arrangement of spheres with an 
initially uniform temperature and concentration in the 

medium, it is immediately apparent from symmetry 
that the envelopes are cubic and each envelope is 
concentric with its enclosed sphere. For a random 
arrangement of spheres the envelopes will be irregular 
(and may change with time). The general case is difficult 
to solve but in this paper we make the simplifying 
assumption that each envelope can be replaced by a 
spherical envelope of equal volume and that the 
resulting envelope is concentric with its enclosed 
sphere. All previous analyses for transfer from 
individual spheres in an array have also assumed 
spherical symmetry (e.g. the suggestion of Zabrodsky 
[4] is very similar). The analysis of this paper is, in this 
way, comparable to previous analyses. It is capable of 
giving a direct indication of the consequences of a 
transient solution (not introducing an artificial sink) 
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NOMENCLATURE 

coefficient in equation (2) 

coefficient in equation (2) 

heat capacity of medium 
diameter of hot sphere, 2r, 
see equation (Al) 

Q,,/Qo, 

heat transfer coefficient based on a AT,, 
i.e. k(ZT/Sr),=,,/AT, 

heat transfer coefficient based on AT,, 
i.e. k(?T/c!r),=,.,/AT, 

thermal conductivity of medium 
see equation (A3) 
see equation (A3) 
2/( 1 - r,/r2), Nusselt number for finite 
sink model 
Nusselt number based on bulk-mean 
temperature difference, h,d/k 

Nusselt number based on overall 
temperature difference, hod/k 

see equation (A6) 
coefficient in equation (2) 
total rate of heat transfer from sphere at 
time 1 
coefficient in equation (2) 
initial rate of heat transfer from sphere 
due to 1st term of equation (2) 
rate of heat transfer from sphere due to 
1st term of equation (2) after time t 
1 -r, jr2 

radial distance from centre of hot sphere 

rl 

f-2 
s 
si 

T 

T, 

G 

T, 

AT, 

AT, 
t 

1 
radius of hot sphere 
radial distance to insulating envelope 
surface area of sphere, 4mf 

parameters in equation (2) 
temperature 
temperature at r = rl 

temperature at r = r2 

mean bulk temperature of medium 

T2 - T, 
K-T, 
time. 

Greek symbols 

kl(Cp) 
r2 -r,, on separation of hot surface from 
insulated surface 

voidage of array of spheres (see equation 

13) 
density of medium 

time taken for 1 st term heat transfer rate 
to drop to Qt,, divided by time taken for 
99% of heat to be transferred (note z 
would be doubled, if we took time for 
only 90% of heat to be transferred) 

w2 

coefficient in equation (2). 

Subscripts 
i term number, can take values 1, 2. 3,. 

without introducing complications of geometry 
differing from previous analyses. The maintenance of 
spherical symmetry also, of course, allows the simplest 
mathematical treatment. 

Introducing a transient treatment in principle 
invalidates the use of a Nusselt or Sherwood number to 
describe the heat or mass transfer process because the 
transfer rate will depend on the initial conditions. Thus, 
ifa hot sphere is introduced instantaneously into acold 
fluid the initial temperature gradient at the surface is 
infinite and the heat transfer rate from the sphere very 
high, independent of the overall temperature difference 
‘driving force’. Conversely, if a hot sphere surrounded 
by a fluid layer ofits own temperatureis introduced into 
acold fluid, the initial heat transfer rate from the sphere 
will be zero, independent of the overall temperature 
difference. 

This theoretical difficulty is reflected in practice. 
Thus for real dispersed systems it is impossible to define 
the initial temperature concentration gradients as, for 
example, a droplet is projected from an atomiser. 
Although not treated in this paper, a similar difficulty 
applies to momentum transfer with ill-defined initial 

velocity profiles. No treatment has previously been 
given to indicate the longer term effects of these initial 
differences in temperature and concentration profiles. 

In this paper we show that the effect of initial profiles 
is short-lived and give a treatment to show how the 
concept of ‘short’ may be quantified for practical 
application. After this initial short period calculations 
based on Nusselt and Sherwood numbers are valid and 
the paper gives values for Nu and Sh as a function 
of the void fraction of the array which shows that 
transfer rates should be higher than those based on 
Nu = Sh = 2. The theoretical results are thus con- 
sistent with the experimental results of workers such 
as Rowe and Claxton Cl] (although since they did not 
surround their target sphere with similar spheres, the 
results will not be directly comparable). 

2. THEORY 

For simplicity ofpresentation, the treatment refers to 
a hot sphere in a cool medium but, with straightforward 
changes, it is equally applicable to heat or mass transfer 
to or from a sphere. 
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The single-sphere model 
The model system taken is a hot sphere, held at 

constant temperature, surrounded by a cool stationary 
medium of constant density, heat capacity and 
conductivity which is enclosed in a concentric 

insulating sphere. 
The equation for heat transfer through the medium 

(as given in any standard text on unsteady-state heat 
transfer) is : 

where: 

1 a*(rT) 1 8T 
___=__ 
r dr* t( at 

ci = kl(Cp) 

(1) 

summation in equation (2) are negligible compared to 
the first. Hence, to good approximation 

T = A+ 5 eSaw:‘sin ol(r-rl). 
r 

(7) 

Equation (7) indicates that the shape of the temperature 
profile remains constant as t varies, from which it 
follows that the heat transfer rate can be computed from 
a suitable Nusselt number. 

The appropriate Nusselt number, Nu = hd/k, can be 

obtained from the two relationships for heat transfer 
rate from the sphere, one based on heat transfer 
coefficient, h, the other on boundary temperature 
gradient, namely : 

(symbols as defined in the Nomenclature). Q = hSAT = kS(aT/dr)r=r, 

A general solution of equation (1) is : giving 

T = A + L [CPi e-uw:t sin qr +CQi e-ao~t cos qr] 
NU = 2r,(aT/ar),,,,/AT (8) 

r 

which can be written 

T = A + A CB, e-aw:r sin wi(r +si). 
r 

(aT/ar),=,, is obtained from equation (7) 

aT = B,w, eeLI+ 

(2) 
ar 1=1, rl 

From which : 
The appropriate boundary conditions are : 

Nu = 2B,w, exp { --cc&)/AT. (9) 
(I) At r = rl, T = constant, all t. Since all terms 

except A may vary with t, we have that the coefficient of 
Previous, steady-state, analyses have based Nu on 

exp { - aoft} must be zero for all i when r = r,. It 
overall temperature difference, in this case ( T2 - Tl). 

follows, since B, may be fixed to match any arbitrary 
initial temperature profile, that 

T,-T, = B, exp{ -ctwft} sin w1(r2-r&r2 

so that based on overall temperature difference 

or 

sin wi(rl +si) = 0 Nu, = 2w,r,/sin w,(r2-rJ 

or, substituting for sin wl(r2 -rl) from equation (5) 

s; = -r,. all i. (3) 
Nu, = 2,/l + 0:. (10) 

., ~ 
It is the objective of this paper to obtain a Nusselt 

(Adding constant multipliers of 71 does not give rise to number based on mean bulk temperature which is 
independent terms.) easily obtained by overall heat balance. (The 

Equation (2) then becomes temperature at the envelope, T2, is not directly 

T = A+AxBi e-““:‘sin~i(r-rl). 
obtainable from practicable measurements.) 

(4) 
r 

The mean bulk temperature is given by : 

(II) At r = r2, aT/& = 0, all t. As for condition (I), 
each term must be zero, from which it follows that 

T,=~~Tr’dr/~~r’dr. 

sin wi(r2-rJ = rzoi cos wi(r2-rI) (5) 
Substituting for T from equation (7) and integrating by 
parts for the numerator, gives after cancelling terms 

or shown to be equal in equation (5) 

tan (BJ) = Bi. (6) 

Note 0 < R < 1, so that there is always a solution 0, 
T,-T, = 

3B,r, exp { -aw:t) 

w,(rz-r:) ’ 
(11) 

such that 0 < 0,R < 42. 
The other solutions are in the ranges 

n < B,R < n+x/2 

Combining equations (9) and (1 l), we get 

Nu = 2M -(~JrJ31 
m 

WI/r2) 

(12) 

27t < 0,R c 2rr+ 7~12 etc., 
Application to arrays of spheres. In considering heat . . . “. 

and are readily obtained numerically. transfer from an array of spheres, we have introduced 
Nusselt number. It is shown in Appendix 1 that, after a the concept that each sphere can be treated as if 

short period, the second and subsequent terms of the surrounded by an insulating envelope. The radius r2 is 
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Table I. Dependence of Nu, on i: and comparison with finite 
sink values 

C rIir2 NU, NM, 

IO 0.0 2.0 2.0 
0.999999 0.01 2.0365 2.0202 
0.999992 0.02 2.0742 2.0408 
0.999973 0.03 2.1129 2.0619 
0.999875 0.05 2.1938 2.1053 
0.999 0.1 2.4179 2.2222 
0.992 0.2 2.9788 2.5000 
0.973 0.3 3.7413 2.8571 
0.936 0.4 4.8030 3.3333 
0.875 0.5 6.3398 4.0000 
0.784 0.6 8.7041 5.0000 
0.657 0.7 12.718 6.6667 
0.488 0.X 20.849 10.0000 

then the radius ofa sphere of volume equal to that of the 
envelope. The void fraction of one envelope containing 
a hot sphere is equal to the void fraction of the whole 
array of spheres [ 153, and is given by : 

i: = 1 -(r,/r2)3 

or 

(r,/rJ = (1 -z)lJ3. (13) 

Computed results are presented in the next section 
giving Nu as a function of E, which is directly 
measurable whereas r2 is not. 

3. COMPARISON WITH STEADY-STATE 

ANALYSES 

Table 1 gives values of Nu, calculated as a function of 

E, from equations (13), (6) and (12). 
It is seen that even for fairly low sphere 

concentrations, the deviation ofNu, from the ‘classical’ 
value of 2.0 is appreciable. 

Given the void fraction of the system, it is 
straightforward to obtain the appropriate value of Nu, 
from Table 1 which can then be used in conventional 
calculations where NM = 2 has been used in the past. 

Three further comparisons with steady-state 
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analyses can be made, (a) the temperature profiles from 
which the Nusselt numbers are derived, (b) an 
analytical approximation to Nu for small values of 
(rJr& and (c) an analytical approximation to Nu for 
large values of (rl/r2). 

(a) Temperature prqjile 

The unsteady state profile is compared with the finite 
state temperature profile in Fig. I for rJr, = 3. Both 
profiles are plotted in dimensionless form when 
equation (7) becomes : 

T-T, 1 _ r2 sin C0,(rlr2-rh21 
TI - T, r sin [O,(l -r1/r2)] 

and the corresponding finite sink profile is : 

T-T, rdr-rIIrz 

TI - T, I-r,/r, 

The figure also shows the mean bulk temperature for 
the transient profile, which, from equations (7) and (11) 
is given by : 

L-T 3(rl/r2) 
T, - T U,[l -(r,/r2)3] sin U,R’ 

In this case the transient Nusselt number is about 35:)” 
greater than the finite sink number. Just under half the 
difference is attributable to taking the mean bulk 
temperature rather than the overall temperature 

differenceandjust over halfthedifferenceisattributable 
to the steeper transient profile near to the surface of the 
hot sphere. 

(b) Nusselt number,ji,r r, cc r2 

For r, K r2, equation (6) becomes 

0,R = tan-’ 0, 

rr? n! 

i.e. 

giving 

Nu,=2+3 5 
0 r2 

and 

18 r, 

Num22fY r 0 z 

(14) 

(15) 

For comparison, expressed in the same form, the finite 
sink equation is : 

Dlmenslonless radial distance 

Fig. 1. 
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Overall, it is seen that Nu, differs from 2.0 by 80% more 
than Nu,, 507,; as a consequence of the steeper transient 

profiles [equation (15)] and a further 30% as a 

consequence of taking the mean bulk temperature 
instead of the overall temperature difference. 

(c) Nusseft ~f~~nb~r,~or r, Y r2 

When the enveloping sphere is close to the hot 
sphere, r, 5 r2 and R CC 1. Equation (6) can then only be 
solved for very large values of U,, so that 

O,R = tan-’ Or IV 7cj2 

and 

0, =$x/R. (18) 

Substituting equation (18) into equation (12) gives: 

n2 

Num - 2[1 -(r,/rJJ . (19) 

The corresponding equations for Nu, and NM, are : 

Nu, = n/Cl +hJl 

and 

Nu, = 2,‘[f -(Y,/T~)]. 

Nu, is seen to be n2,f4 times greater than Nu,, of which 
factor 7r/2 is a consequence of the steeper temperature 
gradient and a further factor 7r/2 a consequence of 
taking the mean bulk temperature driving force. 

4. TRANSFER TO CLOSELY-SPACED SPHERES 

The approximation that a sphere within an array of 
spheres can be treated as a single sphere within an 
insulated sphere, is less tenable with closely spaced 
spheres than with widely-separated spheres. The model 
may nevertheless give useful qualitative information. 
As the concentric spheres become close, the model 
approaches a system of heat transfer to a medium 
between two parallel plates, one heated the other 
insulated. The only characteristic distance is the plate 
separation and it would be expected that a Nusselt 
number based on plate separation would be 
appropriate. The appropriate number is obtained by 
putting 6 = rZ-i-,, giving: 

hS 1 Nu, 
Nu,=k=21i(r2-r:). 

When rz c Y, equation (19) is applicable so that 

Nu, % ?r$ ” !r4! 
1 

which is independent of sphere radius. 

Withsuch closespacing, theassumption that transfer 
rate is independent of initial temperature profile also 
becomes less tenable (see Appendix I). The analysis 
nevertheless leads to the conclusion that transfer to a 
stationary fluid from closely spaced particles immersed 

in the fluid may be calculable using a Nusselt number 
based on average separation distance. This number 

may be a universal constant of order of magnitude 2N us 
or about 5. 

5. CONCLUSIGNS 

(i) It has been shown to be practicable to compute 
heat or mass transfer from a sphere to a surrounding 
medium using a transient analysis which indicates that 
a Nusselt or Sherwood number based only on the 
geometry may be applicable. This situation arises 
frequently in practice and no previous comparable 
theoretical analysis has been given. 

(ii) For a sphere surrounded by a stationary medium 

enclosed in an insulated sphere the Nusselt (or 
Sherwood) number depends on the ratio of sphere 
diameters. The Nusselt number is significantly higher 
than for transfer to an infinitely distant sink. Thus, for a 
ratio of sphere diameters of 5 : 1 (when the hot sphere 
takes up less than 1% ofthe volume of the medium), the 
Nusselt number is 3, which is significantly above the 
infinite sink value of 2 and the finite sink value of 2.5. 
For smaller sphere diameter ratios the differences 
become much greater. 

(iii) It is argued that the results are applicable to 

arrays of spheres and appropriate formulae are given 

based on voidage. 

(iv) An indicative analysis is given suggesting that 

for closely packed particles a universal Nusselt number 

based on average particle separation distance may be 

applicable. 

1. 

2. 

3. 

4. 
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APPENDIX I: 
RELATIVE MAGNITUDE OF TERMS IN SERIES 

SOLUTION 

Equations (4) and (6) give a general solution to the problem 
treated. In general, we have no information on the values of B,, 
B, . . applicable to practical problems. It is, however, possible 
(using an analysis similar to that for obtaining coefficients in a 
Fourier series) to find values for particular hypothetical 
profiles. For an initially uniform profile the coefficients are of 
similar order to magnitude. For monotonically decreasing 
profiles, the coefficients show a tendency to decrease. 
Intuitively these situations are more likely to arise in practice, 
on the grounds that some transfer is likely during the 
formation or placing of the spheres. 
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Table A 1. Values for N I for a range off and c 

1’ = 0.9 0.8 0.5 0.2 
rlirz E T = 0.023 0.048 0.15 0.35 

0.01 0.999999 
0.02 0.999992 
0.03 0.999973 
0.05 0.999875 
0.1 0.999 
0.2 0.992 
0.3 0.973 
0.4 0.936 
0.5 0.875 
0.6 0.784 
0.7 0.657 
0.8 0.488 
1.0 0 

3.1 X 10-3” 
6.0 x 10-i’ 2.9 x lo-= 
6.9x 10-i’ 1.9x lo-” 
7.0x 1om6 7.7 x lo-l5 

0.006 1 1.9 X 10-h 
0.15 0.0025 

0.026 
0.079 
0.15 

2.0 X 10-20 
2.0x lo-i0 
4.0 x lo-’ 
1.7 x 10-s 
1.6 x 10m4 
6.8 x lo-4 

0.0019 
0.004 1 
0.012 

2.9 x loo*” 
1.7 x lo-‘6 
1.2 x lo-‘* 
2.4 x lo-” 
7.9 x 1om9 
9.5 x lo-8 
6.0 x lo-’ 
7.7 x 10-6 

This analysis is made on the assumption that the coefficients 
Bi are initially of similar magnitude. In order to trace the 
variation of relative magnitude with time, we express equation 
(4) as : 

where : 

F, = B, exp { - m$t} sin u,(r -rl)/r 

In order to assess the importance of the terms, we determine 
their contribution to the heat transfer rate, Q, from the hot 
sphere : 

(A3 

where from equation (Al) : 

c:F, 
- 
c?r 1=,, 

= B,o, exp ( -c&j/r, 

The relative importance of successive terms in determining 
heat transfer rate is given by : 

B,+,o,i+, exp (-rwf, ,t) 

B,t11, exp { - awft} 

= + N,, (A3) N, --t 31”. 

Where Bi+ ,/Bi is a ratio oforder unity. It is, therefore, possible 
to ascertain an order-of-magnitude estimate of ML by 
determining Ni. 

All terms reduce with time and we will now show that as 
i;7;/?r decreases N, decreases rapidly. 

Consider the time interval during which ST,/% has 
decreased by a factor, ,/i then the heat transfer rate is given by : 

QlQo, = B,J+B,N,J+B,N~N,J+~ 

where QO, is the initial heat transfer rate resulting from term 1. 
We will perform the analysis only for N,, a similar analysis 

applies for other terms. 
From equation (AZ) 

J = exp [ - WJJ~~}. (A4) 

From equation (A3) 

N, = exp ( -~(~~-w~)~~w~/w,. (A5) 

Combining equations (A4) and (A5). we get 

N, = J'WW, 
where : 

n = (w2/wJ- 1. (A6) 

Thus N, depends only on (tuz/ctil) which, in turn depends only 
on r1/r2 (or E). Table Al gives values of N, for a range of values 
of .f and r,/r2. In order to emphasize the fact that the initial 
high heat transfer rates only last a short fraction of the time 
required to transfer an economic amount ofheat, the table also 
includes values of z, the ratio of the time required for the heat 
transfer rate to drop to Jto the time required to transfer 99% of 
the total heat transferrable, i.e. r = In (J)/ln (0.01). 

Note that the calculation for r,/rz = 1 represents an 
asymptotic value at which : 

and 

so that 

and 

Note also that, for small values of r,/r2 (i.e. cases in which it 
may have been considered valid to use the infinitely distant 
sink model giving Nu = 2), N, rapidly becomes vanishingly 
small. Thus for r,/rz = 0.01, the second term contributes less 
than 1.0x 10ez9 (3.1 x 10e3’ in table) for around 98% 
(l-0.023) of the time needed to heat the medium to 99% of its 
final temperature. This represents over 95% of the time 
(l-2 x 0.023) needed to reach 90% of its final temperature. In 
these circumstances, the error in ignoring terms beyond 
F, is entirely negligible, i.e. beyond the precision ofmost com- 
puters and certainly beyond the precision of any physical 
data that might be used to compute Nu etc. 

With larger values of r,/rz, the error becomes greater. 
However, even taking the extreme case of r,/rz = I, we find 
that for J = 0.5, N, = 0.012. Thus the error in ignoring terms 
beyond F, is less than about 1% for 85% (i.e. l-0.15) of the 
time needed to reach 997,, of the final temperature, or 705: of 
the time needed to reach 909, of the final temperature. For 65% 
of the time, the error would be of order parts per million (7.7 
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x 10.’ “). The cahxlation oT the heating time for a practical APPENDIX 2: 
problem would thus be within a few percem ignoring terms A~~~~XI~A~~ ANALYTICAL EXPRESSIONS 
bqand F, ; far more xcurate &at a c&x&&n based on the 

stead)f-state model where the corresponding error in the For approximate c~lcu~~ion~ it may be noted that the two 

calculated heat transfer rate approaches a factor of 5 [see asymptotic solutions far B, [equations (14) and (19)] can be 

equation (19)]. smoothly joined to give : 
The table indicates clearly that, for most practical 

applications, theerror will bef;tFkss than forthisestremecase, 
u, ” ~~c~i?+(J5-n/2)i1-r,/r,Jl ....I.. ~ 

so thatatransient analysis b;tsed on takingequation fAl)only (1 -r&z) 
as far F, as is fully justified. with a maximum error ofapprox. U.B; for 0 < r&Z < 1. 

The numerical ~lc~lations in this appendix required tbe This a~ppr5~MatesolutiuUisais5auselulstartingesrimat9. 
iterative sofutitln of equatian f6) which was facilitated by the for computing 8, exactly. Simiiar simple expressions apply for 
good initial estimates given in Appendix 2. II,, i a I 

RCumB-Une solution serie est present&e pour le transfert entre une sphere et un milieu cnvironnant 
stationnaire enfermedans une sphereisolanteconcentrique. On montre qu’apres une periodecourte comparee 
au temps necessaire pour transferer une petite proportion du maximum transferable, le premier terme de la 
seriedomine. Letransfertest alorscaract6risiparun nombredeNusselt,ouunnombredeSherwood,constant 
diterminb seufemenr par le rapport des rayons des spb&es. Pour des grands rapports, Nn = Sh = 2. Pour un 
rapports: 1, ~e~~rnb~es~pr~bede~e~ pourdesra.p~)nrlsplusfaibi~,ii~~oRra~idementt. P~uru~era~~~e 
spheres s~miiair~s~nferm~~s clans un volume is&%, il es-st ~$~bIe~~id~u~~e~ une euveloppe, autnurde chaque 
sphere, a travers laqueile ii n’y a pas de flux. En approchant chaque enveloppe par une sph&re,i‘analyse devient 

applicable ~desprobl&ncscommeI'ivaporation &partird'unnuage de gouttelettes. 

Zusammenfrrssurrg-Fir die f.8rettragungsvorglnge zwischen einer Kugel und einem umgebenden, 
unbewegten Medium, eingeschlossen in tine konzentrische isolierte Kugel, wird eine L&sung in Form einer 
Reihe angegeben. Es wird gezeigt,dag bereiits nach eiaer Zeit, w&he gegeniiber der zum Ubertragen au& nur 
e&es kIeiueu Ante& der maximai ~~r~ragb~n Meuge ~ot~an~gen &it kurz ist, das erste Glied der Reihe 
dominoes I& ~r~a~ugs~r~?~~ I&& dann mit einer konstanten Nusselt-oder She~~-~ab~ ab, we&&e 
nur dumb das VerWtnis der KuReiradien bestimrut v&d. Fiir gro& VerhgItnisse ist Nu = Sh = 2, Fur ein 
Vertiltnis van 5 : 1 sind die KennzahIen ungefahr 3, und fur niedrigere Verhlltnisse steigen sie rascb an. Fur 
eine Anordnung van ahnlichen Kugain, welche in einem isoliarten Volumen eingesohlossen sind, ist es rniiglich, 

mu jede Kugel eine Wiille zu erkennen, an w&her kein Flu13 mehr auftritt. 


