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Abstract-The heat transfer and Row patterns in a partially divided square box have been studied numeri- 
cally. The partial divider is thin, poorly conducting and projecting upwards from the floor of the enclosure. 
Three divider positions and divider heights (enclosure apertures) are considered. Results obtained are 
compared with published ~mpu~tion~ and experimental studies and provide a unifying picture of Bow 
and heat transfer in achy divided enclosures. The thermal stm~~tion between the divider and the 
cold wail is found to play a key role. At lower Rayleigh numbers (lo’-lob) the flow is weak in this stratified 
region and a tendency for Bow separation behind the divider is noted. At higher Rayleigh numbers (> 109) 
the stratification is significant in thii region and causes the flow to detach directly from the cold wall 
causing a separation in front of the divider. The enclosure heat transfer is strongly influenced by the 
aperture ratio A, (Nu 2 A:462). H owever, the divider position has a rather small effect on the overall heat 

transfer from the enclosure. 

NATURAL CONVECTION in an enclosure with a partial 
vertical divider has received a considerable degree of 
recent interest. Enclosures with a single divider pro- 
jecting vertically upwards or vertically downwards, 
and enclosures with two dividers, one projecting 
upwards and the other downwards, have both been 
studied. 

Duxbury f I] has conducted an experimental study 
in a centrally divided air-filled enclosure. Rayleigh 
numbers studied were in the range of 8 x lo*-5 x lob. 
A tendency for the flow to detach behind the divider 
was noted. Winters [2] performed a companion 
numerical study with assumed adiabatic end walls and 
obtained flow patterns that were qualitatively similar 
with flow separation behind the divider. Nansteel and 
Greif [3,4] conducted an experimental study at higher 
Rayleigh numbers (lo’*-10”) and an aspect ratio of 
l/2. Water was the working fluid, and the horizontal 
end walls were made of plexiglass. Measurements 
seem to indicate that the end walls were adiabatic. 
In direct contrast to the studies of Duxbury [I] and 
Winters [2] where flow separation was noted behind 
the divider, Nansteel and Greif [3,4] observed the flow 
separation to occur in front of the divider. Lin and 
Rejan [s] carried out a similar high Rayleigh number 
experimental study with water as the working fluid 
and for an enclosure aspect ratio of l/2. Plow patterns 
similar to those observed by Nansteel and Greif [3,4] 
were noted, but the Nusselt number results obtained 
were considerably lower than Nansteel and Greifs 
data. Winters [6] has recently conducted a numerical 
study of natural convection in a partialiy divided 
enclosure with adiabatic end walls. Rayleigh numbers 
studied were in the range of 106-10”. At Raykigh 

numbers around ifi6 the flow in front of the divider 
was considerably weaker than that *behind it. At 
higher Rayleigh numbers, as observed by Nansteel 
and Greif [3,4] and Lin and Rejan [5J, the flow sep- 
arated in front of the divider. More recently Kirlc- 
patrick et al. [7l and Zimmerman and Acharya [8] have 
performed a numerical study of natural convection of 
air in a vertical enclosure with a centrally located 
divider. Results were obtained at lower Rayleigh num- 
bers, and no flow separation in front of the partial 
divider was noted. The heat transfer results of Kirk- 
patrick et al. [7J agreed to within 10% with Nansteel 
and Greifs data, but differed substantially from Lin 
and Rejan’s values. On the other hand, the predictions 
of Zimmerman and Acharya [8] compared well with 
the measurements of Lin and Bejan. 

In addition to the afo~ention~ studies on an 
enclosure with a single divider, a number of additional 
studies have been undertaken on natural convection 
in an enclosure with two dividers, one projecting 
upwards and the other downwards. These include the 
experimental studies of Probert and Ward [9] and 
Janikowski et al. [IO] who determined the heat trans- 
fer across high aspect ratio enclosures with either in- 
line or offset dividers. Bajorek and Lloyd [I I] under- 
took an experimental study and Chang 1121 performed 
a companion numerical study for natural convection 
in a divided square enclosure. Zimmerman and 
Acharya [13] and Jetli and co-workers [14-16l have 
performed a series of calculations for heat transfer in 
an enclosure with in-line and offset dividers and with 
adiabatic or conducting end walls. Predictions were 
compared with the experimental data of Rajorek and 
Lloyd [II]. Q~nti~tive results were in good agree- 
ment only for the predictions obtained with assumed 
conducting end wails. This is consistent with the 
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NOMENCLATURE 

4 aperture ratio, (W-L)/L r, v dimensional and dimensionless velocity 

CP specific heat of fluid in the y-direction 
d thickness of the divider x, x dimensional and dimensionless 

9 acceleration due to gravity coordinate aiong the horizontat 
H enclosure height direction 
h divider height xd dimensional x-location of the divider 
k thermal conductivity of air Yt y dimensional and dimensionless 

kii thermal conductivity of divider coordinate along the vertical 

k, conductivity ratio, kd/k direction. 
L enclosure width 
Nu, % Nusselt number (M/k), and average 

Nusselt number Greek symbols 

P the~~ynamic pressure thermal diffusi~ty 
P dimensionl~ pressure ; volume expansion coefficient at 
Pr Prandtt number, pc,/k constant pressure 
Ra Rayleigh number, g/3( Th - T,) H ‘lva 0 dimensionless temperature 
T dimensional temperature 0, dimensionless temperature in divider 
T,, T,, cold wall and hot wall temperatures V kinematic viscosity 

TO reference temperature, (T, + T,)/2 P density 

u, u dimensional and dimensionless velocity $ stream function 
in the x-direction $ mru maximum stream function. 

measurements of Krane and Jesse [ 171 and El Sher- 
biny et al. [Ml, who noted that with air as the working 
fluid the horizontal end walls behave more like a per- 
fectly conducting material rather than an insulating 
material. This is true even if the end walls are made 
up of a poorly conducting material such as plexiglass. 
If, however, the working fluid has a higher conduc- 
tivity, such as water, then plexiglass end walls are 
better described by adiabatic conditions as observed 
in the experiments of Nansteel and Greif [3,4]. Thus, 
in determining the appropriate conditions along the 
end wall, the ratio of the thermal conductivity of 
the fluid to that of the end wali is the important 
parameter. With air as the working fluid, the end walls 
are better described by perfectly conducting end wall 
conditions. 

In this paper, natural convection of air in a square 
enclosure with a single partial divider is considered. 
In view of the arguments in the previous paragraph, 
perfectly conducting conditions should be assumed 
along the end walls. Yet, for an enclosure with a singIe 
divider, all reported studies assume adiabatic end 
walls. The only exception is the study of Zimmerman 
and Acharya 181, where only centrally located dividers 
were considered. The present paper extends the study 
of Zimmerman and Acharya [S] and examines the 
effect of the divider position (xd) and divider height 
(h) or enclosure aperture (&, =c H-k) on the en- 
closure heat transfer and flow patterns. Three divider 
positions and divider heights (or enclosure aperture) 
are considered (Fig. 1). A second objective of the 
paper is to provide a more unifying picture of the 
various observations on heat transfer and flow pat- 

terns in an enclosure with a single vertical divider. As 
noted earlier, there are several inconsistencies in the 
reported literature regarding quantitative’heat trans- 
fer data, and more importantly, whether the flow sep- 
arates in front of the divider or behind it. Some of 
these in~nsisten~ies are addressed in this paper. 

GOVERNING EQUATIONS 

The flow is assumed to be laminar, steady and two- 
dimensional in a box whose z-dimension is much 
larger than the x- and y-dimensions. Nansteel and 
G&f’s experiments confirm these assumptions even 
for Raybigh numbers as high as 10g-lO’o. This is 
because the presence of partial dividers indudes ther- 
mal stratifications that have a stabilizing effect on 
the flow and inhibit transition to turbulence. For the 
Rayleigh numbers of interest in this study, these 
assumptions have also been shown to be valid for 
undivided enclosures [ 191. 

For property variations, the Boussinesq approxi- 
mation is invoked according to which all properties 
are assumed to be constant, except the density appear- 
ing in the body force term, which is expressed as 

P = ~011 -NT- TON. (1) 

For small and moderate temperature differences, the 
Boussinesq assumption has been shown to be valid 
both experimentally and computationally [13,2OJ. In 
addition to the Boussinesq a~umption, for the mod- 
erate temperature differences considered in this study 
radiation effects have been neglected. 
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FIG. I. Schematic of the partially divided enclosure. 

If the following dimensionless variables are intro- 
duced 

X=x/L, Y=y/& (2) 

u - u/(vlL), v = u/(v/L), 

P - @+psv)/bwL)2~ (3) 

0 = v- ~cd/Vll - ToI (4) 

the non-dimensional mass, momentum and energy 
equations become 

aujax+avlay = 0 (5) 
uaujax+ vau/au = -BP/ax 

+(a2u/ax2+a2ujay2) (6) 

uavjax+ vavlay = -aplay 
+ (a2v/ax2+a2vjaY2)+ Ra -epr (7) 

use/ax+ vaeja y 5 (a2ejax2 + a2e/a y2)pr. (8) 

In the divider region, since the velocity field is zero, 
the governing equations reduce to the Laplace equa- 
tion and the nondimensional temperature dis- 
tribution can be expressed as 

(k,pr)(a2ed/ax2 + a2e,ja ~2) = 0 (9) 

where k, is the ratio between the thermal conductivity 
of the divider and the convective fluid and 0, is the 
nondimensional temperature in the divider. 

The energy balance at the divider-air interface 
requires that 

where ‘n’ denotes the normal to the surface at the 
divider-air interface. 

The problem is solved using the no-slip boundary 
conditions along the walls. The hot and cold walls 
are maintained at nondimensional temperatures of 
0.5 and -0.5, respectively. The Prandtl number is 
assumed to be 0.71. As noted earlier, the horizontal 
end walls should be assumed to be perfectly con- 
ducting if air is the working fluid. This has been clearly 
demonstrated by Zimmerman and Acharya [ 131 for a 
partially divided enclosure and by El Sherbiny et al. 
[18] and Zimmerman and Acharya [20] for an un- 
divided enclosure. 

SOLUTION PROCEDURE 

The governing differential equations for the prob- 
lem are equations (5)-(9), and these should be solved 
subject to the interface condition (equation (10)) and 
the relevant boundary conditions. This is done by 
a control volume based finite difference procedure 
described in detail by Patankar [2 11. 

In this method, the solution domain is divided into 
a number of control volumes, each associated with a 
centrally located grid point. To avoid a checkerboard 
pressure and velocity field, a staggered grid is used 
for the velocity. The governing differential equations 
are expressed in an integral form over each control 
volume, and profile approximations are assumed in 
each coordinate direction. This reduces the differential 
equation to a system of algebraic equations which are 
then solved iteratively using a line by line Thomas 
algorithm. In this paper, power law profile approxi- 
mations, recommended by Patankar [21], arc made in 
each coordinate direction. Pressurcvelocity coupling 
is resolved through a prediction<orrection approach 
called SIMPLER (semi implicit method for pressure 
linked equations revised). 

The presence of the divider in the calculation 
domain is accounted for by a strategy suggested by. 
Patankar [22], in which equations (S)-(S) are solved 
in the complete domain, with the divider characterized 
by a very high viscosity (109 and the dimensionless 
divider conductivity (k,/Pr). Because of the high vis- 
cosity and the no-slip boundary conditions the vel- 
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ocities in the divider region are nearly zero (10-30), 
and therefore the energy equation {equation (8)) in 
the divider region reduces to the appropriate heat 
conduction equation (equation (9)). Energy balance 
at the baffle-air interface is ensured by arranging the 
control volume faces to coincide with the divider inter- 
face. Since a conservative numerical scheme is being 
used, energy into and out of the divider interface must 
be equal to each other, thus satisfying equation (10). 

NUMERICAL ACCURACY 

To dete~ine a suitable grid size, the computed 
protiles of velocity, temperature, and the local Nusselt 
number were compared For a number of grid sizes. A 
final grid size of 48 x 42 grid points was chosen for 
this study. The grid points were packed along the solid 
boundaries to provide a better resolution of the large 
gradients expected in these regions. Comparison of 
the solution from the 48 x 42 grid chosen in this paper 
with the solution on an 80 x 72 grid revealed that the 
maximum differences were less than 2% in the peak 
Nusselt number value and less than 1.6% in the peak 
mid-height horizontal velocity. Conservation of mass, 
momentum and energy was found to be satisfied to 
within 1% in each control volume, Typical computing 
times on an IBM 3084 for the 48 x 42 grid chosen were 
of the order of 20-30 min. 

RESULTS AND DWXSSION 

The three divider locations considered are 
X/L = l/3,1 /2 and 2/3 from the cold wall. The enclos- 
ure aperture opening ratio (AP = h,,/N) is varied 
from A, =t l/3, l/2 to 213, for all three divider 
positions, except for the centrally located divider, 
where two additional aperture ratios of A, = I (no 
divider) and 0 (complete divider) are studied. The 
divider thickness fd) and the thermal conductivity 
ratio I/c,) were kept at L/20 and 2 respectively to 
simulate a thin, poorly conducting divider. The Ray- 
leigh number values studied were in the range 
Ra = IO4 to 3.55 x 105. 

The results are presented in two sections. The first 
section highlights the effect of aperture ratio on a 
single centrally located divider, while the next section 
studies the effect of divider position. 

E#ect of aperture ratio in an enclosure with a centralIy 
located divider 

At the lowest Rayleigh number (Ra = IO”) studied 
(no streamline or isothe~ plots presented), a rela- 
tively weak convective flow exists in the cavity and the 
flow patterns and the temperature distributions tend 
to be symmetrical on either side of the divider. At 
Ra = 10’ and 3.55 x IO’, as the aperture opening is 

reduced, a distinctly weaker flow is observed between 
the divider and the cold walt (Fig. 2), compared to 
the region between the divider and the hot wall. The 
colder air tends to stagnate in the lower left hand 
section of the cavity between the divider and the cold 
wall, resulting in a thermally stratified region and thus 
preventing the penetration of the wanner fluid from 
the cavity right hand section. Flow separation behind 
the divider is noted at A,, = 2/3. For A, = 0 (complete 
divider) the asymmet~ on either side of the divider, 
expectedly, disappears. 

An earlier study by Nansteel and Greif [3, 41 studied 
the effect of varying the aperture ratios in a water- 
filled enclosure with a single centrally located divider 
projecting downwards. Rayleigh numbers were in the 
range of 2.3 x 10” Q RQ $ t .l x 10”. While compar- 
ing the results of Nansteel and Greif p, 41 with Dnxbury 
[I] (for a similar divider con~guration but with 
air as the working fluid and Rayleigh numbers in the 
range of Ra 1 106), distinct differences were found. 
The two main differences were that Nansteel and Greif 
[3, 4] observed flow recirculation between the hot wall 
and the top divider, with flow separating off the hot 
wall in front of the divider. This effect was absent in 
Duxbury’s [I] experiments. Duxbury observed flow 
separation behind the top divider towards the cold 
wall, a result contrary to Nansteel and Greif’s. Com- 
paring the results of the present study with the equi- 
valent configurations of the above two studies, distinct 
similarities are found between Duxbury’s results and 
the present results. No flow separation or separate 
recirculation is observed between the cold wall and the 
lower divider. Instead, for A, = 2/3, flow separation is 
observed behind the lower divider towards the hot 
wall (Fig. 2). These results confirm the existence of a 
different flow regime at moderate Rayleigh numbers 
(Ra s la”-IO’) compared to high Rayleigh numbers 
(Ra 2 109-IO”). A recent study by Winters [6] has 
also shown the distinct transition from the moderate 
Rayleigh number to the high Rayleigh number regime. 
Winters studied convective flow in a cavity with the 
same geometry as Nansteel and Greif [3,4] in the Ray- 
leigh number range of lo6 < Ra g 10”. The results of 
Winters [a] for Ra =i IQ’ are similar to the present 
results at Ra = 3.55 x 105, showing marked asym- 
metry in flow, with the flow being stronger between 
the hot wall and the lower divider. At higher Rayleigb 
numbers (Ra 2 IO”) the flow in Winters’ study is 
similar to that in Nansteel and Greifs experiment, 
with flow separation along the cold wall and recir- 
culation in the divider-cold wall region. 

The results of the present work and the previous 
studies can be summarized to show the clear existence 
of three different flow regimes at different Rayleigh 
number ranges, as illustrated in Fig. 3. At the lower 
Rayleigh numbers a weak symmetric flow exists in the 
cavity. At moderate Rayleigh numbers, the fiow tends 
to be asymmetric with stronger flow between the lower 
divider and the hot wall and possible flow separation 
behind the divider. Finally, at high Rayleigh numbers, 
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FIG. 2. Streamlines and isotherms for centrally located divider at various aperture ratios (Ra = 3.55 x lo-‘). 

Bow separation along the cold wall leads to a separate 
recirculation eddy in the divider-cold wall region. 

Local Nusselt number variation along the hot 
and cold side walls are presented in Fig. 4 for 
R4 = 3.55 x 10’ and the five aperture ratios studied. 
Both the hot wall and the cold wall have a sharp peak 
occurring at the lower and upper sections of the walls, 
respectively, at the points where the cold and warm 
Row streams impinge directly onto them. However, in 

the profiles for the cold wall the sharp peak value is 
followed by a relatively flatter profile in the lower 
section due to the flow stratification in that region. 
The average Nusselt number values for the enclosures 
(Table 1) show a significant reduction in heat transfer 
as the aperture opening is reduced. Ratios of the 
partially divided enclosure Nusselt numbers to those 
of an open enclosure at the same Rayleigh number 
reveals that at the higher Rayleigh numbers, the per- 
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FIG. 4. LccaI Nusselt number along the vertical side walls for an enctosure with a ccntrall~ lacated divider 
(Ru = 3.55 x 10’). 

TabIe 1. Average Nusselt numbers for a partially divided en~osun 

Position 
NU Nu NU NU 

Ru (A&# = 0) (AP = l/3) (Ap = l/2) (AJ2,3) (AP = 1) 

Position 1 lo’ 1.14 1.24 1.47 
IO5 1.92 2.62 3.02 

3.55 x lti 3.11 4.02 4.56 

Position 2 IV I .05 1.05 1.14 1.39 1.75 
10’ I.65 1.92 2.72 3.07 3.36 

3.55 x toJ 2.25 3.24 4.23 4.66 4.90 

Position 3 fZS 4 1.15 1.21 1.41 
1.91 2.50 2.90 

3.55 x 105 3.38 4.19 4.52 

centage reduction in heat transfer varies from about 
5% at A,, = 213 to 54% at A,, =i 0. 

Correlation of the heat transfer results of the cen- 
trally located divider case as a function of A, and Ra 
yields the following equation : 

NM zm 0.@t11p11°-8 At’@ (II) 

for l/3 C A, d 1, la4 Q Ru Q 3.55 x l@, Pr = 0.71. 
A recent numerical study by Kirkpatrick et at. m 

has presented a correlation for natural convection of 
air in a partialty divided enclosure with an aspect ratio 
of l/2. Their correlation is expressed as 

Nu = 0.881Ra”~“‘6 A;‘09 (12) 
for I,‘8 c A, Q 314, 0.9 x lo* ( Ra G 0.9 x 109, Pr = 
0.77. 

Comparison of the present study’s correlation 
(equation (11)) with the above equation reveals 
reasonable agreement between the Rayleigb number 
exponents but the aperture ratio exponents are differ- 
ent. It may be pointed out that the correlation pre- 
rented by Nansteel and Greif p, 4J and Wmters (6l for 
non-conducting dividers has an aperture ratio ex- 
ponent of 0.473 and 0.437 respectively, which arc 
closer to the results of the present study. 
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FIG. 5. Summa~ of heat transfer correlations for centrally divided enclosure at A, = l/2. 

Direct comparison between the present correlation 
(equation (I 1)) and the correlations expressed by 
Nansteel and Greif [3, 41 and Winters [61 cannot be 
made as they were performed at a larger Rrandtl num- 
ber, a lower aspect ratio (A = H/L) of 112, and a 
higher Rayleigh number regime. Figure 5 graphically 
displays some of these correlations and the present 
predictions compare well with those reported by 
others in the same Rayleigh number range. At higher 
Rayleigh numbers (109-lo”), the reported correla- 
tions appear to have a flatter slope or a smaller ex- 
ponent of the Rayleigh number. This is perhaps due 
to the different flow pattern at the higher Rayieigh 
number regime (Fig. 3). 

E$ect of divider position 
At both the higher Rayleigh numbers studied 

(Ra = IO5 and 3.55 x lo’), there is a distinct thermal 
stratification in the divider-cold wall regions in pos- 
ition 1, which gradually reduces as the divider is 
moved towards the hot wall to position 3 (Figs. 6 and 
7). This thermally stratified region prevents the bulk 
of the fluid descending along the cold wall to penetrate 
the region. Instead, the air tends to flow directly 
around the divider towards the hot wall. The near 
stagnant fluid in the dividersold wail region in pos- 
ition 1 reduces the effective cross flow area in the 
cavity. On the other hand, as the divider is moved 
towards the hot wall (position 3), the stratification in 
the divider-cold wall region is reduced, leading to a 
larger area for convective Bow to take place in the 
enclosure. Consequently, the stream function values 
are highest in position 1, lower in position 2, and 
lowest in position 3. 

The only comparable study performed to examine 
the effect of divider position in an enclosure with a 
single vertically projecting divider is that of Nansteei 
and Greif [4]. They observed (at Ru = iO’“-lO”) that 
there was no quaIi~tive change in the flow as the 
divider was moved from position 1 to position 3 with 
the recirculation eddy in the hot wall-downward pro- 

jetting divider region (equivalent to the cold wall- 
upward projecting divider region of the present study) 
merely changing in size to accommodate the geometry 
as the divider position was moved. However, this is 
not strictly true at the lower Rayleigh numbers of the 
present study. Instead of gow separation, a thermally 
stratified zone develops in the divider-cold wail 
region, with the stratification decreasing as the divider 
is moved towards the hot wall. This phenomenon is 
clearly illustrated in Fig. 7, where there is little flow 
in the divider-cold wall region in position 1 but a 
relatively more vigorous flow in position 3. 

Figure 8 illustrates temperature profiles in the 
vertical direction at three cavity cross-sections of 
x/L = 113, I/2, and 213, for the three divider positions 
studied. In position 1, the stratified flow in the divider 
cold wall region causes the divider (at x/L = l/3) to 
remain at almost a constant temperature. A sharp 
temperature gradient exists at a height just above the 
divider tip, while at xfL = 112 and 2/3 the profiles 
are relatively linear. In positions 2 and 3 also, the 
~rn~~t~~ in the lower section of the cavity are 
relatively constant, followed by sharp temperature 
gradients near the divider tip. The strong influence of 
the cold stratified air in the lower section of the cavity 
is evidenced by the fact that the divider tip has a non- 
dimensional temperature of -0.2, even in position 3 
where the divider is nearest to the hot wall. 

Local Nusselt number distributions along the iso- 
thermal walls are presented in Fig. 9, for the aperture 
ratio of l/2. The Nusselt number distribution along 
the hot wall has two distinct peaks for the divider in 
position 3. The primary peak is near the bottom of 
the hot wall with a second peak at a wall height just 
above the divider tip. The reason for this is that a 
portion of the cooler air stream rising along the div- 
ider impinges directly on the hot wall instead of 
descending down the divider with the majority flow 
stream (Fig. 6). This causes the second Nusselt num- 
ber peak just above the divider tip. This peak is less 
evident at the higher Rayleigh number as the greater 
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FOG. 6. Streamline and isotherm plots (A, = 213, J&Z = 3.55 x lo-‘). 

convective flow increases the strength of the majority 
flow descending the divider towards the base of the 
hot wall. A notable difference of the Nusselt number 
distribution along the cold wall compared to the hot 
wall is that the cold watl distributions are charac- 
terized by strong peaks towards the upper section of 
the cold wail (0.6 d y/H < 0.9}, followed by reiatively 
linear (position 3) to near constant (position 1) pro- 
files in the lower section of the cavity. This ~st~bution 
is a consequence of the thermal stratification existing 

in the lower section of the cavity between the divider 
and the cold wall (Fig. 7). 

The average Nusselt number values at the various 
divider positions and aperture ratios are summarized 
in Table 1. As expected, as the aperture ratio is 
decreased, the amount of heat transfer in the cavity is 
reduced. The reduction from open or undivided cavity 
values ranges from 1040% for A, = 2/3 to 4&-50% 
for A, = l/3. The effect of divider position on the 
overall heat transfer rate does not seem to be very 
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FIG. 7. Streamline and isotherm plots (AP = l/3. Ra = 3.55 x 10’). 

significant over the parameter range studied. How- 
ever, several trends do emerge. At higher Rayleigh 
numbers and aperture ratios of A, = 213 and l/2, 
position 3 has the lowest heat transfer followed by 
positions 1 and 2, respectively. In position 3, the 
cold fluid stream from the cold wall is preheated to a 
greater degree by the lower end wall and therefore a 
position of the flow negotiating the divider does not 
descend along it and is prevented from directly 
impinging at the base of the hot wall, causing lower 
temperature gradients and Nusselt numbers in the 
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divider-hot wall region. In position 1, the thermal 
stratification in the dividerxold wall region reduces the 
heat transfer in that region considerably. Thus, even 
though the flow strength is highest in that position, 
the average heat transfer is lower than in position 2. 

As the aperture ratio is lowered to l/3, however, the 
effect of the thermal stratification in the divider-cold 
wall region becomes more significant, causing position 
1 to have the lowest Nusselt numbers, followed by 
positions 2 and 3, respectively. 

Since the divider position does not have a significant 
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FIG. 8. Vertical temperature profiles at x/L = l/3, Ii2 and 213 for the three divider positions (AP = l/2, 
Ra = 3.55 x IO’). 

effect on the overall cavity heat transfer, the same 
correlation can be used to predict the heat transfer for 
all positions. The correlation is expressed by equation 
(11) presented in the previous section. The root mean 
square error for the correlation is 6.1%. 

CONCLUDING REMARKS 

In this paper the influence of divider position and 
divider height (or enclosure aperture) have been 
studied for an enclosure with a single divider. The exist- 
ence of distinctly different Rayleigh number flow re- 
gimes is confirmed by comparing the present data with 

1.0' 

0.9 - 

0.6 - 

0.7 - 

0.6 - 

y/L 0.5 - 

0.4 - 

a3 - 
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prior published results. At moderate Rayleigh numbers 
(Ra z l@-106) a distinctly asymmetric flow exists 
with stronger flow in the divider-hot wall region and 
there is a tendency for flow separation behind the 
divider. At the higher Rayleigh numbers (Ro E IO”) 
flow separation occurs along the cold wall, leading to 
a separate recirculation eddy between the divider and 
the cold wall. A correlation expressing the average 
Nusselt number for the cavity was presented and com- 
pared with existing correlations and experimental 
data. The divider height (or enclosure aperture ratio) 
has a much stronger effect on the cavity heat transfer 
than the divider position. 

0.0 
0 I 2 3 4 6 6 7 80 I 2 3 4 S 6 7 6 

Nu NU 

FIG. 9. Local Nusselt numbers along the side walls for the three divider positions (Ru = 105. 3.55 x 10’ and 
A, = l/2). 
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TRANSFERT THERMIQUE DU A LA PESANTEUR DANS UNE BOITE CARREE 
PARTIELLEMENT DIVISEE 

R&urn&-On ttudie numeriquement le transfert de chaleur et les configurations d’icoulement dans une 
boite car& divisee partiellement. La cloison est mince, faiblement conductrice et elle renvoie vers le haut. 
a partir du plancher de la cavitb. On consid&e trois positions de la cloison et plusieurs hauteurs. Des 
resultats obtenus sont compares a des etudes numeriques et exp&imentales deja pub1iee-s : ils foumissent 
une representation unified de l’ecoulement et du transfert thermique dans des cavites partiellement divistcs. 
La stratification thermique entre la cloison et la paroi froide joue un role principal. Aux faibles nombres 
de Rayleigh (lo’-106). l%coulement est faible dans cette region strati& et on note une tendance 6 une 
separation de l%coulement derriere la cloison. Aux plus grands nombms de Rayleigh (> 109), la strati- 
fication est marquee dans cette region et elle est la cause du detachement de l’ecoulement a partir de la 
paroi froide, ce qui provoque la separation devant la cloison. Le transfert thermique est fortement influenc6 
par le rapport d’ouverture A, (Nu = A,, o.462). Ntanmoins la position de la cloison a un effet plutdt faible 

sur le transfert thermique global. 

WARMEUBERGANG BE1 NATURLICHER KONVEKTION IN EINEM TEILWEISE 
UNTERTEILTEN QUADER 

Zusammenfassung-W%meiibergang und Striimungsformen in einem teilweise unterteilten Quader wurden 
numerisch berechnet. Die TrennALhe ist diinn, schlecht wPnneleitend und verlluft vom Boden des 
Hohlraums nach oben. Drei verschiedene Positionen und drei verschiedene Hiihen der TrennllPche (Apertur 
da Hohlraums) werden betrachtet. Die Ergebnisse werden mit vcriiffentlichten Rechen- und Versuchs- 
ergebnissen verglichen und zeigen ein einheitliches Bild von St&mung und WPrmeiibergang in teilweise unter- 
teilten HohlrPumen. Die Temperaturschichtung zwischen kalter Wand und TrennIhiche spielt eine 
zentrale Rolle. Bei niedrigen Rayleigh-Zahlen (- 10s-106) ist die Strcimung in diesem Bereich schwach 
ausgepriigt. und es zeigt sich eine Neigung tur Striimungsablbsung hinter der TrennfHche. Bei hohen 
Rayleigh-Zahlen (> 109) ist die Temperaturxhichtung in diesem Bereich erheblich und filhrt zur Str6 
mungsabliisung an der kalten Wand, was dann such eine Abliisung von der TrennflLhe nach sich aieht. 
Der Wlrmeilbergang im Hohlraum wird stark vom Aperturverhiiltnis A, (Nu z Atab*) beeinflu6t. Dagegen 

hat die Position der TrennflLhe nur einen gtingen EinfluB auf den Wiirmeiibergang im Hohlraum. 
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TEnnOnBPEHOC B YACTHWO IlBPE~OPOXCBHHOtt KAMEPE KBAJPATHOrO 
CEYEHHJI 


