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Abstract—Experimental data and theoretical calculations are presented for the mass-transfer rate to

rotating disks and rotating rings when laminar, transition and fully-developed turbulent flow exist upon

different portions of the surface. Good agreement of data and the model is obtained for rotating disks and

relatively thick rotating rings. Results of the calculations for thin rings generally exceed the experimental data

measured in transition and turbulent flow. A y** form for the eddy diffusivity is used to fit the data. No
improvement is noticed with a form involving both y*’ and y**.

NOMENCLATURE
a, 0.510 232 62;
Co» bulk concentration [mol cm™3];
aiy*), function defined in equation (13);
D, diffusion coefficient [cm? s71];
DY, eddy diffusivity [em?® s~ !];
f(R), function defined in equation (23);
F, Faraday’s constant 96 487 [C mol™!];
g function defined in equation (A6);
i, local current density [A cm™%];
i average current density [A cm™2];
I total current [A];
K, constant defined in equation (11);
K,, constant defined in equation (32);
n, the number of electrons transferred;
Q, constant used in equation (Al);
r, radial coordinate [cm];
R, dimensionless radius r,/(Q/v);
Re, Reynolds number r2Q/v;
Sc, Schmidt number v/D;
Sh, Sherwood number ir/nFDC . ;
v, radial velocity [cm s™1];
vy, axial velocity [cm s™1];
X, dimensionless variable defined in equa-
tion (15);
¥y, axial coordinate [cm];
yt, dimensionless axial position;
z, stretched boundary layer variable de-

fined in equation (A4).

Greek symbols

B(r), proportionality of v, with y, [s7'];

T(4/3), 0.892 98, the gamma function of 4/3;

0, dimensionless concentration;

u viscosity [gem™!s™1];

v, kinematic viscosity of the solution
[cm?s~'];

¢, Lighthill variable;

o, solution density [kg em™?];

Ty shear stress at the surface [gem ™' s™2];
Q, rotation speed [s™'].
Subscripts
i, inner radial position;
o0, outer radial position.
INTRODUCTION

ON ROTATING disks and rotating rings, the flow regime
may vary from laminar near the center to-fully-
developed turbulent flow near the periphery. The
fundamentals of fluid flow and mass transfer are well
characterized in laminar flow. However, transition
flow, existing between laminar and fully-developed
turbulent flow, along with the developed turbulent
flow regime have not been described to the same
extent. Correlations of experimental results form the
basis of most of the available information concerning
the mass-transfer rates for these systems.

Mohr and Newman [1] provide experimental re-
sults for the Sherwood number in the laminar, tran-
sition, and fully developed turbulent regions of a
rotating disk. In addition, they considered the tran-
sition region to exist for Reynolds numbers from 2 x
10° t0 3 x 10°. This range is similar to values reported
by Gregory, Stuart and Walker [2], Cobb and Saun-
ders [3], Kreith, Taylor and Chong [4], Tien and
Campbell [5], Ellison and Coronet {6], and Chin and
Litt [7]. For the transition region Mohr and Newman
give

Sh = (9.7 x 10" 15Re?
+ 0.89 x 105Re™')Sc*® (1)

and for fully-developed turbulent flow
Sh = (0.0078Re® — 130 x 105Re™12)Sct?  (2)
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where the Sherwood number is defined for disks or
rings as

— Fo J‘ ' 2nri(r) dr
—- ir,

= = i . 3
h nFDC, n(r2—rnFDC,, @)

Additional studies of mass transfer to a rotating disk
have been reported by Ellison and Coronet as

Sh = 00117 Re®#6 Sc°24% for Re> 106  (4)

and also Daguenet [8] as

Sh = 0.00725 Re®? Sc®33 for Re > 105.  (5)

The different Schmidt and Reynolds number de-
pendences are indicative of the scatter in the data.
Modification of the multiplicative constant and the
two exponents makes it possible to represent the data,
due to scatter, with slightly different expressions.
Because of the scatter in the data, it is also difficult to
distinguish between a 4 and  power Schmidt number
dependence.

Average mass-transfer rates are measured and hence
average-Sherwood-number correlations are obtained
directly. The data must be differentiated to obtain
information on local mass-transfer rates. Differen-
tiation of data with considerable scatter may not give
reliable information. To model accurately mass-
transfer processes on a rotating disk (as in corrosion),
reliable local mass-transfer rates are required. There-
fore, the approach taken here is to develop a model
from which local mass-transfer rates can be calculated.
These local rates can then be integrated for com-
parison with measured average mass-transfer rates.
This general approach was used by Kader and Dil’'man
9] in pipe flow.

In the study of corrosion on a rotating disk, local
mass-transfer rates are needed when the mass transfer
commences at an arbitrary radial position on the
surface. This is analogous to rotating rings with
different thicknesses. Daguenet [8] and Deslouis and
Keddam [ 10] have investigated mass-transfer rates on
ring electrodes of various dimensions in the transition
and turbulent regimes. Data taken by Deslouis and
Keddam on thick rings support a 0.9 exponent on the
Reynolds number, similar to disk correlations. How-
ever, for thin rings the data gave rise to an exponent
of 0.6. These authors also reported measured values of
the limiting current for thin rings in transition and
turbulent flow which lie below the Levich [11] re-
lationship for thin rings. This deviation in limiting
currents cannot be explained in terms of radial dif-
fusion. Newman [12, 13] has considered the impor-
tance of radial diffusion to a flat plate and to a rotating
disk at the limiting current. Radial diffusion is impor-
tant in a very small region and its effect is to increase
the mass-transfer rate.

From an analytic viewpoint, few models exist which
describe the mass transfer to rotating disks and
rotating rings beyond the laminar flow region. Chin
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and Litt [7] express the Sherwood number for thin
rings in terms of the shear stress. Cognet and Daguenet
[14] along with Kornienko and Kishinevskii [15]
have presented models for disks and rings in turbulent
flow. In the work by Kornienko and Kishinevskii the
problem was solved for developed and undeveloped
diffusion boundary layers. They also state that it is not
possible to distinguish between the  and  Schmidt
number dependence from rotating-ring data due to the
different levels of development of the diffusion boun-
dary layer. '

An approach to solving heat and mass-transfer
problems in turbulent flow without a priori solution of
the Navier—Stokes equations was presented by Spald-
ing [16] some time ago. Spalding’s results are for a
Prandtl number of one. This work has been the subject
of further investigation, review, and extension by
Kestin and Presen [17], Kestin and Richardson [18],
and Donovan, Hanna and Yerazunis [ 19]. Numerical
results have been presented by Smith and Shah [20]
for low Prandtl numbers and extensive tabulations
were presented by Gardner and Kestin [21] for
Prandtl numbers up to 1000. Although the model
developed herein is based on solving the time averaged
convective—diffusion equation in terms of the Lighthill
[22] variable, we would be remiss not to mention the
applicability of Spalding’s transformation for two-
dimensional and axisymmetric problems with high
Schmidt numbers. However, both approaches are
comparable in that the shear stress is required in
addition to a form for turbulent transfer near the wall,
but solution of the Navier-Stokes equations is not
required.

MODEL DEVELOPMENT

The boundary layer form of the time-averaged
convective-diffusion equation is the governing equa-
tion for mass transfer

v,g—f+vy%=—(%|:(D+Dm)%:| - (6)
-1 as y—- o
6=0 at y=0,r>r
=1 at y=0,r<r;

v, can be expressed as

v, = B(r)y ™
and v, is given by the equation of continuity as
1, @By
= —-y° —. 8
v, 2V = )

With the Lighthill variable

r 1/3
£=yJ0p) / [91)[ r/ ) dr] ©®

equation (6) can be expressed as
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& r o8
r_—\/ ) [9 J‘r‘ rJ@h) dr] >

B
_ 3 a€+a£[l+D 2} o

At this point it is appropriate to comment on the
form for D”/D or alternatively D®/v, The concept of
the universal velocity profile for fully-developed turbu-
lent flow suggests that D®/v depends only on a
dimensionless distance y* from the wall in the form y*
=( y/v)\/ (7./p), where 7, is the shear stress equal to uf.

Expansion of the velocity components in terms of y *
shows that near the wall D¥/y must be proportional to
the cube of y* or a higher power of y*. With this in
mind, many researchers [23-30] have expressed
theoretical or experimental results in terms of

D(t) 3
—=Ky*’ =K<X\/£{',> (1
v vy p
whereas other investigators [16], [31-35] prefer
D® \ 4
— =Kyt = K(X\/L") (12)
vy p

Levich [36] initially advocated the y*’ form but
subsequently expressed [37] a preference for equation
(12). The form used in equation (10) will be kept
sufficiently general so that a decision concerning the
form of D®/v can be made in view of experimental and
theoretical results. For this reason we let

p@ s

— = Kyrdy") 13)
where d(y*) is a function of y*. For simplicity, d(y™*)
can be considered to be one, and equation (11) is
recovered. Substitution into equation (10) with the
definitions

R = \/Re = \/(Q/v)r
Q\54 [
B e

T,

(14)

=9K r R/(RB/Q)dR (15)

R,

B_ 1

Q
simplifies the governing equation and boundary con-
ditions to
3

9Xé§% = 352‘;—2 + (%[(1 + X—~——€If§f’ Q)%] (17)

6=1 ¢(=w

0=0 (=0 X>0

6=1 (=0 X <O

(16)

When X = 0, equation (17) simplifies to

d2 do
0 + 382 —=0.

& & (18)
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This equation is analogous to the equation given by
Lévéque [38], with the solution

1 LI

—— 4
0= ran) L e dy. 19)
For X > 0, equation (17) is solved using a
Crank—Nicholson procedure. The procedure is ef-
ficient and stable.

The local and average Sherwood numbers can be
expressed as

ir 00
Sh, =-——=—
e wFDC, 8¢

£=0
ﬂ 172 KSC 1/3
x R3?2 (5) (—X—) (20)

J— Ro o
Sh =Rof B gan
R; aé £E=0

x (g)m (KTS")IB dR / (R2 - R?). (21)

The term X&3d(X, £)/R3" in equation (17) accounts
for the turbulent contribution to the mass-transfer
rate. Equation (17) must be modified slightly to
describe the three different transport mechanisms on
the surface. A function f(R) is introduced

W _ a0 0
ox ot o0&

<[ (1+

where f(R) is defined as

9X¢

X&d(X,E)f(R)\ 00
SN o

fR) =0 Re<20x10° (23a)
3 R—/(2x10%)
JR) = J(3x10%) - /(2% 10%)
20x 10°<Re<3.0x10° (23b)
fR) =1 Re>3.0x10%. (23¢c)

For laminar flow, the turbulent contribution to mass
transfer disappears, since f = 0. Equation (17) is
recovered for fully developed turbulent flow. The
linear dependence of f(R) with R in the transition
region was found to describe the data adequately.

The Reynolds-number dependence of the shear
stress is different for the three regimes. In laminar flow,
the results of Von Karman [39] yield

— =aR.

O (24)

Such theoretically well-established results are not
available for the shear stress in fully developed turbu-
lent flow. However, von Karman’s [ 39] semi-empirical
expression is available from a momentum balance
using the i-power velocity profile form commonly
used in turbulent pipe flow. The result of von
Karman’s work is used in the form
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p -
= =855x1073 RS,
a X

(25)
Torque measurements on rotating disks are re-
ported by Schlichting [40] in the form of torque
coefficients. The angular shear stress is available from
these studies. Surprisingly, its radial counterpart has
not been explicitly reported nor correlated. Von
Karman’s expression is compatible with the torque
measurements, the flux expression given in the Appen-
dix, and the results of mass-transfer correlations.

In the transition region, the shear stress is made
continuous with the forms for laminar and fully-
developed turbulent flow. With the experimental re-
sults of rotating ring electrodes in mind, the Reynolds-
number limits were set as from 1.5 x 10 to 3.0 x 10°
for the transition region shear stress. These limits are
slightly different from those for f(R). A graph of the
shear stress is given in Fig. 1.

To fit the rotating-disk data for fully-developed
turbulent flow [equation (2)], the shear stress and K
must be consistent with the experimental mass-
transfer correlation. Equation (A10), developed in the
Appendix, for d(y*) = 1, expresses the Sherwood
number in terms of K and /Q as

(26)

B\'? (KSc)'7
Q

- 1.8¢.1/3 =R =
Shy,. = 0.01092 R!'® S¢ ( 12092
For $/Q given by equation (25), K = 29116 x 1073,

It is convenient and helpful to have the mass-
transfer flow rate for extremely thin rings. Taking 8/Q
as constant and the derivative as 1/I'(4/3), equation
(20) can be expanded and rearranged to yield

R5/3

1 ﬁ 1/3 s
L et
SPoc r(4/3)(30> “® R

27

1000

S 300k
@ Slope=0.8
o
e
@
5
2
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@ Slope=0.5

10 L1 L

30x10% 105 15 3 108
Re

FiG. 1. The Reynolds number dependence of the radial shear
stress.
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In particular, for laminar flow, this reduces to (see
[11])
(@/3)'® R*S8c'?
r'@4/3) (R* — R)'*

Comparison of equation (27) with (28) shows the
importance of the shear stress

Shloc _ ( ﬂ )1/3
Shloc, lam aRQ .
To consider average mass-transfer rates, equation

(27) 1s integrated for thin-ring conditions to give

Sh = T R
T 6r@43)

Shloc, lam =

(28)

(29)

(30)

An analogous expression for laminar flow can be
obtained so that the ratio of average Sherwood
numbers is also given by equation (29) and is the ratio
of the measured current to the current if laminar flow
prevailed.

sh_ ( B -

1/3 I
S—hlam aRQ) N Ilam '

The last equality is important from a practical point
since total currents are measured from limiting current
experiments.

EXPERIMENTAL DATA

Limiting currents were measured on thin rotating-
ring electrodes. Rotation speeds were varied to in-
vestigate the laminar, transitional and as much of the
turbulent flow regime as possible. The electrochemical
system used was the potassium ferricyanide—potas-
sium ferrocyanide redox couple (approximately
0.005 M) with an excess of potassium hydroxide (2 M)
as a supporting electrolyte. Ferricyanide was reduced
at the nickel ring surface. Hydrogen evolution was
suppressed by the relatively large concentration of
hydroxide. Thus broad, easily determined limiting-
current plateaux were measured.

A 2.51 cylindrical cell constructed from nickel with
plastic end pieces served as the counterelectrode. The
cell was jacketed. Water was circulated to control the
electrolyte temperature at 25.00 + 0.05°C as measured
with a platinum resistance thermometer. A Princeton
Applied Research potentiostat Model 371 with a PAR
Model 175 function generator was used to control the
reaction current. Polarograms were plotted on a
Hewlett-Packard Model 7044A x—y plotter. Electrode
rotation speeds were measured with a calibrated
‘Strobotac’ stroboscopic tachometer.

Three electrode assemblies were fabricated from
nickel. All electrodes shared a common inner radius, r;,
of 3.163 + 0.003 cm. The outer radius, r,, was varied.
The electrodes were thin, having ratios of the inner
radius to the outer radius, r;/r,, of 0.9925, 0.9779 and
0.9221. The inner insulating disk and the outer insulat-
ing annulus were cast from Shell 826 epoxy and
machined. The electrode and insulating surfaces were
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polished metallographically. The finishing step was a
0.05 um diamond paste which yielded a highly-
polished surface with no visible scratches. The elec-
trode rotator was fabricated to minimize vibration and
electrode runout. A {-horsepower Minarek DC speed-
controlled motor was used to drive the electrodes.
Data were taken over rotation speeds which varied
from 10 to 66.7 Hz (600 RPM to 4000 RPM).

RESULTS AND DISCUSSION

The results presented in the ensuing figures are for
d(y*) = 1, that is, D®/v = Ky*’. Subsequent com-
ments will be made concerning a y**-dependence of
DY)y,

Figure 2 shows the results for average mass-transfer
rates on a rotating disk compared to data given by
Mohr and Newman [1] and Daguenet [8]. Agreement
between the two is obtained over a considerable range
of Reynolds numbers. The lines marked f(R) = 0 or
J(R) = 1are provided for reference. Note that absence
of the eddy diffusivity term, f = 0, may result in an
average flux below the corresponding laminar flow
value.

In Fig. 3 the local value of the mass-transfer rate
from the calculations is given. At a Reynolds number
of 1.5 x 10%, the local Sherwood number drops below
the laminar prediction due to the influence of the shear
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FiG. 3. Local mass-transfer rate on a disk electrode vs
Reynolds number.
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stress. However, at 20 x 10° the importance of
turbulence in the transition region is seen as the eddy
diffusivity term causes the local rate to increase.
Finally, the fullimpact of turbulence exists at 3.0 x 10°
and beyond.

The data from our experiments with rotating ring
electrodes are given in Fig. 4. The current is made
dimensionless with the current calculated as though
laminar flow conditions existed. This normalization is
particularly convenient for thin rings. Data are from
the experiments described above. Agreement of the
data with the calculations is adequate at low Reynolds
numbers; however, at higher values the calculated
results exceed the measurements. The rotating rings
considered here are quite thin. Even so, the calculated
current very rapidly approaches the rotating-disk
result with increases in rotation speed. Somewhat
surprisingly, the measured flux is below the laminar
flow relationship, in transition and fully-developed
turbulent flow.

This fact led to our choice of von Karman’s
expression [39] for the radial shear stress, since it also
lies below the laminar flow value for a certain range of
Reynolds numbers, and it was anticipated that this
could lead to a similar behaviour for the mass-transfer
rate in the thin-ring limit. On the other hand, ex-
pressions for the shear stress available from torque
measurements always lie above laminar flow results
and differ substantially from the measurements made
on thin ring electrodes.

From the data presented in Fig. 4 and from the lines
representing thin rings, it is clear that mass transfer in
transition and turbulent flow can be less than that

PiERINT and JOHN NEWMAN

given by the laminar-flow expression. The results of the
analysis show that the mass-transfer rate normalized
with the laminar rate depends only upon the shear
stress value.

Deslouis et al. [41] have performed mass-transfer
experiments with thin rings in the presence of small
amounts of drag-reducing compounds. Their results
indicate gualitatively that small changes in the con-
centration of drag-reducing compounds cause a de-
crease in the mass-transfer rate, as well as the angular
shear stress (torque), in transitional and turbulent
flow. A representation of one of their graphs is given in
Fig. 5.

Turbulent

Increasing
concentration
Transition

log Sh

Laminar

log Re

FIG. 5. Qualitative illustration from [41] denoting the effect
of increasing concentration of drag reducing agent on the
mass-transfer rate for thin rotating rings.
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FIG. 4. The results of our mass transfer experiments
calculations [equation (22)

on rotating rings compared to the results of the
with K = 29 x 1077].



Mass transfer to rotating disks and rings in turbulent flow

Figure 6 is a comparison of the data taken by
Delouis and Keddam [10] for a refatively thick ring,
rfr, = 0.6. The comparison is good for all three
regions.

Local mass-transfer rates representative of a num-
ber of different conditions are presented in Fig. 7.
~ From the curves in figure 7, the local mass-transfer
rate on rotating rings is high at the beginning of the
mass-transfer region and approaches the rotating disk
results downstream of the inner radius. This is true
whether the diffusion boundary layer begins in lami-
nar, transition, or fully-developed turbulent flow.

10?
A
Q
: /
B 103 Turbuient , 7
= 7
» Vd
7/
+
/*'F/
/*/,+
/4‘ L.aminar
102 ! - !
2x10* 105 15 2 3 108

Re

F1G. 6. Comparison of the mass-transfer data of Deslouis and
Keddam [10] on a rotating ring for dimensions r,/r, = 0.6
with the results of the calculations [equation (22) with K =

29 x 1073).
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Fi1G. 7. Local mass-transfer rate for rotating rings of various

dimensions. The Reynolds number designation on the re-

spective curves denotes the point at which mass transfer
begins.
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However, it is interesting to note that the sharp decline
in the local Sherwood number observed near the inner
edge of the ring is more pronounced in fully-developed
turbulent flow than in laminar flow. The mass-
transfer entry length region in fully developed turbu-
lent flow is shorter than in laminar flow. Newman [42]
comments on this with regard to pipe flow.

Itis worth mentioning that the discrepancy between
measured and calculated values observed in Fig. 4
occurs in the development of the turbulent mass-
transfer boundary layer. However, from Fig. 6 it is
clear that the model does a good job of describing the
average flux for thick rings, where the turbulent
diffusion layer is more developed.

The results presented above are for D9y = 2.9 x
10~ 3(y**). In an attempt to obtain a better fit of the
thin-ring data in transition and turbulent flow, d(y*)
can be modified so that D?v = Ky*> (1 + Ky*).
With the value of K from Lin, Moulton and Putnam
[25]), the disk results fit reasonably well with the
expression

pDw s
- = 3.28 x 107%™’ (1 + 19.3y*).

(32)
In Fig. 8, D®/v is presented for these two forms in
addition to the expression by Wasan, Tien and Wilke
[28]. The form of Wasan, Tien and Wilke would fit the
thin-ring data better than the two alternative forms, at
the expense of a worse fit of the rotating-disk data in
fully-developed turbulent flow.

Only for very small values of y* is the y*°, y** form
smaller than the y*° form (y* <041). However, even
with this more involved form, the thin-ring results in
transition and turbulent flow are substantially the
same. It is not possible to distinguish between these
two forms from the data on rotating disks and rotating
rings. Due to the simplicity of the governing equation
with Ky*’, this form is preferred.
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FiG. 8. Dependence of the eddy diffusivity upon the
form used near the wall, 2.9 x 1073y*’— ;33 x 10~4y*’
(1 + 193y*) —-—-; form used by Wasan, Tien and

Wilke [28] ———-.
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SUMMARY AND CONCLUSIONS

A model is presented for the mass-transfer rate to
rotating rings and rotating disks when laminar,
transition and turbulent flow exist upon different
portions of the surface. The model compares well to
rotating-disk data and to data for relatively thick
rotating rings, existing in the literature. For the data
given herein on thin rotating rings, the calculated
results may exceed the measured mass-transfer rate in
the transition and fully-developed turbulent flow
regimes. The contribution of the eddy diffusivity term
to the overall mass transfer is too high, even for these
thin rings. A y** form for the eddy diffusivity is used.
However, no improvement in the comparison with
the thin ring data was obtained for a y*°, y** form.
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APPENDIX
FULLY-DEVELOPED MASS-TRANSFER RATE
IN FULLY DEVELOPED FLOW
The intention is to obtain an expression for the local flux in
fully developed turbulent flow (as R approaches infinity). The
governing equation is given in the text as equation (6). For
fully-developed turbulent flow at high Schmidt numbers, it is
appropriate 1o use a form for the velocity near the wall which
is compatible with torque measurements made in fully-
developed turbulent flow and the results of von Karman [39].
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Substitution of these two expressions into equation (6) gives
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which changes equation (A4) to
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If g becomes small as R increases, g3z « 1. Then we can
use the Lighthill similarity solution [cf. equatlon (18)], which

glves
9K R3.3 _ R33
= [55 RS ]

This is contradictory because here g increases with R.

If g becomes large as R increases, g°z% > 1 and g can be
cancelled on the left- and right-hand sides of the equation.
The left side is then negligible for large R, and the equation

reduces to
d 60
=0
9z 62

which has no satisfactory solution near z = 0.

Hence we are left with the conclusion that g must be
constant as R increases, say g = 1. The left side is still
negligible for large R, and the equation reduces to

(A6)
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The solution is
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This then yields
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Equation (A10) is a very useful relationship. Both the shear
stress and the eddy diffusivity are involved in the expression
for the transfer rate in fully-developed mass transfer.
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TRANSFERT MASSIQUE A DES DISQUES ET DES ANNEAUX TOURANTS AVEC UN
ECOULEMENT LAMINAIRE, DE TRANSITION ET PLEINEMENT TURBULENT

Résumé — Des expérimentations et des calculs théoriques sont présentés pour le flux massique transférés sur
des disques et des anneaux tournants lorsque Pécoulement laminaire de transition et pleinement turbulent
recouvre différentes portions de la surface. On obtient un bon accord entre les mesures et le modéle pour des
disques tournants et des anneaux relativement épais. Des résultats de calcul pour les anneaux minces
dépassent généralement les valeurs mesurées pour la transition et I'écoulement turbulent. On utilise une

formeen y*3

pour la diffusivité turbulente. Une forme en y**

+3’

en plus de y** n’apporte pas d’amélioration.

STOFFUBERGANG AN ROTIERENDE SCHEIBEN UND ROTIERENDE RINGE BEI
LAMINARER UND VOLL ENTWICKELTER TURBULENTER STROMUNG SOWIE IM
UBERGANGSBEREICH

Zusammenfassung — Es werden Versuchsergebnisse und theoretische Berechnungen fiir den Stoffiibergang
an rotierende Scheiben und rotierende Ringe mitgeteilt, wobei in verschiedenen Bereichen der Oberfliche
laminare, gemischte oder voll entwickelte turbulente Strémung vorliegt. Fiir rotierende Scheiben und
verhiiltnisiBig dicke rotierende Ringe wird gute Ubereinstimmung zwischen den Versuchsdaten und dem
Modell erreicht. Rechenergebnisse fiir diinne Ringe liegen im allgemeinen hoher als die Versuchsergebnisse
bei gemischter und turbulenter Strémung. Beim Ausglelch der Versuchsdaten w1rd fiir den turbulenten

Diffusionskoeffizienten ein y™*

*-Ansatz benutzt. Mit einem Ansatz, der sowohl y*

* als auch y** enthilt,

konnte keine Verbesserung festgestellt werden.
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MACCOITEPEHOC K BPAIAIOIIMMCA JUCKAM H KOJbLUAM B JIAMMHAPHBIX,
NEPEXOAHBIX U MOJIHOCTbIO PA3BUTBIX TYPBYJIEHTHBIX [MOTOKAX

Annoranas — [pencrasiens! 3KCHEpHMEHTANbHbIE JaHHBIC H TEOPETHYECKHE PacHEThI [UIS CKOPOCTH
MAacconepeHoca K BpallatoHMCs TUCKaM # KONbUaM MPH CYLIECTBOBAHHM JIAMHHAPHBIX, TEPEXOAHBIX
H TOJIHOCTbIO Pa3BHTHIX TYpOYNEHTHBIX TEYEHHH Ha PA3NHYHBIX y4acTKax NMOBEPXHOCTH. Xopoliee
COOTBETCTBHE MEXJy NaHHBIMH M MOJE/TBIO MMOY4YEHO IS BPAINAIOMMXCSA JHCKOB ¥ OTHOCHTEJILHO
TOJICTHIX BPALLUAIOHIMXCA KONell. Pe3yibTaThl BLIYHCIICHHI U1 TOHKHX KOJIell KaK MPaBHIO MPEBLILAIOT
pe3yJbTAThl SKCIEPUMEHTAILHBIX H3AMEPEHHH B NEPeXOAHbIX M TYpOyAeHTHBIX NOTOKaX. 3aBUCHMOCTH
y*? ncnonbsosana ans uxperoil auddysnoctu. Jns 3aBucuMocTel kak y* 3 Tak u y** ynyuiwenus
COBNAACHUA PAcYETHRIX ¥ SKCTIEPHMEHTAbHLIX NAHHLIX He OOHapYXEHO.



