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Abstract—To investigate the enhancement of mass transfer by vortices induced in a cavity due to external

channel flow, numerical analysis has been carried out for various aspect ratios, Reynolds numbers and

Schmidt numbers. As the aspect ratio increases the number of vortices increase but only the primary and

the secondary vortices have such a strength as to enhance mass transfer. For each aspect ratio the mean

Sherwood number was expressed in the form Sk, = K Re* S¢”. For an aspect ratio of one, the results have

been compared with experimental data measured by the limiting current method and good agreement,
within an error range of 20%, was obtained.

1. INTRODUCTION

HEAT OR mass transfer between a flowing fluid and a
solid surface with cavities occurs in many engineering
problems. Such cavities can be found in the pores
of membranes or catalyst supports, in a system of
turbulence promoters, in the void space between pack-
ing materials in a packed bed, etc. It is well known
that external flows induce a vortex in a cavity. This
convective vortex motion promotes mass transfer
between the fluid and the wall cavity, particularly
when the diffusivity of the transferring species in the
fluid is very small.

Many investigators have made studies of heat or
mass transfer in cavities related to the application of
turbulence promoters. Roshko [1] measured the pres-
sure, velocity and friction in a rectangular cavity in
the floor of a wind tunnel. Charwat ez al. [2] proposed
a mass exchange model to explain the process of heat
transfer in a shallow cavity in supersonic or subsonic
flow region, but this model does not seem to be
adequate for deeper cavities. Haugen and Dhanak
[3] studied heat transfer in turbulent flow with the
conditions of uniform temperature and uniform heat
flux at cavity walls. Wragg et al. [4] measured local
wall mass transfer distributions using the electro-
chemical technique in circamferential cavities in pipe
walls. The overall mass transfer coefficients from the
cavity base decreased sharply as the cavity aspect
ratio varied from 0.91 to 4.4. The mass transfer rates
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at the side walls upstream and downstream were quite
different. Yamamoto et al. [5] performed experiments
to measure the heat transfer characteristics in cavities
with aspect ratios (4R) less than or equal to 1.0.
They found that reattachment of separated flow for
shallow cavities, and vortex flow for deeper ones, had
a large effect on heat transfer. Aggarwal and Talbot
[6] obtained local mass transfer coefficients electro-
chemically in a semi-cylindrical hollow to apply
their results to blood oxygenation. It was shown that
Sherwood number increases with both Reynolds
number and the cavity hollow diameter. Berger and
Hau [7] measured the mass transfer coefficient in the
range of 1/10 < AR < 1/3, 10000 < Re < 250000 and
1000 < Sc < 7000. They showed that the distribution
of the local mass transfer coefficients along the bottom
of a cavity is uniform at higher Reynolds numbers and
that the values are independent of Schmidt number.
Kang and Chang [8] numerically investigated the
hydrodynamic performance of both cavity-type and
zigzag-type turbulence promoters and proposed an
empirical correlation for Sherwood number in terms
of both Reynolds number and Schmidt number. Kim
et al. [9) measured local mass transfer rates with the
limiting current method and compared their results
with those obtained by Kang and Chang [8] and found
good agreement. Bhatti and Aung [10] made a numeri-
cal analysis on a shallow cavity of which the walls
were held at a uniform temperature.

Most of the above studies have been limited to
cavities of low AR. Pan and Acrivos [11], Weiss and
Florsheim [12], however, investigated flow in cavities
with high AR under the condition of creeping flow.
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aspect ratio, D*/W [---]

C  dimensionless concentration [—]

C’  concentration [mol cm 7]

C, bulk concentration [mol cm™?]

C,, inlet concentration [mol cm ™ ]

C, concentration at electrode surface

[mol cm™ 7]

diffusivity [cm?s "]

depth of cavity [cm]

Faraday constant [C mol™']

limiting current density {A cm™ 7]

mass transfer coefficient jcm s ']

constant [—]

characteristic length, D* [cm]

mass flux in Y-direction [molcm*s~']

Pe  Peclet number, UW/D [--]

Re Reynolds number, pUW/u [—]

Sh  Sherwood number, kL/D [—]

mean Sherwood number defined in

equation (16) [—]

U  X-component of a dimensionless velocity
]

V' Y-component of a dimensionless velocity

]

NOMENCLATURE

W width of a cavity [cm]

Y* normalized dimensionless coordinate Y.
Y/AR [—]

r  number of electrons exchanged during
electrode reaction [—].

Greek symbols
A constant for convergence criterion [—]}
i viscosity [gemT!sT]
p  density of a fluid [g cm ™%
¢  general dependent variable [
Y dimensionless stream function [—]
w  dimensionless vorticity [—].

Superscripts
’ dimensional quantity
N iteration number.

Subscripts
i ith node in X-coordinate
j  jthnodein Y-coordinate
] solid wall.

They showed that successive secondary vortices exist,
and that the strength of the vortices decreases rapidly.
Therefore, it is expected that the effect of the vortices
induced in a cavity on mass transfer also decreases as
AR increases.

The present study is concerned with mass transfer
between a fluid and a cavity which has an active bot-
tom wall. The maximum values in the present inves-
tigation are 300 for Re, 10000 for Sc¢ and 10 for
AR. A numerical study and mass transfer experiments
using the limiting current method have been per-
formed and comparisons between the results have
been made.

2. GOVERNING EQUATIONS AND
NUMERICAL ANALYSIS

A schematic diagram of a rectangular cavity is
shown in Fig. 1. The width of the cavity is the same
as the distance between the rectangular channel plates.
The aspect ratio is defined as the ratio of the height
to the width of the cavity. The inlet upstream flow of
the channel is assumed to be a fully developed laminar
flow. The concentration of the inlet fluid is assumed
to be uniform and the walls are assumed to be inert
except the cavity bottom wall at which zero con-
centration is assumed. The following equations need
to be solved in order to obtain the velocity and con-
centration profiles in the field : (i) equation of motion

in the X-direction; (ii) equation of motion in the Y-
direction; (iii) continuity equation; (iv) mass transfer
equation. For a dilute solution it may be assumed
that concentration does not significantly affect the
properties of the fluid. Therefore, the flow field can
be obtained from equations (i), (ii) and (iii). The solu-
tion of the stream function is used to solve equation
(iv). To simplify the governing equations, the fol-
lowing dimensionless variables are introduced :

X=X |W, Y=Y W, y=y/0W,
w=Uw'/W, C=C|C,
Re = pUW/u, Sc=u/pD, Pe= ReSc= UW/D.
H

The simplified governing equations using the above

igugﬁ =Cin

c'=0

FiG. 1. Model of mass transfer in a cavity.
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dimensionless variables are as follows:

VY= -0 @
s o (O 0w
20 = pe ¥ 9C _ 0 OC
v C“Pe(ay ox ~ ox 6Y)' @

The boundary conditions are:
(i) at X = —35 (inlet of the channel)
& dw

(ii) at X = 25 (outlet of the channel)
o o 0C
ax-oax~ax ©
(iify at Y= —1 (upper wall of the channel)
o & oCc
y=-1 ﬁ—a—y'—-b—}—,—o, N
(iviat X = 0, 0 < ¥ < AR (side wall of the cavity)
o o oC
¥ =0, ﬁ—ﬁv‘é‘i—og ®

Maty=4R, 0< X<
{bottom wall of the cavity)

W _ W _
86X 3y

(vi) at all the other walls

o _ow_(oc)_
X 8Y \on)f

v =0, 0, C=0; ®

¥ =0, (10
where n stands for the distance from the wall along
the normal.

The upwind difference method developed by Gos-
man et al. [13] has been used by transforming the
governing equations into the following form:

a [ éy o[ &y d 8
% ‘{a—x (ﬁ> ~ay (@ ﬁ)} - [5; {"’@‘%‘”}
0
- 55? {bwﬁ("w‘/’)}]"‘d«a =0 (11)

where y denotes the dependent variables and a,, b,,
¢,, and d,, are coefficients the values of which are listed
in Table 1. In order to obtain the vorticity at the wall,

Table 1. Coefficients of equation (11)

a, b, <, d,
w 1 1 1/Re 0
¥ 0 1 1 —-w
C 1 1/Pe 1 0

HMT 30/710-K
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the assumption of the linear variation of vorticity
from the wall to the neighbouring point is used.
Detailed procedures for the solution can be found
elsewhere I8, 13].

Because the gradients of the velocity or con-
centration are expected {o be large near the walls or
near the shear layer at the open side of the cavity, a
variable grid is used giving high density at these
regions. The mesh size ranges from 4 = 1/200 near the
wall to 5 downstream of the channel. The number of
grids has been increased with AR, namely, 45 x 30
when AR = 1 and 45 x 43 when AR = 10. Typical grid
points are listed in Table 2.

As a convergence criterion, equation (12) is used
when the value at each grid is very close to zero.
Otherwise equation (13) is adopted

&y
; ,
v N—1) = il (12)
max max
W _ -1
~——————lp"’ U‘e)” =1, (13)
ij max

where 4, has been taken to be 10~ °-10"° and 4,
to be 5x 10~° When AR is small, equation (12) is
sufficient to give a converged solution. But when AR
becomes larger, the order of magnitude of the stream
function near the bottom of the cavity is much smaller
than 1, and equation (12) is insufficient as a con-
vergence criterion. In cases when equation (13) alone
is used as a convergence criterion, fluctuations may
occur near the boundaries between vortices that have
very small values with sign change. Thus, at the begin-
ning we proceed under the criterion of equation (12)
and then change the criterion to equation (13) to
obtain a converged error.

For stable solutions the under-relaxation method
has been used for the calculation of vorticity at the
expense of long computation time. From our experi-
ence, relaxation parameters of 0.2 for the calculation
of vorticity, 1.4 for the stream function, and 1.1-1.3
for the concentration were used.

The parameters considered in this study are as fol-
lows:

AR: 1,3,5,7,10
Re: 0.1,1,10,100, 300
Sc: 1,10, 100, 1000, 1655, 10 000.

The rate of mass transfer at the bottom of a cavity
is as follows:

ac’ , ,
Ny = -D(ﬁ)s =kL(C},—C)). (14)
In dimensionless form
kL oc
Sh = o= _AR<5?)y=AR' (15)
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Table 2. Grid points (AR = 1)
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—4 -3 -2

—5
0 0.005 0.01 0.02
X 0.4 0.5 0.6 0.7
0.99 0.995 1 1.05
3 4 5 7
—1 —0.95 -09 -0.8
y —0.05 0 0.05 0.1
0.6 0.7 0.8 0.85
0.99 0.995 1
The mean Sherwood number is defined as
1
Shy, =f Shdx. (16)
0

3. EXPERIMENT

3.1. Limiting current method

The limiting current method is a convenient tech-
nique for the measurement of local mass transfer. The
method is based on the redox reaction of ferri- and
ferrocyanide in an excess of a carrier electrolyte such
as sodium hydroxide. A detailed discussion of the
limiting current technique can be found elsewhere
[14,15].

The mass transfer coeflicient at the cathode surface
is calculated from the following equation with z = 1
and C,=0:

fim

The rate of mass transfer can be expressed in a dimen-
sionless form as
kL L

D~ zZFC,D

Sh (18)

where L is a characteristic length and represents the
depth of a cavity in the present system. Since the

—1.5 ~ 1 —0.5 0.1
0.05 0.1 0.15 0.32 0.3
0.8 0.85 0.9 0.95 0.98
1.1 1.3 1.6 2 2.5
9 12 15 20 25

—-0.7 -0.5 —-0.3 -0.2 — 0.1
0.15 0.2 0.3 0.4 0.5
09 0.93 0.96 0.98 0.985

variables such as D, F, L and z are given and C,
can be obtained by analysis of the solution, the mass
transfer coefficient can easily be determined from the
above equation.

3.2. Experimental apparatus

A schematic diagram of the experimental apparatus
is shown in Fig. 2. The electrolyte is pumped from a
reservoir through a flow damper, thermostat, flow-
meter and, finally, into the test cell. The flow damper
is installed to prevent gas bubbles from entering the
test cell and to relax the pulsation generated by the
pump. The temperature of the solution is controlled at
25+0.5°C. The flow rate is measured by a calibrated
float-type meter. Nitrogen is bubbled through the
solution in the reservoir to remove dissolved oxygen.
Details of the test cell are presented in Fig. 3. The
cavity is placed 60 cm behind the entrance to the test
cell in order to satisfy the fully developed flow
condition. The cathode is placed at the bottom of the
cavity and the anode (2x10 c¢m) is placed 20 cm
downstream of the cavity. The height and the width
of the channel are 2 and 10 cm, respectively, and those
of the cavity are both 2 cm. The span of the cavity is
10 cm and all of the span is used as the cathode but
measurements have been made only at the central
3 cm. The measuring cathode is divided into six
smaller electrodes separated by insulating epoxy resin

Test cell
[ W\MM/\{
Anode .
Reservoir
Cathode
v v v|Flow meter (-
[~~~~} Saturation
Thermostat tank
Water N,
Contro! valves

Flow damper

X

F1G. 2. Schematic diagram of experimental equipment.
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FiG. 3. Details of the test cell.

and the total electrode area amounts to 68.0% of
the total cathode area. The electrodes are polished
with fine emery paper and then wiped with CCl,.

To activate the cathodes, 5V is applied to them in
reverse polarity in 2N NaOH solution for 5 min. The
electric circuit used to measure currents is similar to
that described elsewhere [9].

3.3. Measurement of the current

Typical polarization curves were obtained for vari-
ous Re up to 300 and limiting currents were obtained
at above 400 mV. A constant voltage of 700 mV was
supplied using a d.c. power supplier. The voltage and
the current are measured by a digital multimeter
(Model 616 and 619, Keithley). When the currents

%

:/’
4/
\

\}

7

Flow direction

’

4

Y |
1

\‘\

L 4

Back flow
region

Re =100

Re=0.|

[

X=0.5

X=1 X=0

FiG. 4. Profile of X-direction velocity at cavity centre.

fluctuated, they were passed through a resistor and
the voltage drops were monitored on a chart recorder.

4. RESULTS AND DISCUSSIONS

4.1. Fow field and concentration profile

A typical velocity profile at the centre of the cavity
of AR =1 is shown in Fig. 4. As Re decreases, the
point of U = 0 moves downward. This means that the
external flow penetrates more deeply into the cavity
as the velocity decreases. The maximum value of the
stream function in a vortex is given in Fig. 5. As Re

a4l-
_—wmux .
AN
3l /] >
°
T /
g _
* AR=|
A
P AR =5
1
1 | | J
0.1 1.0 10 100 300

Re
FiG. 5. Maximum value of the stream function.
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increases Y., also increases to a maximum value at
around Re = 100. As Re increases, the location of
¥ max moves downward due to inertial forces. Then the
gradient of Y between the wall at which X' =1 and
the lane at which ¥, lies increases because of the
shorter distance between the two planes. To conserve
the total mass flow rate between the two planes v .,
should decrease at Re higher than 100.

Sample contour maps of the streamlines and con-
centrations are shown in Figs. 6(a)—(d) and the values
of the symbols in the figures are given in Table 3.
When AR is 1.0 (Figs. 6(a) and (b)), the vortex centre
shifts downstream as Re increases and thus the
streamlines between the vortex centre and the plane
at X = 1 are denser than the streamlines between the
vortex centre and the plane at X = 0. This means that
the magnitude of the downstream vertical velocity
is larger than the upstream one. The concentration
contour lines show that the concentration changes
rapidly near the bottom of the cavity at higher Re.
The equi-concentration lines penetrate more deeply
toward the bottom of the cavity at the downstream

Table 3. The values of constant line in Fig. 6(c)

Stream function Concentration

Position Symbol Value Symbol  Value
A —1 a’ 0.99999
B -0.9 b’ 0.999
C —0.8 ¢’ 0.995
D —-0.7 d 0.99
E —0.6 e’ 0.987
( F 0.5 £ 098
Clﬁ‘:)’;?el G —0.4 g 0978
H —0.3 h 0.97
7 —-0.2 it 0.95
J ~0.1 i 092
K —0.05 'S 0.9
L —0.01 I 0.8
M 0 m’ 0.7
n’ 0.6
a 3x1072 o 0.5
b 2% 1072 P04
Ist ¢ 1x1072 q 0.3
Vortex d 5x107° r 0.2
e Ix10°3 s 0.1
! Ix107*
g —5x107°
N 5
i —1x107°
3rd j 1x107*
Vortex k Ix10~°
4th ! —1x1071?
Vortex m —1x107"
5th n %1071
Vortex 0 1 x107"
Small corner p ~1x10*
vortex g Ix107°

Ho NaM CHANG et al.

side so that the maximum local mass transfer rate is
expected at this region. The number of recirculating
vortices at Re = 100 increases to 2. 3. 4, and 5 as 4R
increases to 3, 5, 7, and 10, respectively (Figs. 6(c) and
(d)). The directions of rotation change alternately as
the number of vortices increase. When AR = 3, the
equi-concentration lines of the primary vortex pen-
etrate more deeply at the downstream side while thosc
of the secondary vortex penetrate at the upstream side
due to the change of direction of rotation. The
concentration contour maps of 4R greater than 5 are
nearly parallel to the X-axis except in the region of
the primary and secondary vortices. This means that
only the primary and secondary vortices have enough
strength to influence the mass transfer and the effects
of other vortices on mass transfer are insignificant.

The mean concentration along the Y-axis is defined
as follows:

1

J C(X, Y)dx
P 0

C¥) ="

’ dx

1]

Substituting Y* = Y/4R into equation (15) and
rewriting equation (16) with equation (19) we have

dC(rY*) ,
The above equation shows that the gradient of the
mean concentration at Y* = [ is the mean Sherwood
number. In Fig. 7(a) C(Y*) vs Y* is plotted. The
horizontally flat part of the curve represents the region
where the primary vortex dominates. The rate of
mass transfer in the Y-direction may be expressed as

dC

=CV —D 2
N=CV DdY' (21

Because the primary vortex has large values of V
(CV>» DdAC/dY), it has a large influence on mass
transfer. The straight line which connects the points
(0, 1) and (1, 0) represents pure diffusional mass trans-
fer. As the concentration of the upstream channel is
taken as a reference concentration, the mean con-
centration at the top of a cavity, €(0), is less than 1.0.
Figure 7(b) shows that C(Y*) has lower values at
higher 4R. Because the relative size of the primary
vortex is inversely proportional to AR, the flat part of
C(Y*)is smaller as 4R increases. The inflection points
indicate that the secondary eddies also have influences
on mass transfer. As AR increases the effect of the
secondary vortex decreases gradually not only due to
its relatively small size but also its smaller strength.
Pure diffusional mass transfer occurs in the region
where C(Y*) decreases linearly. Figures 7(a) and (b)
clearly show that only the primary and secondary
vortices affect mass transfer and the higher numbered
vortices have a negligible effect on mass transfer.
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1.0,
P
> 05
10
a: AR=1
b: AR =3
c: AR=5
d: AR=7
e: AR=10
~-— Pure diffusion
] A |
e} 05 1.0
(a) Y*(=Y/AR)
1.0
Fﬁ a
b
= 05—
z
10 a: Re =300
b:Re=10Q
c:Re= 10
d:Re= |
eRe=0.l
== Pure diffusion
1
o] 05 1.0
(b) Y*(=Y/AR)

FI1G. 7. Mean concentration profile along ¥Y*: (a) Reynolds
number is varied (4R = 1, Sc = 1000); (b) aspect ratio is
varied (Re = 100, Sc = 1000).

4.2. Distribution of local Sherwood number

The distribution of local Sherwood number vs Re
at AR = 1 and Sc = 1000 s presented in Fig. 8(a). The
curves show a maximum towards the right because
the fresh solution meets the bottom of a cavity near
X = 0.7-0.8. Inflections appear near X = 0.1 and
0.9 owing to the small secondary vortices. At high
Reynolds number, both the magnitude and devia-
tion of local Sherwood number from those of Re = 1
and 0.1 increase.

The effect of Sc on mass transfer is shown in Fig.
8(b). As Sc increases, the mass transfer rate also
increases and the variation of the curve becomes
greater showing a larger effect of the convectional
flow on mass transfer. When Sc is small, the role of
diffusion becomes greater so that the curve becomes
more linear.

The variation of the local Sherwood number at
various AR is shown in Fig. 8(c). The maximum point
for AR =3 appears at the other side of the cavity
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in comparison with that for 4R = 1 because of the
direction of rotating of the secondary vortex. This
figure also indicates that the local Sherwood number
at the bottom of a cavity of AR higher than 5 is
independent of X position. However, the Sherwood
number is still higher than the value 1.0 corresponding
to pure diffusion.

»d
>
o
3
3
)
&
-~
=
S
S
(W

.0, AT hr O

he local Sherwood number has been integrated
using equation (16) and the result for Sc = 1000 is
shown in Fig. 9. The mean Sherwood number
increases with Re and the increase is higher at lower
AR. When Sc is 10000, the behaviour is similar
though the magnitude of Sherwood number is
increased. The mean Sherwood number can be ex-

..... awnng aa at anach AD.

PN | PR it
pu:bacu Uy l.uC IOHUWILE b\.iuauuu dai valil /14 .

Sh, = K Re* S¢” (22)

where K, x, and y are constants obtained from multi-
linear regression methods and the values are given in
Table 4. The range of application of the above equa-
tion is 0.1 < Re <300, 1000 < Sc <10000. The
coefficient K increases rapidly between AR = 3 and
5 and the powers x and y decrease approximately
exponentially. This means that the fraction of the
diffusion-controtled region increases as 4R increases.
The Sherwood number at high AR can be expressed
as a function of Peclet number from the fact that the
values of x and y approach the same value.

4.4, Comparison of experiment with numerical analysis

To confirm the results from the numerical analysis,
mass transfer experiments were carried out for
AR =1, 5 < Re < 300. Figure 10 shows the com-
parison of Sherwood numbers from the numerical
analysis and from the experiment. The distributions
of Sh agree reasonably well. It is known that the
local concentrations near the insulation between the
cathodes have high values due to the non-conducting
region of the cathodes where the condition C = 0 is
not satisfied. Moreover, it is also known that the effect
of the non-conducting region increases at lower Re
[19]. Edge effects due to electrode insulation give
larger deviations in the corners when secondary eddies
with small velocity occur.

The mean Sherwood numbers obtained from the
experiment and from the numerical analysis are com-
pared in Fig. 11. In the range 10 < Re < 300 there is

Table 4. The constants in equation (22)

AR K x y
1 0.2156 0.4094 0.3733
3 0.3420 0.2056 0.2033
5 0.7172 0.0837 0.0841
7 0.8191 0.0589 0.0572
10 0.8652 0.0467 0.0428
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FiG. 8. Distribution of local Sherwood number at the bottom of a cavity: (a) Reynolds number is varied
(AR =1, Sc =1000); (b) Schmidt number is varied (4R =1, Re = 100); (c) aspect ratio is varied
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(Re = 100, Sc = 1000).
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cAR=I
:AR=3

»P a0 e O

10 100 300
Re

F1G. 9. Mean Sherwood number at S¢ = 1000.

agreement within 20%. When Re = 5 the error is
about 70%. This large deviation is attributed to the
effect of inert regions adjacent to the cathodes at this
low Re and the long experimental time of about 10h
to attain steady state. Sutey and Knudsen [20] inves-
tigated the activity of nickel electrodes and showed
deactivation of the electrode after 175 min. In this
experiment the depth of the cavity was 2cm. As can be
seen in Fig. 7, the diffusion dominance region becomes
larger when Re is low. To calculate the approximate
time to attain steady state at extremely low Re, it is
assumed that only diffusional mass transfer occurs
within a cavity. Then the solution can easily be
obtained as follows [21] :

Cc-C, Yy 22 .. [(nnY
c.—c, (Y”)‘Zﬂ;ﬁ(‘l) sin (T)

x exp (—nn?Dt/L?) (23)

where L is the depth of a cavity and C the con-

70
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50
L]
e
R
Kt
- -
3 1o "
5 .
-
. —-= Calculated value
e Experimental datg
| . e |
3 10 100 300

Re

Fig. 11. Comparison of calculated values with experimental
data for mean Sherwood number at AR = | and S¢ = 1655.

centration at the entrance (namely, ¥ = 0) of the
cavity. The Sherwood number can be obtained from
the following equation :

Sh=1+2 i {(—1)" cos (nm)exp (—nn*Dit/L?).

(24)

The first term, 1.0, is the Sherwood number at steady
state when only pure diffusion occurs. About 30 h are
required to attain Sh = 1.2. Therefore, experiments in
the cases where Re is less than 5 and AR is greater
than 1 were abandoned due to the excessive time
required for the steady state.

5. CONCLUSIONS

A numerical analysis has been carried out to inves-
tigate mass transfer in rectangular cavities due to
external laminar flow, cavities of aspect ratio (4R
between 1 and 10) being used. Experiments were car-

Re = 300

Re =100

Re = 10

PV B L s
0.0 0.5 1.00.0

X

FiG. 10. Comparison of calculated values with experimental data for local Sherwood number at AR = |
and Sc = 1655: ——, calculated ; —ll—, experimental.
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ried out for AR = 1 using the limiting current method
and the following conclusions were drawn.

(1) As AR increases the number of vortices also

increases but the strength of the vortices reduces

ra

pidly.
(2) Only the primary and secondary vortices have

a large enough strength to promote mass transfer.

(3) Mean Sherwood number increases with both

Re and Sc and can be expressed in the form Sh,, =

K

Re* Sc? for each AR.
(4) The mean Sherwood number from the experi-

ments and the numerical analysis were in agreement
within about 20%.

1

2.
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EFFET DE L’ECOULEMENT LAMINAIRE EXTERNE SUR LE TRANSFERT
DE MASSE DANS UNE CAVITE

Résumé—Pour étudier I'accroissement du transfert de masse par tourbillonnement induit dans une cavité
par un écoulement externe, une analyse numérique est faite pour différents rapports de forme, différents
nombres de Reynolds et de Schmidt. Quand le rapport de forme augmente, le nombre de tourbillons
augmente, mais seuls les tourbillons primaire et secondaire ont une intensité telle que le transfert de masse
est augmenté. Pour chaque rapport de forme, le nombre de Sherwood moyen est exprimé sous la forme
Sh,, = KRe*S¢’. Pour un rapport de forme unité, les résultats sont comparés avec les résultats expéri-
mentaux déterminés par la méthode électrochimique et un bon accord est obtenu avec un écart inférieur a

20%.

EINFLUSS EINER EXTERNEN, LAMINAREN KANALSTROMUNG AUF DEN
STOFFTRANSPORT IN EINEM HOHLRAUM

Zusammenfassung—Um die Steigerung des Stofftransports durch Verwirbelungen, die durch eine externe
Kanalstrémung in Hohlrdumen entsteht, zu untersuchen, wurden fiir verschiedene Seitenverhéltnisse,
Schmidt- und Reynoldszahlen numerische Berechnungen durchgefiihrt. Mit zunehmendem Seitenverhéltnis
steigt die Zahl der Wirbel, aber nur die ersten beiden Wirbel sind stark genug, um den Stofftransport zu
erhéhen. Fiir jedes Seitenverhiltnis wurde die mittlere Sherwoodzahl gemiB folgender Formel berechnet :
Sh,, = K Re* Sc*. Fiir das Seitenverhiltnis Eins wurden die Ergebnisse mit experimentell ermittelten Werten
verglichen, die mit der Grenzstrommethode gemessen wurden. Dabei stellt man in einem Fehlerbereich
von 20% gute Ubereinstimmung fest.
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BJIWAHHE BHEHIHETO TAMMHAPHOI'O TEYEHHUA B KAHAJIE HA MACCOOBMEH
TNOJIOCTH

Apnorauss—C NOMOIIBIO YHCICHHOTO aHAAH33 NPH Pa3iuYHbLIX OTHOLICHWAX CTOPOH, uucnax PeiiHo-

appca 1 HIMuara usyvanack UHTeHcupuKanus MaccooOMeHa B NMOJIOCTH 3a CYeT BHUXpeEi, 00ycloBieH-

HBIX BHELUHMM TeYeHHeM B KaHasie. C yBEJIHYCHHEM OTHOLICHHS CTOPOH YBEIHYHBAJIOCH YHCIO BHXpEH,

HO TOJLKO TEPBHYHbIE M BTOPHYHBIC BHXPH CIOCOGHBI OB HHTEHCHOHUHPOBATH MacCOOOMEH.

Cpennee uyncno Hlepsysa Anms xaxIoro OTHOWEHHs CTOPOH Bbipaxaidock B Bume Sh, = K Re* Sc¢”.

CpaBHeHHE Pe3yIbTaTOB, NOJNYYEHHBIX NPH OTHOLICHHH CTOPOH, PABHOM 1, C JaHHBIMH H3MEPCHHH Ho
METOAY NPeNeAbHOTO TOKA TOKA3aNI0 HX COOTBETCTBHE B mpeaeax 20%.
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