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Abstract—The transport of heat and salt across an interface, which has been stabilized by a salinity
contrast and destabilized by a temperature contrast, is investigated when turbulence, produced by
vertically oscillating horizontal grids, is imposed on the deeper layers above and below the interface.
The fluxes of heat and salt are measured as functions of a non-dimensional parameter A, which expresses
the ratio of the grid-generated velocity to the convective velocity. Both fluxes were found to increase
with 4. For A« the double-diffusive convection process appeared to be the dominant transport
mechanism and for A > 1 mechanical mixing processes appeared to be dominant. The results were compared
with those of Turner [1] which were obtained with only one diffusing component, and for the special
case of salt flux the effectiveness of double-diffusive convection can be illustrated by examining the effect
of changing the temperature difference between the layers.

NOMENCLATURE

£ frequency of grid oscillation [Hz];
g, gravitational acceleration [cm/s?];
h, layer depth [em];
L integral length scale [em];

. Ap 1 .
Rip, =g P overall Richardson number;
R,, = % density ratio;

S, salinity [%o];
T, temperature [°CT;

t, time [s];
u, horizontal RMS velocity [em/s];
u.,  vertical convective RMS velocity [em/s];

Ue, entrainment velocity [em/s];
u,,  grid-generated horizontal RMS velocity

{em/s];
w, vertical velocity of fluid in fingers [cm/s].
Greek symbols
a, coefficient of volume expansion due to unit

temperature change [°C™'];
B, fractional density change produced by unit
salinity change;

aAT, fractional density difference dne to the
temperature difference between layers;

BAS, fractional density difference due to the salinity
difference between layers;

aFr, heat flux [g/em?s];

BFs, salt flux [g/em?s];

A, = %non-dimensional stirring parameter;
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Ap,  density difference between layers [g/cm?];
AS,  salinity difference between layers [%o]:
AT, temperature difference between layers [°C:

P, density [g/em*];
w, frequency of grid oscillation [cycles/min].

1. INTRODUCTION

FOR MANY years engineers and geophysicists have
been interested in the movement of sharp density inter-
faces between well-mixed weakly turbulent layers and
the related problem of heat and mass transport across
these interfaces. It is clear that the overall vertical
transport of heat, solutes and momentum is controlled
by the transport across such interfaces. Thus it would
seem worthwhile to study vertical mixing across a single
density interface in the presence of weak turbulence
within the layers. In the ocean and atmosphere the
turbulence within the layers is commonly generated by
shear mechanisms, which cannot be easily reproduced
in the laboratory. A convenient means of generating
turbulence in the laboratory is to use a pair of
oscillating grids, one grid being located in the centre
of each layer. The structure of the turbulence gener-
ated by an oscillating grid has been measured by
Thompson and Turner [2]. Their measurements, made
with a hot-film probe, showed that the horizontal
RMS velocity and the integral lengthscale of the tur-
bulence varied with the frequency and amplitude of
oscillation of the grid, the distance from the grid and the
shape of the grid.

Turner [1] studied the case where the density differ-
ence across the interface is produced by one component.
Two separate components, namely heat and salt were
considered. Turner measured the entrainment velocity
u. when either one or both layers were stirred. The
entrainment velocity u, was found to be a function of
an overall Richardson number. If the subsequent results
of Thompson and Turner, obtained with the same
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experimental configuration, are exploited the relation-
ships reduce to

e o Rig 1)
u

when the density difference is produced by tempera-
ture and

%“— % Rig ¥ )

when the density difference is produced by salinity. The
different functional forms for the rates of mixing imply
that molecular effects as well as the overall Richardson
number are important. Turner originally argued that
equation (1) was the basic relationship, however, more
recent evidence (see Linden [3]) tends to support the
opposite conclusion, The whole subject has been re-
viewed in Turner [4] and an overall form for the
relationship u,/u vs Rip has been proposed.

In many situations there are two or more diffusing
components present and if one of these components is
unstably distributed, then molecular diffusion can act
in such a way as to release the potential energy of this
component. The most general name which has been
given to this phenomenon is double-diffusive con-
vection.

The interface between two convecting layers can take
either of two forms depending on whether the com-
ponent which is unstably distributed has the greater
or lesser diffusivity. If the unstably distributed com-
ponent has the greater diffusivity, then the net result
of vertical diffusion is to give an unstable buoyancy
flux through the interface and to drive convection in
the layers, thus sharpening the interface. This type of
interface has been called “diffusive”. On the other hand
the unstably distributed component may have the lesser
diffusivity in which case long narrow convection cells,
in which the fluid moves alternatively up and down,
are maintained because the heat diffuses horizontally
more rapidly than the salinity, thus forming the so-
called “finger” interface.

Turner’s experiments were performed with only one
diffusing component. An obvious next step is to
examine the effect of the presence of a second diffusing
component on the transports of heat and salt for
differing stirring rates.

This problem has, in part, been studied by Linden
[5], who examined the case where there is an unstable
stratification of salt and a stable temperature stratifi-
cation (ie. a finger interface) and found three main
features. These results were discussed with reference to
a parameter A = w?/u?, where w is the velocity of the
fluid in the fingers in the undisturbed state and u is
the horizontal RMS velocity of the turbulence.

(i) The ratio of the heat flux divided by the salt flux
became greater than unity when A <1.3. For the
particular geometry of the experiment this corresponds
to f 2 1 Hz, where fis the stirring rate.

(i) The salt flux has a minimum at A~0.3 or
f =~ 22Hz but the heat flux has no minimum as a
function of stirring frequency.
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(iiiy The transport is dominated by mechanical
mixing for 4 < 0.05 or f/ = 5Hz.

Linden explained the decrease in the salt flux as due
to a disruption of the ordered salt finger motions by
the turbulence, the increase is explained by the domi-
nance of mechanical mixing. The fact that the heat
flux is an increasing function of stirring frequency is
then explained by the shortening of the fingers by the
turbulence and, therefore, a subsequent increase in the
temperature gradient and thus heat flux.

The complementary problem where heat is the de-
stabilizing component and salt is the stabilizing com-
ponent (i.e. a diffusive interface) is discussed here. The
results will again be discussed in terms of a non-
dimensional parameter /£, which expresses the ratio of
the grid generated velocity to the convective velocity.

2. EXPERIMENTAL DETAILS

The experiments were performed in a plexiglass tank
approximately 25 x 25 x 45cm which contained two
oscillating grids. This tank is shown diagrammatically
in Fig. 1. Two grids, of 1cm square plexiglass rods
made into a 5x 5 array with 5cm between centres,
were mounted on a rod passing vertically through the
middle of the tank. A rule was fastened to one of the
walls of the tank and this fitted neatly between two
grid bars. This rule served the dual purpose of measur-
ing height and preventing axial rotation of the grids.
The central rod was connected via a crank to an electric
motor and the frequency of oscillation of the grids
could be adjusted to a number of discrete frequencies
by means of a stroboscopic disk mounted on the
driving wheel. A stroke of 1cm was used throughout
these experiments and the oscillating frequency was
varied over the range 50 to 300rpm. This tank is the
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F1G. 1. A sketch of the experimental tank show-
ing the grids and motor drive arrangement.
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same as used by Turner [1], Thompson and Turner [2]
and Linden [5] and for additional information the
reader is referred to these papers.

Each experiment was set up by placing a layer of
cold (ie. ambient temperature) distilled water in the
tank and then carefully, but as quickly as possible,
adding a layer of warm distilled water, to which a
known amount of salt had been added, beneath it. An
initial salinity difference, expressed in concentration
units (grams of salt per 1000g of solution), of 7.5%o
was used throughout. The salt solution was preheated
until it had the same density as the cold fresh layer,
before being syphoned into the oscillating grid tank.
During the syphoning the warm salt solution cooled
sufficiently for there to be no danger of overturning
during the filling operation. although some mixing did
occur. In practice the density ratio R, = BAS/aAT,
where AS and aAT are the fractional density differ-
ences across the interface produced by the salinity
difference and temperature difference respectively, gen-
erally increased to approximately 2 before the stirring
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by using a single electrode conductivity probe. Vari-
ations in the conductance of the solution produced
variations in the probe current when a fixed voltage
was applied between the single electrode probe and the
ground, in this case the metal base of the tank. Vari-
ations in the probe current were transformed into
amplitude modulations of a high frequency carrier
wave, which were then amplified, rectified and filtered
to provide a 0-10V signal related to the conductance
of the solution. The probe was calibrated directly
against temperature, T, and salinity, S, and was found
to be accurate to 0.01%s,. The 0-10V analogue outputs
from the thermistor and conductivity circuitry were
then used as the inputs for an experimental computer
system. This system controlled the sampling, digitizing,
storing and subsequent processing of the data.

In order to calculate p, o, § and R, it is necessary
to assume an analytic form for the equation of state.
Data from the International Critical Tables were fitted,
by a least squares fitting technique, to a three-dimen-
sional surface of the form

5 4
p~101350= Y ¥ A {T~29.1667)*(S—26)"" 3
i=1j=1

where

10°C < T < 50°C,

and

550539 x 104

. 701408 x 1074
Y 183461 x 1077
5.19488 x 107 1©

—330191 x 1074

—1.29086 x 107¢
287579 x 1077

—1.12055 x 10712

commenced. The sides, top and base of the tank were
insulated with %in thick sheets of blown polystyrene
insulation, and heat losses were allowed for when
calculating the heat fluxes. In every case both layers
were of equal depth (18 cm) and the grids were located
at the centre of each layer.

The stirring was switched on two minutes before any
recording was commenced, as Thompson [6] had found
that: ... “it takes two minutes for the small scale tur-
bulence and its associated Reynolds stress to fill the
tank”. The initial salinity difference could be controlled
quite accurately. The temperature difference was more
difficult to control as it depended critically on the rate
at which the lower layer was added and the stirring
rate during the preliminary two minute period. The
fluxes of heat and salt were determined from measure-
ments of the temperature and salinity of the upper
layer. The values of temperature and salinity measured
at the mid-point of the lower layer were used as a
check as the total heat content (after allowing for heat
losses) and the total salt content should be constant.

The temperatures were measured by thermistors
calibrated to 0.03°C over the range 15-50°C. The out-
put of the thermistor bridge circuitry was amplified to
provide a 0-10V signal. The salinity was determined

~3.59229 x 107°
248115%x 1078
~1.96669 x 1071°
191753 x 10742

0 < S < 60%s

4.88544 x 10710
373815 x 10712
333744 x 10743
~5.37028 x 10715,

204738 x 1078
~2.95243 x 10710

1.40960 x 10712

6.42775x 10713

As the stirring rate increased the first recorded value
of the temperature difference decreased. So in order to
standardize the initial conditions the first recorded
temperature difference for the 200rev/min run was
selected and then for the other runs all the recorded
data up to this temperature difference were discarded.
For the lower stirring rates the salinity difference
decreased much more slowly than the temperature
difference and so the salinity differences corresponding
to the selected temperature difference agreed fairly well.
For the 250 and 300rev/min runs it was found to be
meaningless to consider anything but values of the heat
and salt fluxes averaged over the entire experiment as
the 300 rev/min experimental run lasted only 6 min and
the 250 rev/min experimental run lasted only 15 min.

3. COMPARISON BETWEEN THE GRID
GENERATED TURBULENT VELOCITY AND THE
UNSTIRRED CONVECTIVE VELOCITY

The non-dimensional stirring parameter 1 will be
introduced now so that the experimental results can
be discussed without explicit reference to the stirring
frequency. The turbulence in the immediate vicinity of
the interface effects the transports across the interface
and so A should express the ratio of the grid generated
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velocity to the convective velocity immediately adjacent
to the interface. Ideally, it would be desirable to relate
4 to the overall parameters so that . could be used
in wider contexts. Unfortunately, data relating the grid
generated velocity and the convective velocity to the
overall parameters is either limited or non-existent.
When this information becomes available the present
experiments could be re-interpreted as all relevant
information is given.

A value of the vertical convective RMS velocity w,
within the layer has been measured by Crapper [7],
using the Thymo! Blue technique. He performed some
two layer experiments in a cylindrical heating tank
using an initial density difference of 5%. and heating
at 1.77 cal/em® min. The convective velocity was found
to be essentially uniform throughout the layer and to
increase as the experiment progressed (or as the density
ratio R, decreased). Averaging over each layer and the
duration of the experiment u, was calculated to be
0.24cm/s. Some additional experiments were per-
formed with only the lower layer (ie. with one
homogeneous layer of 5%« solution) and the same
heating rate in order to determine whether the u.
measured previously was driven essentially by the heat-
ing process or by the double-diffusive process. The
value of u, was found to be much less than in the two
layer experiments implying that double-diffusive pro-
cesses were mainly responsible for driving the convec-
tion in the two layer experiments and that the heating
rate was too low to significantly influence the con-
vective velocity. Thus the value of u, measured when
the double-diffusive convection process was driven by
an initial stabilizing density step and heating at
1.77 cal/em® min should also be appropriate when the
double-diffusive convection is driven by initial steps in
both properties provided R, is the same. In both types
of double-diffusive convection experiments R, will vary
significantly, either a small to a larger value or vice
versa, and it is assumed that the averaged value cal-
culated by Crapper [7] is applicable to the present
experiment.

The convection velocity measured in the experiments
of Crapper [ 7} is obviously also influenced by the initial
density difference. However, the initial density differ-
ence is comparable to that used in the present exper-
iments. So, in summary the experiments of Crapper [7],
although conducted with a different experimental con-
figuration, should provide an approximate value for
the convective velocity in the present experiment.

Thompson and Turner [2] measured the horizontal
RMS velocity and integral lengthscale of the turbulence
generated by an oscillating grid of bars in a homo-
geneous fluid. Their measurements showed that the
horizontal RMS velocity and lengthscale of the tur-
bulence varied with the frequency and amplitude of
oscillation of the grid. the distance from the grid and
the shape of the grid. For the particular geometry
used in the experiments reported here, their measure-
ments show that the RMS horizontal velocity at the
interface u, is given by

ug = 0.06f cmy/s 4)
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where f'is the frequency of oscillation in Hz. Although
Thompson and Turner’s measurements were made in
a homogeneous fluid, equation (4) is used as a measure
of the imposed turbulence in the homogeneous layers
on either side of the interface. Thus the non-dimen-
sional stirring parameter 4 is given by

0.06
L _ 006

024 5)

4. EXPERIMENTAL RESULTS

The density difference Ap between two layers in a
non-stirred double-diffusive experiment, when energy is
not being continuously supplied, must initially increase
with time. For the case when the two layers are
separated by a diffusive interface, this follows because
the buoyancy flux ratio, fFs/uFr where BFs and oFr
are fluxes of salt and heat expressed in buoyancy units
(gem™?s™") respectively, must be less than unity, as it
is the temperature difference which is driving the
motion and thus lifting the salt. There is, however, a
maximum value to Ap as ultimately all the potential
energy of the temperature distribution is used. The
value of Ap decreases slowly, once this maximum has
been reached, as transport takes place increasingly by
pure diffusion until the fluid becomes completely
homogeneous, at which time Ap = 0. The whole subject
of double-diffusive convection is treated in considerable
detail in Turner [4].

Now when the grids within the layers are oscillated
continuously, there is another source of energy to drive
the motions and hence it is no longer necessary for
Ap to increase initially. In fact, when the transports
are driven by a strong mechanical mixing process the
flux ratio fFs/aFr will approach the initial density
ratio, R,, which in this case is approximately equal
to 2 and Ap will decrease rapidly. There is no special
significance to the numerical value 2.

In between these two extremes in stirring frequency
there should exist a frequency at which Ap is approxi-
mately constant. Figure 2 shows graphs of Ap plotted
against time for different values of the stirring par-
ameter, 4. The ordinate scales have been adjusted, by
means of an additive constant. so that initially Ap is
the same for all stirring rates. This adjustment was
necessary because the initial standardizing procedure
produced slight variations in the initial salinity differ-
ence.

For 7 > 0.83 Ap decreases rapidly, For 2 < 0.83 Ap
increases at first and then decreases, although for the
4 =021 run the experiment was stopped before Ap
started decreasing, The rate of increase and the rate
of decrease of Ap appear to increase with 4.

The values of Ap vs time for the non-stirred case
could not be measured directly using this experimental
technique, because there is no mechanism for main-
taining homogeneity within each layer. Information
about the variation of the fluxes with R, for the non-
stirred case, is contained in Turner [8]. Huppert [9]
has fitted equations to Turner’s data and these equa-
tions can be integrated using the standardized initial’
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FiG. 2. A plot of the density difference between the layers vs time for varying A.
® i=0; 0. 4=021; O, 1=042; A, 1=063; V, A=083; ——, 1=104;

conditions as the starting point, to give the variation
of Ap with time. This variation is plotted on Fig. 2.

Initially, Ap for the stirred cases increases faster
than for the non-stirred case but at a later time there
is a cross-over. The time required for this cross-over
to occur increases as the stirring parameter decreases
and for the 4 = 0.21 run the experiment was stopped
before the cross-over occurred.

The density difference Ap is related to the buoyancy
flux ratio SFs/aFr

dAp_ZozFT 1 ﬁFs
dr - h oFr ’

where h is the layer depth. Thus it is worthwhile dis-
cussing the variation of §Fs/aFr with stirring parameter
at this time. Figure 3 shows a plot of fFs/aFr vs R,
for varying 2. As R, increases with time for 1 < 0.83
the abscissa can be thought of as a time axis. Over the
experimental period the buoyancy flux ratio fFs/aFr
was found to be always greater than 1 for A = 1.04.
For A = 0.42, 0.63 and 0.83 the flux ratio was initially
less than 1, became equal to 1 at the maximum of
Ap vs time, and then exceeded 1; it was always less
than 1 for A = 0.21. From equation (6) it is clear that
the flux ratio must equal 1 when dAp/dt = 0.

(6)

5. VARIATION OF THE FLUXES WITH
STIRRING FREQUENCY
The fluxes of heat and salt for each run were averaged
over the time it took the temperature difference to
drop from the initial standardized value to half that
value. The averaged heat flux and the averaged salt
flux are plotted against 4 in Fig. 4. Both of these fluxes
are expressed in equivalent buoyancy units, which
facilitates comparison between the two graphs. The
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F1G. 3. The buoyancy flux ratio as a function of
the density ratio for four different values of A. The
symbols have the same meaning as in Fig. 2.

salt flux and the heat flux were found to increase as
A increases. It is worth remembering at this stage that
Linden {5] found that the salt flux has a minimum
and the heat flux has no minimum for the case when
salt is the destabilizing component and heat is the
stabilizing component.

The averaged non-dimensional buoyancy flux ratio,
obtained from the averaged fluxes, is plotted against 4
in Fig. 5. For each stirring rate this averaged buoyancy
flux ratio is equal to the mean of those flux ratios
shown on Fig. 3, for which the temperature difference
between the layers is less than the initial standardized
value and greater than half that value. For 4 « 1 the
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Fi1G. 4. A plot of the averaged heat flux and salt

flux vs A. The fluxes were averaged over the time

it took the temperature difference to fall from its
initial standardized value to half that value.
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FiG. 5. The ratio of the buoyancy fluxes as a

function of . These flux ratios were obtained by

dividing the averaged salt flux by the averaged
heat flux.

flux ratio approaches the value for no stirring (i.e. 0.15),
thus suggesting that double-diffusive convection is the
dominant transport mechanism and for 4 > 1 the flux
ratio approaches the initial density ratio. This feature
indicates that for 4 > 1 the transport is dominated by
a mechanical mixing process. Linden [ 5] also observed
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the dominance of mechanical mixing at high stirring
rates, whilst measuring the fluxes of heat and salt across
a finger interface. When 4 = 0.54 the flux ratio equals 1
and hence Ap should remain constant. An examination
of Fig. 2 confirms this constancy.

At this stage Fig. 4 can be explained in greater
detail. At low 4 the transport is dominated by double-
diffusive convection and so from energetic consider-
ations the heat flux must be greater than the salt flux.
At high A the transport is dominated by mechanical
mixing and the magnitude of each flux, for given 4,
depends on the contrast of that component across the
interface. Thus the salt flux will be greater than the
heat flux as the initial salinity contrast was greater
than the temperature contrast. The heat flux and the
salt flux should now increase with 4 at the same rate
lie. [d@F7)/dA = d(fFs)/di]. as observed] and the
ratio of the two fluxes should equal the initial density
ratio (2 in this case). So, in summary, there is a smooth
transition in transport mechanism from double-
diffusive convection to mechanical mixing, implying
that the sharpening of the interface by the grid imposed
turbulence increases the transport due to the double-
diffusive process alone.

6. COMPARISON BETWEEN TRANSPORT
IN SINGLE AND DOUBLE COMPONENT
OSCILLATING GRID EXPERIMENTS

Experiments on single component transport, per-
formed by Turner [ 1], have previously been mentioned.
For the special case of the salt flux the effectiveness
of double-diffusive convection, as a transport mech-
anism, can be clearly illustrated by including contours
of temperature difference between the layers, as there
is a stable stratification of salt in both single and
double component experiments. In order to include
contours of temperature difference on the salt flux
plots, it is necessary to plot the actual fluxes for each
stirring rate, not the averaged value.

The salt fluxes for the case AT =0 have been cal-
culated from Turner’s empirical relationship. The salt
fluxes were evaluated using the same initial standard-
ized salinity difference, a temperature of 20°C in each
layer and averaging over the same time interval as the
corresponding double component experiment. The
initial density difference between the layers was differ-
ent owing to the destabilizing contribution of the tem-
perature step in the double component experiment.
However it is possible to take account of the different
initial density differences by plotting the salt fluxes
against an overall Richardson number. The Richardson
number used for the abscissa is the same as that used
in Turner [1], from which the single component fluxes
were evaluated. As the density difference varies only
slightly, the Richardson number is mainly dependent
on the stirring rate.

Figure 6 shows a plot of salt flux versus Richardson
number in which the lines of constant temperature
difference, AT, have been drawn in. At large Richardson
number, increasing the AT increases the salt flux. This
clearly shows the effectiveness of double-diffusive pro-
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FI1G. 6. A plot of the salt flux vs the overall Richardson
number for various values of the temperature difference.
@ is the stirring rate in rev/min.

cesses over normal diffusive transport as a mechanism
for the transport of salt, when the stirring rate is low.
As the Richardson number decreases the effect of vary-
ing AT on the salt flux becomes less significant, and
in the limit of small Richardson number, it appears
that the salt flux may be independent of AT. If the
salt flux were independent of AT it would imply that
mechanical mixing is the dominant transport mech-
anism at low Richardson number.

7. SUMMARY AND CONCLUSIONS

The fluxes of heat and salt across a diffusive interface
have been measured in the presence of grid generated
turbulence. It was found that the density difference
between the layers increases with time for low stirring
rates and decreases with time for high stirring rates.
The averaged buoyancy flux ratio was found to
approach the value for no stirring at low stirring rates
and approach the initial density ratio for high stirring
rates. The dominant transport mechanism changed
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gradually from double-diffusive convection processes
to mechanical mixing as the stirring rate increased.
The salt fluxes in single and double component stirring
grid experiments were plotted against an overall
Richardson number and it was found that the presence
of a temperature difference across the interface in-
creased the salt flux. This figure provides a clear
illustration of the effect of variations in the level of
turbulence within the layer on the double-diffusive
convection mechanism.

The transport mechanism effective across a diffusive
interface at high stirring rates has many features in
common with the transport mechanism effective across
an unstirred diffusive interface when the density ratio
is only slightly greater than one. In both cases, the
flux ratio approaches the density ratio, thus indicating
that the transport mechanism is produced by a mixing
process in which both components are transported by
the same eddies. However, in the former case the
turbulent eddies, which produce the mechanical mixing,
are due to the stirring, whilst in the latter case the
turbulence is itself produced by the convective trans-
port across the interface.
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FLUX DE CHALEUR ET DE SEL AU TRAVERS D'UN INTERFACE DIFFUSIF,
EN PRESENCE D'UNE TURBULENCE DE GRILLE

Résume—Le transfert de la chaleur et du sel au travers d’un interface stabilisé par une différence de
température a été étudié lorsqu'une turbulence, produite par des grilles horizontales en mouvement
vertical oscillant, est imposée sur les couches éloignées au dessus et au dessous de interface. Les flux de
chaleur et de sel sont mesurés en fonction d’un paramétre adimensionnel A, qui exprime le rapport de
la vitesse de convection. Chacun des deux flux augmentent avec A. Pour 1 « 1 le processus de convection
avec double diffusion apparait comme le mécanisme de transport dominant et pour A > 1 le processus
de mélange est apparu dominant. Les résultats ont été comparés a ceux de Turner [1] obtenus avec
une seule composante de diffusion. Dans le cas particulier d’'un flux de sel, I'efficacité de 1a convection
avec double diffusion peut étre expliqué en examinant l'effet d’un changement de la différence de
température entre les couches fluides.
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WARMESTROM UND SALZAUSTAUSCH DURCH EINE DURCHLASSIGE
GRENZFLACHE IN ANWESENHEIT EINER MIT HILFE EINES
GITTERS ERZEUGTEN TURBULENZ

Zusammenfassung— Es wird der Transport von Wirme und Salz durch eine Grenzfliche, welche durch
eine Salzkonzentrationsdifferenz stabilisiert wurde und mit Hilfe eines Temperaturgradienten gestort
wird, untersucht; dabei wurde durch vertikal oszillierende, horizontale Gitter eine Turbulenz erzeugt,
welche in die tieferliegenden Schichten ober- und unterhalb der Grenzfliche eingefiihrt wurde. Der
Warmestrom und der Salzaustausch wurde in Abhingigkeit eines dimensionslosen Parameters 4 gemessen,
der das Verhiltnis der durch die Gitter erzeugten Geschwindigkeit zur Konvektionsgeschwindigkeit
angibt. Beide Strome zeigten eine Zunahme mit /. Fir 4 <« | war der durch Leitung und Diffusion
bedingte Transportmechanismus vorherrschend; fir 2>1 war der mechanische Mischungsvorgang
dominierend. Die Ergebnisse wurden mit denen von Turner [1] verglichen, welche fiir eine einzige
Diffusionskomponente erhalten worden sind. Fiir den speziellen Fall des Salzaustausches kann die
Wirksamkeit der beidseitigen Diffusionskonvektion mit Hilfe der Untersuchung des Effektes einer
Aenderung der Temperaturdifferenz zwischen den Schichten klargelegt werden.

MOTOKU TEIUVIA U COJIU HA JUP®YINOHHON MOBEPXHOCTU PA3JEJA
MPU HAJIMYMU BBI3BBAHHOW PEIIETKAMU TYPBVJIEHTHOCTU

Anmotaums — Vccnenyetcd nepeHoc Temla M COJMH Ha MOBEPXHOCTH pa3jenia, cTabHIH3HpyeMblil
Pa3HOCTbIO KOHLEHTPALMU COJIH M AeCTAOMIN3MpYEMbIfi TEMIIEPAaTypPHOH Pa3HOCTBIO IS Ciyyas,
KOr/Ja Bbl3BaHHasl BEPTHKAILHO OCLHMIIIMPYIOIUIWMH T'OPH3OHTAILHBIME PELIETKAMH TYpOYIEHTHOCTh
pacnpocTpaHseTcsd B Gosiee rinyboKue ClOM HaA M IO IOBEPXHOCTbIO pasiena. TTOTOKHM Temna M
CONH H3MEPSATHCH KaK GYHKUHM 6€3pa3MEpHOTO NapaMeTpa A, IIPeCTaBIAIOMETO coBGol OTHOLIEHHE
CKOPOCTH, TEHEpHPYEMOIt pelIeTKOH, K KOHBEKTUBHOI ckopoctu. Ha#tneHo, yro o6a nmoroka ysenuyu-
BalOTCH ¢ yBeaudeHueM A. Oka3biBaeTcs, 4TO IIPH A <€ | JOMHHHpYIOIIHM MEXaHH3MOM MeEpeHoca
ABNAETCA IBYXKOMIOHEHTHbIX NHMGY3HOHHBIA mpouecc, a Opu A> 1, MeXaHHYECKHE MPOLECCHI
cMewnBaHus. [1poseseHo cpaBHEHHE MOTYYCHHBIX PE3y/IbTaTOB C ZJaHHBIME paboTsl [1], B X0TopOii
HCCeNoBanach TOJbKO OAHOKOMIIOHEHTHaA Ouddy3us, a [IA 4acTHOro Cyyas IMOTOKAa COJICHOCTH
3 PexTHBHOCTL NMpouecca ABYXKOMIOHEHTHOTO AM(DQY3HOHHOTO NMEPEHOCa MOXHO NPOMILTIOCTPH-
poBaThb, UCCEAYS U3MEHEHHE TEMNEPATYPHOH Pa3sHOCTH MEXAY CIIOAMH.,



