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AImtract-A numerical analysis of developing laminar flow between vertical parallel plates is presented for 
combined heat and mass transfer natural convection with uniform wall temperature and concentration 
boundary conditions. For long channels (low Rayleigh numbers) the numerical solutions approach the 
fully developed flow analytical solution. At higher Rayleigh numbers, the present results are compared 
with the available experimental data and numerical solutions for natural convection heat transfer in 
channels, and with external combined heat and mass transfer free convection similarity solutions for a 
single plate. At intermediate Rayleigh numbers, the parallel plate heat and mass transfer is higher than 

that for a single plate, similar to previous results for heat transfer only. 

INTRODUCTION 

IN THIS paper, numerical results are reported for devel- 
oping laminar natural convection flow in a vertical 
parallel plate channel open to the ambient at the top 
and bottom. The fluid motion is generated by the 
combined buoyancy of temperature and concen- 
tration differences within the channel relative to the 
fluid surrounding the channel. 

Each wall may be individually maintained at a uni- 
form temperature and concentration (UWT/C). Two 
specific combinations of boundary conditions are 
examined : symmetric UWTjC, and a UWT[C wall 
opposed by a zero heat and mass flux wall (i.e. insu- 
lated). Rayleigh numbers in the range from fully 
developed flow up to the limit for back flow at the 
channel exit are investigated. The majority of the 
results are for a Prandtl number of 0.7 and Schmidt 
numbers between 0.2 and 5.0. 

Previous work 

Combined heat and mass transfer natural con- 
vection has previously been studied mostly for exter- 
nal flows. Gebhart and Pera [l] obtained similarity 
solutions for flow over a vertical plate with uniform 
temperature and concentration, and for point source 
or plume flows. Chen and Yuh [2] also obtained simi- 
larity solutions for inclined plates with either uniform 
heat and mass flux or uniform temperature and con- 
centration boundary conditions. 

Analytical solutions for fully developed flow for the 
present problem are given in ref. [3]. Results for devel- 

oping flow with uniform heat and mass flux boundary 
conditions were previously reported in ref. [4]. Lee et 
al. [5] considered a vertical channel flow for very spec- 
ific conditions in which mass transfer from one wall 
resulted in a downward flow while heat transfer on 
the other wall resulted in an opposing, upward flow. 
Here we consider only flows which are entirely rising 
or falling, even though the buoyancy due to mass 
transfer may be opposed to the buoyancy due to heat 
transfer. 

Developing natural convection heat transfer 
between vertical parallel plates has been considered 
more extensively. Symmetric uniform wall tempera- 
ture conditions were investigated experimentally by 
Elenbaas [6] and numerically by Bodoia and Osterle 
[7] and Aihara [8]. Aung et al. [9] considered asym- 
metric uniform heat flux and uniform wall tem- 
perature boundary conditions as did Miyatake and 
Fujii [lo, 1 l] and Miyatake et al. [12]. Miyatake and 
Fujii [13], Sparrow et al. [14] and Sparrow and 
Azevedo [15] considered a uniform temperature wall 
bounded by an insulated wall. Wirtz and Stutzman 
[ 161 and Applebaum [ 171 reported experimental 
results for uniform heat flux parallel plates in air for 
symmetric and asymmetric heating, respectively. 

All of the previous studies of developing natural 
convection heat transfer between parallel plates have 
found a S-20% increase in heat transfer when com- 
pared to the corresponding single, external plate. The 
present results are similarly compared with the cor- 
responding combined heat and mass transfer single 
plate results. 
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NOMENCLATURE 

h channel width [m] T fluid temperature [K] 
c species mass fraction u velocity in the x-direction [m s- ‘1 
D species diffusivity [m’ s- ‘1 1’ velocity in the y-direction [m s- ‘1 
8 gravitational acceleration [m s- ‘1 x distance along the channel [m] 
Gr channel Grashof number based on h and 1 4 distance across the channel [m] 
if convective heat transfer coefficient, 2 fully developed flow scaling parameter. 

Y,I(T,--To) 
h,>? convective mass transfer coefficient. 

nz&C’, -C,) 
Greek symbols 

h- thermal diffusivity [W m- ’ K ‘] 
thermal diffusivity [m’ s ‘1 

I channel length [m] ; volumetric coefficient of therma 

t non-dimensional channel length, l/Gr expansion 

Le Lewis number. Sc/Pr = x/D B* volumetric coefficient of concentration 

/II mass flux [kg s ’ m “J 
expansion 

1%’ buoyancy due to mass transfer parameter 
0 non-dimensionaJ fluid temperature 

NLI Nusselt number. Ah/F; 
1’ kinematic viscosity [m’ s” ‘f 

P pressure [Pa] P fluid density [kg m- “I. 

P’ local hydrostatic pressure (0 at x = 0) [Pa] 
P dimensionless pressure Subscripts 
Pr Prandtl number, v/a 0 channel inlet, reference 

Y heat flux [W m ‘] 1 reference wall at p = 0 

Q non~dimensionaJ volume Bow rate per unit 2 wallaty=b 
depth b based on dimension b 

Ra Rayleigh number, Gr Pr C concentration 
SC Schmidt number. v/D t temperature 
S/Z Sherwood number, h,b/D .x at a distance x from channel entrance. 

ANALYSIS 

Consider a duct comprised of two vertical parallel 
plates of length 1 spaced a distance b apart as shown 
in Fig. 1. As a result of both heat and mass transfer at 
the walls. the fluid in the duct is at a higher tem- 
perature and concentration than the surrounding 
fluid. The resultant density difference in the presence 
of a gravitational field causes the fluid in the channel 
to rise. 

Many processes in air occur at low concentration, 
small temperature differences and over distances of 
small vertical extent relative to the atmospheric scale 
height ( z 8 km). Under these conditions it is reason- 
able to neglect the normal component of velocity due 
to mass transfer at the walls, viscous dissipation and 
pressure work. If the molecular weight of the diffusing 
species is not too different from air, then diffusion of 
mass due to temperature gradients (thermal diffusion) 
and diffusion of energy due to concentration gradients 
(diffusion-thermo) may also be neglected. 

When the governing equations are nondimen- 
sionalized, the group (b/Z)’ occurs multiplying the 
axial diffusion terms (il’/cIX’). For ~~~~)’ << 1, the 
axial diffusion terms are negligible in comparison to 
the convection and transverse diffusion terms, and a 
parabolic form of the governing equations results. A 
linear equation of state and the Boussinesq approxi- 
mation (see Gebhart and Pera [I]) allow the constant 

Cl or 

T2 or 

C2 or 

To . Co I/ u. 

FIG. 1. Geometry and boundary conditions. 
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property, incompressible form to be retained. The 
non-dimensional equations describing steady, two- 
dimensional laminar conservation of mass, momen- 
tum, energy and species concentration are 

g+FY=O 

ac ac i a2c 
Uax+'jqyr=g* 

where 

P = (P-P’)b4 
p12v2 

T- T,, 
e=-, 

c- co 

T,-To 
Cc---- 

Cl-Co 

Gr = MT, - Tdb4 
19 

, N _ B*(C, -Co> 

BP, -TO) 

The non-dimensional boundary conditions are 

U(X,O) = U(X, 1) = V(X,O) = V(X, 1) = 0 

(1) 

(2) 

(3) 

(4) 

UK’, r) = Q 

l9(0, Y) = C(0, Y) = 0 

e(x,o) = 1, tl(X,l) =g=+r, 
1 0 

C(X, 0) = 1, C(X, 1) = G = r,. 
1 0 

A uniform inlet velocity profile was used based on 
the results of Aihara [8]. For a uniform inlet velocity 
profile, the inlet pressure drop required to accelerate 
the fluid from rest to the inlet is 

P(0) = -Q’/2. 

Including this inlet pressure drop has a small but non- 
negligible effect on the channel induced flow rate and 
heat and mass transfer at higher Rayleigh numbers. 
At the channel exit, the flow becomes a free jet and 
expands to the local hydrostatic pressure at that elev- 
ation 

P(L) = 0. 

Since the flow is internal and the local pressure 
gradient is unknown, the additional constraint of a 
global conservation of mass equation is required. At 
any cross-section in the channel, the mass flow rate 
must be the same 

Q=g= ‘UdY. 
s 0 

(5) 

The above set of equations and boundary con- 
ditions are solved by a second-order accurate, Crank- 
Nicholson finite difference method using iteration for 
the convective nonlinearity and coupling between 
equations. A few of the unique aspects of the im- 
plementation for this problem are discussed below. 

The pressure-velocity coupling is used to generate 
the proper pressure gradient in the following way. The 
finite difference form of the momentum equation 
is solved (algebraically) for the currently unknown 
velocity at a general node. This is then integrated 
(algebraically) across the channel using Simpson’s 
rule and the result is set equal to the prescribed mass 
flow rate, Q. The pressure gradient term is then iso- 
lated and evaluated (computationally) from this form. 
More sophisticated methods which simultaneously 
satisfy the momentum and global conservation of 
mass equations are not as useful in this case because 
the local buoyancy force in the momentum equation 
is not known beforehand and the equations must 
be solved iteratively. The present technique enforces 
global conservation of mass at every iteration and 
typically gives a relative mass flow error of lo- 5. 

For a channel flow, a zero normal velocity V should 
be imposed on both walls (or the wall and the cen- 
terline for a symmetric case). Since the y-momentum 
equation has been dropped in the parabolic for- 
mulation and the conservation of mass equation is 
first order in y, only one boundary condition may 
properly be imposed on V. Bodoia and Osterle [7] 
simply integrate from the wall out to the centerline 
without imposing a condition at the centerline as is 
done in external boundary layer flows. Aung ef al. [9] 
impose V = 0 on each wall and integrate out to within 
one node of either side of the centerline and then 
interpolate the centerline node value, regardless of the 
asymmetry of the problem. In the present work, V = 0 
is imposed on each wall and two solutions are 
obtained by integrating from one wall to the other 
and then in the reverse order. The two solutions are 
then added together, each weighted by the distance 
from the wall from which it was calculated, to obtain 
the final V field. This method gives a solution that 
approximately satisfies the local conservation of mass 
equation for all ranges of asymmetry without con- 
centrating at a single node the error associated with 
imposing two boundary conditions. 

Grid refinement tests were performed to insure that 
the present results are independent of grid size. A 
uniform grid in the Y-direction was used with 21 grid 
points at low Ra and up to 81 grid points at high Ra. 
The non-uniform X grid was stretched 4% per step 
up to a maximum of L/100 resulting in 200-1000 
axial grid points. The iteration at a particular X was 
considered converged when the relative change in vel- 
ocity U at each point was less than 1O-5 for two 
consecutive iterations. The changes in P, T and C were 
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FIG. 2. Induced flow rate for symmetric UWr/C. FIG. 3. Average Nusselt number for symmetric LV+‘T/C. 

then usually less than lo- ‘. The overall momentum, 
energy and species concentration balances 
within 1% 

were all 

RESULTS 

Symmetric UWT/C 
For iJWT/C fully developed flow (see ref 1311, the . ^ 

non-dimensional induced Row rate is independent ot 
Pr, SC and Ra. When the present developing flow 
case is plotted in terms of the fully developed flow 
parameters Q/( 1 + N) vs (1+ N)Ra, all of the re- 
sults converge to the fully developed value for 
(1-t N)Ra <c 2, but each combination of N and SC 
behaves differently at higher Ra. The developing 
UWTjC flow has a net addition of heat and mass to 
the flow stream that is similar to the fully developed 
uniform heat and mass flux (UHIMF) flow but which 
is absent in the fully developed UWT/C flow. When 
the flow rate for the present case is plotted in terms 

of the fully developed UH/MF scaling parameter 

Z = (1 +r,+N(l +r,)/Le}/2 (6) 

(with rh and r, replaced by r, = r, = 1 for symmetric 
UWT/C), Fig. 2 results. For ZRa > 103, all of the 
results converge to a nearly universal curve. As for 
the UH/MF developing flow case (see ref. [4]), the 
SC = 0.2 results fall slightly above the other results. 

The maximum (1 +N)Ra that could be achieved 
was 4 x 10’ for SC = Pr. At this value, the velocity 
profile was very peaked on either side with a maximum 
velocity approximately three times the average vel- 
ocity and near zero velocity at the centerline (see Fig. 
6). At higher (1 +N)Ra backflow at the exit would 
occur ; thus, this is the ( 1 + N) Ra limit for the present 
parabolic model. This maximum (1 +N)Ra was 
influenced only slightly by N and SC for N positive. 
For N negative and small SC, the (1 + N) Ra for back- 
flow was reduced significantly as the negatively buoy- 
ant species diffuses quickly to the center of the 
channel, reducing the velocity there. For N = -0.5 
and SC = 0.2, backflow at the exit occurred at 
(1 + N) Ra = 2 x 1 03. At higher values of Ra, backflow 
at the exit will eventually destroy the pressure gradient 
in the channel. The present case should then 

asymptotically approach the single-plate results of 
Gebhart and Pera [I]. 

The average Nusselt number calculated for the 
developing flow is within 5% of the fully developed 
solution for (1 +N)Ra < 2. When Nu is plotted 

against 2 Ra, good correlation is obtained at high Ra, 
but better results are obtained if the square root of Le 
is substituted in Z 

Z’= {l+r,+N(l+r,)/,/(Le)}/2. (7) 

When Z’ is used, as shown in Fig. 3. all of the average 
Nu results for Z’ Ra > IO3 converge to 

Nu = 0.705(Z’Ra)“~“‘“. (8) 

Equation (8) predicts between 13 and 15% higher Nu 
at Z’ Ra = lo4 and between 7 and 9% higher NU at 
Z’ Ra = 10’ than the single plate results of Gebhart 
and Pera [I]. At Z’ Ra = 6.6 x 106, which is above 
the backflow limit of the present solution method, 
equation (8) predicts the same Nu as the SC = Pr 
results of Gebhart and Pera [I]. The present results 
for SC = Pr compare very closely with Aihara’s [8] 
UWT heat transfer results using a uniform inlet vel- 
ocity profile and inlet pressure drop. 

When Z’ Ra is multiplied by Le2, equation (8) may 
be used to predict the Sherwood number for 
Le2 Z’ Ra > lo3 for most of the results. As shown in 
Fig. 4, the SC = 5 results fall below the other results 
and are well correlated by 

; . 
~.&a sc.5.0 

sc.5.0 
0 N--0.6. SS.5.0 
0 N-2.0. SC.02 

; 
N. 8.0. fc.0.2 
N .-0.5. SC -0.2 

L2 2’ Ro 

FIG. 4. Average Sherwood number for symmetric UWlrjC. 
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16’ IO0 IO' IO2 lOS IO4 105 to6 
Ol/xRa 

FIG. 5. Local Nusselt number for symmetric UWTjC. 

Sh = 039(Le* z’ Ru)~~~‘~ (9) 

for Le*Z Ra > 103. Equation (9) predicts from 
9% (N = 2) to 14% (N = -0.5) higher Sh at 
Le’Z’Ra= 104and6%(N=2)to11%(N= -0.5) 
higher Sh at Le2Z’ Ra = lo5 than the single plate 
SC = 5 results of Gebhart and Pera [ 11. 

Local results. The parameter group Q(l/x)Ra is a 
local Graetz number for the present problem sug- 
gested by the fully developed flow solution. In Fig. 5, 
the symbols mark the exit of the duct (x/Z = 1) and 
identify the overall Rayleigh number (2’ Ru) for a 
particular local Nusselt number curve. A figure similar 
to Fig. 5 represents the local Sherwood number when 
the abscissa is multiplied by the Lewis number. 

At low 2’ Ru, J/U(X) smoothly changes from a con- 
stant slope near the inlet toward a rapidly increasing 
slope near the exit. At higher 2 Ra, A%(x) follows the 
same slope near the inlet, but then breaks away from 
the lower Z’ Ra results and follows a lower slope. This 
change in slope occurs closer to the inlet for higher 
Z Ra. 

The local Nusselt numbers exhibit three charac- 
teristics. 

(1) Fully developed flow-Nu(x) tends toward 
zero; occurs at low Q(l/x)Ra for low Z’ Ra. 

(2) Forced convection type behavior-~~(~) fol- 
lows a l/2 slope ; occurs near the inlet (high Q(l/x) Ra) 
for all flows over a small region (note the log scale). 

(3) Single, external plate type behavior-Nu(x) fol- 
lows a I /4 slope ; occurs at higher Q(~/x)Ra for higher 
2’ Ra. 

These characteristics are also observed in the devel- 
opment of the U velocity profiles in Fig. 6. At higher 
Rayleigh numbers, the buoyancy due to heat and mass 
transfer at the walls is strong enough to cause entrain- 
ment of the core flow into the wall region. The local 
Nusselt number in Fig. 5 begins to follow a l/4 slope 
at the point where two symmetric peaks in the U 
velocity profile first occur in Fig. 6. The local Y vel- 
ocity is then from the centerline toward each wall and 
the channel starts to behave as an external flow on 
two single, independent plates. Note that the average 

results in Figs. 3 and 4 have a constant slope (near 
l/4) for 2’ Ra > 103, similar to a single plate. 

Insulated iJWT/C 
The case of one wall held at UWT/C while the 

opposing waI1 has zero heat and mass flux is referred 
to as the insulated UWTjC case. At low Ra, this case 
has the same fully developed flow solution as the 
symmetric UWT/C case because the insulated wall 
attains T, and C, by diffusion across the channel. At 
high Ra, this case behaves like an asymmetric U WT/C 
case with rI = re = 0 because the fluid at the insulated 
wall is still at To and Co. The insulated case was chosen 
because it has more practical application than the 
asymmetric UWTjC configuration and allows com- 
parison with some interesting experimental heat trans- 
fer and flow visualization results. 

The maximum (1 +N)Ra that could be calculated 
before backflow (~paration) occurred on the insu- 
lated wall was 1.2 x lo3 for SC = Pr = 0.7. Because 
this flow never reaches the high Ra developing region 
and has mixed-type boundary conditions, the scahng 
used for s~met~c U WTjC (Z) is not useful for this 
case. The induced how rate is shown in Fig. 7. The 
value of (1 + N)Rn at which the flow rate becomes 
fully developed varies with both N and SC. 

The average Nusselt number results are shown in 
Fig, 8. All of the results are within 5% of the sym- 
metric UWTjC fully developed flow solution for 
(1 +iV)Ra < 2. As shown in Fig. 9, the same is true for 
the average Sherwood number for Le(1 +N)Ra < 2. 
Since the results in Figs. 8 and 9 are unscaled with 
respect to N/,,/(Le), some trends are evident in the 
developing flow region that may not be noticeable in 
the previous results. For N > 0 (aiding buoyancy), 
SC > Pr tends to decrease Nu and increase Sh relative 
to SC = Pr while for SC < Pr the reverse is true. How- 
ever, N < 0 (opposing buoyancy) tends to decrease 
both Nu and Sh for all SC. This behavior was also 
noted for external flows by Gebhart and Pera [I] and 
Chen and Yuh ]2]. 

Sparrow et al. [14] report experimental and numeri- 
cal results for natural convection heat transfer 
between a UWTplate and an insulated plate in water. 
The present method was used to calculate Nu for 
Pr = 5.0 as shown in Fig. 10. Also shown are the 
numerical results (using a uniform inlet velocity pro- 
file and an inlet pressure drop) and the least squares fit 
of the experimental data (estimated error of 52%) 
given by Sparrow et al. [14]. The agreement is excellent 
between the two numerical results, and the present 
calculation unde~redicts the expe~mental data by 
about 5% for Ra between 200 and 2000. 

Sparrow et al. [14] also report flow visualization 
results from the experiments. They observed backflow 
at the exit on the unheated wall for Ra between 1600 
and 2130 when b/I was varied between 0.0437 and 
0.0656. Using the present calculation method, back- 
flow on the unheated wall occurred at Ra = 2424. 
Sparrow et al. [14] and Sparrow and Azevedo 1151 
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0 2 .4 6 8 IO 

Y 

FIG. 6. Development of Cl velocity profiles. 

obtained numerical solutions up to Ra = 8 x IO“ and 
IO*, respectively, using a model which ‘did not account 
for vertical downflow’, but no explanation of the 
method was given in either of the papers or the ref- 
erences cited. The present method is able to predict 
the occurrence of backflow at the channel exit. 

Locn~ resumes. The local Nusselt number for 
SC = Pr = 0.7 is shown in Fig. 11. The same general 
characteristics as Fig. 5 are observed. The insulated 
UWTjC Nusselt number is higher than the symmetric 
results for Q(l/x)Ra < 10. At the highest (1 +N)Ra 

of 1246. the local Nu begins to rise above the lower 
Rayleigh number results, similar to the symmetric 
UWTjC case at Z’ Ra = 1000 when the peaks in the 
velocity profile first form. 

CONCLUSIONS 

A numerical solution of the governing equations 
for natural convection between vertical parallel plates 
has been presented for buoyancy due to combined 
heat and mass transfer. The solution has been verified 
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FIG. 7. Induced flow rate for insulated UWT/C. 
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FIG. 11. Local Nusselt number for insulated U WT/C. 
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FIG. 8. Average Nusselt number for insulated UWT/C. 
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FIG. 9. Average Sherwood number for insulated UWTjC. 

3 
0 loo- 
t SPARROW et Irc.[lS] 

--- EXPERlMENT 

“““’ CALCULATION 

- PRESENT CALCULATION 

FIG. 10. Comparison of average Nusselt number with exper- 
imental and numerical results of Sparrow et al. [14]. 

by comparison of the present results with available 
experimental heat transfer data. The results cover a 
wide range of Rayleigh numbers from fully developed 
flow up to backflow at the exit for both aiding and 
opposing buoyancy due to mass transfer (N). 

The maximum Rayleigh number that can be cal- 
culated using the present parabolic method cor- 
responds to the first occurrence of backflow at the 
channel exit. For SC = Pr this occurs at (1 +N)Ra 
= 4 x IO5 for the symmetric uniform wall temperature 
and concentration case and (I+ N) Ru = 1.2 x 10’ for 
the insulated uniform wall temperature and con- 
centration case. The maximum Rayleigh number is 
weakly influenced by SC and N for N > 0 and strongly 
influenced by N < 0. 

The present method of treating the conservation of 
mass equation and boundary conditions is reasonably 
well verified by comparison of the calculated Rayleigh 
number for backflow with the experiment of Sparrow 
et al. [ 141 for the insulated uniform wall temperature 
case. 

The present developing flow calculations approach 
the fully developed flow solution at low Rayleigh 
numbers. The fully developed flow solution may be 
used for (1 +N)Ra -e 2. A modified form of the uni- 
form heat and mass flux fully developed flow scaling, 
Z’, is useful for correlating the high Rayleigh number 
results for the symmetric uniform wall temperature 
and concentration case. 

At high Rayleigh numbers, the symmetric case exhi- 
bits a constant slope Nusselt and Sherwood number 
(in log coordinates) that is similar to but above a 
single, external plate. The formation of two separate 
symmetric peaks in the velocity profile corresponds to 
the constant slope region in the average results or a 
change in slope in the local results. Near the inlet, all 
of the results behave similar to a forced convection 
developing flow with a uniform inlet velocity profile. 

When the proper inlet pressure is specified, the local 
heat and mass transfer away from the entrance 
approach the corresponding single plate values within 
a few percent at high Rayleigh numbers. The average 
values are 5-l 5% higher than the single-plate case due 
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to the forced-convection type cont~bution near the 
entrance. Previous studies of natural convection heat 
transfer between parallel plates have found a similar 
advantage over a single plate. When properly scaled, 

the combined heat and mass transfer aspect of the 
present problem does not significantly change this 

conclusion. 
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CONVECTION NATURELLE COMBINEE DE CHALEUR ET DE MASSE ENTRE DES 
PLAQUES PARALLELES VERTICALES 

R&mm&-Une analyse numerique du developpement de 1’Ccouiement laminaire entre deux plaques ver- 
ticales paralleles concerne la convection naturelle de chaleur et de masse avec des conditions aux limites 
de temperature et de concentration uniformes sur les parois. Pour les canaux Iongs (faible nombre de 
Rayleigh) les solutions numeriques s’approchent de la solution analytique de I’ecoulement pleinemenl 
Ctabli. Aux grands nombres de Rayleigh, les result&s obtenus sont compares avec les don&es exper- 
imentales disponibles et les solutions numeriques pour la convection thermique dans les canaux, et avec 
les solutions affines de convection naturelle combinee de chaleur et de masse sur une plaque unique. Aux 
nombres de Rayleigh intermcdiaires, le transfert de chaleur et de masse pour plaques paralleles est plus 
eleve que pour une settle plaque, de la meme fa9on que dans des resultats connus pour le transfert de 

chaleur seul. 

GEKOPPELTE THERMISCHE UND KONZENTRATIONSGETRIEBENE NATURLICHE 
KONVEKTION ZWISCHEN SE~RECHTE~~ PARALLELEN PLATTEN 

Zusammenfassung-Es wird eine numerische Untersuchung der sich entwickelnden laminaren Stromung 
zwischen senkrechten, parallelen Platten fiir temperatur- und konzentrations~trie~ne natiirliche Kon- 
vektion vorgestellt. Temperatur und Konzentration an der Wand sind dabei konstant. Fur lange KanHle 
(kleine Rayleigh-Zahl) n&hern sich die numerischen Liisungen der analytischen Losung fur voll ausgebildete 
Stromung an. Fiir hohere Rayiei~-~hlen we&n die bereclmeten Ergebnisse mit verfiigbaren exper- 
imentellen Daten und mit numerischen Liisungen ftir den Wlrmetransport bei natiirlicher Konvektion in 
Kanllen sowie mit Ahnlichkeitslosungen fiir die mit Wiirme- und Stofftransport gekoppelte freie Kon- 
vektion an einer einzelnen Platte verglichen. Fiir mittlere Rayiei~h-~hlen ist der Warme- und Stofftrans- 
port bei parallelen Ratten griiBer als der bei einer einzelnen Platte, ahnlich wie bei frtiheren Ergebnissen 

fur reinen Wtietransport. 
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CJ-IOXHbItl TEl-IJIQ kl MACCOl-IEPEHOC l-IPM ECTECTBEHHOti KOHBEKL(WH MEXJY 
BEPTElKAJIbHbIMM IIAPAJIJ.IEJIbHbIMH WIACTkiHAMkl 

~~~ecneHHoHccnenyeTcnpa3~~~~~ na~~~apHoro-reneHHa~enay StpTmbwarMH napanne- 
JlbHbIME lLlMCTHH8MB IIpH CJIOXHOM CBO60JtHOKOHBeKTEBHOM TelIJlO- li MKCCOtIepeHOCe j3,lIK Cny'Wl 

o~piopo~Tehmcpa~ypHaxsKo~crrrpruraolnrwrp~~ycno~~Hac~~ax. BnpH6~raxernnr 
~EIHHO~O Krurana(Manue 9Bma P3nea)wcnemme peureHse crpebm~ca K a~ammm CCKOMY peluerwo, 
Ol’lHCbI~lUeM)‘lIOJIHOCTbIO ~Brrroerrncase.npE~oneeB~COurxwCnaxP3neape3y~TaTblcpaBHE- 

BBIoTCff C HMeIOvCK 3KClI~HMeHTaJlbH JlKHHbU.fII H YIiCJleHHbZMH &ExIIeHEKMn &lIK ceo60~0- 
KOHWKMBHOTO TelIJIOIlepeHOCa B KaHKJIax, a TaKXe C KBTOMOLleJlbHbIME peXleHHKMH ~KBHeHHti 
CJIOXHOl-0 TelUO- E MaCCOlIe~HOCa IlpH eCrarrBeHHOi KOHBCKUXH )JJW OlJHOfi ITJNJTHHbl. nPH l’QJOMe- 

zqroPHbIx 3HaveHmx qHcna F%neK Temo- H hfaccoxqeHoc ma napamenbmx IUI~HH Kmwrcn 
6onee EHTeHCHBHbIM, YeM JIJIK OAHOii UJIaCTHHbL %O 06CTOKTenscreO cornacyexn c pariee riailnem- 

HbIMH ~3yJIbTaTaMH,OTHOCKLI@iMHCKTOJlbKO K TeMOllepeHOCy. 


