Int. J. Heat Mass Transfer. Vol. 25, No. 8, pp. 11671181, 1982
Printed in Great Britain

0017-9310/82/081167-15 $03.00/0
Pergamon Press Ltd.

THE EFFECT OF TURBULENCE PROMOTERS ON
MASS TRANSFER—NUMERICAL ANALYSIS
AND FLOW VISUALIZATION

IN SEok KANG and Ho NaM CHANG*

Department of Chemical Engineering, K orea Advanced Institute of Science and Technology, P.O. Box 150,

Chongyangni, Seoul, Korea

(Received 2 July 1980 and in final form 13 January 1982)

Abstract—Numerical investigations are made on mass transfer in a 2-dim. flow between two parallel plates
with turbulence promoters fixed to the lower and/or the upper walls. The ‘zigzag-type’ and ‘cavity-type’
geometries are used, for which mass transfer and flow visualization studies are conducted in the laminar flow
regime. The numerical results show that turbulence promoters enhance the mass transfer by forming a
recirculating flow which causes a convective mass transfer effect and increases the wall shear stress in the main

stream.

The flow separations observed by visualization studies are in good agreement with the predictions made by
the numerical analysis at Reynolds numbers ranging from 20 to 150. Also the visualization shows that the
unsteady flow in the channel begins at Reynolds numbers of 250-300 for both geometries with the aspect

ratio of 5.
NOMENCLATURE Sh,, local Sherwood number,
A, aspect ratio, AL/H ; de de
C, conc.entration; . . ay o - dy o
Cs. maxs maximum concentration at the inlet Sh, Sh., mean Sherwood number,
plane S; " ) A1
¢, dimensionless concentration, C/Cg ..; - f (Shy y-0+Shy ,-,)dx ;
D, effective diffusion coefficient ; 2A4-2) Ju
H, height of the channel;
Ah, grid size, y-direction; Subscripts and superscripts
K, a proportionality constant used for the S,S, T, T, corresponding planes of the modelled
correlation of Sh(Re, Sc); promoters;
AL, distance between the centers of two S, max, maximum value on the plane S;
neighboring promoters; S.max  maximum value on the plane §';
n, dimensionless coordinate normal to the (n), nth cycle of iteration.
wall used in equation (9);
u, dimensionless velocity component, x-
direction ; _ 1. INTRODUCTION
v, volume-averaged velocity ; . .
X, Y, X-, Y-coordinates: THE TURBULENCE prgmoter is one of several.dev1ces
X, 3, X/H, Y/H, dimensionless coordinates. employed for enhancing the mass transfer efficiency of

Greek symbols

0, density of the fluid;

v, dimensionless stream function ;
w, dimensionless vorticity ;

o, general dependent variable;

i, viscosity of the fluid.

Dimensionless groups

Pe, Peclet number (Re-Sc), VH/D
Re, Reynolds number, VpH/u;
Sc, Schmidt number, u/pD.

processes having high Peclet numbers, such as elec-
trodialysis and artificial kidney systems. Many work-
ers have investigated the effects of promoters owing to
their importance to the mass transfer effects of the
electrodialysis system and their experimental results
have been summarized [1]. Belfort and Guter [2]
discuss the role of hydrodynamics in electrodialysis in
order to provide some criteria for the evaluation of
promoters. Winograd et al. [3] have proposed the
mesh step model which represents the mass transfer
process as a laminar concentration boundary layer, the
development of which is periodically interrupted by
turbulence promoters. Recently mass transfer to
slightly perturbed walls of a channel has been studied
[4-6]. However, most of this work has been limited
either to experimental studies or to analyses for

*To whom all correspondence should be addressed.

simplified flow fields.
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On the other hand recirculating flow problems have
been examined frequently because of the classical
nature of this problem in fluid mechanics. Analytical
studjes [7-11] have been performed for the limiting
cases of this flow and numerical techniques [8. 12-19]
have been applied to simple geometries such as
rectangular cavities. However there exists no rigorous
and systematic treatment of mass transfer in a parallel
channel with rectangular promoters where the flow
field and mass transfer are considered simultaneously.

In this study the numerical analyses for the two
modelled systems of ‘zigzag-" and ‘cavity-type’ geomet-
ries are carried out in order to elucidate the flow fields
and the mass transfer in the laminar recirculating flow
formed by the promoters. Since the thickness of the
concentration boundary layer is highly dependent on
the hydrodynamic conditions in the channel, the
stream functions and dimensionless velocity gradient
distributions are analyzed. The local Sherwood num-
ber distributions along the channel are evaluated for
Reynolds numbers ranging from 50 to 500 and
Schmidt numbers from 20 to 2000 to yieid the charac-
teristics of the mass transfer. The results are cor-
related to give Sherwood numbers in the form of
Sh = Sh{Sc, Re). Finally flow visualization experi-
ments are used to verify that the numerically obtained
streamline distributions are consistent with the
experimental findings.

2. MODELLED SYSTEMS AND GOVERNING EQUATIONS

An electrodialyzer with the turbulence promoters is
shown schematically in Fig. 1. The steady-state mass
transfer in this system can be treated as a 2-dim.
problem with the simplifying assumption that the
width is much larger than the height of the channel
(W/H » 1}. Figure 2 shows the two types of the
turbulence promoters considered in the present study.
Model I is called the ‘zigzag-type’ promoter and hasall
promoters on the lower and the upper walls of the
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channelin an alternating fashion. In contrast to Model
I, the promoters in Model II, called ‘cavity-type’
promoter, are equally spaced along the lower wall. The
height of the promoter is exactly one half that of the
channel. All coordinates {rectangular) and boundary
conditions are described in dimensionless form.

The problem to be solved can be described by the
following three dimensionless equations, namely the
stream function equation, the vorticity transport equa-
tion and the mass transfer equation [20, 21]:

Vi = —w, {1
oy do oY dw
20y == Rol 4 ¢
Vio=R <6y ox  ox c"’y) @
oY oc Y dc
Vip = pe| X 2 _ Y O .
c=F e(ﬁy ax  ox ay> 4)

The local change in concentration is assumed not to
cause any disturbances in the fluid motion. For fluid
motion a no-slip condition is used at the surfaces of the
promoters and at the walls of the channel under
consideration. For mass transfer the high polarization
limit and no-flux boundary conditions are chosen at
the fluid-channel wall interface and the surfaces of the
promoters, respectively. Then the conditions for the
flow fields are

at the upper walls

/ :

=1, 4 =220,
4 ox oy 0 @
at the lower walls
/"
B 0’ e T ez ()
¥ Ew @0 (5
The conditions for the concentration profile are
at conducting walls c=0 (6)
+
AEM
CEM

AEM

) CEM
V= ARST 4“?’5-/
_::-? b= EAT

— AL —w

F1G. 1. Schematic diagram of an electrodialyzer with turbulence promoters: AEM, anion exchange
membrane ; CEM, cation exchange membrane.
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F1G. 2. Modelled systems for turbulence promoters.

at non-conducting walls g)% =0 or ic_ =0. (7

oy
In addition to the above boundary conditions we have
assumed the fully developed concentration profile
normalized with respect to C,,,, in each promoter unit.
In other words the flow field and the concentration
profile in each promoter unit look like those of the
preceding unit. Then the boundary values at the inlet
and the outlet of one unit can be calculated using
Mitchell’s method [22]. In order to use Mitchell’s
method two pairs of corresponding planes, (S, §’) and
(T, T') are assigned as shown in Fig. 2. The values
calculated in the numerical procedure at 8’ and T
should be used at the end of each iteration to update
the values at S and T. The relations between the former
and the latter planes are as follows for the flow fields:

zigzag-type promoter
s =1—yg(l =), Ya(y) =1 —Yp(1 - p),

wg(y) = —ws(l — y), oy(y) = —w(l - y), o
cavity-type promoter
¥s(y) = ¥s(y),  ¥rly) = Y1), ©)
ws(y) = wsy), wr(y) = wr(y)

In equation (3) the dimensionless concentration c is
normalized with respect to the maximum concen-
tration at the plane S. That is

Cs max = 1 (10)
The relations for the concentration profiles are
zigzag-type promoter
cs(y) = ¢l — y)/cs: maxs
cx(y) = ex(l = ¥} s maxs
cavity-type promoter
cs(¥) = csy)es, maxo
cx(y) = e1(y) €5 max

defined in

(12)

where the subscripts are as the

Nomenclature.

3. NUMERICAL ANALYSIS

3.1. Upwind finite difference equation
The upwind difference scheme developed by Gos-
man et al. [13] for the solutions of the Navier—Stokes
equation and the mass transfer equation is used here.
The governing equations in rectangular coordinates
can be expressed in the following form:
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Table 1. The coefficients of equation (13)

4 a, bm Co dw
w 1 1 i/Re 0
W 0 1 1 —w
c 1 1/(Re-Sc) 1 0

N o wN] e[, @

Wi (o5 e8] i)
o[, @
+5[b¢,5(c¢,(p)]+d¢=0 (13)

in which ¢ represents the dependent variables (stream
function, vorticity, concentration, etc.), ¥ is the stream
function and a,. b, c,, d, are the coefficients. The
coefficients for the present system are listed in Table 1.
The vorticity at the wall is approximated with the
assumption that vorticity varies linearly from the wall
to the neighbouring point instead of the common
uniform vorticity approximation [13], that is

3 _
wp = _[ (‘bNP2 ¥p) + Eﬂﬁjl (14)
fing 2
where the subscript NP denotes the neighbouring
point and ny, represents the normal distance from the
point P on the wall to the point NP.

3.2. Numerical procedure

The system parameters for the simulation of the
process are chosen such that the real mass transfer
process in electrodialysis is taken into account in the
range of laminar flows. The values are as follows:

aspect ratio 35,5,
Reynolds number 50, 100, 200, 500,
Schmidt number 20, 60, 200, 600, 2000.

Non-uniform grid nodes (67 x 21) are chosen in order
to account for the concentration boundary layer. The
mesh size ranges from Ah = 1/200 to Ah = 1/10. The
smallest mesh size 1/200 near the wall is designed in
consideration of the thickness of the concentration
boundary layer. The x, y values on the grid nodes are
listed in Table 2. In order to test the effects of false
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diffusion, the total number of nodes is increased to
67 x 31 (Ah = 3/1000 to Ah = 1/20) for some Rey-
nolds numbers and Schmidt numbers. As the con-
vergence criterion, the absolute maximum in the field is
adopted as

}(P(m - {p(nv”}max < 10‘5' “5)

Relaxation is carried out using

@™ = (1 — RP)p""™ ) 4+ RPG™ (16)

in which ¢ is the value calculated by equation (13)
and represents the revised value for the nth cycle of the
iteration. Under-relaxation is adopted here in order to
damp out the instability occurring due to the non-
uniform grid.

Converged solutions can be obtained by using a
relaxation parameter, RP, of 0.7 for the flow field and
0.9 for the concentration profile.

In evaluating local Sherwood numbers at the walla
second-order polynomial was used to approximate the
concentration near the wall.

3.3. Results and discussion of the numerical analysis
Flow field. The distributions of streamlines for
Reynolds numbers Re = 50, 100, 200 and 500 for
promoters with the aspect ratio A = 5 are shown in
Fig. 3. In the case of zigzag-type promoters, two eddies
are formed : the first is located inside the separated flow
enclosed by the upper wall and the second enclosed by
the upper wall and the promoter. As the Reynolds
number increases, the size of both eddies becomes
larger and the center location of the first eddy moves to
the right side of the geometric center of the eddy.
For the cavity-type promoter with the aspect ratio
A =5, a similar phenomena can be observed at low
Reynolds numbers (Re < 50). However, as the Rey-
nolds number increases, the first eddy grows rapidly
and the contour ¥ = 0 becomes detached from the
lower wall. In this instance the two eddies coexist
under the contour = 0and there exists an interesting
region where the circulating direction is changed, i.e.
the first eddy turns clockwise and the second eddy
turns in the opposite direction (Re = 100). The further
increase of the Reynolds number results in the oblit-
cration of the second eddy and the center of the first
eddy moves downstream rapidly (Re = 200, 500).

Table 2. Grid points (the aspect ratio 4 = 5)

-05 ~04 ~03
02 03 0.4
09 095 10
13 14 15
. 20 21 22
2.7 28 29
34 35 36
395 40 405
45 46 47
5.2 53 54
0.0 0.005 0015
v 0.3 04 045
0.8 09 095

—-02 -0.1 0.0 0.1
0.5 0.6 0.7 08
1.05 11 L15 1.225
1.6 1.7 1.8 19
23 24 25 2.6
30 31 32 33
3.7 3.775 385 39
4.1 42 43 4.4
48 49 50 5.1
5.5
0.03 0.05 0.1 0.2
0.5 0.55 0.6 0.7
097 0.985 0.995 1.0
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F1G. 3(a). Streamline distributions (4 = 5) for the zigzag-type promoter.

The shift of the eddy center to the far right side of the
cavity can be considered to be different from the
problem of cavity flow induced by the uniform trans-
lation of the upper wall. However the centers are
located at the two-thirds of the cavity depth, which
coincides well with the results of Pan and Acrivos [19].

In the system the mass transfer rate at the lower wall
depends largely on the dimensionless velocity gradient
at y =0 [23, 24]. That is, the larger the velocity
gradient, the greater the mass transfer becomes. The
dimensionless velocity gradient, —(du/dy),-, at the
lower wall of the zigzag-type promoter with the aspect
ratio A = 5 are plotted for Re = 50, 100, 200 and 500
in Fig. 4. It is worthwhile noting that the dimensionless
velocity gradient increases as the Reynolds number
increases while the dimensionless velocity gradient
does not vary with the change of the flow rate in the
case of the straight channel. In other words, as the
Reynolds number increases the dimensionless shear

HMT 26:8 - G

stress decreases more slowly than that of the straight
channel for which the wall shear stress is reciprocally
proportional to the Reynolds number. This clearly
indicates that the zigzag-type promoter enhances the
mass transfer as compared with the straight channel
without it. This also implies that the exponent y in Sh
= K Sc*Re’ is larger than the calculated value (1/3)
of the Reynolds number in a straight channet [21].
Local Sherwood number. The variation of the non-
dimensional concentration gradient (local Sherwood
number) along the upper and lower walls is shown in
Fig. 5. The gradient at x = 1,y = lisonly in the region
200-350 instead of, as would be expected, approaching
infinity. This is due to the limitation of grid size
adopted in the numerical analysis. From Figs. 4 and 5
it can be seen that local Sherwood number distri-
butions are closely related to the dimensionless vel-
ocity gradient distributions at the wall and the
convective mass transfer in the recirculating flows. The
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F1G. 3(b). Streamline distributions (4 = S) for the cavity-type promoter.
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F1G. 4(a). Dimensionless velocity gradient along the lower wall for the zigzag-type promoter.
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F1G. 4(b). Dimensionless velocity gradient along the upper
wall of the cavity-type promoter.

effect of the velocity gradient is illustrated by the curves
for the upper walls of the cavity-type promoters. The
curves show that the minimum value of the local
Sherwood number is located in the vicinity of the point
of the minimum velocity gradient. In the case of the
upper wall of the zigzag-type promoter, the minimum
point is near x = 4 for Re = 200. These are also the
places where the main stream detaches from the wall at
the respective Reynolds number.

Mean Sherwood number over one step on promoter.
Comparison is made in Table 3 of the performance of
zigzag-type and cavity-type promoters. It is evident

1000

- Re =50
A=5 . .
- Sc =600 X=l  X=4

i (67 x 21) \*%
— (67 X3l)m

Zigzag type

- ———== ey,
Cavity type M

Shy

Upper wall

100

FI1G. 5(a). Local Sherwood number distributions (Re = 50,
Se¢ = 600).
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100
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F1G. 5(b). Local Sherwood number distributions (Re = 200,
Sc = 600).

that the zigzag-type is superior to the cavity-type
promoter and that the difference in the mean Sher-
wood numbers becomes larger at higher Reynolds and
Schmidt numbers. In order to find any correlation
between the Sherwood numbers in terms of the
Schmidt and Reynolds numbers for the promoters
with the aspect ratio 4 =5, the mean Sherwood
numbers are plotted vs Sc*Re” as shown in Fig. 6 after
obtaining the x, y values from the logarithmic plot of

1000

I Re =200, A=5
- ————Sc=60 @X
i Sc = 600
F(67 x21) X=1 X=4
i Upper wall

= roo-:

w f=

7
0= feLower wall v

o !
C 1 1 1 L

FiG. 5(c). Local Sherwood number distributions (Re = 200,
Sc = 60 and 600).
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Table 3. Comparison of the mean Sherwood numbers for each promoter
Re
30 100 200 500
Sc zigzag  cavity zigzag  cavity zigzag  cavity zigzag  cavity
20 244 229 319 26.5 428 310 67.1 375
60 357 333 46.8 386 64.3 46.5 1049 58.3
200 53.9 499 72.7 592 103.6 73.2 169.3 95.8
600 80.6 73.6 112.7 89.7 160.7 113.7 249.3 151.3
2000 130.8 117.8 182.1 144.6 248.5 1859 343.1 239.6
160 Shvs Re or Shvs Sc. The proportionality constants K
values are obtained from the slopes of the straight lines
in Fig. 6. The values are 0.519 for the zigzag-type
promoter and 1.069 for the cavity-type promoter. Thus
the correlations can be expressed in the following
120F Cavity type promoter form:
lope = 1069 / .
s OpeO 3‘76 7 zigzag-type promoter Sh = 0.519 Sc®370Re® 475
X = /
y=0.294 / ]
)4 cavity-type promoter Sh = 1.069 Sc®37°Re?29¢
.
£ sof / where 10° < Sc-Re < 4 x 10°.
b ’2 Zigzag type promoter For another zigzag-type promoter with the aspect
s Slope = 0.519 ratio A = 2‘5.5, the logarithmic plot of Shvs Re also gave
& x = 0376 a straight line for Sc = 60. The x value obtained (0.470)
)&e’ y =0.475 is nearly the same as that for the promoter with the
ack K aspect ratio A = 5(0.475). This partially indicates that
I the coefficient K is not a function of the Schmidt
;5 number or the Reynolds number but a function of the
f aspect ratio only.
2 The effects of false diffusion were tested by varying
% ) ! L L foed the total number of nodes from 67 x 21 to 67 x 31.In
© o = e Fig. 7 the results of the test are presented for the zigzag-
Sc” Re’ type promoter with the aspect ratio 4 = 5 at Re = 50

Fic. 6. Sh=Sh(Sc, Re) correlations for the turbulence
promoters.

and 200. Although 67 x 31 grid nodes give mean
Sherwood numbers slightly less than those obtained

87 x 21 Grid

67 x 31 Grid

100

She,

F1G. 7. The effect of false diffusion on the solution.
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FiG. 8. Details of the experimental cells for flow visualization.

using 67 x 21 nodes (relative difference : 3-99, average
4.5%, for Re = 50, 6.2%, for Re = 200), the slopes are
almost the same in both cases. Further tests by varying
the number of nodes or by varying the Reynolds
number were not performed due to the limitation of
the computer available (HP 3000-1I).

It should be recognized that the values of the
exponents x, y for the zigzag-type promoters are not
different from those of the correlations which have
been obtained experimentally by previous workers [ 1,
3, 25, 26]. Most of them assumed that x = 1/3 and
y = 1/2. Therefore it is evident that the present study
provides the theoretical background for the experi-
mental work of previous investigators and could be
valuable when attempting to design a better turbulence
promoter.

4. FLOW VISUALIZATION

4.1. Experimental

The flow visualization for promoters with the aspect
ratio A = 5 is performed to find the streamline distri-
butions and the eddy lengths in order to see whether
the results of the numerical analysis are consistent with
the experimental results. The details of the experimen-
tal cells are shown in Fig. 8. The tracer injection holes
are located at the third or fourth promoter. In all
experiments tap water at room temperature is used as
the working fluid. Sky blue ink (Pilot, Korea)is used as
the tracer.

The photographic system consists of a 20 W
fluorescent lamp, a white back curtain and a camera
(Nikon E12, Japan) with a close-up lens (Micro-Nikor
55/3.5, Japan). A low speed film (ASA 32) is used for
the low range of the Reynolds numbers with a highly
sensitive film (ASA 400) for higher Reynolds numbers.

4.2. Results and discussion

The main sequence of photographs in Figs. 9(a) and
(b) shows the growth of the eddy behind the zigzag-
type promoter and the transition to the turbulence. As
predicted by the numerical analysis, eddies are also
formed in front of the promoter in the third photo-
graph of Fig. 9(b). It is found that the instability of the
recirculating flow begins at Reynolds numbers of
about Re = 250-300 in the form of small amplitude
oscillations at the rear part of the eddy. A further
increase in Reynolds number makes the flow more
unstable and results in a transition to turbulence as
shown in the last two photographs of Fig. 9(b).

For the cavity-type promoter two important charac-
teristics of the recirculating flow predicted by the
numerical analysis are demonstrated in Figs. 9(c) and
(d): (i) two eddies coexist under the contour y = Qata
Reynolds number of about 100 and there exists an
intermediate region across which the flow direction is
reversed. Only the i = 0 line can be observed in the
photographs for Re = 82 and 100 in Fig. 9(d). (ii) The
eddy center is located at the far right-hand part of the
cavity and at a height of y = 1/2-2/3 of the cavity depth
(x ~3.7, y~027) for higher Reynolds numbers
(Re > 200) as shown for Re = 220.

Figure 10 shows a quantitative comparison between
the predicted eddy lengths and those measured experi-
mentally. The flow visualization results are in good
agreement with the numerical predictions at Reynolds
numbers ranging from 20 to 150. The small deviation
from the predicted curve is due to the mean velocity at
the injection point being greater than the overall
volume-averaged velocity used to calculate the Rey-
nolds number [27]. The deviation for Reynolds
numbers greater than 150 may be partly due to the
artificial viscosity effect of the upwind difference
scheme.
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F1G. 9(a). Photographs for the zigzag-type promoters at Re = 20-82.
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FiG. 9(b). Photographs for the zigzag-type promoters at Re = 110-410,
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F1G. 9(c). Photographs for the cavity-type promoters at Re = 20-70.
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FiG. 9(d). Photographs for the cavity-type promoters at Re = 82-410.
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F1G. 10. Comparison of the calculated eddy sizes and the
experimental values.

5. CONCLUSIONS

Careful examination of the solutions obtained
shows that turbulence promoters enhance the mass
transfer by forming a recirculating flow which gives the
convective mass transfer effect and increases the wall
shear stress in the main stream. Also they show that
local Sherwood number distributions are closely re-
lated to the convective mass transfer and the wall shear
stress distributions.

The following empirical correlations are obtained
for the mass transfer of the promoters with the aspect
ratio A = 5:

Sh = 0.519 §c®-376 Re47°
Sh = 1.069 Sc®-376Re0 294

zigzag-type promoter
cavity-type promoter

The flow separations shown by flow visualization
are in good agreement with the predictions by numeri-
cal analysis at Reynolds numbers from 20 to 150. Also
the visualization studies show that the unsteady flow
begins at Reynolds numbers of 250-300 for both types
of geometries (4 = 5).
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The effect of turbulence promoters on mass transfer

EFFET DES PROMOTEURS DE TURBULENCE SUR LE TRANSFERT MASSIQUE-ANALYSE
NUMERIQUE ET VISUALISATION DE L’ECOULEMENT

Résumé—Des études numériques sont faites sur le transfert massique dans un écoulement bidimensionnel
entre deux plaques paralléles avec des promoteurs de turbulence placés sur la paroi inférieure et/ou
supérieure. Les géométries de type “zigzag” et “cavité” sont choisies pour conduire les études de trarsfert
massique et de visualisation d’écoulement dans le régime laminaire. Les résultats numériques montrent que
les promoteurs de turbulence augmentent le transfert massique en formant un écoulement de recirculation
qui donne I'effet de convection massique et accroit la contrainte pariétale de frottement.

Les séparations d’écoulement observées par visualisation sont en bon accord avec les calculs numériques
pour des nombres de Reynolds allant de 20 4 150. La visualisation montre aussi que I'écoulement non
stationnaire dans le canal commence 4 un nombre de Reynolds entre 250 et 300 pour les deux types de

géométrie avec un rapport de forme égal 4 §.

STOFFTRANSPORT—NUMERISCHE BERECHNUNG UND STROMUNGSBEOBACHTUNG

Zusammenfassung—Es wurden numerische Untersuchungen uber den Stofftransport in einer zweidimen-
sionalen Strémung zwischen zwei parallelen Platten mit Turbulenzerzeugern, die an der oberen und/oder an
der unteren Wand angebracht waren, durchgefihrt. “Zickzack™ und “Taschen” Geometrien wurden fur
Untersuchungen des Stofftransports, verbunden mit Strémungsbeobachtungen, im laminaren Strémungs-
bereich ausgewahlt. Die numerischen Ergebnisse zeigen, dafl die Turbulenzerzeuger den Stofftransport
erhohen. Dies ist auf die sich ausbildende Rezirkulationsstromung, welche EinfluBl auf den konvektiven
Stofftransport hat und eine Erhdhung der Wandschubspannung in der Hauptstrémung ergibt, zuruck-
zufiihren. Die bei den Beobachtungen festgestellten Strémungsabldsungen sind fur Reynolds-Zahlen von 20
bis 150 in guter Ubereinstimmung mit den Ergebnissen aus den numerischen Berechnungen. Die
Beobachtungen zeigen auch, daB fiir beide Geometrien bei Teilungsverhaltnissen von 5 und fiir Reynolds-
Zahlen ab 250 bis 300 eine unregelmaBige Stromung im Kanal entsteht.

BJIUSHUE TYPBYJIU3ATOPOB HA MACCOINEPEHOC. YUCJIEHHBIA AHATIU3
U BU3VAIIM3ALIUSA TTOTOKA

Annotanus — [IpoBeaeHb! YUC/IEHHBIE HCCAELO0BAHHA MAaCCONEPEHOCA MPH ABYMEPHOM TEYEHHH MEXAY
ABYMS APaJlieNIbHBIMH [IACTUHAMH C TypOyIH3aTOPaMH, PUKPEIUICHHBLIMM K HHXKHEHA H (H/IH) BEpXHeH
mnactuHe. Mcnonb3oBaluch KaHaubl B GOPME «3Mr3ar» MM «MOJOCTb», B KOTOPBIX HCCIIEA0BAHHE
MAacCONEepPEHOCca M BU3YalM3alus NOTOKA MPOBOJAWIHCH B PEXHME JIAMHHAPHOTO TedeHHA. UMC/IeHHbIE
pe3yNbTaThl MOKA3LIBAIOT, YTO TYpPOYNH3aTOphl CnOCOGCTBYIOT YCHM/ICHHMIO MAcCCOMEpEHoca 3a cveT
obpa3zoaHus 06paTHOrO Te4eHUA, KOTOPOE BbI3bIBAET KOHBEKTHBHBIA MAacCONEPEHOC U yBEJIHYHBaeT
KacaTeJbHOE HanpsXKeHHE Ha CTEHKE.

Hab.ionaemMas OTPHIBHAA 30Ha XOPOLIO COTIJIACYETCA C pe3ylbTaTaMH PacyeTOB, NPOBENCHHBIX HPH
3HayeHusax yucna Peiinonbaca ot 20 no 150. Kpome Toro, nokasaHo, 4TO [ ABYX THMIOB FEOMETPHIA

KaHana npH 3HaueHHsAX yucna PeiiHonbaca or 250 no 300 BO3HUKAET HECTAMOHAPHOCTDL TEYEHMS.
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