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Abstract-The vertical transport of heat and solute across a stable diffusive interface separating two 
turbulent convecting regions of different concentration is experimentally investigated. Convection in this 
case is driven by sideways heating such that the horizontal interface separating the convecting regions 
is sandwiched between two opposite flowing turbulent boundary layers. Flux laws, for the vertical heat 
and solute transport are developed. These laws are then used to study the effect of changes in layer 
size and number on vertical transport in multilayered convecting systems. It is found that the vertical 

transport in such systems is independent of convecting layer size or number. 

NOMENCLATURE 

B, Brunt-V&G frequency; 

c, fluid specific heat ; 
Cl, c23 c,, empirical constants; 

solute diffusivity; 
heat diffusivity ; 

vertical flux of solute; 
vertical flux of heat; 
wall heat flux; 

gravitational acceleration; 
convective layer thickness; 
length scale in layered system; 

region height in layered system; 
thickness of diffusive interface; 
fluid Lewis number; 
number of diffusive interfaces in layered 

system of height H; 

wall Nusselt number; 

solute resistance [see equation (17)] ; 
Rayleigh number for stratified system; 
Rayleigh number for homogeneous system; 

stability number; 
solute weight fraction; 

mean solute weight fraction; 
fluid temperature; 
mean fluid temperature; 
width of region; 
vertical coordinate. 

Greek symbols 

% coefficient of thermal expansion; 

P> coefficient of expansion due to solute; 

ASI, salinity difference between convecting 
regions ; 

AS,, salinity change in boundary region; 

AS,, salinity change in diffusive region; 

*Assistant Professor. 
t Research Assistant. 

AL, wall temperature difference; 

AIT;, temperature change in boundary region; 

AT,, temperature difference between convecting 

regions; 

PY fluid density ; 

P, mean fluid density; 

V, fluid kinematic viscosity. 

1. INTRODUCTION 

WE ARE interested in experimentally investigating the 
vertical transport of heat and salt across a diffusive 
interface separating two turbulent convecting regions 
of different solute concentrations. The arrangement of 
solute concentrations, aqueous salt solutions in the 

present investigation, is such as to produce a step-like, 

kinematically stable density distribution. The convec- 
tion in the regions above and below the diffusive 
interface is driven by sideways heating of the Ruid, so 

that the turbulent convection adjacent to the diffusive 
region has some mean lateral motion superimposed 
upon it. This general arrangement is shown schematic- 
ally in Fig. 1, where the flow in each convecting 
region is clockwise. 

The interaction of convective layers, separated by 
diffusive interfaces, is a subset of a general class of 
two-component diffusion phenomena whose common 
characteristic is a difference in the magnitude of the 
species diffusivities (in this case heat and salt) which 
gives rise to the transport phenomena observed. 

Perhaps the best known example of this is when the 
component with smaller diffusivity is destabilizing, 
resulting in the so called “salt finger” instability. 
Turner [l] has recently reviewed various two- 
component mechanisms. 

In the present investigation we are interested in the 
“diffusive” mechanism in two-component diffusion. 
That is, our primary flow arrangement is such that the 
species with smaller diffusivity (salt) is stabilizing. 

471 



472 K. A. WIRTZ and C. S. Rtof,\ 

I 
I I semi-conductor crystal growth operations. In this case, 

Soret effect diffusion is the double-diffusivity mechan- 
ism. 
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In Sections 2--4 we describe our experimental 
apparatus, operating procedures, and make some 
general observations about the nature of the convec- 
tion processes under study. This is followed, in Section 
5, by an analysis of data collected along the vertical 

centerline of our convection apparatus, leading to 
empirically based vertical flux laws. Assuming that 
transport in the diffusive interface region is essentially 

one dimensional we extend these results to considera- 
tion of multilayered convecting systems in Section 6 

where we find that the vertical solute flux in a multi- 
layered system is independent of the number, or size, 

of the layers existing at a given time. 

FIG. 1. Schematic of laterally heated convecting regions 
separated by a diffusive interface of thickness L. Turbulent 
convection is in boundary and mixed region (2 & 1) and is 
driven by side wall heating. Vertical fluxes of heat, FT. and 
solute, Fs, are due to temperature and solute concen- 

tration differences across the diffusive region (3). 

Vertical transport across a diffusive interface has 

previously been studied experimentally by Turner [2], 
and more recently Mancini et al. [3]. Their findings 
indicated that the ratio of solute flux to heat flux, 
Fs/FT in Fig. 1, was constant under sufficiently strong 
stratification. Our investigation is different from theirs 
in that they investigated the case of pure heating from 

below resulting in turbulence with no mean lateral 
motion whereas in our experiments turbulent fluid 
motion adjacent to the diffusive interface is horizontal. 

Circulating convective layers separated by diffusive 

interfaces occur when a continuously stratified fluid is 
heated laterally. Upon sufficiently strong heating, 

equisizedlayers form spontaneously, and grow laterally. 
The stability limits for such layer formation has been 

studied experimentally [4, 51, numerically [6, 71 and 
through linear theory [4, 8, 91. Turner and Chen [lo] 
have also recently studied convective layering formed 
by two-dimensional effects other than heating. One 
intriguing aspect of such flows is that the convective 
layers which are formed initially, merge two into one 
to form layers of double their original size as time 
progresses. This process repeats itself on a periodic 
basis, yet the layered system which always remains 
consists of approximately equisized convective layers. 
The results obtained in this study are used to investigate 
how the vertical flux of heat and salt is effected by 
this merging process. 

Step-like structures in temperature and salinity have 
been observed in the Northeast Atlantic [Ill, the Arctic 
Ocean [12], Antartic Lakes [13], the Indian Ocean 
[14], near Bermuda [15], and at the bottom of the 
Red Sea [ 161. Since layered systems produce significant 
departures in the vertical transport of heat and salt, an 
understanding of these processes is crucial in studying 
the local and global air-sea heat balance. Turner ([ 171 
chapter 8), has discussed the oceanographical implica- 
tions of layered systems. Hurle and Jackeman [18], 
have also identified layered convection processes in 

2. APPARATUS 

The test region, which is shown schematically in 
Fig. 2, consisted of a 290mm high x 146 mm wide 

x 125mm deep rectangular enclosure. The two sides 
of the enclosure parallel to the page were made of 
4 in (6.3 mm) thick plate glass for viewing; the bottom 
consisted of tin (13 mm) thick epoxy painted wood 
and a glass cover was fitted to the top. The remaining 
two vertical sides consisted of $in (3.2mm) thick 
aluminium plates backed with circulating passages. 

Copper-constantan thermocouples were attached to 
the rear of each surface exposed to the circulating 
water. All thermocouples were wired in differential 
fashion relative to the cold wall and the copper leads 
were run through a copper thermocouple switch to an 
integrating DVM with a sensitivity of +l pV. We 
estimate temperature difference measurements to be 

accurate to within +O.l”C. The aluminum plates were 
determined to be isothermal to within $_30/:, and we 

estimate that the wall temperature difference could be 
maintained constant to within + 0.5”C. 

A traverse mounted probe was placed along the 

Conductivity 
probe 

T/C 

IIIU -Traverse 

Hot - 

Al wall / 

-. I46mm - 

filling 

FIG. 2. The test apparatus used in the 
present investigation. 
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vertical centerline of the tank. It could be positioned 
to within f 0.02 mm. The probe consisted of a 30 gage 
(B & S) copper-constantan thermocouple mounted in 
a 1.6 mm O.D. ceramic tube adjacent to a 0.8 mm O.D. 
thin wall stainless steel tube which acted as a siphon 
for the withdrawal of solution samples. The thermo- 
couple bead, a gas welded junction, was exposed, yet 
electrically insulated from the fluid with a varnish 
coating. The siphon tip located at the same level, but 
approximately 5mm to the side of the thermocouple 
bead had a 30” acute angle bevel to form a sharp 
point. This slender point was then folded over in “7 
fashion, This insured that the sample withdrawn could 
only enter the siphon laterally. 

The other end of the stainless steel tube was con- 
nected, via a short length of surgical tubing to a 
Beckman Pipette conductivity cell. Small samples 
(a 1 ml volume) were drawn into the conductivity cell 
and their salinity was output on a Beckman Type RAS 
temperature compensated conductivity meter. The 
samples were discarded after analysis. The calibration 
of the conductivity apparatus was checked against 
standard solutions before and after each experiment. 
We estimate our condu~ivity apparatus to be accurate 
to within 50.1 wt y0 salt with a spatial resolution 
radius of approximately 3 mm. 

3. PROCEDURE 

The apparatus was filled in step fashion with two 
salt solutions. The solutions were lightly stirred to 
sharpen the salinity interface between convecting 
regions and to insure that the convecting regions were 
at uniform salinity. When the fluids were again 
quiescent, the circulating passages were opened to 
allow the isothermal walls to reach their desired 
temperature difference. 

Convection commenced immediately in the homo- 
geneous regions. The vertical flow along the isothermal 
wall approached the diffusive interface and then, upon 
reaching it turned laterally. For the data reported on 
here we have not observed any penetration through the 
diffusive interface of the vertical flow near the side 
walls. At the start of the experiment the diffusive 
interface nearest the isothermal wall was displaced 
vertically on the order of 2-3mm. This vertical dis- 
placement propagated out from the wall as the con- 
vection stabilized, until after between 0.5 and 1.5 h the 
diffusive region was straight and at approximately 1-2” 
from the horizontal, the angle de~nding on the 
imposed wall temperature difference. 

The thickness of the diffusive region depended on the 
imposed wall temperature difference and the salinity 
difference between convecting regions. Since verticgl 
transport in this region is by diffusion, it was necessary 
to wait at least one characteristic diffusion time before 
assuming that the transport processes were quasi- 
steady. We estimated this waiting time as (L/2)2/Ds 
where L is the expected interface thickness and Ds is 
the salt diffusivity (= 1.5 x 10m5 cm’/s). This results in 
waiting times between 4.6 and 42 h for interface 
thickness between 1 and 3 cm. 

4. GENERAL OBSERVATlONS 

The flow situation observed at quasi-steady condi- 
tions is shown schematically in Fig. 1 based on our 
shadow and schlieren observations. It consists of a 
diffusive interface region (No. 3) a few cm thick 
bounded above and below by two convecting regions, 
which we further subdivided into a mixed region (No. 1) 
and a boundary layer region (No. 2). The mixed regions 
are quiescent with homogeneous salinity and almost 
linearly stable temperature stratification in the vertical. 
This results in a weak salt finger structure which may 
be observed with a vertical knife edge schlieren. We 
have found that horizontal variations of temperature 
and salinity are small within the mixed region. 

The flow driven by the wall temperature difference 
is confined to a turbulent boundary layer which forms 
adjacent to the isothermal walls and above and below 
the diffusive region. Both salinity and temperature vary 
in a nonlinear fashion here. The mean flow in the 
turbulent boundary is parallel to the diffusive interface. 
A small thermocouple (0.075 mm O.D. wire) placed in 
the midheight of the horizontal boundary measures a 
regular temperature fluctuation of approx~ately 0.4”C 
amplitude and l&-Us period. Our schlieren images 
(using a pinhole aperture or a vertical knife edge) 
indicate a regular spire-like pattern which develops as 
the fluid is convected across the tank. The pattern 
develops faster with larger imposed wall temperature 
difference. We have not been able to produce clear 
schlieren images of these spires. This may indicate that 
the patterns represent a three dimensional secondary 
flow. We have concentrated on measurement of mean 
quantities in this work. 

Sandwiched between the almost horizontal boundary 
layers is an essentially quiescent region with linear 
temperature and salinity gradients. This diffusive region 
is of uniform thickness inclined at about i-2” to the 
horizontal across the tank, with a slight thickening near 
the isothermal walls. 

Representative temperature and salinity profiles 
measured along the verticle centerline of the tank are 
plotted in Fig. 3 showing the homogeneous salinity 
mixed region, the boundary layer region, and the 
diffusive region with linear temperature and salinity 
gradients. 

Figure 4 shows the variation in temperature and 
salinity within the diffusive interface region at several 
different locations between the isothermal side walls. 
(The data shown in Fig. 4 was taken in a second 
apparatus, similar to the first, which measured 228 
x 101 x 343mm and had provision for off-centerline 

measurement of temperature and salinity.) The vertical 
offset of the profiles is indicative of the slight inclination 
of the diffusive interface. A least squares curve fit of 
the linear portion of these profiles indicates that the 
off-centerline gradients are within &8% of the 
measured centerline values of 4.04C/cm and O.O39/cm 
for the temperature and salinity respectively. Therefore 
it appears that even though the convecting region 
Row is very complicated, most of the diffusive region, 
except very near the isothermal side walls, is essentially 
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FIG. 3. Representative temperature and 
salinity profiles measured along vertical 
centerline during quasi-steady condi- 

tions. 
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FIG. 4. Comparison of centerline and off- 
centerline temperature and salinity gradi- 

ents measured in a diffusive interface. 

one dimensional. To within experimental accuracy the 
temperature and salinity gradients measured on the 
tank centerline are representative of the total vertical 
flux across the diffusive interface. The salt flux is 

and the vertical heat flux is 

FT = -(pcDg 
L 

(1) 

where p, c, Dr are the mean density, specific heat, and 
thermal diffusivity, and 

?S iT 
and Y 

(‘2 L C&L 

are the linear salinity and temperature gradients 
measured in the interface region of thickness L 

respectively. 
Table 1 is a summary of data collected for a total 

of eight separate experiments. We have omitted four 
data points (Nos. 4, 7, 21, 22) because of suspected 
miscalibration of our salinity probe. The centerline 
temperature and salinity gradients were determined by 
a least squares fit of the data points which formed the 

straight line portion of the measured centerline 
temperature and salinity profiles. 

If one assumes the following constant properties: 

1 c!p ar_-_=3x10-‘“c-’ 
@ST 

b=;;=0.7g solution/g solute 

v = 0.93 x lo-’ cm’/s (kinematic viscosity) 

Ds = 1.5 x 10e5 cm’/s (salt diffusivity) 

DT = 1.5 x 10-j cm’/s (thermal diffusivity) 

which give Lewis and Prandtl numbers of 100 and 6.2 

respectively, then the thermal Rayleigh number based 
onenclosure width, Ra = g(ctAT,/vDr)W3, for this data 
spans the range 2.7 x 1Oa < Ru ,< 27 x lOa, which for 

a purely homogeneous flow represents from transi- 
tional to turbulent convection. A stability number, 

which is a measure of the ratio of the stabilizing effect 
of the salinity step to the destabilizing effect of the side 
wall heating may be defined as R,, = /J’AS,&AT,. For 
the data listed in Table 1, 2.4 < R,, < 27.0. 

5. ANALYSIS OF RESULTS 

Consider a diffusive interface bounded by two con- 
vecting regions, as in Fig. 1. Due to the wall temperature 
difference, heat enters the convecting region and is 
convected across it; the flux per unit area is given by 
F,[w/rr?]. Heat is also transported vertically through 
the diffusive interface. This flux, Fr, stems from the 
difference in exposed isothermal wall areas of the upper 
and lower convecting regions in a single interface 

system, or from lower layer/interface systems in a multi- 
layer system. Solute is also transported in the vertical 
direction [Fs in equation (l)] due to the solute 
difference across the diffusive interface. 

For turbulent convection of a homogeneous fluid 
in an enclosure, the dimensionless wall flux is normally 
related to the driving wall temperature difference, 
AT,, through a correlation of the form 

The constant Cr is empirical and n = -f for turbulent 
convection in order that the heat flux be independent 
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Table 1. Summary of results derived from salinity and temperature profile maps. 
LM is diffusive region thickness based on salinity profile measurements 

No. AT, 
(“Cl 

ASo 
(g salt/ 
g mix.) 

aT 

z, 
(“C/cm) 

as 
z-4 

(cm 1 
Lb8 

(mm) 

1 
2 
3 
5 
6 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
23 
24 
25 
26 
21 
28 
29 
30 
31 

Estimated 
tolerance = 

4.1 
10.3 
14.2 
12.6 
20.5 
6.4 
8.1 

10.9 
14.2 
12.1 
16.3 
20.6 
22.9 
26.3 
10.5 
13.9 
23.1 
34.3 
8.2 

12.3 
17.9 
21.0 
12.5 
20.1 
26.0 
38.0 
41.4 

+ 0.5 

0.040 0.54 
0.035 2.51 
0.029 3.49 
0.058 2.15 
0.049 6.29 
0.055 0.85 
0.054 1.30 
0.047 2.43 
0.037 3.43 
0.078 2.84 
0.077 4.69 
0.068 5.79 
0.05 1 7.26 
0.027 7.63 
0.097 1.58 
0.085 3.06 
0.067 8.00 
0.057 11.77 
0.095 0.99 
0.090 2.32 
0.073 4.43 
0.056 5.63 
0.114 1.92 
0.106 5.06 
0.092 8.27 
0.077 13.19 
0.120 12.13 

+0.001 + 10% 

0.011 33.3 
0.034 8.1 
0.041 5.1 
0.038 12.7 
0.054 7.6 
0.015 33.0 
0.020 25.4 
0.030 14.0 
0.044 8.1 
0.050 12.7 
0.065 10.7 
0.074 7.6 
0.053 8.1 
0.068 3.1 
0.025 30.5 
0.042 17.8 
0.076 5.1 
0.097 5.1 
0.021 40.6 
0.033 22.9 
0.057 12.7 
0.071 7.6 
0.032 33.0 
0.064 15.2 
0.105 7.6 
0.170 5.6 
0.165 5.1 

f. 0.05% kl.0 

of enclosure width. Equation (3) may be rearranged to 10-s - 

- = Ci so”T UFW 

PC (1 
*(a*T,)* (4) o-t-bat flux 

V o-Salt flux 

where uF,/pc, (cm/s) is the apparent normalized mass 
flux due to the heat flux. Figure 5 is a plot of the 
RHS of equation (4), less the constant Ci, versus the 
vertical flux, aFT/pc, based on equation (2). +Z 

The shift in ordinate near 7 x lo-’ (cm/s) car- 5 
responds to a thermal Rayleigh number, Ra N 6 x 10’ 
and is probably the result of transition, rather than 

e 
e’ lob- 

turbulent flow occurring. However, it is clear from the 
data that 

C’la 1 

FI-KF, (5) 

especially at Ra > 6 x lo8 where equation (4) should 
apply. Introducing an empirical constant in equation 
(5) and combining with equation (4) gives 

+(d(*T,)f. (6) 

+E 

Equation (6) is plotted in Fig. 5 where C1 CZ = lo-r& a ' I ' I I , I I I I I 
16 16 

1 

3.4 x 10-3. 
Turner’s [2] studies of a diffusive interface bounded 

above and below by turbulent convecting regions, and 
heated from below indicated that 

BFs=C3 (7) FIG. 5. Vertical fluxes through the center of the diffusive 
OFT PC interface. 
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for flASO/~ATO > 2 where AT0 and A& are the tempera- 
ture and salinity differences between convecting (mixed) 
regions and C3 is 0.15 based on Turner’s data. Mancini’s 
et d’s [S] analysis indicated a similar result, given as 

where ASi and AT, are the salinity and temperature 
variations in the turbulent boundary region adjacent 
to the diffusive region. They found that their data was 
best correlated if the RHS of equation (8) was 
l.S/pcJ(Le) where Le = 100. Thus, dependence of the 
vertical solute flux on the salinity variations in the 
turbulent boundary region must be weak. Introducing 
equation (7) into (6) gives 

+(,AT,)*. (9) 

The vertical salt flux, based on equation (1) is plotted 
vs the RHS of equation (9) (less the constant C1 C2 C,) 
in Fig. 5. The fitted curve results in Ci CzC3 = 
1.0 x 10e3 in equation (9) and C3 = 0.29 by compari- 
son with the result obtained for equation (6). 

The validity of equation (9) may be tested by 
recognizing that 

Xi A& 

dZ,=L 
(10) 

where AS,_ is the measured change in solute over the 
linear portion of the solute profile shown in Fig. 3 and 
L is the observed diffusive interface thickness. Combin- 
ing (10) with (9) and (1) and assuming that ASL K AS,, 
results in 

[ 1 
-+ 

1 BAso Lu-$ -’ Le- @AT,)+ (11) 
T 

‘3 I @AS 
ce ia+ x IO”, cm 

FIG. 6. Measured diffusive interface 
thickness. 

The measured values of L (mm) are plotted against the 
RHS of (11) in Fig. 6 where it is seen that the func- 
tional dependence indicated in equation (11) fits the 
data well over a two order of magnitude variation in 
abscissa. 

6. EXTENSION OF RESULTS TO 

MULTILAYERED SYSTEMS 

Consider a stratified fluid with state equation given 

by 

p=D{l-a(l--T)+b(S-S)} (12) 

which is contained in a tall slot of height H. The fluid 
initially has linear stratification such that its density is 
given by 

p’p l_BzZ 
i > B 

(13) 

where 

t=o 

is the Brunt-V&ala frequency. The linear density 
stratification results from a salinity gradient 

0”s 82 - 
i?z f=O = -a (14) 

and vertical solute flux in the absence of fluid motion 
is by diffusion, given by 

PW’) = H 

S(O)--SW) = D flf 
%l (15) 

lm 

where H//?Ds is the resistance to solute flux analogous 
to the thermal resistance encountered in one- 
dimensional conduction heat transfer analysis. 

It has been previously shown that if the above 
system is exposed to a supercritical lateral temperature 
gradient due to a sufficiently large wall temperature 
difference, layers will form in the fluid, contained in a 
slot of width c as shown schematically in Fig. 7 [4-g]. 
The flow in each convecting layer is clockwise. Once 
established, the convecting layers are well mixed, of 
height h, and separated by diffusive interfaces of thick- 
ness L. The resulting step-like density structure is 
sketched in the figure. Numerical stability theory [6], 
and laboratory experimentation [S], have demon- 
strated that layers will form spontaneously when the 
Rayleigh number 

R ~ &TV 3 7” > 15000 
T 

where h = gctA7”/B2 is the correct length scale when 
W D L. In this case the initial layer thickness has been 
found to be 1: 0.61; [5, 61. However, the layers suc- 
cessively merge, two for one, on a time scale which is 
on the order of h2/DT, [ 191. Thus a region of height H 
containing approximately 20 convecting layers would 
at some later time contain approximately 10 layers, 
each with double their former thickness. 
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Diffusive interface 

t--+--i 
P-L 

FIG. 7. Schematic of layered convection 
in a slot. The fluid initially has linear 
stratification. At supercritical conditions, 
layers spontaneously form, producing the 

step-like density profile shown. 

We wish to ascertain how the presence of the layers 
effects the vertical flux of heat and salt. Furthermore, 
how are the vertical fluxes effected by the successive 
merging of layers? Our analysis of a single interface 
bounded above and below by turbulent convecting 
regions may be used to this end. 

The vertical solute flux through a series of N + 1 
well mixed convecting layers separated by N ditl’usive 
interfaces is given by 

fiF 
S (17) 

where comparison with equation (9) indicates that the 
resistance per interface, ri is 

(W 

where (AS,){ is the solute concentration change across 
the ith diffusive interface. Performing the summation 
indicated in equation (17) and noting that 

results in 

i[ (A%)< = S(O) - g(H) 

/IFS(N) 
-= C,CzCaL& 
BFsKJ) 

(19) 

where Le zz DT/Ds is the Lewis number. Since R 
remains constant this result indicates that the vertical 
solute flux is uneffected by the number of layers present 
at a given time. Once convective layers form, the 
vertical flux is amplified over the purely diffusive con- 
dition by a factor proportional to AT$; however as the 
layer merging proceeds the vertical solute flux, and 
hence the vertical heat flux from equation (7), are 
unmodified as long as a multi-layer system exists. 

Furthermore, as a layered system evolves, with 
adjacent layers merging to form new convective layers 
of thickness 2k, the thickness of the diffusive interface 
separating layers must also double, in order to maintain 
a constant vertical solute flux. This indicates that there 
must be some form of similarity to the flow where the 
relative proportions of a convective layer are fixed by 
the initial stratification of the fluid. 

7. CONCLUSIONS 

We have investigated the vertical transport across a 
diffusive interface, bounded above and below by 
turbulent converting regions, and found that the 
vertical fluxes are given by equations (6) and (9) over 
the range of variables tested. We have also found that 
the ratio of fluxes is a constant given by equation (7) 
with C3 experimentally determined to be N 0.29 for 
Ra > 6 x 10’. This is compared with a value of 
C3 = 0.1s empiri~lly dete~ined by Turner [2] for 
the similar case of a diffusive interface which is heated 
from below. Our experiments differ from Turner’s in 
that the turbulent convecting regions in the present 
experiments had some mean lateral motion driven by 
the side wall temperature difference, superimposed 
upon the turbulence in the convecting region; whereas 
Turner’s experiments (and those reported by Mancini 
et al. [3]) did not. In both cases it appears that the 
mechanism for controling the thickness of the diffusive 
region, L, and hence the flux through it, is the same. 

In the present work, the characteristics of the 
turbulent convection were not measured directly. 
Instead, we measured the imposed wall temperature 
difference and used it as a yardstick on the intensity 
of the flow in a fixed size enclosure. The wall heat 
flux, F,, and hence the kinetic energy of the flow in 
the convecting region, is proportional to &AT,)%. 
This mechanical energy continually limits the thickness 
of the diffusive region through viscous shear at its 
boundaries. As the thickness decreases [note equation 
(1 I)] the gradient through the interface, and hence the 
flux through this region, must increase by the same 
factor, (ctAT,$. Mancini et al. [3] found the same form 
of interface thickness and vertical flux dependence in 
their experiments. It might be that the value of the 
empirical constants which we have developed, C,, CZ, 
C3 would change if data were collected in a different 
sized apparatus. However, the functional dependence 
of the fluxes on the controling parameters, and hence 
the conclusions reached as a result of equation (19) 
would be expected to hold. 

When applied to a multi-layered system, these ‘Y&IX 
laws” result in the conclusion that the vertical flux is 
independent of the number and size of layers existing 
over a given height H except for possible variations in 
C1 , C2, and Ca . For a steadily applied lateral tempera- 
ture gradient, the vertical flux is constant and given by 
equation (19). As adjacent layers merge, the doubling 
in convecting region height, h, is accompanied by a 
doubling in diffusive region thickness, L, in order to 
maintain this constant flux. 
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TRANSPORT DE CHALEUR ET DE MASSE A TRAVERS UN INTERFACE DIFFUSIF 
ENTRE DES ZONES DE CONVECTION TURBULENTES 

R&me-On etudie expdrimentalement le transport vertical de la chaleur et d’un solute, a travers un 
.interface diffusif stable separant deux zones de convection turbulentes de concentrations differentes. 
Dans ce cas la convection est entrain&e par un chauffage lateral tel clue I’interface horizontal separant 
les regions convectrices soit compris entre deux couches limites en mouvements opposis. Des lois sont 
formulees pour les flux de transport vertical de chaleur et de masse. Ces lois sont ensuite utilisees afin 
d’etudier I’effet sur le transport vertical dam les systernes convectifs a plusieurs couches du changement 
de la dimension et du nombre des couches. II apparait que dans de tels systemes le transport vertical est 

independant de Ia dimension des couches convectrices et de leur nombre. 

WARME- UND STOFFTRANSPORT AN DIFFUSEN, VON TURBULENTEN 
KONVEKTIONSBEREICHEN BEGRENZTEN TRENNFLACHEN 

Zusammenfassung-Der vertikale Warme- und Stofltransport iiber eine stabile diffuse Zwischenschicht 
zwischen zwei turbulenten Konvektionsbereichen von unterschiedlicher Konzentration wird experimentell 
untersucht. Die Konvektion wird hier durch seitliche Beheizung hervorgerufen, so dal3 die horizontale 
Zwischenschicht, die die Konvektionsbereiche trennt, zwischen zwei in entgegengesetzter Richtung 
flieBende turbulente Grenzschichten eingeschlossen ist. Fur den senkrechten Warme- und Stofftransport 
werden Gesetze fur die Stromdichten entwickelt. Diese Gesetze dienen dazu, den EinfluB von SchichtgrdBe 
und Schichtanzahl auf den senkrechten Transport in Vielschichten-Konvektionssystemen zu untersuchen. 
Es ergab sich, dal3 der Senkrecht-Transport in solchen Systemen unabhingig ist von der GrGl3e und der 

Anzahl der Konvektionsschichten. 

IIEPEHOC TEI-IJ-IA II MACCbI I-IOIIEPEK AW@@Y3HbIX I-IOBEPXHOCTEti 
PA3AEJIA. OI-PAHMgEHHbIX TYPPYJIEHTHbIMkl KOHBEKTEIBHMMH 

.'~I~HO~-WHSI"&-JO~~~HO 3KCIlepHMeHTZtJtbHOe IlCCJteAOBaHUe BepTHKanbHOrO IIepHOCa TeIIna Ei 

pacTeopewior0 BeqecTBa nonepeK ~CTOZ~WBOP mi@#1y3kio~~ofi ~OI+~~XHOCTH pa3Aena, orpasa- 

'IeHHOk DByMH Typ6yJIeHTHbIMH KOHBeKTHBHbIMB 06naCTflMw pa3nlPIHOfi KOHueHTpaLVilf. KOH- 

BeKUWI B 3TOM Cynrae CO3AaeTCX 6OKOBMM HarpeBOM TaKHM o6pa3oM, 'IT0 rOpA30HTanbHaR 

IIOBepXHOCTb, pa3JWlFIKWaSl KOHBeKTABHbIe 30Hb1,paCnOnaraeTCR MeXCAy ,L(ByMIl IlpOTHBOIIOnO,KHO 

HaIIpaBneHHbIMA Typ6yneHTHbIMEi IIOrpaHW,HbIMU CnOIIMEi. nOJIfleHb1 3aKOHOMepHOCTIi AJIff 

IIOTOKOBIIPH BepTUKaJIbHOMIlepeHOCeTelIJIa Ei PaCTBOpeHHOrO Be~eCTBa.~aJI~3THCOOTHOIIIeHHR 

HCllOnb3ylOTCs AnR HCCneAOBaHHII BnAIlHWIl W3MeHeHHII pa3Mepa B WfCna CnOeB Ha BepTHKanbHbIlt 

I'IePeHOC BMHOrOCnOitHbIXKOHBeKTKBHbIXCHCTeMaX.Ha~AeHO,‘iTO Be,,THKanbHbli-'lle,EHOCBTaKHx 

CHCTeMaX HeJaBKCHTOT pa3MepaHnH'IHCnaKOHBeKTBBHbIXCnOeB. 


