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Abstract—The expression for eddy diffusivity in a previous analysis was revised. By using the revised
expression, good agreement was obtained between the predicted and experimental results for mass transfer
at Schmidt numbers between 800 and 15,000.

Both the predicted and experimental results showed that the Sherwood number varies with$ power of

NOMENCLATURE

coefficient in equation (28);

heat capacity [cal/g°C];

concentration [g-mole/cm>];

dimensionless concentration

= (¢ — ¢, )c, — ¢u);

molecular diffusivity for mass [cm?/s];

diameter of eddy particle [cm] ;
Faraday constant {coulomb/g-mole] ;
friction factor;

half width of two-dimensional channel
[cm];

dimensionless half width of two-

dimensional channel = Hu*/v;

heat transfer coefficient [cal/cm?s°C];

dimensionless heat transfer coefficient
= h/pC u;

limiting current density [A/cm?];

mass transfer coefficient [cm/s];

dimensionless mass transfer coefficient
= K/u.;

constant in equation (13b);

dimensionless entry length of mass

transfer = Lu./v;

mixing length [cm] :

Nusselt number;

exponent in equation (18);
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Pr,
Re,
Sc,
Sh,
T,
T*,

Uv

the Schmidt number and about 0-9 power of the Reynolds number at Sc = 800-15,000 and Re = 3000~
80,000.

Prandt! number;
Reynolds number;
Schmidt number;
Sherwood number;
temperature [°C];
dimensionless temperature

= (T— THT, ~ T.);
time-smoothed velocity in x-direction
[cm/s];
intensity of fluctuating velocity in
x-direction [cm/s];
friction velocity [cm/s];
intensity of fluctuating velocity in
y-direction [cm/s];
distance in the flow direction [cm];
distance perpendicular to the wall
[em];
dimensionless distance from the wall
= YU/V;
boundary between the region where
equation (28) is valid and that where
equation (29) is valid;
boundary between -the region where
equation (29) is valid and that where
equation (30) is valid:
boundary between the region where
equation (34) is valid and that where
equation (35) is valid ;
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yu', boundary between the region where
equation (31) is valid and that where
equation (32) is valid.
Greek symbols
o, molecular diffusivity for heat [cm?/s];
3%, dimensionless thickness of boundary

layer;
ep,  eddy diffusivity for mass [cm?/s];
ey, eddy diffusivity for heat [cm?/s];

ey, eddy diffusivity for momentum
[em?/s];
Ny, equation (14a);
Ny, equation (13a);
K, Ky, Kp, constants;
v, kinematic viscosity [cm?/s];
p, density [g/cm?];
g, en/em
¢y, equation (14b);
¢y, equation (13b).
Subscripts
b, bulk ;
w, wall.
INTRODUCTION

NuMEROUS equations have been proposed for
predicting the heat or mass transfer rates be-
tween a pipe wall and a fully developed turbulent
flow. Most of them are adequate only for
Prandtl or Schmidt numbers of unity or less.
Their inadequacy at large Prandtl and Schmidt
numbers is principally caused by the expressions
used for the eddy diffusivity in the region very
close to the wall. This region is important
because of the extremely large temperature or
concentration gradients at large Prandtl or
Schmidt numbers.

Regarding the eddy diffusivity in this region,
the semiempirical relationships of Lin et al. [1]
and of Deissler [2] are well-known, but their
resulting equations for the heat or mass transfer
rates differ in the predicted effect of the Prandtl
or Schmidt number on the transfer rate. The
equation of Lin et al. predicts that at large
Prandtl or Schmidt numbers the Nusselt or
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1
3

Sherwood number varies with Pr! or Sc3,
while Deissler’s equation leads to an exponent
of .

Measurements of heat or mass transfer rates
have been made by many investigators at large
Prandtl or Schmidt numbers, but most of their
experimental results are too scattered and
different from each other to determine the effect
of the Prandtl or Schmidt number on the
transfer rates.

Recently Mizushina et al. [3] measured the
eddy diffusivities for heat using a Mach—
Zehnder interferometer at Pr = 640 and also
presented [4] an analytical expression for the
ratio of the eddy diffusivities for heat and
momentum transfer by modifying the mixing
length theory.

This paper reports the comparison between
the mass transfer rates obtained experimentally
and those predicted by using the revised
expression of the previous analysis for the eddy
diffusivity, and discusses the effect of the Prandtl
and Schmidt number on the heat and mass
transfer coefficients respectively.

ANALYSIS
For a steady, fully developed rectilinear flow
between parallel plates, the time-smoothed
temperature and concentration equations may
be written as

or 0 oT
oc 0 dc

It may be assumed that the convection terms
on the left sides of equations (1) and (2) can be
neglected; in other words, the heat or mass
flux is assumed to be constant at any value of y.
This assumption may not cause serious errors
at large Prandtl or Schmidt numbers because
the temperature or concentration gradients are
unimportant in the region far from the wall.
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With this assumption, equations (1) and (2)
may be rewritten in dimensionless form as

d 1 gy \dT*

- EF[(‘E * T)F] )
d 1 ¢ de*

S dy? [(SC * 7)@*]' “)

Boundary conditions are
T*=0,¢*=0 at y* =0 (%)
T*=1,c*=1 at y*t =0 6

The values of T* and c* at y* = oo are essen-
tially unity because both temperature and con-
centration are very nearly constant except in
the region very close to the wall, and they are
considered to be the bulk temperature or con-
centration at large Prandtl or Schmidt numbers.
Equations (3) and (4) are integrated, with the
boundary conditions (5) and (6), to be

¥t ® dy+
/j 1/Pr + &g/v @

0
¢* = j 1/Sc + ep)v / J' USe+ oy O
0

It can be shown from the definitions of the
heat and mass transfer coefficients that

T* = j dy?
1/Pr + gy/v

N
W= l/j 1/Pr + eg/v ©)
0
R T T
k™= l/jusc + &p/v (10)
0

and the Nusselt number and Sherwood number
are given by

Nu = Re./f/2 Prh*
Sh = Re. /f/2 ScK*

(11)
(12)

Expressions for eddy diffusivity
To evaluate the Nusselt and Sherwood num-
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bers, the eddy diffusivities &, and &, must be
evaluated over a cross section of the flow.

Mizushina et al. [4] proposed an expression
for eddy diffusivity for heat by using their
experimental results of g/v.

The basic concept of their theory is that a
spherical eddy particle loses a part of its heat
and momentum as it travels over a distance
equal to the mixing length.

Assuming Newton’s law for the drag force on
an eddy particle, one obtains the following
equations:

gp/v = npllv/v) (13)
wher¢
exp 2y — 1
R e
lul
VS (’7;@) _ (13b)

If the relation of Ranz and Marshall [5] is
assumed to apply to the heat transfer from an
eddy particle to the surroundings, the following
expressions are obtained.

&n/v = ng(lv/v) (14)

where
Ny = ¢ull — exp(— 1/¢g)] (142)
b o A UmI GNP

12+ 36,/ [(d/1) (1/mpy) (ers/v)] P

Thus, to evaluate the eddy diffusivity for heat,
the functional forms or values of I/d, #,, and
g,/v are required.

Assumption for 1/d. The value of the mixing
length is assumed to be determined by quantities
that have local characters of turbulence, such
as the diameter of the eddy particle, d, and the
local Reynolds number of turbulence, dv/v.

Thus,

l/d = fn(dv/v).

If the diameter of the eddy particles is considered
to be the micro scale of turbulence, equation

(15)
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(15) represents the same assumption as that of
von Kdrman [6].

Moreover, it may be reasonable to consider
that du/dx ~ u/d and 0v/0y ~ v/l. From the
continuity equation, one obtains

I/d ~ v/u. (16)

Substitution of equation (16) into equation (13b)
gives the result that #,, is a constant.

Therefore, from equations (13) and (15), I/d
may be considered to have the following
functionality.

l/d = Fn(gy/v). (7
The simplest form is
d = x (e/V)'™. (18)

Substitution of equation (18) into equation (14b)
gives the result,

(1/knyg) (erg/v)! ~ 2™ Pr
12 + 36 \/(1/Knp) (eg/V)" ™ V2" P
(19)

Determination of the values of Ny and n. In
the turbulent core, it may be assumed that
u ~ v, and one obtains l/d ~ constant in the
order of unity from equation (16), i.e. the power
number 1/n in equation (18) is zero.

Equation (19) is rewritten as

(1/x*1ipg) (en/v) Pr
12 + 36 /(1/k,1pr) (epe/v)? PP*

¢y =

¢H =
(20)

From equations (13) and (14), the ratio of
eddy diffusivities for heat and momentum is

0 = &u/ty = Na/Mu- 1)

As seen from equations (14a) and (20), the value
of ny approaches unity when &,/v increases to
infinity, and #,, is a constant. Hence one
obtains

Im o= 1/ny.

EM/V =

(22)

From the experimental results of Mizushina
et al. [7] for the ratio of the eddy diffusivities in
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the turbulent core region at large Prandtl
numbers, the value of lim ¢ is supposed to be
unity, so the value of #,, is taken to be unity.
The following expression for the ratio of the
eddy diffusivities is obtained from equations
(14a) and (21) with 5, = 1:

o= ¢u[l - exp(=1/dg)]. (23)

The function ¢y in the turbulent core is given
by equation (20) with n,, = 1.

In the vicinity of the wall, u and v are con-
sidered to be proportional to the distance from
the wall and to the square of the distance, res-
pectively. Hence from equation (16), one obtains

Jd o y. (24)

By comparing equation (24) with equation (18),
one obtains the following expression for the
eddy diffusivity of momentum near the wall.

em/v oc (y)- (25)

In this region, equation (23) is simplified to
o = ¢y and using equation (25) and the
simplified form of equation (19), one obtains

gg/v = (Pr/12K2) (epy/v)> 2™ oc y?™2. (26)

The experimental results of Mizushina et al.
[3] for the eddy diffusivities of heat in the region
near the wall shows that eg/v oc (y)*, and hence
by comparing with equation (26) one obtains
the result that the value of n is 3.

Thus, in the region close to the wall,

_ (1/1,%) (epg/V)* Pr
T 12 + 36 /(1/k,) (/v)F PPV

bu 27

Eddy diffusivity for momentum. Mizushina et
al. [8] have presented simple and systematic
expressions for the eddy diffusivity for momen-
tum as follows;

0sy"<y" em/v=A@")?  (28)

yif Syt St ey/v=04y"
(1—y"/H") =1 (29)

vyt <y"<H? ey/v=007H'. (30)
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Fi1G. 1. Variation of the coefficient 4 with Reynolds number.

The values of A are depicted in Fig. 1 which
shows that the value of 4, and hence the eddy
diffusivity for momentum near the wall, is a
function of the Reynolds number and the
values for two-dimensional channel flow and
circular pipe flow are different. It has a tendency
to increase with the increase of the Reynolds
number and approaches a constant value of
523 x 107* at very high Reynolds numbers.
The value of y,* and y,*/H"* depend slightly
on Reynolds number and have nearly constant
values of about 263 and 023 respectively.

By using equations (28)+30), the numerical
values of k¥, and «, in equations (20) and (27)
were computed to fit the experimental results
of &q/v by Mizushina et al. [3]. Thus, finally,
the following equations were obtained.

0:0279 (g3/v)* Pr
+ < + = M
Y Eye %n=1 oo (en/v)* Pr*

000681 (g5,/v) Pr
+ > + — M.
Yy =ZJVm ¢H 1+ 0160 (EM/V)% Pr%s’

(1)

(32
The values of y,* at which the values of ¢,
calculated by equations (31) and (32) are equal
each other, are nearly constant at about 25 at
large Prandtl and Reynolds numbers.

It is noted that the eddy diffusivity for heat in
the region close to the wall is a function of the
Reynolds number because the eddy diffusivity
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Fi1G. 2. Comparison of the calculated and measured values

of eddy diffusivities for heat and mass; key, O experimental

data at Pr = 25-8 and Re = 19 400, calculated values,
-—-—-Linetal. -- —-—- - Deissler.
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for momentum in this region is a function of
the Reynolds number as shown in Fig. 1.

If the mechanisms for eddy diffusion of heat
and mass are assumed to be analogous, equa-
tions (31) and (32) are applicable to mass transfer
by using ¢, and Sc instead of ¢4 and Pr.

Comparison of the calculated eddy diffusivi-
ties with those measured at Pr =258 by
Mizushina et al. [3], and at S¢ = 900 by Lin et
al., is shown in Fig. 2. There is fairly good agree-
ment between the calculated and experimental
results.

Thus the Nusselt and Sherwood numbers can
be calculated by substitution of the eddy
diffusivities for heat or mass obtained by the
above analysis into equations (9) and (10).

EXPERIMENTAL METHOD

The process chosen for this study was reduc-
tion of ferricyanide ions at a nickel cathode in
the presence of a large excess of sodium and
potassium hydroxide. This system has been
used with good results by many previous investi-
gators and offers a number of important advan-
tages. The most significant advantage is that
surface roughness can be kept very small com-
pared with the dissolving wall method. This is
particularly important at large Schmidt num-
bers because the surface roughness influences

Potentiostat

it
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the mass transfer rate significantly in this case.

The experiments were performed in a rec-
tangular duct of vinyl chloride, 5 by 50 mm cross
section and 2 m long. The three nickel cathodes
398, 201 and 52 mm long and 20 mm wide, were
mounted in series, flush with the upper surface
in the center of the duct, the anode, 2 m long
and 50 mm wide, being mounted on the lower
surface of the duct. The cathodes were made
narrower than the anode to ensure that the
limiting current occurred at the cathodes rather
than at the anode, and to eliminate any effects
of flow disturbances in the corners of the duct.

The inlet length required to achieve the fully
developed velocity profile at the cathode (mass
transfer section) was about 100 times the
equivalent diameter of the duct.

The measurements of mass transfer rates
were made by a cathode 201 mm long, located
downstream of a 398 mm long cathode. Thus
the entry length for developing the concentra-
tion profile was L* ~ 10* Hence the measured
mass transfer coefficient may be considered to
be a fully developed one.

The electrolyte solution was recirculated
through the duct by means of a vinyl chloride
pump. To prevent the circulating fluid
from becoming contaminated, vinyl chloride
plastic valves and pipes were used throughout

Recorder

/Luggin capillary

Recorder
Reference
electrode
— ;LI
| { AN A ]
\Anode Cathode
Nitrogen
Pump Electrolyte U
reservoir Manometer

Fi1G. 3. Schematic diagram of the apparatus.
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the system. The experimental apparatus is
shown schematically in Fig. 3.

The solution used contained 0:001 ~ 001 M
of K;Fe(CN), and K Fe(CN)g and 0’1 ~ 50 M
of KOH and NaOH per liter. The concenira-
tion of ferricyanide ions at the cathode surface
can be assumed to be zero at the limiting current,
and the bulk concentration was measured with
an iodometric titration.

The mass transfer coefficient is calculated by
the following equation.

K = i/F, (33)

The Reynolds and Schmidt numbers were
varied from 3000 to 80000 and 800-15 000,
respectively. The flow rates were measured with
a calibrated orifice in the pipe.

EXPERIMENTAL RESULTS
The experimental data is summarized in
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reasonable agreement with the measured values.

The variations of K* with Re are so small
that the averaged values of the measured K*
at various Reynolds numbers are plotted against
Schmidt number in Fig. 5. For comparison with
the predictions of the present analysis, of
Deissler [2], and of Lin et al. [1], the experimen-
tal data of Harriott et al. [9] and Hubbard et
al. [ 10] are also plotted in Fig. 5. The predictions
of the authors fit the experimental results of
the authors and Hubbard et al. quite well and
are in good agreement with the prediction of
Lin et al, but in poor agreement with that of
Deissler. The experimental results of Harriott
et al. are slightly greater than the present pre-
diction, probably because of the effect of the
surface roughness.

The experimental results at Schmidt numbers
of 15100 and 782 are plotted as the Sherwood
number vs. the Reynolds number in Fig. 6.
and compared with the present prediction, the

1073
L N B I B E B B ]
B 0.0 0 0 0050005 i
B Sc=782
B 02000 00 go———5c=1500 7]
+
X L o
W—o—o——55=3 600
/Org_oo___o_o_o—o—o—- Sec=9170
b L v ! by
10t 10°

Re

FIG. 4. Variation of K* with Reynolds number.

Table 1. The variations of K* with Re are
plotted in Fig. 4, and compared with the pre-
diction by equation (10) with the eddy diffusivity
for mass presented in this analysis. The pre-
dicted values of K™ have a tendency to decrease
with decreasing Reynolds numbers because of
the dependence of ¢,/v on Re, and are in

equation of Sieder and Tate [11], the analogy
of Chilton and Colburn [12], and the prediction
of Deissler. The experimental data shows that
the Sherwood number varies with about 09
power of the Reynolds number at large Schmidt
numbers, in reasonable agreement with the
present prediction. It also appears from Fig. 6
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Tabie |
Sc Re Sh K*t % 10* ‘ Sc Re Sh Kt % 10%
631 32,500 638 740 5480 4520 332 193
782 14,600 465 677 gggg 223 } gf
17,500 552 685 7900 539 192
20,800 681 726 9420 642 196
24,900 810 739 10,900 728 195
30,400 960 735 12,600 319 193
44,200 1310 723 15,600 1020 199
49,900 1430 725 18,400 1170 198
54,900 1550 709 24000 1490 200
60,600 1700 716 . “
66,200 1850 715 9170 5050 411 130
82,400 2230 714 5450 432 127
981 36,000 891 627 gigg 2}‘3' i;;
1200 22,000 669 508 8440 683 1-37
10,400 848 1-42
1500 9310 399 4-49 12,700 1030 1-44
10,100 456 471 14,700 1160 144
11,400 490 465 17,700 1370 144
12,600 538 468 22,500 1720 146
14,300 594 462
17.300 709 466 15,100 3570 377 0980
19,300 770 461 3800 403 0990
22,000 850 452 4600 478 0994
25,400 960 456 5280 535 0988
6200 616 0987
8600 444 338 10,100 993 104
16,200 506 331 12,300 1170 102
13,200 631 330 14.000 1320 104
14,500 685 330 15,500 1470 105
15,900 748 333
20,200 919 332
26,800 1170 328
35,600 1500 322
41,000 1790 348
44,800 1820 317
57,400 2180 316
3600 5760 359 252
6090 387 2:56
6760 426 267
8830 523 2:60
10,200 623 268
12,400 730 268
15,000 859 2:68
17,600 984 267
20,200 1110 268
23,200 1270 270
27,500 1470 270
36,000 1860 264
44,000 2210 265
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FiG. 6. Variation of Sherwood number with Reynolds
number.

that the other three predictions apparently fail
to represent the experimental results.

DISCUSSIONS
It is generally accepted that the exponent 1/n
in the relation Nu oc Pr'’* or Sh oc Sc'/” follows

from the fact that the eddy diffusivities near the
wall vary with the n-th power of the distance
from the wall. Hubbard et al. [10] concluded
from their experimental results that the value of
n was 3, but Son et al. [13] obtained the eddy
diffusivity expression at y* -0 as gp/v =
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000032 (y*)* from their experiments on the
dependence of Sc on Sh, and on the effect of the
length of the transfer section on the rate of the

mass transfer.
On the other hand the eddv diffucivity Of

On the other hand, the eddy diffusivity
present analysis shows that e/v oc(y " Yat y* —
but the calculated value of K* varies with Sc¢~
i.e. Sh oc Sct at large Schmidt numbers as shown
in Fig. 5.

To discuss this problem further, the eddy
diffusivity expressions of the present work may
be simplified as follows.

Since the case considered is at large Prandtl
or Schmidt numbers, only the equations (28)
and (31), which are valid in the vicinity of the
wall, are discussed here.

In the immediate vicinity of the wall, &,/v is
very small. Hence from equations (23) and (31),
the expression of the eddy diffusivity for heat is
given by the following simple equation.

yPSyst ey/v=00279 4* Pr(y)t. (34)

In the region where the magnitude of the
product of Pr and &y/v is very large compared
with unity, gg/v is given by

the
|3 9L

=

E}

L O

yizyst e/v=AQY). (39)
yy is located at a boundary of two regions.
where equations (34) and (35) are valid respec-
tively, and is obtained by equating these two
equations as follows,

* = 1/0:0279 A* Pr)

+

(36)

The value of y,* is proportional to Pr™!, and
depends slightly on the Reynolds number
because of the dependence of 4 on Re as shown
in Fig. 1.

The thickness, 6%, of the thermal boundary
layer is defined simply as that which satisfies
the following conditions:

/Y| aty+ = 5+ = 10%/Pr. (37)

When equation (37) is applied to equation (7),
the value of the integrand of equation (7), i.c.
1
1/Pr + ey/v’

T. MIZUSHINA, F. OGINO, Y. OKA and H. FUKUDA

becomes Pr/(1 + 10%) =001 Pr at y* =67,
which is only 1 per cent of the value at y* =0,
i.e. Pr. Therefore, one can assume that
6+
dut {'
ay - ¥
1Pr + eglv - J UPr + cg/v
o]

Ayt
o

(38)

Ot 8

and hence the value of T* at y* = " becomes
nearly unity. Combining equation (37) with
equations (34) or (35), one obtains the thickness
of the boundary layer as

' Sygt 5T =TT4ATEPrY (39)
5t = 464471 Pr . (40)

In Fig. 7, yz* and 6™ are plotted against Prandtl
number at Re = 10*. As shown in Fig. 7, there
are two regions where the eddy diffusivity varies
with (y*)* and (y*)* in the thermal boundary
layer at large Prandtl numbers. The eddy
diffusivity for heat varies with (y*)® in almost
all parts of the boundary layer at Pr > 10°
Hence the transfer coefficient is expressed
approximately as

3t 2 yg"

Pr>10° h* =1 Ay
’ 1/Pr + A(y™*)?
0

= (0827 A% Pr 3. (41)
Similarly, for mass transfer,
Sc > 103 * = 0827A4%Sc™%  (42)

The conclusion of the discussion is that the
relation K* oc (Sc)~* at large Schmidt numbers
does not indicate that gp/v oc (y*)? at y* — 0,
but that the eddy diffusivity varies with (y*)?
in the almost all parts of the boundary layer.

CONCLUSIONS

1. By using the revised expression for eddy
diffusivity from the previous analysis, good
agreement was obtained between the predicted
and experimental results of mass transfer at
Schmidt numbers between 800 and 15,000.

2. Both the predicted and experimental results
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FIG. 7. Variation of §* and y;* with Prandtl number at
Re = 10%.

show that the Sherwood number varies with
the 1 power of the Schmidt number and about
the 09 power of the Reynolds number at large
Schmidt numbers.
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TRANSFERTS THERMIQUE ET MASSIQUE PAR TURBULENCE ENTRE PAROI ET
COURANTS FLUIDES POUR DES NOMBRES DE PRANDTL ET SCHMIDT GRANDS

Résumé—On a revu I’expression de la diffusion par turbulence dans une analyse antérieure. En utilisant
cette expression corrigée, on a obtenu unbon accord entre les résultats prédits et ceux expérimentaux
pour un transfert massique a des nombres de Schmidt compris entre 800 et 15000.
Les résultats prédits et expérimentaux ont montré que le nombre de Sherwood varie selon la puissance
1 du nombre de Schmidt et & peu prés selon la puissance 0,9 du nombre de Reynolds quand Sc = 800 ~
15000 et Re = 3000 ~ 8000

TURBULENTER WARME- UND STOFFUBERGANG ZWISCHEN WAND UND
STROMUNG BEI HOHEN PRANDTL- UND SCHMIDT-ZAHLEN

Zusammenfassung—Der Ansatz fiir den zusitzlichen Austauschkoeffizienten aus einer fritheren Arbeit
wurde verbessert. Mit diesem verbesserten Ansatz ergab sich eine gute Ubereinstimmung zwischen den
berechneten und den experimentellen Ergebnissen fiir den Stoffiibergang bei Schmidt-Zahlen zwischen
800 und 15 000.
Die rechnerischen und die experimentellen Ergebnisse zeigen, dass sich die Sherwood-Zahl mit der
Potenz 1 der Schmidt-Zahl und der Potenz von etwa 09 der Reynolds-Zahl dndert fiir Sc = 800. ..
15000, und Re = 3000. .. 80 000.

TYPBVJIEHTHBINI IIEPEHOC TEIIJIA 1 MACCHI MEKJY CTEHKON U
[TIOTOKAMM HUIAKOCTH NMPU BOJBIINX YUCHAX NMPAHATIA U IMINKMATA

ApHoTanua—IllepecMoTpeHO BhIpaseHue Buxpesol audyaun, npemsokeHHOE B INpeAbl-
Aywen crarbe. C MOMOINLI0 HOBOIO BHIPAEHHMA IOJYYEHO XOpOLIee COroacMe Memay pac-
YETHHMY U SKCIePUMEHTAIBHEIMU Pe3yJbTATAMY JJIA Mepenoca Maccel npu yucaax Himnpra,
paBauit 800 u 15 000.
PacyéTHEE i DKCIEPUMEHTAIBHEE Pe3yJIbTaTH I0KA3aIK, YTo Yncao IllepByna usmennercs
Kak 4ucao Ilmupra b crenenn 4 u ucno Petnonsaca B crenenn 0,9 npu Sc = 800 ~ 15000
u Re = 3000 ~ 80000.



