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Abstract—The time-dependent double diffusive convection in a horizontal concentric annulus is investi-
gated both by numerical analysis and by holographic interferometry. In order to calculate stream functions,
temperature-, concentration- and density-fields, the finite difference technique is utilized. Inner and outer
cylinders of the annulus are kept isotherm, with the inner cylinder heated. The annulus is filled with
an H,0-NaCl solution, which is isothermal initially and submitted to a linear and stable stratification of
the solution. The results reveal a considerable decrease in heat transfer as compared to natural convection
without a stabilizing salt gradient. In addition experiments are performed on double diffusive convection
about a vertical cylinder in a square container.

1. INTRODUCTION

Fluid flow phenomena under the simultaneous in-
fluence of concentration- and temperature-gradients
have recently gained increased interest. In nature, flows
in bodies of water are driven by the effects of tem-
perature and concentration of dissolved materials and
suspended particulate matter on density. Atmospheric
flows can be initiated by temperature and water con-
centration differences. In technology some examples
of flows driven by the simultaneous action of tem-
perature and concentration gradients are drying pro-
cesses. liquid gas storage, transpiration cooling and
condensation in the presence of a non-condensing
gas. Many aspects of material processing such as
solidification and crystal growth entail such flows.
Heat extraction out of the lower convecting zone in
solar ponds is also influenced by double diffusive
convection.

This paper is concerned with a numerical and exper-
imental analysis of double diffusive convection in an
annular gap between two isothermal concentric and
horizontal cylinders. Additional experiments were
performed on double diffusive convection about a
horizontal heated cylinder in a square container with
vertical side walls and the transferability was
considered. The flow visualization was performed
with the help of holographic interferometry.

In contrast to other geometries, double diffusive
convection in a horizontal concentric annulus has not
been investigated before. Heat transfer from a hori-
zontal cylinder in a quiescent solutally stratified fluid,
which is a related problem, was studied in the past by
experiments only. Hubbell and Gebhart [1], as well as
Neilson and Incropera [2], applied a constant overall

heat flux. Because of a high conductive copper cylin-
der, the surface was isothermal but was changing its
temperature with time. This experimental technique
yielded overall heat transfer coefficients only. Neilson
and Incropera [3] applied foil-heating which resulted
in locally different surface temperatures. In this case
local heat transfer coefficients could be determined.
Flow visualization was performed by the shadow-
graph imaging technique.

2. GOVERNING EQUATIONS AND SOLUTION
PROCEDURE

Figure 1 depicts the geometry to be considered. The
flow has been assumed to remain laminar, incom-
pressible and two-dimensional, with constant fluid
properties, except for the density change with tem-
perature and salinity which gives rise to buoyancy
forces. This results in the adoption of the Boussinesq
approximation. For the numerical solution the flow is
considered to be symmeric with respect to the vertical
symmetric line.

The governing equations have been formulated
with the stream function y’, the temperature 77, the
vorticity 0’ and the salinity ¢’ as variables. In order
to get dimensionless temperatures and concentrations,
the difference between the temperatures of the hot
and cold cylinder (T}, —T.) and the concentration
difference between the bottom and the top of the gap,
(e, —cy), respectively, are used as references. For the
numerical analysis the following dimensionless vari-
ables have been introduced, where the prime () indi-
cates dimensional quantities :
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A geometry factor

¢ concentration

d  diameter of inner cylinder
D diameter of outer cylinder
Le  Lewis number

Nu  Nusselt number

Pr Prandt] number

Ray, Rug  thermal and solutal Rayleigh
numbers
$ gap width

S dimensionless salinity

St stability number, St = Rag/Ray
t dimensionless time

u dimenstonless velocity

x  dimensionless coordinate.

Greek symbols
B expansion coefficient

NOMENCLATURE

angular coordinate

boundaries of computational plane
thermal diffusivity

equivalent thermal conductivity

v kinematic viscosity

stream function

@ vorticity.

> 2 e

&

Subscripts
b bottom
c cold, conduction i
b hot !
i inner
) outer
S solutal
T  thermal
t top.

FiG. 1. Geometry of annulus.
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In terms of these dimensionless variables the govern-
ing momentum, energy and mass equations in Car-
tesian coordinates are as follows:

2 i oT 2S
Y b uVo— PrVio = Pr Ra; tx A St ] @)

éx
A
‘ngr-v?rz 0 (3)
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i - V28 = 4
A +uVs is S=0 {4
Vi = —w (5}

u =V ()

An important parameter will be the stability number
St, which is defined as the ratio of the stabilizing forces

due to the salinity gradient and the destabilizing forces
caused by thermal buoyancy :

St = Ras _ _ES(f/"w(i,)s_ (7
Ray  Br(T,—~TOHD

Ra; and Rug denote the modified Rayleigh numbers
for temperature and salinity

_ 9Ty =TS

Ray (8)
VK
< oSt D
Rag = q_,{ii{c “_\;{(‘) S {9)

where fy and Bs are the thermal expansion coeflicient
and the solutal expansion coefficient, respectively. The
geometry factor A4 is defined by the ratio of the diam-
eter of the outer cylinder D and the gap width s.

To solve the governing equations in complex
geometries, a numerical transformation method, such
as that proposed by Thompson et @/. [4], was applied
(Fig. 2).

After the transformation of equations {2)—(5) into
the computational rectangular plane (&, plane), the
boundary conditions for the vorticity transport equa-
tion (2) are those for rigid boundaries at I'; and T,
and w = 0 at the symmetric lines I';, T'y. The stream
function is constant, ¥ = 0, at all boundaries. Tem-
peratures are, 7 = 1 at the inner cylinder and 7= 0 at
the outer cylinder. The temperature gradient normal
to the symmetric lines I, Ty is zero. as well as the salt
gradient normal to all boundaries.

Equations (2)—(5) and the boundary conditions are
discretized with finite differences. All space derivatives
can be represented by second-order central differ-
ences. The convective terms in equations (2) and (3)
are writtten in divergence form, which guarantees a
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Physical Plane

Transformed Plane

FIG. 2. Physical and transformed computational planes.

‘wiggle-free’ solution. Finally, the convective term in
the species transport equation (4) is discretized using
the second upwind method.

To solve the resulting linear equations, MSIP as an
iterative method was applied. This technique, first
developed by Schneider and Zedan [5], is an extension
of the approach of Stone’s [6] five-point formulation
to a nine-point formulation.

In order to test the code a numerical analysis of
natural convection without any salt gradient in a con-
centric horizontal annulus was performed. The results
of these calculations show excellent agreement with
the experimental findings of Kuehn and Goldstein [7].

3. EXPERIMENTS

The test apparatus (Fig. 3) consists of an outer
copper ring (100 mm inner diameter) and a central

copper tube of 40 mm diameter, respectively, between
two Zerodur disks, thus forming a concentric annulus
of 40 mm in length, which contains the stratified fluid.
The transparent Zerodur-glass allows for holographic
interferometry. Because of the very small thermal
expansion coefficient of Zerodur, the refractive index
is nearly independent of temperature. Through the
outer copper ring as well as through the central tube,
water acting as a heating or cooling fluid can be cir-
culated, allowing the inner cylinder to be heated and
the outer cylinder to be cooled. Thermocouples at the
surface of both cylinders are installed to measure the
surface temperatures T, and T.. The outer ring is
fixed by side walls made of Plexiglas. In order to
ensure a constant horizontal cross-section area in
which the fluid rises during the filling process, the
side walls are contoured as depicted in Fig. 3. To
protect the copper surfaces from the corrosive saline
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EIG. 3. Test apparatus: (1) outer copper ring; (2) inner copper cylinder; (3), (4) Zerodur disks; (5), (6)
inlet and outlet tubes; (7) contoured Plexiglas side walls; (8) bottom plate ; (9) filling tube ; (10) flanges.
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solution the cylinders were coated with a resistant
lac.

A linear salinity profile was established by applying
the double-bucket technique first proposed by Oster
[8] to introduce continuously a progressively salticr
solution at the bottom of the test cell. Experiments
were performed with an H,O--NaCl solution.

Holographic interferometry has been applied to vis-
ualize the complete and instantaneous field of refrac-
tive index in the test cell, without the nccessity of
disturbing the flow ficld by probes. A comparison of
the measured field of the refractive index and that
computed numerically verifics the numerical simula-
tion. The refractive index was computed as a func-
tion of temperature and salinity as proposed by Rud-
dick and Shirtcliffe [9]. Confirmation of an itially
linear salinity gradient was obtained by observing the
interferogram of the isothermally salt stratified fluid
in the annular gap before starting the experiment by
heating the inner cylinder. The temperature difference
between the inner and outer cylinder ranged from |1
K to 4 K, the salinity gradients varied from 0.16%o
cm 1o 1.2%0 cm

4. RESULTS AND DISCUSSION

The analysis was performed for an H,O-NaCl solu-
tion in the annular gap (annulus ratio s/d = 0.75.
d =40 mm) in the range 1.06 < Sr<6.12 and
4.0 x 10° < Ray < 2.5x 10% In order to demonstrate
the influence of solute stratification on the formation
of layered convection, the calculated stream-function,
temperature and salinity are prescnted together with
computed and experimental refractive indexes lor
comparison. Figure 4 depicts the numerical and exper-
imental results for the dimensionless numbers
Ru, = 884 x10°, Rug = 1.48x10°. Pr=6.59 and
Le = 80. According to its definition the stability num-
ber St = Rag/Ra, yiclds St = 1.68 in this casc. The
seccond column in Fig. 4 shows the numerical and cx-
perimental results at a time 120 s after heating of the
inner cylinder started. Unlike the conditions in an
unstratified fluid, the development of single convective
layers is most cvident. Layered convection starts at the
top and bottom of the inner cylinder. The temperature
ficld demonstrates the onset of convective heat trans-
fer within the convective layers. However, heat con-
duction still dominates at the vertex. The salinity plots
show the cellular structure of the flow by sharp inter-
faces betwecn the convective layers. This flow struc-
turc originates from the ascent of solute-rich fluid
along the cylinder when heating starts. As this fluid
ascends, its density becomes progressively larger than
that of the ambient. Sustained vertical motion is there-
fore inhibited by a ncgative buoyancy force, and the
boundary laycr is deflected horizontally. Density
differences between the boundary layer and ambient
fluid are intensified by the differential diffusion rates
of heat and salt. Hence, the fluid begins to descend as
it cools rapidly while retaining most of its salt. The
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foregoing process of layering is replicated, proceeding
to the top of the cylinder. Various growing stages ol
the convecting layers are detectablc by the salinity
field. Computed and experimental fields of refractive
index agree quite well, and place confidence in the
numerical computation.

The third column shows the bchaviour after a
time of 300 s. At this time four convecting layers have
developed around the inner cylinder and a horizontal
propagation is cvident. As the ascending flow is
restored by vertical heat transfer from the lower vor-
tices, the formation of boundary Jayer regions is inten-
sificd. As a result the convective heat transfer is
increased and influences the temperature field around
the inner cylinder. Only at the top and in particular
at the bottom of the cylinder is the temperature dis-
tribution dominated by conduction. A proceeding
equalization of salinity within the convecting layer
characterizes the salinity field. Hence, steep salinity
gradients appear across the interfaces between the
layers. Numerical and experimental refractive indexes
are in good agreement and confirm the numerical
calculus.

In the fourth column of Fig. 4 the progress of strati-
fication after 600 s is displayed. The fourth convecting
layer has thickened and moved vertically upward. The
flow is driven primarily by the heated cylinder, anal-
ogous to flow structures observed for side wall heating
of a stable salinity gradient investigated by Wirtz et
al. [10] and by Huppert et al. [11]. Convective heat
transfer increases and dominates the temperature dis-
tribution in the annular gap on both sides of the
cylinder. The gentle, downward slope of the interfaces
is duc to heat transfer from the warmer fluid below
the interface to cooler fluid above it. A continuing
equalization of salinity can be observed in the con-
centration plot. Again numerical and cxperimental
refractive indexes agree well. with the exception of
small differences in layer height at the third and fourth
convective cells (from the bottom).

Finally. the fifth column shows results at a ume
of 1200 s after heating started. The growth ol the
convective motion has continued and nearly mixed
conditions arc achieved within each convective cell. At
the top of the cylinder the measured field of refractive
index deviates somewhat from the numerical results,
though the agreement is good at the bottom. The
deviation is caused by a stronger convective motion at
the upper convective layers which erodes the interfaces
much morc in the numerical simulation than in the
experiment. Although the number of grid points
amounts to 181 x 91 the resolution at an interface with
a steep salinity gradient is not sufficient. Hence, con-
vective motion is able to crode the interfaces in com-
putation morc than in reality. This results in a falsificd
time scale if computation covers more than approxi-
mately 900 s. Nevertheless, the fundamental phenom-
ena are represented quite well by the calculated plots.

The computed temperature distribution and the
local lemperature gradients, respectively. provide
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FiG. 4. Calculated and experimental results for double diffusive flow in an annular gap at various times :
Ray = 8.84x10°; St = 1.68; Pr=6.59; Le = 80.
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detailed information about the local heat transfer at
the inner and outer cylinder in the case of double
diffusive convection. Heat transfer results are pre-
sented as local and average equivalent thermal con-
ductivities A. This dimensionless parameter. which
reflects the influence of convection on heat transfer is
defined by

Nu 2s

A= Nu

NL{L. N i lj . Nu,

(10)

oo

Dln-
n-,

where Nu is the actual Nusselt number based on the
gap width s and Nu, is the Nusselt number in the case
of heat transfer solely by conduction. By integrating
the local heat flux over the inner cylinder, one gets the
average equivalent conductivity A,

Ao
‘_ndJ

where /, denotes the arc length along the surface of
the inner cylinder.

Figures 5-7 display local equivalent thermal con-
ductivities at various times for the same set of par-
ameters as in Fig. 4. The local equivalent conductivity
along the inner cylinder at a time of 120 s is presented
in Fig. 5 and makes evident the structure of the cellular
flow. A strong enhancement of local heat transfer
by the influence of fluid motion inside the growing
convective cells can be observed at the bottom of the
cylinder and at 3 = 105". Convection in the upper cells
is less pronounced, resulting in only a slight deviation
from the conduction solution (A, = 2.87). As in the
case of natural convection in an annular gap filled
with an unstratified fluid, a minimum of the local

N
TR

Nu an
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equivalent conductivity occurs at the upper stagnation
point of the inner cylinder.

Figure 6 shows the local equivalent thermal con-
ductivity along the inner (solid line) and the outer
(dashed line) cylinder at a time of 300 s. The influence
of an increased cellular fluid motion on the local equi-
valent thermal conductivity is more pronounced than
before. Mainly the two convecting layers at the bot-
tom of the cylinder lead to local maxima. The cir-
culating flow impinges on the inner cylinder. giving
rise to large temperature gradients normal to the sur-
face, which are the reason for the local maxima of the
equivalent thermal conductivity. On the other hand,
buoyancy forces at the top of the cylinder tend to
deflect the fluid from the cylinder. lcading to only &
slight increase in hecat transfer. Therefore. the
enhancement of heat transfer is much smaller than at
the bottom parts of the cylinder. In total the aug-
mentation of the average cquivalent thermal con-
ductivity (A, = 3.15) has increased as compared (o the
conduction solution (A, = 1.95). Heat transfer to the
outer cylinder is negligible.

The local equivalent thermal conductivity after
1200 s is plotted in Fig. 7. Heat transfer is increased
by the convective motion throughout the total cross-
sectional area and maxima characterize the location
of the convective cells. The convective layers have
reached the surface of the outer cylinder by horizontal
propagation and a distribution of A, occurs, which is
quite similar to that at the inner cylinder. The tem-
perature gradients at the inner and outer cylinder are
approximately the same in this case. As the heat flux
density owing to steady heat conduction. however, is
smaller at the outer cylinder. the equivalent con-
ductivity adopts higher valucs at the outer cylinder.

inner cylinder

equivalent conductivity A;

90,01,0 2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0

T T T T T
0,0 15,0 30,0 45,0 60,0 75,0

Fi1G. 5.

T T T l T T
90,0 105,0 120,0 135,0 150,0 165,0 180,0

¥

Local equivalent thermal conductivity at the heated cylinder as a function of the angular coordinate

<o time £ = 120 s Rar = 8.84 % 10°: S1 = 1.68.
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FIG. 6.

¥

Local equivalent thermal conductivity at the inner and outer cylinder as a function of the angular

coordinate y; time ' = 300 s; Ra; = 8.84 x 10°; St = 1.68.
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FIG. 7. Local equivalent thermal conductivity at the inner and outer cylinder as a function of the angular
coordinate y; time ¢ = 1200 s; Rar = 8.84 x 10°; St = 1.68.

In order to demonstrate the influence of various strati-
fications on heat transfer, the average equivalent ther-
mal conductivity A, at the inner cylinder is plotted as
a function of dimensionless time for three different
stability numbers, Sz, in Figs. 8(a)(c). The conduction
solution and the numerical solution for natural con-
vection without solute stratification (S¢ = 0) are dis-
played for comparison. In each case the sharp initial
decrease of A, is due to the conduction solution. The
influence of solute stratification is revealed by com-
paring Figs. 8(a)-(c). As expected, strong stratifi-

cation inhibits buoyancy driven flows around the
cylinder, markedly reducing A; as compared to an
unstratified medium. Figure 8(a) shows a reduction
of A, to the values of mere conduction if the stability
number is St = 6.1. In this case convective motion is
fully suppressed by stratification. Only for a short
time fluid motion occurs and increases the equivalent
thermal conductivity A, insignificantly but is rapidly
damped by stabilizing salinity buoyancy forces. The
temporal equivalent thermal conductivity for the case
discussed in Fig. 4 is shown in Fig. 8(b). The stability
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FIG. 8. Average equivalent thermal conductivity at the inner heated cylinder as a [unction of dimensionless
time 1 (1" = t x 6200 ).

number has decreased to St = 1.68. In contrast to Fig.
8(a), A; increases in this case as double diffusive effects
promote the formation and growth of convective lay-
ers in the annular gap on both sides of the cylinder.
Development and a subsequent motion of interfaces
cause an enhancement of A; with time and finally the
average equivalent conductivity approaches the value

for an unstratified medium. Figure 8(c) shows the
average equivalent thermal conductivity as a function
of time for a stability number of St = 1.06. Dimin-
ishing stratification leads to an increased convective
motion in the annular gap. After a short initial period
of conduction dominated heat transfer, layered con-
vection starts. Enhancement of convective heat trans-
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(a) (b) (c)

Fi6. 9. Interferograms of double diffusive convection in an annular gap and around a cylinder in a container
of two different widths.
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fer occurs in accordance with the growth of convective
layers. The experiments revealed that the height of
the convective cells increases with decreasing stability
number Sz. This fact was confirmed by Tanny and
Tsinober [12] in side wall heating experiments. Hence,
heat transfer increases with the aspect ratio of the
convective layers. Subsequent erosion of the interfaces
leads to a rearrangement of the convective layers and
causes temporal fluctuations in A, at advanced times.
Finally, A, approaches the conditions of heat transfer
in an unstratified fluid.

The question arises whether the results obtained
with double diffusive convection in a concentric annu-
lus can be transferred to double diffusive convection
at a heated horizontal cylinder with constant surface
temperature. This cylinder is placed in the centre of a
rectangular container with isothermal side walls, filled
with the stably stratified solution. The distance
between the side walls and the cylinder is chosen to
be equal to and double the width of the previously
investigated annulus. This allows for conclusions to
be drawn upon the influence of the width of the con-
tainer on the development of double diffusive con-
vection around a horizontal cylinder. Figure 9 shows
the experimental results for the three geometries inves-
tigated. The interferograms of double diffusive con-
vection in a concentric annulus are compared with the
results obtained in a rectangular container of two
different widths at three different points in time. The
column on the left shows the results for the concentric
annulus and the two columns to the right depict the
results with the horizontal cylinder in containers. Only
the left half of the experimental set-up is shown, The
most important dimensionless numbers are listed in
Table 1. For better comparability the characteristic
length was set equal to the width of the annulus.

The first row shows the interferograms at a time ' =
214 s after heating of the cylinder started. There is no
evident difference between the three geometries as the
onset of cellular convection is restricted to the fluid in
the vicinity of the heated cylinder. Hence the gecometry
of the outer cylinder and the side walls of the
container, respectively, are of minor influence. No
cellular convection can be observed at the top of the
cylinders.

The second row shows the interferograms after
¢ = 400 s. Layered convection starts at the bottom of
the cylinder and some additional convecting layers
have developed around the lower part of the cylinder
in all three geometries investigated. However, in the
wide container convection has not yet started at the

Table |
Rus Ruay St
Concentric annuius 4.1 x10° 11.4x10°  3.61
Narrow container 27.7 x 10° 8.1x10° 342

Wide container

31.6x 10° 7.7 % 10°

3.59
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top of the cylinder. The reason is the slightly smaller
thermal Rayleigh number for this geometry.

In the third row the experimental results after
# = 21 min are presented. In the annular gap and in
the narrrow container cellular convection covers the
whole area between the inner and outer cylinder and
between the cylinder and the side walls, respectively.
Cellular convection is driven by temperature gradients
in the vicinity of the inner cylinder and the outer
surfaces. In the wide container convective motion has
not yet reached the outer wall. Convection is only
driven by one steep temperature gradient near the
inner cylinder. As cellular convection proceeds to the
outer surface of this container, the aspect ratio of the
convection cells decreases steadily. Therefore, con-
vection in this wide container is less pronounced than
in the narrow geometries.

This allows the conclusion that experimental and
numerical results obtained for cellular convection in
an annular gap may be transferred to a cylinder in a
container only for times preceding the contact of the
cells with the outer gap wall. Later on the convective
motion in the concentric annulus is more intensc than
around the cylinder in a wide container. If the distance
between the cylinder and a vertical side wall equals
the gap width of a concentric annulus, no essential
differences occur.

5. CONCLUSIONS

The object of the present numerical and exper-
imental analysis is the investigation of stabilizing
effects due to solute gradients on the flow in an annu-
lar gap and on heat transfer between isothermal inner
and outer cylinders. The nature of the flow and the
heat transfer depend strongly on the stability number,
St, which relates the stabilizing effect of salt con-
centration gradient to the destabilizing thermal buoy-
ancy. For large values of Si, the convective motion
around the heated cylinder is largely suppressed and,
therefore, heat transfer is dominated by conduction.
With decreasing stability number multiple convective
layers develop around the heated cylinder. The layers
are separated by diffusive interfaces, and the recir-
culating flow within each layer is driven by the tem-
perature gradient between the inner and the outer
cylinder. The height of the convective layers increases
with diminishing stability number and the convective
heat transport is enhanced. Local equivalent thermal
conductivities are presented as a function of time and
reveal the influence of layered convection on heat
transfer. Average equivalent thermal conductivities
vary strongly with time and depend on the magnitude
of St. The results of numerical investigation agree well
with experimental findings.

Experiments reveal that the results for cellular con-
vection in a concentric annulus may be transferred to
cellular convection about a horizontal cylinder in a
container with vertical walls as long as the cellular
convection does not reach the outer wall.
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SIMULATION NUMERIQUE ET VISUALISATION HOLOGRAPHIQUE DE LA
CONVECTION DOUBLE DIFFUSIVE DANS UN ANNEAU HORIZONTAL ET
CONCENTRIQUE

Résumé-—Le développement temporel de la convection double diffusive dans un anneau horizontal et
concentrique a été étudié aussi bien numériquement qu’ expérimentalement par interférométrie holo-
graphique. La fonction de courant et les champs de température, de concentration et de densité ont été
calculés par le procédé numérique des differénces finies. L’anneau était rempli d’une solution H,0-NaCl
initialement isotherme et a concentration stratifiée stable. Les parois cylindriques externe et interne étaient
maintenues & température constante, le cylindre interne étaut chauffé. Les résultats montrent une diminution
considérable de transfert de chaleur en comparaison 4 la convection naturelle sans gradients de sel
stabilisants. De plus, des essais expérimentaux de convection double diffusive ont été réalisés a I'extérieur
d’un cylindre horizontal chaufié et placé dans un récipient rectangulaire 4 parois latérales verticales.

NUMERISCHE BERECHNUNG UND HOLOGRAPHISCHE VISUALISIERUNG DER
DOPPELT DIFFUSIVEN KONVEKTION IN EINEM HORIZONTALEN,
KONZENTRISCHEN RINGSPALT

Zusammenfassung—Die zeitliche Entwicklung der doppelt diffusiven Konvektion in einem horizontalen
konzentrischen Ringspalt wurde sowohl numerisch als auch mit Hilfe der holographischen Interferometrie
untersucht. Zur Berechnung der Stromfunktion, der Temperatur-, Konzentrations- und Dichte-Felder
wurde das Finite Differenzen Verfahren angewandt. Der Ringspalt war mit einer anfianglich isothermen
und stabil konzentrationsgeschichteten H,0-NaCl-Losung gefiillt. AuBerer und innerer Zylinder wurden
isotherm gehalten, der innere Zylinder war beheizt. Die Ergebnisse offenbaren eine betrichtliche Abnahme
der Wirmetibertragung verglichen mit natiirlicher Konvektion ohne stabilisierenden Salzgradienten.
Zusitzlich sind Experimente zur doppelt diffusiven Konvektion um einen horizontalen beheizten Zylinder
in einen rechteckigen Behalter mit vertikalen Seitenwinden durchgefiihrt worden.

YHUCJIEHHOE MOAETHPOBAHUE U IOJIOTPAOHUYECKA S BU3VAJIM3IALIUA
ANPOY3INOHHOH TENNOBONA M KOHHEHTPALIMOHHON KOHBEKIIMH B
TF'OPH30HTAJIBHOM KOHUEHTPHYECKOM 3A30PE

Anporamus—C NOMOIIBIO THC/ICHHOTO AHANH3a H TOJOrpadHYeCKOl HHTEPHEPOMETPHH HCCIEHyeTCH
HecTanpoHapHas nMddy3AOHHAR, TENNOBAA H KOHUEHTPALHOHHAS KOHBEKIHS B rOPH30OHTaJILHOM KOH-
uenTpHYeckoM 3a3ope. Jas pacvera QyHkumi Toka, MOJCH TEMIEPATyphi, KOHUSHTPANHM H IWIOTHOCTH
HCTIONB3YETCA METOR KOHEYHHIX pasHocreil. BHyrpenuuil u BHCIIHMN UHIHHAPH SBISIOTCH H3OTEPMH-
YECKWMH, TEfOBOH MOTOK NOJBOAMTCH X BHYTPEHHEMY UWMRMHAPY. 3a30p 3ANO0AHEH PacTBOPOM
H,0-NaCl, koTOpRif H3Ha9aIbHO ABJISCTCH H3OTEPMHYCCKMM, & 34TEM NOABEPracTcs JHHCHHON H
yeroiuapoit crpaTeduxamun. PesyabTarel CBEACTENBCTBYIOT O 3HAYMTEALHOM CHHXCHHHM HHTEHCHB-
HOCTH TEILIONEPCHOCA TIO CPABHERNIO ¢ eCTCCTBEHHOMN KOHBEKn#eH IpH OTCYTCTBHM CTaCRIH3HpPYIOWIEro
rpajuenTta confuocTH. Kpome Toro, Oninm NpoBeAeHE! SKCIEPEMEHTH O H(dYy3HOHHON, TemIoBOH
4 KOHUCHTPAUMOHHOH ROHBEXIMH Y BEPTHKANLHOTO IVUIMHIADA, DPAacHONOKEHHOro B KBAaZpaTHOM
KOHTEHHEDe.



