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Abstiact-An extended set of mass transfer measurements at smooth and rough surfaces in a circular 
Couette flow has been carried out in the range 20 000 < Re < 900 000 and 770 < SC < 8000. Mass transfer 
measurements for smooth rotating cylinders are in agreement with previous results and confirm that the 
Sherwood number depends on the l/3 power of the Schmidt number. Mass transfer coefficients at rough 
cylinders show a similar behaviour with Reynolds number as that observed for duct flows and the 
experimental results for both systems can be generalized in the fully rough region for equally rough surfaces 
when the maximum velocity of the flow and the surface roughness height are taken as the characteristic 

velocity and length scale in the Stanton and Reynolds numbers, 

INTRODUCTION 

MASS transfer to a rotating cylinder under turbulent 
flow conditions is of interest in electrochemical studies 
about diffusion-controlled reactions. These studies 
are also of practical importance in electrochemical 
processes such as electrodeposition, coating, metal 
recovery, etc. 

Mass transfer to or from rotating cylinders has been 
extensively studied by Eisenberg ei al. [l, 21. They 
proposed a modified Chilton and Coulbum analogy 
of the form 

Sh = 0.5 Cf ReSc0.356 (1) 

to correlate their results in the range 
112 f Re < 241000 and 835 < SC < 11490. The 
friction values used in equation (1) were taken from 
Theodorsen and Regier [3]. Equation (1) has since 
been universally referred to in the literature [4] as the 
mass transfer correlation for rotating cylinders, and 
has even been claimed to be applicable to rough sur- 
face conditions [5]. Transfer processes at rough surfaces 
are not as well understood as they are for smooth 
walls and, for rotating rough cylinders, the problem 
is made worse by the scarcity of experimental infor- 
mation available. 

Kappesser et al. [5] measured mass transfer rates 
at three cylinders roughened by means of staggered 
diamond knurls machined on their lateral surfaces. 
These authors found that equation (1) fitted their 
experimental electrochemical results when friction 
coefficients were evaluated from the coefficients deter- 
mined by Theodorsen and Regier [3] in cylinders with 
sand glued to them, using the peak to valley distance 
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as the equivalent sand grain height. Nevertheless, 
other authors [6, 71 reported that this equivalence 
underestimates measured mass transfer rates when it 
is applied in conjunction with equation (1). It is well 
known [8] that for plane surfaces there is not a direct 
relation between the sand grain and the actual rough- 
ness height. Furthermore, the constancy of the Stan- 
ton number reported by some investigators [5-71 to 
occur for rotating rough cylinders beyond a given 
Reynolds number, contradicts the decrease of the 
Stanton with Reynolds number observed in pipe and 
duct flows over the fully rough region [9, 101. 

The purpose of the present study is to determine 
mass transfer coefficients in smooth and in two rough 
rotating cylinders in the range 20 000 < Re < 900 000 
and 770 < SC < 8000, in order to assess the reliability 
of previous correlations and semi-empirical models 
for mass transfer at smooth cylinders, and to under- 
stand some characteristics of the transfer process over 
regular rough surfaces. To this end, mass transfer 
rates measured at the two rough surfaces considered 
are compared with the results obtained in a duct with 
plane surfaces of equal roughness. 

EXPERIMENTAL 

Electrochemical mass transfer measurements 
Mass transfer rates were measured by the limiting- 

current technique, which has been widely employed 
in the past and is described in detail elsewhere [l 1, 121. 

The redox system chosen in this study was formed 
by a 0.003 M solution of ferricyanide, a 0.015 M solu- 
tion of ferrocyanide and by 1, 2 and 4 M solutions 
of sodium hydroxide as a supporting electrolyte to 
ensure negligible contribution of ionic migration to 
mass transfer. All solutions were prepared from dis- 
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coefficient defined by equation (7) 
bulk concentration 
friction factor, 27,/p (r,~)’ 
diameter or equivalent diameter in duct 

flows 
diffusivity 

roughness height 
Faraday’s constant 
limiting cell current 
mass transfer coefficient 
pitch of roughness elements 

radius 
Reynolds number, dii/v for pipe or duct 
flow and 2r:w/v for circular Couette 
flow 

SC 

SC, 
Sh 

Schmidt number, v/D 
turbulent Schmidt number 
Sherwood number, kd/D for pipe or duct 
flow and k2rJD for circular Couette 

flow 
St Stanton number 

NOMENCLATURE 

T temperature 
f average velocity in duct flows 

V, maximum velocity 
W roughness width 

Y distance from the wall 
z valence change. 

Greek symbols 

fi viscosity 
V kinematic viscosity 

P fluid density 
z shear stress 
w angular velocity 
I- ionic strength. 

Subscripts 

+ quantity non-dimensionalized by z,/p and 
V 

1 wall at inner cylinder 
* quantity non-dimensionalized by V, and 

e. 

tilled and de-aerated water and their densities and 
viscosities were determined experimentally in order 

to calculate properly the Schmidt and Reynolds 
numbers. 

Sodium hydroxide concentrations were measured 
by titration with standard 1 N hydrochloric acid, 
using phenolphthalein as indicator, while the ferri- 
cyanide concentration was determined by U.V. spec- 
troscopy. The diffusivity of the ferricyanide ion was 

estimated from the Stokes-Einstein parameter [ 131 

7 = (2.34+0.014I)x 10~‘5(kgms~2K-‘) (2) 

which is a function of the ionic strength I. The mass 
transfer coefficients were calculated from measured 
limiting current values, Iii,,,, and the bulk con- 
centration of the ferricyanide, cr,, using Faraday’s law 

r,lm k _ 

zFAc, 

when the system was operated under diffusion- 
controlled conditions. 

Apparam 
The basic experimental set-up for mass transfer 

measurements is shown in Fig. 1. It consisted of a 22- 
cm-high inner rotating cylinder, 14 cm in diameter, 
which incorporated a 5-cm-high cathode at an inter- 
mediate position, and a stationary outer cylinder of 
anode 25 cm in diameter, made of carbon steel elec- 

troplated with 15 pm of bright nickel. The diameters 
of the two cylinders were chosen to attain very high 
Reynolds numbers at relatively low rotational speeds. 
The outer cylinder was jacketed to allow the regu- 
lation of temperature during the experiments. The 
reference electrode was chosen to be the cathode. 
All metal surfaces were electrically insulated with a 
resin, except for the two electrodes. Electrical contact 
at the rotating cathode was attained via the shaft 
and a small, stationary, annular container filled with 
mercury, as suggested by Eisenberg et al. [ 11. 

The shaft driving the inner rotating cylinder 
was assembled with an electrically insulated flange to 
a 3 h.p. AC motor, whose velocity could be varied 
from 28 to 1500+ 1 r.p.m. and measured/controlled 
with a tachometric dynamo. Further experimental 
details are given elsewhere [ 141. 

Rough surfaces were made by photoengraving 

2-mm-thick nickel plates [lo], so that they could be 
easily fitted on a carbon steel ring and fixed at the inner 
rotating cylinder. A sketch of the V-shaped grooves of 
the rough surfaces is given in Fig. 2, while Table 1 
includes the characteristic length values of the two 
surfaces used in the present study. 

Procedure 
Prior to each set of experiments the cathode was 

scrubbed with a commercial cleansing fluid, rinsed 
clean with distilled water and then subjected to 30 min 
of cathodic activation. The activated cathode was 
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FIG. 1. Sketch of the apparatus. 

located at an intermediate position of the inner rotat- 
ing cylinder, between two Teflon rings, and the elec- 
trochemical solution entered by gravity into the gap 
between the cylinders. 

A nitrogen atmosphere was maintained outside the 
electrochemical cell to prevent oxygen contamination 
during measurements. Water at the desired tempera- 
ture was added to the jacket to control temperature, 
which was measured by means of a Pt-100 thermo- 
resistance introduced periodically from the bottom 
plate up to the cathode level, at 2 mm from the inner 
wall. In order to ensure correct mass transfer measure- 
ments, a polarization curve was determined at the 
highest angular velocity to be studied for a given 
Schmidt number, obtaining always a good plateau for 
the limiting current. 

_I w +-p-+y 
v,= rlw 

FIG. 2. Sketch of a V-shaped rough surface. 

Table 1. Characteristic distances for V-shaped rough 
surfaces 

Surface (111411) (m”m) (rZrn) p/e w/e rde die 

Rl 0.40 0.04 0.075 10.0 1.88 1750 1000 
R2 0.76 0.23 0.19 3.3 0.83 304 174 

RESULTS AND DISCUSSION 

Mass transfer at smooth surfaces 
The dimensionless mass transfer coefficients deter- 

mined in the present study over the range of Schmidt 
numbers 770 < SC < 8000 are plotted as Sh/Sc”.33 in 
Fig. 3 for 20000 < Re < 900000. This figure also 
includes the data reported by Eisenberg et al. [1, 21 
for Re > 10000. There is good agreement between 
both sets of data despite the fact that the Sherwood 
number has been normalized with respect to SC’.~~ 
instead of with the Schmidt number dependence given 
by equation (1). The 0.356 exponent in this equation, 
recently corroborated by Pang and Ritchie [6], was 
not obtained in either case from direct multivariable 
correlation of experimental data and appears to be 
the result of a compromise taken by Eisenberg et al. 
[I, 21 in order to fit their data with a Chilton and 
Coulburn type of analogy-with friction factor values 
taken from Theodorsen and Regier [3]. 

A multivariable regression of the present experi- 
mental data yields the following correlations 

Sh = 0.0987 Re’,” So,33 ; Re > 140 000 (4) 

and 

Sh = 0.0138 Re0.s66Sca.33. , Re > 140000. (5) 

In both equations a 0.33 +_0.005 power dependence of 
the dimensionless mass transfer coefficients on the 
Schmidt number is obtained. This expected result, 
also published previously in the literature [15, 161, is 
in accordance with the dependence reported for the 
majority of experimental studies on turbulent mass 
transfer in Poiseuille or Couette type of flows at high 
Schmidt numbers. Furthermore, it should be noted 
that the scatter of the data of Eisenberg et al. [l, 21 
plotted in Fig. 3 as Sh/Sc”.33 does not improve when 
Sherwood numbers are normalized according to 
equation (I). 

The original work of Eisenberg et al. [1, 21 and, 
therefore, the form of the modified Chilton and Coul- 
burn equation (1) proposed by these authors, was 
strongly influenced by the values assigned to the fric- 
tion coefficients, which at that time and for many years 
were only available from the work of Theodorsen 
and Regier [3]. Recently, Nakamura et al. [17] have 
determined friction factors from Reynolds shear stress 
and mean velocity gradient measurements. They have 
also estimated these coefficients from the mean vel- 
ocity measurements reported by Smith and Townsend 
[ 181. However, there is still large scatter between data 



1914 J. GRIFOLL et al. 

0 Eisenberg et al [1,2] 

2 102 
x 

5 

- equation(6) with Cf from[17] 

----- equation(6) with Cf from[lE] 

105 
Re 

FIG. 3. Variation of the dimensionless mass transfer coefficients with Reynolds number at smooth rotating 
cylinders. 

from different authors and no conclusive friction fac- 
tor values may yet be given. As a consequence of all 
these facts, which limit the validity of equation (I), it 
seems necessary to look for a mass transfer equation 
that, on a phenomenological basis, could incorporate 
the SC’/~ dependence found experimentally. 

Mass transfer processes at smooth surfaces in cir- 
cular Couette flows are expected to be affected by 
curvature effects. Bradshaw [19] proposed an analogy 
between these effects and those of buoyancy. This 
analogy was used by Smith and Greif [ 161 to solve the 
mass conservation in a circular Couette flow, obtain- 
ing for high Schmidt numbers 

Sh = 0.827(b/Sc,) “3(C,/2)“2 

x R~,SC”~[~ +40/(CfRe)]2’3 (6) 

where b is the proportionality coefficient in the eddy 
diffusivity distribution for plane surfaces 

(Q/v)&, = by:. (7) 

In the present study the value ~/SC, = 6.5 x lo-“, 
evaluated from the mass transfer measurements in 
pipe and duct flow [20, 141, has been adopted. All 
rotational effects on mass transfer are included in 
equation (6) by the factor [1+40/(C,Re)]“‘, which 
vanishes as the Reynolds number increases and can 
be omitted for Re > 10’. 

The mass transfer coefficients predicted by equation 
(6), using the friction coefficients measured by Nak- 
amura et al. [ 171 and those estimated by these authors 
from Reynolds shear stress and velocity values 
reported by Smith and Townsend [ 181, are also shown 
in Fig. 3. Both predictions encompass the present 
data and the observed deviations may be considered 
reasonable if the scatter of both sets of friction 
coefficients is taken into account. Predictions obtained 
with the friction values reported by Theodorsen and 
Regier [3] and which are not included in Fig. 3, are in 

agreement with the experimental mass transfer 
coefficients at low Reynolds numbers and about 
30% above data at the highest Reynolds number con- 
sidered. These results indicate the need for more 
reliable friction factor values and eddy diffusivity dis- 
tributions in circular flows, before final conclusions 
can be drawn with respect to equation (6). 

Mass transfer at rough surfaces 
The mass transfer coefficients determined in sur- 

faces Rl and R2 are presented in Fig. 4 as Sh/Sc”,33 
vs Re. The data has been normalized with respect to 
SC’,~~ to illustrate deviations from the Schmidt number 
dependence obtained in smooth surfaces. All cal- 
culations have been based on the projected area 
because the transfer of matter between the bulk and 
the surface occurs through this area. 

Figure 4 shows that for Re < 1.3 x 10’ transfer rates 
in the less rough surface RI (p/e = 10) are equal to 
those obtained for smooth surface conditions, jus- 
tifying the use of projected areas instead of the 20% 
greater contact area. Beyond this Reynolds number, 
transition from smooth to rough conditions begins 
and transfer rates are affected by surface roughness. 
Sherwood numbers increase faster with Reynolds 
than for the smooth case, this increase being higher 
with increasing Schmidt number. The trend of the 
data suggests that fully rough conditions have been 
barely reached for SC = 770, due to the limitation in 
the maximum angular velocity of 1000 r.p.m. that 
could be attained without air entrainment in the pres- 
ent apparatus. Extrapolation of the data measured at 
SC = 2100, yields a Schmidt number dependence of 
the Sherwood number in the fully rough region of 
Sh cc SC’.~~. This result is consistent with the 
Sh cc SC’.~* reported by Dawson and Trass [lo] for V- 
shaped grooves with p/e N 3.75 in a duct flow, if it is 
considered that the increase in p/e from 3.75 to 10.0, 
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FIG. 4. Variation of the dimensionless mass transfer coefficients with Reynolds number at rough surfaces 
Rl and R2. 

caused mainly by a drop in roughness height for the 
RI (i.e. a decrease in surface roughness), should 
decrease the power of the Schmidt number and near 
it to the 0.33 value for smooth surfaces. 

Surface R2 presents in Fig. 4 a different but com- 
plementary behaviour to that observed for surface 
Rl . Due to the relatively high e value, data for surface 
R2 only include the transition and fully rough regions 
in the experimental interval of Reynolds numbers 
studied. However, mass transfer coefficients approach 
the smooth values as the Reynolds number decreases, 
suggesting that the smooth regime would eventually 
be reached if the Reynolds numbers were further 
decreased. The not collapsed experimental results of 
R2 indicate, even more clearly than for surface Rl, 
that mass transfer at rough rotating cylinders depends 
more on the Schmidt number than for smooth 
cylinders. The S/I cc SC’.~~*‘,” found for R2 over 

10 
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m 

s 
x 
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1 

7.5 x lo5 > Re > lo5 is in very good agreement with 
previous duct flow mass transfer results obtained for 
similar rough surfaces [lo]. 

The Schmidt number dependence of the Sherwood 
numbers determined in the rough surfaces Rl and R2 
has been quantitatively discussed. The variation of 
the transfer rates with Reynolds number is best illus- 
trated in Fig. 5 where the Stanton number is plotted 
against the Reynolds number for SC = 2100. The three 
transfer regions mentioned before as the hydraulically 
smooth transition and fully rough are clearly dis- 
tinguished in this figure. While data for surface Rl 
illustrate the first two regions, those for surface R2 
show the behaviour in the last two. 

Mass transfer coefficients corresponding to surface 
Rl are coincident in Fig. 5 with smooth data for 
Reynolds numbers up to Re N 1.3 x 105, where the 
hydraulically smooth region ends. This region is not 
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FIG. 5. Variation of the Stanton number with Reynolds number at smooth and rough rotating cylinders. 
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observed in surface R2 because of its large rough- 
ness and high Re studied. A further increase in the 
Reynolds number forces the Stanton number of RI 
to increase until it reaches a maximum value. This 
transition region is also observed for surface R2 but 
at lower Reynolds numbers, because the onset of tran- 
sition occurs at lower Reynolds number for larger 
roughness elements. At higher Reynolds numbers, in 
the fully rough region, the Stanton numbers for sur- 
face R2 decrease monotoni~lly and with a larger 
negative slope than for the smooth case. These trends 
as well as the relation St cc Re-o,34 found for the fully 
rough region in R2 are in reasonable agreement with 
results obtained previously in Poiseuille flows [9, 10, 
211. At this point it is important to note that the 
maximums in the Stanton number dist~butions 
shown in Fig. 5 are very flat. For surface R2 
the Stanton number does not vary more than 4% 
about the maximum value in the interval 
5 x lo4 < Re < 1,l x 10’. This could explain why in 
some previous investigations [5-71 concerning circular 
Couette flows it was claimed, in contradiction with the 
results obtained in Poiseuille flows, that the Stanton 
number remained constant in the fully rough region. 
The present results for R2 and for Rl at SC = 770 
indicate that despite the appearance of a flat maxi- 
mum in the St vs Re distribution, the fully rough region 
is only reached when the Stanton number decreases 
faster with Reynolds number than for a smooth 
surface. 

The systematic agreement found between the pres- 
ent results for a circular Couette flow and those pub- 
lished for Poiseuille flows, suggests that there should 
exist a close relation between the mass transfer results 
in both types of flows. To this end, mass transfer 
coefficients for two surfaces practically equal in sur- 
face roughness parameters to the Rl and R2, were 
also determined in a duct flow using the electrolytic 
method. The characteristics of the equipment used as 

well as any experimental detail is given elsewhere [ 141. 
Figure 6 shows the variation of the normalized dimen- 
sionless mass transfer coefficients S~/SC*~‘~ with 
Reynolds number determined for Rl and R2 in a 
duct flow, at SC = 550 and 2100. Independent of the 
values of the mass transfer coefficients and Reynolds 
numbers, the trends of the duct flow data for Rl 
and R2 are very similar to those included in Fig. 4 
for the circular Couette flow. 

If it is assumed that, at least in the fully rough 
region where the flow and transfer near the surface 
are dominated by the presence of the roughness 
elements, an analogy between Poiseuille and circular 
Couette flows exists, then the characteristic velocity 
and length scales representative of the local flow con- 
ditions should be the roughness height and the 
maxims velocity of the flow. Figure 7 shows the 
variation of the Stanton number with Reynolds num- 
ber, both normalized with respect to local conditions, 
determined for surface Rl and R2 at SC = 2100 in the 
circular Couette and duct flow. The Stanton number 
variations for R2 match each other, indicating that a 
quantitative analogy between both flow systems can 
be drawn for mass transfer in the fully rough region, 
whenever proper velocity and length scales are used. 
A similar result, although not so conclusive because 
fully rough conditions are not well established, is also 
observed in Fig. 7 for surface RI. As a consequence, 
previous models and correlations published in the 
literature for fully rough mass transfer conditions in 
Poiseuille flows, could be applied to circular Couette 
flows for similar surfaces. 

CONCLUSIONS 

An experimental investigation has been carried out 
to characterize mass transfer at smooth and rough 
surfaces in a circular Couette flow at high Schmidt 
and Reynolds numbers. Mass transfer measurements 

- smooth surface 

2 
3 loL 3 105 3 

Re 

FIG. 6. Variation of the dimensionless mass transfer coefficients with Reynolds number at rough surfaces 
Rl and R2 in a duct flow. 
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FIG. 7. Generalized mass transfer results for rough surfaces RI and R2. 

show that for smooth rotating cylinders the Sherwood 
number depends on the 0.33 power of the Schmidt 
number, as is generally the case for turbulent trans- 
port near walls at high Schmidt numbers. Semi- 
empirical models for transfer in a circular Couette 
flow cannot be well established because they depend 
on friction factor values, which are scarce and greatly 
scattered for this flow system. However, predictions 
obtained from a semi-empirical model with available 
friction coefficients, are in reasonable agreement with 
present and previously published data. 

The mass transfer results obtained for the two 
rough surfaces studied, indicate that in circular 
Couette flows there also exist the hydraulically 
smooth, the transition and the fully rough regions 
found in Poiseuille flows. In the transition region 
Stanton numbers deviate progressively from smooth 
values and begin to increase with rotational speed 
until a broad region of constant and maximum 
Stanton number is reached, decreasing thereafter 
with Reynolds number in the fully rough region. The 
Schmidt number dependence of the Sherwood num- 
ber for the two rough surfaces studied is larger than 
for smooth rotating cylinders, in accordance with 
results reported for duct and pipe flows. A quan- 
titative concordance exists between the fully rough 
mass transfer results measured in the circular flow 
system and those also determined in the present study 
for the same rough surfaces in a duct flow, whenever 
all dimensionless quantities are referred to the rough- 
ness height and maximum velocity of the flow. These 
results indicate that models valid for fully rough mass 
transfer conditions in Poiseuille flows may also be 
applicable to circular Couette flows. 
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TRANSFERT MASSIQUE DE SURFACES LISSES ET RUGUEUSES POUR 
UN ECOULEMENT CIRCULAIRE DE COUETTE 

RCsum&Un ensemble ktendu de mesures de transfert massique pour un Bcoulement circulaire de Couette 
sur des surfaces lisses et rueueuses a Bti: obtenu pour 20000 < Re < 900000 et 770 < SC < 8000. Les 
mesures de transfert de masse pour les cylindres to&ants lisses sont en accord avec des rtsultats antkrieurs 
et elles confirment que le nombre de Sherwood depend de la puissance l/3 du nombre de Schmidt. Les 
coefficients de transfert massique sur des cylindres rugueux montrent un comportement semblable vis-$- 
vis du nombre de Reynolds que celui observe pour les Bcoulements en conduite et les rgsultats experimentaux 
pour les deux systtmes peuvent 2tre gWralists dans la rtgion pleinement rugueuse pour des surfaces 
identiquement rugueuses lorsque la vitesse maximale de l’tcoulement et la hauteur de rugositi: de la surface 
sont prises comme Bchelles caractkristiques de vitesse et de longueur dans les nombres de Stanton et de 

Reynolds. 

STOFFTRANSPORT IN EINER COUETTE-STROMUNG AN GLATTEN UND RAUHEN 
ZYLINDRISCHEN OBERFLkHEN 

Zusammenfassung-Es wurden umfangreiche Messungen des Stofftransports in einer Couette-Stramung 
an glatten und rauhen zylindrischen OberflLchen fiir 20000 < Re -C 900000 und 770 < SC i 8000 durch- 
gefiihrt. Stofftransportmessungen an glatten rotierenden Zylindern stimmen mit friiheren Ergebnissen 
iiberein und bestltigen, dal3 die Sherwoodzahl mit der Potenz ‘ein Drittel’ von der Schmidtzahl abhlngt. 
Stofftransportkoeffizienten an rauhen Zylindern zeigen eine Ihnliche Abhlngigkeit von der Reynoldszahl 
wie jene in Kanalstriimungen. Die experimentellen Ergebnisse beider Systeme kiinnen im vollkommen 
rauhen Gebiet fiir gleich rauhe Oberlllchen verallgemeinert werden, wenn die maximale Geschwindigkeit 
der Striimung als charakteristische Geschwindigkeit und die OberflLchenrauhtiefe als charakteristische 

LInge bei der Bildung der Stanton- und Reynoldszahl verwendet werden. 

MACCOl-IEPEHOC HA rJIA)JKMX I4 IIIEPOXOBATbIX IIOBEPXHOCTdX fIPM 
KPYl-OBOM TE’JEHMR KY3TTA 

.kIHOTmUI~-BbInOJIHeHa o6mrcpnaa cepeK rc3MepeHHk MacconepeHoca Ha rnaAKsx R "ICpOXOBaTbIX 

noBepxHocTnx Ana Kpyroaoro TeYeHHII KyJTTa npe 2ooo0 < Re < 9oooo0 ki 770 <SC< 8000. AaHHbIe 

no MacconepeHocy Ann rnaAKex Bpalualouaxcn Wiinii~Ap09 xopoluo cornacyfoTcn c paHee nonyves- 

HblMH pC3yJIbTaTaMH A "OATBepXCAaIOT TOT +aKT, ‘IT0 'WC,,0 WepByAa 3aBACHT OT S?'3.YCTaHOBJleH0, 

ST-0 3aBACHMOCTb K03~@UUAeHTOB MaCCOnCpeHOCa Ha LlIepOXOBa~bIX k,HAHHApaX OT W,CJIa P&iHOnbACa 

aHa,IOWl',HO TOii,KOTopa~-l Ha6JIIOAaJIaCb npH TC'feHHIX BTpy60IIpOBOAaX;3KCnCpeMeHTanbHbIC pC3yJIb- 

TaTbl AJIK o6eux CUCTeM MO~YT 6bITb o606meHbI B IIOJlHOCTbtO WepOXOBaTOk o6nacTri ana OAAHaKOBO 

IAepOXOBaTbIX nOBepXHOC~eii,KOrAa 38 XapaKTepHyEOCKOpOCTb A MacmTa6 AJIAHbI B 'WCJlaX CT3HTOHB 

II PeiiHOnbACa npUHIlTb,MaKCAManbHaR CKOpOCTbTeSeHUR B BbICOTa BbICTyIlOBluepOXOBaTOCTB "OBCpX- 

HOCTA. 


