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Abstract A numerical study has been made of natural convection in an enclosure with perfectly 
conducting horizontal end walls and finitely conducting baffles. Results obtained using the Boussinesq 
model for density variation show good agreement with reported measurements of natural convection in 
a partitioned enclosure. Except at low Rayleigh numbers, a separation bubble is observed behind the 
baffle. The strength of the separation bubble increases while the strength of the main flow (moving up the 
hot wall and down the cold one) decreases with increasing baffle conductivity. The average Nusselt number 
for the enclosure is significantly smaller in the presence of the baffles. Except at low Rayleigh numbers 
(where baffle conductivity has little influence) the Nusselt number values decrease with increasing baffle 

conductivity. 

INTRODUCTION 

NATURAL convection in enclosures is of significant 
interest in the areas of solar collector design, electronic 
cooling, design of energy efficient buildings, etc. In, 
view of this, the subject has received a fair amount of 
attention in the literature. Ostrach [l] and Catton [Z] 

have reviewed the heat transfer literature pertaining to 

enclosure convection. 
More recently, heat transfer in partially divided 

enclosures has received limited attention primarily 
due to its application in the design of energy efficient 
buildings. Probert and Ward [3] experimentally stud- 
ied the heat transfer behavior in a partitioned enclos- 
ure with aspect ratios of 18.2 and 26.4. Janikowski et 

al. [S] extended the work in ref. [3] to investigate the 
thermal resistance of an air filled enclosure with an 
aspect ratio of 5 and fitted with vertical baffles 
extending from the floor and ceiling. Greif and co- 
workers have conducted a series of experiments [S- 
71 to study the heat transfer behavior in an enclosure 
of aspect ratio 0.5 and fitted with a downward- 
extending partition. Experiments were generally car- 
ried out with water as the working fluid and for 
Rayleigh numbers in the range of 101o-lO1’. Duxbury 
[S] studied the heat transfer behavior in enclosures 
of aspect ratios between 5/8 and 5 with different 
partition arrangements. His results indicate significant 
heat losses from the side walls. Winters [9] performed 
a finite-difference study of natural convection in a 
vertical enclosure with an aspect ratio of 5/8 and 
fitted with centrally located baffles. Although the 
results in refs. [8,9] agree qualitatively, significant 
quantitative differences were noted and were attri- 
buted to the side wall heat losses in the experimental 
setup in ref. [S] and the assumption of adiabatic side 
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walls in ref. [9]. Lin and Bejan [lo] carried out 
an experimental and analytical investigation for a 
rectangular enclosure (aspect ratio = 0.3) fitted with 
a single baffle. 

Recently, Chang and co-workers [ll, 123 have 
reported detailed numerical computations of natural 
convection in a square enclosure fitted with adiabatic 
partitions extending from the floor and ceiling (Fig. 1). 
Results were obtained for Rayleigh numbers in the 
range of 104-IO8 and radiation effects were also 
considered. As a follow-up of the work in refs. [ 11,121, 
Bajorek and Lloyd [ I33 made an experimental study 
of heat transfer in the same configuration (Fig. 1). A 
typical comparison of the results in refs. [11-131 is 
shown in Fig. 2. It is clear that the experimentally 
determined Nusselt numbers are significantly higher 
than the predicted values. To explain this discrepancy, 
it should be noted that in the numerical calculations 
[l I, 121, the end walls and partitions were assumed 
to be adiabatic. In the experiments, Bajorek and 
Lloyd [ I33 used Plexiglass side walls and baffles 
which have a thermal conductivity nearly 25 times 
that of air. Thus, as pointed out by El-Sherbiny et a/. 
[14], adiabatic conditions are unlikely to be realized. 
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L 

HOT 

FIG. 1. Schematic of a square enclosure fitted with two 
baffles. 
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NOMENCLATURE 

CP specific heat of fluid Th hot wall temperature 
d thickness of the baffle u dimensional velocity in the x direction 

8 gravitational force u dimensionless velocity in the x direction 
H height of the baffle ti dimensional velocity in the y direction 
k thermal conductivity of fluid V dimensionless velocity in the .v direction 

k, conductivity ratio, k,/k x, X dimensional and dimensionless 

k, conductivity of baffle coordinate parallel to the horizontal 
I!, dimensions of the square enclosure end walls 
Nu Nusselt number, hL/k y, Y dimensional and dimensionless 
kh Nusselt number along hot wall coordinate normal to the horizontal 
Nu average Nusselt number end walls. 
Nu, average Nusselt number along hot wall 

P thermodynamic pressure Greek symbols 
P dimensionless pressure B thermal diffusivity 
Pr Prandtl number, pc,Jk V kinematic viscosity 
Ra Rayleigh number, g/3( Th - T,)t3/vcc P density 

% local Rayleigh number, B dimensionless temperature 
gj$ATy3/va = Ra(y/L)3 A?‘/(T, - T,) dimensionless temperature in baffle 

T dimensional temperature dimensionless stream function. 

T, cold wall temperature 

However, for a two-partition square enclosure, the 
work in refs. [l 1,121 represents the only source for 
detailed velocity and temperature information. 

The work reported in this paper was initiated with 
the intent of reporting numerical calculations that 
would compare favorably with the measurements in 
ref. [13] which report only mid-height temperature 
profiles and local and average Nusselt numbers and 
to provide detailed temperature, velocity and heat 
transfer information over a range of Rayletgh num- 
bers. Since adiabatic conditions are unlikely to be 
realistic 1141, the end walls are assumed to be perfectly 
conducting while the baffles are considered to have 
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FIG. 2. Average Nusselt number comparison between the 
predictions in ref. [12] and measurements in ref. [13]. 

finite thermal conductivity. The assumption of per- 
fectly conducting end walls is based primarily on an 
earlier study by the authors [ 151 where the predictions 
in a vertical enclosure with either adiabatic or perfectly 
conducting end walls are compared with the measure- 
ments reported by Krane and Jesse [I61 where the 
end walls were made of balsa wood backed with 
insulation and have a thermal conductivity 27% 
higher than that of air. This comparison is reproduced 
in Fig. 3 which plots the predicted and measured 
velocity profiles and Nusselt number distributions 
and clearly confirms the superiority of the perfectly 
conducting end wall assumption. For Plexiglass end 
walls, the perfectly conducting end wail assumption 
is likely to yield more realistic results in view of the 
higher thermal conductivity of Plexiglass compared 
to insulation backed balsa wood. 

It should be clearly pointed out that the present 
study differs from that reported in refs. [i 1,121, in 
which the end walls and baffles are assumed to be 
adiabatic. In this paper, as discussed above, in order 
to obtain realistic predictions, the end walls are 
assumed to be perfectly conducting and the baffles 
are assumed to have a finite thermal conductivity 
(which is varied as a parameter of interest) and no 
numerical solutions have, heretofore been reported in 
the literature, with these assumptions. As discussed 
later in the paper, results obtained with the afore- 
mentioned assumptions, agree reasonably well with 
measurements, while corresponding calculations done 
with assumed adiabatic end walls but finitely conduct- 
ing baffles [23] exhibit much larger discrepancies. 
These discrepancies are expected to be even larger if 
the baffles are also assumed to be adiabatic as in refs. 
[I 1, 121. 
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FIG. 3. comparison of predicted and measured velocity and Nusselt number profiles at Ra = 1.89 x 10’: 
implications of the choice of end wall conditions. 

GOVERNtNG ECSJATIONS 

The schematic of the physical situation of interest 
is shown in Fig. I. The dimensions of the baffle and 
box are chosen to correspond with the physical 
dimensions empioyed by Bajorek and Lloyd f13]. 
Typieaf temperature differences in ref. [t31, between 
the hot wall (at Tbf and cold wall (maintained at room 
temperature T,) are of the order of 15.5%’ at a 
Rayfeigh number of 3.5 x t@. With these tem~rature 
differences, the temperature ratio (5 - x)/T, % 0.05 
and therefore, the Boussinesq approximation, which 
has been shown by Thong [ 171 to be valid for 
(Th - Q/T, g 0.1, shoutd correctly modeI the density 
variation. The adequacy of the Boussinesq approxi- 
mation is further examined here by comparison with 
the predictions obtained using the ideal gas law to 
calculate the density. 

1st addition to the Boussinesq approximation, the 
flow is assumed to be steady, laminar and two- 
dimensional. These assumptions, for the Rayleigh 
numbers of interest in this study, have been verified 
experimentaily in a number of studies [18-XI]. Radi- 
ation effects, which are small for moderate tempera- 

ture differences, have not been included. With these 
assumptions and the introduction of the following 
dimensionless variables 

x = x/L, Y=y/L (11 

u = ~/G%@.A v = v/&X‘), 

p = (P + ~gY}/c~tv/~)z~ (21 

67 = r7- 6% i- T,f/?l/G - 72 (3) 

the governing differential equations that express the 
conservation of mass, momentum and energy in the 
fluid become 
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In the baffle region, the velocities are zero and the 
temperature in the baffle 0, is described by Laplace’s 
equation 

(d%JdX2 + @U,/(?Y2) = 0. (8) 

The energy balance at the baffleeair interface requires 

(9) 
where k, represents the thermal conductivity of the 
baffle and [(kJk)/Pr] is the dimensionless baffle con- 
ductivity. For convenience in notation, the conduc- 
tivity ratio k,/k is denoted by k,. 

The boundary conditions are zero velocity on all 
four walls, dimensionless temperatures of 0.5 and 
-0.5 along the hot and cold vertical walls, respec- 
tively, and perfectly conducting (linear temperature 
profile) horizontal end walls. 

SOLUTION PROCEDURE 

Equations (4)-(9) provide a complete mathematical 
specification to the problem and are solved by a 
control volume based, finite-difference calculation 
procedure called SIMPLER (Semi Implicit Method 
for Pressure Linked Equations Revised) which has 
been described in detail by Patankar [21]. In this 
method, the domain is discretised into a number of 
control volumes (each associated with a nodal point) 
such that a control volume face coincides with the 
baffle-air interface. The finite-difference equations are 
obtained by requiring that the conservation of mass, 
momentum and energy be satisfied over each control 
volume. To promote the conservative property, it is 
required that the flux leaving a control volume 
through a face must equal the flux entering the 
adjoining control volume through the same face. To 
avoid checkerboard pressure and velocity fields, a 
staggered grid for velocity is used. The pressure- 
velocity interlinkage is handled by a prediction 
correction approach in which the velocity is first 
estimated by solving the momentum equations and 
then updated by requiring that continuity be satisfied 
in each control volume. The finite-difference equations 
are solved iteratively by a line-by-line Thomas Algor- 
ithm. 

The presence of the baffle in the solution domain 
is accounted for by the strategy suggested by Patankar 
[22], in which equations (4))(7) are solved in the 
entire domain and the baffle is characterized as 
a region of very high viscosity (say 103’) and the 
dimensionless baffle conductivity k,/Pr. In view of the 
very high viscosity and no-slip boundary conditions, 
the velocities in the baffle region are nearly zero and 
therefore, the convective terms in equation (7) drop 

out and the energy equation reduces to Laplace’s 
equation [equation (8)] in the baffle. The interface 
energy balance [equation (9)] is also satisfied since 
the baffle-air interface coincides with a control vol- 
ume face and the dimensionless heat flux leaving the 
fluid control volume through the interface must equal 
the interface heat flux entering the baffle control 
volume, i.e. 

A 40 x 40 non-uniform grid is used in the calcu- 
lation with the grid point distribution carefully tail- 
ored to yield numerically accurate results. The numeri- 
cal accuracy of the results is verified by comparing 

the 40 x 40 grid solutions with the corresponding 

solutions obtained on an 80 x 80 grid. This compari- 
son is shown in Fig. 4 and confirms the adequacy of 
the 40 x 40 grid. Overall conservation of momentum 
and energy are satisfied to within 1% with the 40 x 40 
mesh. 

RESULTS AND DISCUSSIONS 

Results are presented in two parts. In the first part, 
the predicted mid-height temperature profiles and hot 
and cold wall Nusselt numbers are compared with 
the measurements reported in ref. [13]. As will be 
seen later, the agreement between measurements and 
predictions is good thus validating the assumptions 
made in this paper. The second part complements the 
rather limited measurements in ref. [ 133 and provides 
detailed velocity, temperature and heat transfer infor- 
mation for an enclosure with finitely conducting 
baffles and perfectly conducting end walls. The Ray- 
leigh number Ra, baffle thickness (d/L) and conduc- 
tivity ratio k, are the primary parameters of interest 
in this study. 

Comparison with measurements [ 131 
In ref. [ 131, the baffles were made of Plexiglass and 

the dimensionless thickness (d/L) and height (H/L) 
were 0.1 and 0.25, respectively. In this paper, results 
are obtained for the same geometrical dimensions and 
in the first part of this study, the conductivity ratio 
k, is assigned a value representative of Plexiglass 
material. Also, to test the validity of the Boussinesq 
approximation, results are obtained using both the 
Boussinesq model and the variable density model 
(p = p/RT). Details regarding the dimensionless vari- 
ables and governing equations in the variable density 
model are presented in refs. [ 15,231. 

Figure 5 presents the predicted mid-height tempera- 
ture profile and the mid-sectional velocity profiles 
and also, the temperature distribution measured in 
ref. [ 133. Predictions include both the Boussinesq and 
the variable density model solutions for both the 
velocity and temperature and confirm the adequacy 
of the Boussinesq approximation at the Rayleigh 
number considered (Ra = 3.5 x 105). The measured 
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FlG. 5. Comparison of temperature profile with measurements in ref. [13] and mid-sectional vehxity 
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and predicted temperature profiles in Fig. 5 agree well 
with each other with a 4.4% maximum discrepancy 

between the two profiles. As further verification, 
Zimmerman [23] made extensive calculations for 

natural convection in a non-partitioned enclosure 
using the experimentally measured end wall tempera- 

tures by Krane and Jesse [16] as end wall boundary 
conditions (to eliminate the uncertainty associated 

with the end wall boundary condition). The compari- 

son of the Boussinesq and the ideal gas law predictions 

[23] for the velocity and temperature with the 

measurements [ 161 show excellent agreement with 
each other. The velocity profiles in Fig. 5 exhibit the 

expected behavior with a boundary layer profile near 

the hot and cold walls and a lower peak horizontal 
velocity compared to the peak vertical velocity. 

Figure 6 compares the predicted and measured hot 
wall Nusselt number distribution. In general, the 

agreement is good. The predicted value for the average 
hot wall Nusselt number at Ra = 3.5 x lo5 is 4.3 

while the corresponding measured value is 4.65. The 

present predictions exhibit much closer agreement 

with the measured values than the predictions in ref. 

[l l] where the baffles and end walls were assumed 
to be adiabatic. 

Additional results for an enclosure with conducting end 
walls 

In this section, results are presented for Rayleigh 
numbers in the range of 104-3.55 x 105, conductivity 

C8 - 

ratios of 2 and 500 and dimensionless baffle thick- 
nesses of 0.05, 0.1 and 0.2. Results presented include 
streamline and isotherm plots, mid-sectional velocity 
and temperature information and local and average 
Nusselt numbers. 

Streamline and isotherm plots. Streamlines and iso- 
therms are shown in Figs. 7-10 with the streamlines 
plotted in uniform increments of A+ (from a lower 
bound of $, to an upper bound of tj,) and the 
isotherms plotted in uniform increments of 0.05 (from 
-0.5 at the cold wall to 0.5 at the hot wall). The 
values of $,, +, and A$ are indicated on the top right 

corner of the figure as ($,,$,)A$. The maximum 
streamfunction value Ij/,,, is also shown on the figure. 

At a Rayleigh number of 104, the isotherm plot 
(not shown) is nearly conduction like and the natural 
convection flow is rather weak ($, 1 3.3). For both 
conductivity ratios, the flow at Ra = 104, does not 
separate behind the baffle. As the Rayleigh number 
is increased to 105, the flow for the higher baffle 
conductivity (k, = 500) separates behind the baffle 
(Fig. 7b) although, at k, = 2, a noticeable separation 
bubble is not predicted. To explain this, it should be 
noted that for k, = 500, the baffle temperatures are 
expectedly closer (compared to the corresponding 
temperatures for k, = 2) to the dimensionless end wall 
temperature of zero (at x/L = 0.5) and therefore, at 
the higher baffle conductivity, the upper baffle is 
colder and the lower baffle is warmer relative to the 
baffle temperatures at k, = 2. The cooled fluid off the 
cold wall is heated to a higher temperature as it 

predictions with Vorlable Density 
Model 

k, = 25 

I(IIJ 
2 3 4 5 6 7 8 

FIG. 6. Comparison of predicted and measured [13] Nusselt numbers. 
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326 E. ZIMMERMAN and S. ACHARVA 

k,= 2 

L f ) I8 8612.55 
(lrm’i9 85 

k,= 500 

COLO COLD 

HOT 

(Cl (d) 

FIG. 9. Streamlines and isotherms at Ra = 3.55 x 105, d/L = 0.05 
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FIG. 10. Streamlines and isotherms at Ra = 3.55 x 105, d/L = 0.2. 
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negotiates the higher conductivity lower baffle (since 

it is warmer) and therefore, at k, = 500, the warmer 
flow at the lower baffle tip is more buoyant than the 
corresponding flow at k, = 2. Since the tendency of 
the flow to move downwards is less for the more 
buoyant flow, flow separation is more easily effected 
at the higher k, value. For this reason, a large 
recirculation is noted behind the higher conductivity 
baffle. A similar explanation applies to the separation 
bubble behind the upper baffle. 

As the Rayleigh number is increased to 3.55 x IO5 
(Fig. 8), the strength of the flow field increases and 
the separation bubbles grow in size, with separation 
now occurring even behind the lower conductivity 
baffle. As k, is increased from 2 (Fig. 8a) to 500 
(Fig.8b), the size and strength of the recirculation 
bubble increases since, as mentioned in the preceding 
paragraph, the flow at the tip of the upward-extending 
baffle is warmer and that at the tip of the downward- 
extending baffle is colder for the higher baffle conduc- 
tivity. However, the velocities in the main eddy (with 

flow up the hot wall and down the cold one) are 
reduced as k, is increased. This is because the increased 
cooling by the upper baffle and the increased heating 
by the lower baffle at the higher baffle conductivity 
reduces the local wall to fluid temperature difference 
AT and thus the local Rayleigh number 
[Ra, = Ra(y/Q3AT/(& - 7’J at the leading edge of 
the hot and cold walls. In view of the lower local 
Rayleigh numbers, the strength of the buoyancy 
induced flow along the hot and cold walls is reduced. 

The influence of the baffle thickness (d/L) is shown 
in Figs. 9 (d/I_. = 0.05) and 10 (d/L = 0.2) and indicates 

that the qualitative behavior of the flow field and 
isotherm distributions are similar at both baffle thick- 
nesses. However, significant quantitative differences 
can be noted. As (d/L) is increased from 0.05 to 0.2, 
the separation bubble behind the baffle (k, = 500) 
decreases in strength while the velocities of the main 
flow (up the hot wall and down the cold wall) 
increase in magnitude. These effects are linked to the 
counteracting influences of increased viscous resist- 
ance and increased pre-cooling and pre-heating by 
the upper and lower baffles respectively at the higher 

(d/L) value. 
The features of the flow pattern are in general 

agreement with the flow visualization experiments by 
Duxbury [8] and the numerical predictions of Winters 
[9] for an enclosure with a single baffle. Flow visualiz- 
ation studies have not been reported in the experimen- 
tal studies on enclosures with two baffles [3-6,131 
and therefore, a direct comparison is not possible. 

Temperature and velocity projles. The mid-height 
temperature profiles for a baffle thickness d/L = 0.1 
are shown in Fig. Il. At a Rayleigh number of 104, 
the temperature profile in view of the weak convective 
motion, is nearly linear and the baffle conductivity 
has a negligible effect on the temperature values. As 
the Rayleigh number is increased the temperature 
profile takes on a boundary layer behavior with large 
near-wall gradients and small temperature variations 
in the core. However, the core temperatures exhibit 
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FIG. 11. Temperature profiles, d/L = 0.1, y/L = 0.5. 
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greater non-uniformity as compared to the core 
temperature profile in an enclosure without baffles. 
This is due to the mixing of the fluid heated by the 
lower baffle with the fluid cooled by the upper one, 
with the mixing in the cooler side of the enclosure 
influenced more by the colder fluid and that on the 
hot wall side influenced more by the warmer fluid. 
Thus, core temperatures near the cold wall are lower 
and those near the hot wall are higher than the 
corresponding temperatures in an enclosure without 
baffles. The non-uniformity of the core temperature 
is more pronounced at the lower conductivity value 
since the lower baffle is colder and the upper baffle 
is warmer at k, = 2 compared to the temperatures at 
k, = 500. 

The vertical velocity profile at y/L = 0.5 and the 
horizontal velocity profile at x/L = 0.5 are shown in 
Fig. 12. Since the profiles are symmetrical, only half 
the profile is shown. Velocities expectedly increase 
with Rayleigh number and exhibit a boundary-layer 
behavior along the hot and cold walls at high Rayleigh 
numbers (3.55 x 105). In general, the mid-sectional 
velocity profiles exhibit a weak dependence on the 
conductivity ratio with the magnitude of the V- 
velocity in the boundary layer tower and that in the 
core higher at k, = 500. The lower boundary-layer 
velocities at the higher baffle conductivity are, as 
mentioned earlier, attributable to the increased pre- 
cooling by the upper baffle and pre-heating by the 
lower baffle of the fluid directed towards the cold and 
hot walls respectively. Since mass flow rates across a 
cross-section must remain constant, increased bound- 

Table 1. Averaee Nusselt numbers 

Ra k. d/L = 0.05 d/L = 0.1 d/L = 0.2 No baffles 

1.25 1.22 1.18 
1.25 1‘22 1.20 1.75 

lo5 4 2.95 2.90 2.75 
2.74 2.69 2.52 

3.37 

3.55 x lo5 2 4.61 4.58 4.43 
500 4.18 4.14 4.01 

4.91 

ary layer velocities are associated with depressed core 
velocities. 

fusspot number. The Nusselt number along the hot 
and cold walls is defined as 

Nu = - L(dT/~x),,,J(T, - r,). (IO) 

The average Nusselt number G for the various cases 
studied is presented in Table 1. The average Nusselt 
number for an enclosure with no baffles and conduct- 
ing end walls is also presented in the table for 
comparison purposes. 

As may be expected, the heat transfer across the 
enclosure (or the average Nusselt number) is less in 
the presence of baffles and decreases with increasing 
baffle thickness. For d/L = 0.1, the heat transfer across 
the enclosure at Ra = lo4 is reduced by approximately 
30% due to the presence of the baffles and the 
average heat transfer is relatively unaffected by the 
conductivity ratio k,. At the higher Rayleigh number 
of 3.55 x 105, the reduction in the average Nusselt 
number due to the baffles is approximately 16% for 
k, = 500 (and d/L = 0.1) and about 7% for k, = 2. 

FIG. 12. Horizontal velocity (at x/L = 0.5) and vertical velocity (at y/L = 0.5) profiles, d/L = 0.1 
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Thus, at the higher Rayleigh number, the conductivity 
ratio has a significant influence on the average heat 
transfer with an additiond 7-10% reduction in the 
Nu value when the baffle conductivity ratio is higher 
(k, = 500). This result, somewhat surprising at first 
glance, is due to the increased pre-heating and pre- 
cooling effects of the more conducting lower and 
upper baffles, respectively, which in turn is responsible 
for smaller wall to fluid temperature differences. It 
should be noted that the 16% reduction in Nu for 
the more conducting baffle at Ra = 3.55 x 10’ is in 
excellent agreement with the measured reduction of 
17% in ref. [13] at Ra = 3.5 x 105. 

0.8 

LEGEND 

See Figure II 

0.6 

v I 2 3 4 5 6 7 8 

Nub 
FIG. 13. Nusselt number distribution along hot wall, d/L = 0.i. 

In order to further delineate the importance of 
using perfectly conducting end wall conditions, Table 
2 has been compiled from the calculations in ref. [23] 
and the results reported in refs. [13, 16, 241. Clearly, 
in all the cases listed, the predictions with the perfectly 

conducting end walls are closer to the measured 
values in refs. [13,16} and the correlation for the 
perfectly conducting end wall in ref. [24]. Correspond- 
ing predictions with adiabatic end walls show signifi- 
cantly larger deviations from the measured values. 

The local Nusselt number distribution along the 
hot wall is plotted in Fig. 13 and again shows lower 
local heat transfer rates for the enclosure with the 

Table 2. Comparison of measured and predicted Nusselt numbers 

Non-partitioned enclosures 
Ra Present predictions Reported correlations or measurements 

Ref. 1241 
Perfectly conducting Adiabatic (Perfectly conducting Ref. [24] 

end walls end walls Ref. [13]* Ref. [f6] end walls)? (Adiabatic end walls)$ 

10s 3.37 4.53 3.89 
1.89 x 105 4.07 5.47 4.71 3.63 

3.03 4.41 
3.64 5.3 

3.55 x IO5 4.91 6.58 5.68 -- 4.35 6.33 

Partitioned enclosures 
Ra Present predictions Reported correlations 

Perfectly Adiabatic 
conducting end walls Ref. [13]9 

k,=2 k,=25jj k, = 2 k, = 25 jj 

IO5 2.9 3.95 3.15 
3.5 X 10s - 4.3 - 4.65 

3.55 X I05 4.58 6.09 4.78 
* & = 0.1 I l(Ra/Pr)0,30. 
t% = 0.114(Ra)“~2*5. 
t% = 0.166(Ra)0.285. 
ij Nu = 0.~3(Ra/Pr)“,33. 
Ij k, = 25 corresponds to Plexiglass. 



330 E. ZIMMERMAN and S. ACHARVA 

more conducting baffle. The plot shows the same 
trends as the Nusselt number distribution in an 
enclosure with no baffles except, and as expected, the 
peak Nusselt numbers in the presence of baffles occur 
at a higher (y/L) value. 

CONCLUDING REMARKS 

A numerical investigation is made of natural con- 

vection in a partitioned enclosure with conducting end 

walls. Results are compared with the measurements of 
Bajorek and Lloyd [ 131 and indicate that for moder- 
ate temperature differences, predictions obtained with 
the Boussinesq approximation and perfectly conduct- 
ing end wall assumption, compare well with measure- 
ments while results with the adiabatic end wall 
condition, show significant deviation. At high Ray- 
leigh numbers, the flow behind the baffle separates 
with the size and strength of the separated bubble 
increasing with the baffle conductivity. The strength 
of the main flow (moving up the hot wall and down 
the cold one) however decreases with increasing 
conductivity of the baffle. The core temperature profile 
exhibits greater non-uniformity as compared to the 
temperature variations in an enclosure without baffles. 
The average Nusselt number for an enclosure is 
significantly smaller in the pressure of baffles and 
decreases with increasing baffle conductivity. 
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CONVECTION THERMIQUE NATURELLE DANS UNE ENCIENTE VERTICALE 
PARTIELLEMENT DIVISEE, AVEC DES PAROIS EN BOUT CONDUCTRICES 

RCsumUn &die numeriquement la convection naturclle dam une enceinte avec des parois en bout 
parfaitement conductrices et des baffles normalement conductrices. Les resultats obtenus par le modele de 
Boussinesq pour la variation de densite mo&rent un bon accord avec les mesures faites sur une enceinte 
avec partition. Excepte aix faibles nombres de Rayleigh, une bulle de stparation est observ&e derriere le 
ballle. L’intensite de cette bulle augmente tandis que le mouvement principal s’attenue (ascension a la paroi 
chaude et descente a la paroi froide) lorsque la conductivite de baffle augmente. Le nombre de Nusselt 
moyen pour I’enceinte est significativement plus faible en presence des baffles. Except& aux faibles nombres 
de Rayleigh (lorsque la conductivite de baffle a une faible influence), les valeurs du nombre de Nusselt 

diminuent quand la conductivite de baffle croit. 

W~RME~BERGANG BEI FREfER KONVEKTION IN EINEM TEILWEISE 
UNTERTEILTEN SENKRECHTEN HOHLRAUM MIT LEITENDER DECK- UND 

BODENWAND 

Zusammenfassung-Eine numerische Untersuchung der natiirlichen Konvektion in einem Hohlraum mit 
unendlich gut leitender horizontaler Deck- und Bodenwand und Leitblechen mit endlicher Wgrme- 
leitfahigkeit wurde durchgefiihrt. Die mit Hilfe der Boussinesq-Approximation fiir die Dichtdnderung 
ermittelten Ergebnisse zeigen eine gute ~bereinstimmung mit Messungen der nat~rlichen Konvektion 
in unterteilten Hohlriiumen, wie sie in der Literatur zu linden sind. Hinter den Leitblechen wird eine 
Abliiseblase beobachtet (auRer bei kleinen Rayleigh-Zahlen). Die Starke dieser Ablijseblase nimmt mit 
der Warmeleitfiihigkeit der Leitbleche zu. wahrend die Stlrke der Hauptstriimung (aufwarts an der he&n, 
abwlrts an der kalten Wand) abnimmt. Die mittlere Nusselt-Zahl im Hohlraum mit Leitblechen ist viel 
kleiner als ohne Leitbleche. Die Nusselt-Zahl nimmt mit zunehmender Warmeleitfahigkeit der Leitbleche 

abauber bei den kleinen Rayleigh-Zahlen (wo die Leitfahigkeit einen geringen EinfluB hat). 

CBO6OfiHOKOHBEKTHBHbIfi HEPEHOC TEXIJIA B qACTMYH0 IlEPErOPOXEHHOfi 
BEPTMKAJIbHOn HOJIOCTM C l-IPOBOflRII&fMki TOPUEBblMki CTEHKAMM 

AHHoTamm-npoeeneHo wicnewioe nccnenoaanne ecrecrsemioii KonseKnnn a nonocrn c nneanbno 
IIpOBOiWlWMM fOpIi30Hf~bHbIMK TOpUeBbiMH CTeHRaMU iI C tIeperOpOAKaM8, NMeIOWMB KOIieWyR3 

Te~~O~pOBOAH~Tb.~aHHbIe,nony~eHHtJec~cnonb3oBaH~e.uMonenll GyccemxKa ~~on~~HnKn3Me- 

HeHNB nnOTHocTu,XOpOIuOCOrAaCyroTCR C O~y6A~KO~aHHbIM~ pe3ylIbTaTaMfi H3MepeHEifi eCTeCTBeHHOii 

KoHBeKwiIf B noAocTn, pa3Aenemoii neperoponKaMn. 3a ncKnm9emieM cnytaee Manbix nncen P3ner 38 
neperoponKofi na6ntoaaercn euxpenoe reqenne. Hnrenceenocrb 3roro TeYemia ynenmnieaerca, B TO 

BpeMIl KBK RHTeHCABHOCTb OCHOBHOrO IIOTOKa(ABki~yUJerOC5l II0 HarpeTOii CTeHKe BBepX B II0 XOJIOAHOti 

cTeHKe ~~113) yh4eHbmaeTcn c ysenerewieM rennonpononnocrn neperopoarn. Cpennee 3tianenne gncna 
HyCCenbTa Anli EOJIOCTU 3HaYHTWlbHO HNXK& Ilptl HaJWiRA IIe~rOpOAOK. 3ll fiCKJlK3'ieHBeM CJTyWeB 
Manbtx qncen Psnen (Korna rennonpononnocrb nepefoponre 0xasbleaeT m6onbmoe annanne), wcxa 


