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The Effect of Partial Baffles on Natural Convection
in an Inclined Rectangular Enclosure
Part I. Experimental Observations

by Paut K.-B. CHao*, Hirovuxi Ozoe**, Noam LicR**®, STuarT W. CHurcHnLL*™*

Abstract

Complete pantitioning with honeycomb-like structures has previously been proposed to reduce heat transfer by natural con-
vection, at the expense of direct conduction through the structure, in the thin rectangular enclosures used for solar collectors.
This paper preseats the results of a study of the use of partial baffles for this purpose. The heat transfer rate was measured in
glycerol using heat flux meters in both the heated and cooled surfaces, and three-dimensional streaklines were photographed
using tracer particles for a Rayleigh number of 2 % 10*, six baffle-configurations and a series of angles of inclination about the
shorter dimension of a 2 x 1 x 1 enclosure, heated and cooled on the opposing 2 X | surfaces. Al of the baffle-configura-
tions produced oblique streaklines and decreased the rate of heat transfer, but no single size or configuration was best for all
inclinations. The two heat flux meters provided a measure of the net heat flux to the fluid from the Plexiglas sidewalls. A finite-
difference solution for the same behavior is compared with these results in Part I of this paper.

Synopsis

This paper apparently prescnts the first results for the effect
of a partial baffle normal to the heated and cooled surfaces
of an inclined rectangular enclosure. Streaklines were photo-
graphed and heat transfer rates were measured for six baf-
fle-configurations at a series of inclinations of the enclosure
about the shorter horizontal dimension.

The intemal dimensions of the test enclosure were 63.50 %
31.75 x 31.75 mm, the latter being the height, giving
aspect ratios of 2/1 (width/height) and 1/1 (depth/height).
The vertical sides of the test cell were Plexiglas with a thick-

Introduction

The work reported herein is part of a continuing investiga-
ton of natural convection in enclosures, with the primary
objective of reducing heat losses across the air film in solar
collectors. In recent prior work (1, 2], it was found that non-
uniformities in the surface temperatures generally had an
adverse effect, i.c., they increased the rate of heat transfer.
The specific objective of the current work is to investigate
experimentally the effect of partial baffles in suppressing
convective heat transfer. Prior work on the effect of baffles
on natural convection in enclosures has generally been for
other applications and conditions. Complete partitions (ho-
neycombs) of poorly conducting material, perpendicular to
and extending all the way between the high and low tempe-
raturc surfaces, have been proposed and utilized for solar
colleciors. Cane et al. [3} and Amold et al. [4] found that
existing correlations for single enclosures were applicable
for the individual cells if conduction along the partitions,
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ness of 6.35 mm, The test cell was swrounded laterally by a
vacyum chamber. Copper plates with ditnensions of 254 X
177.8 X 19.05 mm served as the top and bottom of the en-
closure and also of the vacuum chamber. Water jackets
wcere attached to these plates to maintain them at different,
near-uniform temperatures. The periphery of both copper
plates was milled out to provide space for a silver-coated,
front-surface mirror. The purpose of these mirrors was to
minimize radiative heat transfer between the vertical sur-
faces of the test enclosure and the portion of the copper
plates comprising the top and bottom surfaces of the
vacuum chamber.

and radiant interchange between the partitions and the en-
closing surfaces were taken into account.

Emery [5] found that a central, vertical, partial baffle in a
tall, two-dimensional enclosure, heated and cooled on the
opposing vertical sides, had a negligible effect on the flow
field and on the rate of heat transfer. This geometry was
chosen to simulate the cooling channel of a nuclear reactor.
His results are not surprising because the baffle, although
extending over 90% of the height of the enclosure, was in
the stagnaut central core of the fluid.

Probert and Ward [6] and Janikowski et al. [7] investigated
the effect of short baffles extending vertically from the in-
sulated top and bottom walls of the same type of enclosure.
The baffles were consitucted of thin Perspex sheet or copper
gauze. The solid baffles were found to be more effective than
the porous ones, particularly when the upper baffle was
placed near the cold wall and the lower baffle near the hot
wall.

Several, recent investigations (c.g.. [8] and [9}) are concer-
ned with the effect of partial coom-dividers on natural con-
vection, but the boundary conditions are not relevant 1o
this investigation. However, the following two more closely
refated papers have appeared since this investigation was
completed. Chang et al. [ 10] used tinite-difference caleula-
tions to determine the laminar flow patterns and rate of



Fig. 1 Closcup of the test
cavity with 1op plate removed
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Fig. 2 Schematic drawing of the test cavity. [T) Copper
piate, [Z] water jacket, [3] front-surface mirror, [d] heat-flux
meter, [3] vacuum chamber, [8] test cell, and [7] baffle

heat transfer in square channels, heated and cocled on the
opposing vertical sides, with centrally located partitions of
one-tenth width and one-quarter height attached to both
the bottom and top insulated surfaces. Their cakslations
were for a Rayleigh number of 6.55 X 10% and a Prandd
number of 0.686, and include incrementally the effects of
surface and gaseous radiation. Winters [11}] carried out si-
milar two-dimensional calculations for an enclosure with a
width-to-height ratio of 8/5 and central, brass pantitions in
cither the insulated top or bottom surface with heights of
1/4, 1/2 and 3/4, and a width of 1/16 the height of the en-
closure. These calculations were for a Rayleigh aumber of
3.75 x 10% and a Prandtl number of 0.7. His computed

streamlines are in fair agreement with those photographed
by Duxbury {12] at a slightly different Rayleigh sumber,

- using smoke injection. His photographs of the circulation

patterns revealed some zones of recirculation in addition to
<he predicted ones, and also dissymmetry for the upper and
fower locations of the partitions. This dissymunetry is prob-
ably due to heat losses, which were about 40% of that
transferred. Calculations were also cammied out for other
aspect ratios and for partitions of different conductivities.
Insofar as the Nusselt number is concerned, the partitions
were found to behave as an infinite conductor, even for a
conductivity as low as that of air.

The effect of partial baffies has apparently not been invesu-
gated for enclosures heated from below or inclined, or for
three-dimensional convection under any conditions.

Herein, experimental rates of heat transfer and photo-
graphs of streaklines are presented for threc-dimensional
natural convection in an inclined 2 X 1 X 1 enclosure with
a single baffle of various sizes and locations. Theoretical
results for this problem are presented in a companion paper
[13] and compared with the experimental results.

Experimental Apparatus

The experimental apparatus, as showa in the photograph of
Figure 1 and the sketch of Figure 2, consisted of a test en-
closure inside a vacuum chamber. This apparatus was atta-
ched 10 a rotatable disk and an inclinable platform. The test
cell could thus be established at any inclination up to /2
rad and at any rotation. For inclinations from #/2 o 7 rad
the cell was inverted. In the work reported herein, the test
enclosure was inclined only about its shorter dimension,
The equipment was operated in a constant-temperature
room to minimize the effect of ambient changes,

The internal dimensions of the test enclosure (8] were 63.50
X 31.75 x 31.75 mm, the latter being the height, giving
aspect ratios of 2/1 (width/height) and 1/1 (depth/heighi).
The vertical sides of the test cell and vacuum chamber (3)
were of Plexiglas with a thickness of 6.35 mm and 9.52 mm,

respectively.
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Copper plates [[] with dimensions of 254 x 177.8
X 19.05 mm setved as the top and bottom for both the en-
closure and the chamber. Water jackets [Z] were attached to
these plates to maintain them at different, near-uniform
temperatures. Two baffles were nstalled in each jacket to
belp minimize the temperature variation over the plates.
The periphery of the copper plates was milled out, as shown
in Figure 2, to provide space for a 3.175 mm-thick, silver-
coated, front-surface mirror [3]. The purpose of these mir-
rors was to minimize radiative beat exchange between the
vertical surfaces of the test enclosure and the portion of the
copper plates comprising the top and bottom surfaces of the
vacuum chamber,

The plates were also milled out centrally, as shown, to pro-
vide for beat flux meters [d] covering the entire horizootal
surface of the test enclosurc. The heat flux meters were
Model AB transducers made by the Intemational Thermal
Instrument Co. Their output was == 13uV/(W/m?) and
therefore did not require amplification. The heat flux
meters were glued to the respective copper plates. The tem-
perature of the fluid-contacting surface of each hear flux
meter was measured with a copper-constantan thermo-
couple, The four lead wires from the beat Bux meter and
thermocouple passed under the inner and through the cuter
raised rings of the copper plates.

The output of the thermocouple from each meter, their dif-
ference, and the output of the two heat flux meters them-
selves were periodically displayed on a Keithly 160B digital
multimeter and recorded on a Keithly 750 printer, using a
manual thermocouple switch.

O-rings, as shown in Figure 2, were used to scal the vacuum
chamber from the test enclosure and the surroundings. A
pressure of 1-2 Pa was maintained in this chamber by conii-
ouous operation of the vacuum pump, and was mentioned
with a Pirani gauge. At this pressure, heat transfer by ther-
mal conduction in air is iess than 1% at that of atmospheric
pressure.

An infinjte oumber of combinations of baffle widths,
heights, thicknesses, locations and materials are possible.
The baffles used in these experiments were cut from the
transparent plastic sheets used with overhead projectors.
They had a thickness of 1.5 mm and were attached with
smal] strips of two-sided Scotch-brand adhesive tape. Seven
configurations were used as shown in the insct of Figure 5.

The experiments are intended primarily to simulate natural
convectioa in air. However, prior work has shown that na-
tural convection in air is approximately the same in dimen-
sionless terms as for high-Prandtl number fluids. Therefore,
99% glycerol (Sigma Chemical Co. No. G 77-57) was
chosen as the working flutd because of its greater densiry,
therma! conductivity and viscosity. The greater thermal
conductivity and density minimize the relative effects of
conduction through and along the side walls. The greater
viscosity and density provide a larger time-constant and re-
duce the sensitivity to external perturbations. The greater
density also impedes the diffusion of the suspended par-
ticles used for visualization. The properties of glycerol were
taken from Newman [14].

The glycerol was introduced into the test enclosure through
a hypodermic ncedle, passing horizontally through com-
pression fittings with rubber inserts in the Plexiglas walls as
indicated in Figure 2. The displaced air escaped through a
second needle. Once the cavity was filled. one needle was
closed and the other left open to allow for thermal expan-
sion and contraction of the glyceroi.

For visualization of the flow, a suspension of aluminium
flakes in glycerol was injected at various depths by means of
a smaller hypodermic needle passing through the glycerol
injection needles. The aluminium flakes align with the shear
planes of the flow, promoting coherent reflection of the in-
cident llumination so that clear pictures of the streaklines
can be obtained.

Photographs of the aluminium flakes were taken with
ASA 400, black and white film, using a 35 mm Pentax
camera with an extension tube. A parrow strip of light from
a 35 mm projector was used to illuminate selected regions
of the fluid.

Experimental Procedure

The two beat flux meters were first calibrated in the two
possible juxtapositions by comparison with the theoretical
heat flux for pure thermal conduction (with the higher-tem-
perature plate A on top). The results are shown in Figure 3.
Because of the lower scatter and the smaller correction
(~—2%), heat flux meter No. 2 on the higher-temperature
surface was used for the primary results presented herein.

The water baths and jackets were operated to produce tem-
peratures of 27.75 £ 0.05°C and 31.55 * 0.05°C on the
fluid-contacting surfaces of the heat flux meters. These
temperatures correspond to the upper and lower surfaces,
respectively, in their initial uninclined position. This tem-
perature difference produces a Rayleigh number of
~2x 10*.

Twelve to twenty-four hours were required to establish a
steady state at cach inclination. The flow pattern was ob-
served at six inclinations, using fresh glycerol for each run.
After the steady state was attained, aluminium Dakes were
introduced. Forty more minutes were required for the flakes
to establish good streakline patterns. By 9C minutes the
aluminium flakes were too dispersed to reveal distinct
streaklines.
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Fig. 3 Calibration of the two heat flux meters in two hori-
zontal orientations



Heat Flux Measurements

The Nusselt number is defined as the ratio of heat trans-
ferred by thermal conduction alone. For these experiments

Nu=q:Aq ()

where

q, = theoretical heat flux due to thermal conduction, W

q = heat flux from meter, W

A q= correction factor for heat flux meter, as determined
from Figure 3, W

Figure 4 is a plot of Nu as determined at the surfaces for no
baffle. The value determined at the lower-temperature pla-
te has a much higher maximum at no inclination than at 5/3
rad. The reason for this anomaly became evident when the
streakline experiments were conducted. For the horizontal
orientation, the stable drculation pattern consists of two
roll-cells with their axes paralle! to the shorter horizontal
dimension. Theoretically, for a fluid that conforms to the
Boussinesq approximations, the probability is equal for cir-
culation in either direction (upward or downward in the
central plane and couversely at the ends). In these experi-
ments the circulation was always upward near the center of
the 2 X 1 plane anf*downward nesr the distant walls, and
indeed could not be induced to circulate steadily in the op-
posite direction. This preferred mode of drculation, as op-
posed to downward flow in the center, is presumably cau-
sed by a slightly greater heat flux density near the midplane
than at one end owing to the presence of the lead wires at
that end.

Since the Plexiglas endwalls have a higher thermal conduc-
tivity than the fluid, a net amount of energy enters the fluid
from the vertical walls and a greater total heat flux is trans-
ferred from the fluid to the cooled, horizontal plate than
enters from the heated horizontal plate. If the fluid circula-
ted downward at the center and upward along the endwalls,
encrgy would be transferred from the passing heated fluid,
and the heat flux from the fluid to the cooled plate would
be less than that from the heated plate to the fluid.

Fig. 4 Measured Nusselt numbers on heated and cooted
plates for an unbaffled enclosure

For inclinations just beyond that for the minimum in the
heat flux, the fluid moves up along the inclined heated sur-
face as a single roll-cell, and the elevated endwail has a
lower temperature and the unelevated endwall a higher
temperature than the passing fluid, thus minimizing the net
transfer from the endwalls to the fluid. As a consequence,
the Nusselt numbers for the heated and cooled surfaces dif-
fer insignificanty for inclinations greater than /9 rad. The
Nusselt number determined from the heated plate is be-
lieved to be more representative of the idealized case of
non-conducting sidewalls than that from the cooled plate or
their average, and is considered exclusively hereafier.
These values from the heated plate are also in betier agree-
ment with prior measured and computed values for the lim-
iting case of no baffles.

The Nusselt numbers determined from the heat flux meter
on the higher-temperature plate are ploited in Figure 5 for
the indicated configurations of the baffle. A minimum in
the rate of heat transfer octurs between 52/180 and
102/180 rad and a maximum between 40w/180 and
60n/180 rad for all configurations.

Case 1, for no baffle, shows the highest rate of heat transfer
at all angles of inclination. The onc-quarter baffle, Case 2,
produces a significant reduction in the Nusselt number at
all inclinations, but the least of any of the baffled configura- .
tions for inclinations greater than 4z/9. Comparison of
Cases 2, 3, and 6 indicates that the extension of the bzffte
reduces Nu for all inclinations beyond 207/180 rad. For
lesser inclinations the optimal baffle-width is inclmation-

dependent.
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Fig. 5 Experimental Nusselt numbers at various angles of
inclination and baffle-configurations
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Location of the baffle near the elevated end, as in Case 4,
reduces the rate of heat transfer, whereas location near the
unelevated end, as in Case 5, increases the rate, relative to
the central Jocation of Case 3.

Case 7, with a baffle of half-height, completely across the
enclosure, generally reduces the Nusseit nurmber more than
the other configurations, for all inclinations greater than
157/180 rad.

It is concluded that the heat flux can be reduced by the ia-
stallation of a baffle, and that the optimal size and location
of the baffle depend on the angle of inclinadoa.

Photographs of Streaklines

Figures 6-38 are photographs of streaklines for the seven
configurations listed above. The viewing angles are indica-
ted at the top and the specific Gelds of illumination below
the photographs. The apparatus had to be deansd out after

each ran. Hence, 2 more limited number of asgles of incli--

nation were investigated than for the heat transfer rate.
Twenty-four hours was allowed for the establishment of a
steady state before injection of the aluminium tracers. Be-
cause of the copper plates, photographs were possible only
from the four sides. Therefore, a sketch was constructed of
the presumed top view of the streaklines,

Case 1

Figures 6-8 show streaklines for no baffle. For no inclina-
tion, as shown in Figure 6, there are two roll-cells, symmet-
rical about the shorter vertical midplane, each composed of
two half-cells, symmetrical about the longer vertical mid-
plane. The axes of these cells are parallel to the shorter
horizontal dimension, with upflow in the midplane, as
sketched.

For an inclination of 41/180 rad, as shown in Figure 7, the
roll-cell moving up the heated surface increases at the ex-
pense of the other. At an inclination of 82/180 rad, as
shown in Figire 8, the weaker cell has disappeared, and the
circulation consists of a simgle 2 X I roll-cell moving up
along the inclined heated surface and down along the
cooled surface.

Case 2

Tigure 9 shows the motion for the quarter-baffle with no in-
dination. The motion is very similar to that of Figure 6 for
10 baffle. However, for 4a/180 rad of inclination, as shown
a Figure 10, the axis of the roll-cell at the inclined end has
secome quite oblique and the upper rofl-cell extends into
he lower half of the enclosure, At 87/180 rad of inclina-
ion, as shown in Figure 11, both of the rear malf-cells are
iblique to the shorter horizontal dimension, and the frontal
1alf-cells appear to have coalesced. At 20w/ 180, 607/180
nd 907/180 rad, as shown in Figures 12-14, the single
rontal roll-cel is similar to that of Case 1 for large inclina-
ions, whereas the rear half-cclls have also coalesced to a
ingle roll-cell with the form of a continuous typewriter
ibbon.

Case 3

This configuration was photographed in Japan with the ex-
perimental setup described by Ozoe, et al. [15). It should be
noted that the elevation in these photographs is on the left
instead of on the night, also that the circulation is downward
at the center. Streaklines and sketches for inclinations of 0,
52/180 and 107/180 rad are shown in Figure 15 and 20x/
180, 457/180 and 90x/180 rad in Figure 16. For no inclina-
tion the circulation is secn to be similar to that of Figure 6.
ALl 57/180 rad the rollcel] at the elevated end is quite obli-
que and the one at the other end has rotated /2 rad. By
10a/180 rad the elevated roil-cell has wrapped around the
baffle. For inclinations of 45z/180 and greater the axes of
the two roll-ceils on the baffled side of the enclosure and
the coupled roilcell on the unbaffled side have become
nearly parallel to the shorter borizontal dimersion.

Case 4

For the baffle location near the elevated end, as shown in
Figures 17-22, the circulation pattern is more complicated.
Even for no inclination the axis of the rear halfcell at the
eicvated end is roughly parallel to the longer horizontal di-
mension, while the associated frontal half-cell is in front
and on the downslope side of the baffle, but with its axis
nearly paralle! to the shorter horizontal dimension, At incli-
nations of 47/180 and 81/180 rad the axis of the upsiope
half-cells become oblique. At 20m/180 rad the two upslope
-hg)f-cells appear to have coalesced to a single roll-cell with
its'axis in the longer horizontal dimension, and the frontal
half-cell on the downslope side has expanded to 2 X 1 roll-
cell in front of the baffle. At 603/180 rad the roll-cell on
the upslope side of the baffle has rotated #/2 rad so that all
three axes are paralle! to the shorter horizontal dimension.

This pattern persists at 901/180 rad,

Case 5

For the baffle Jocation near the unelevated end of the en-
closure the crculation is again very complicated, as
illustrated in Figures 23-28. For no inclination the roll-cells
are remarkably oblique, as best indicated by the skeich of
the presumed downward view. At 42/180 rad the pattern is
further developing, but at 81/180 rad has become similar to
the mirror image of Figure 20. By 20%/180 rad the roll-cell
on the downslope side of the baffle has rotated #/2 rad, and
at an inclination of 90z/ 180 rad the roll-cells in front of and
below the baffle appear to be coalescing.

Case 6

The circulation pattern for the three-quarter baffle is
shown in Figures 29-34. For no inclination the circulation
is symmetrical about the baffle but the rear half-cells have
approximately the length of the baffles. For an inclination
of 4a/180 rad the half-cells on the downslope side have be-
come stronger and those on the upslope side oblique. This
pattern persists at 107/180 rad, but at 207/180 rad the
single frontal cell has the configuration of a continuous
typewriter ribbon, as previously noted in Figures 12-24,
and this pattern persists at 907/180 rad.
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Case 7 are, however, shown in Figures 35-38. At an inclination of

. 6n/180 rad both rollcells have become highly oblique. At
The baffle of full-width but half-height results in a some- 10a/180 rad the two rear and the two frontal half-cells ap-
what different pattern of circulation on elevation, as might pear 1o be coalescing, and at 407/180 rad and 90180 rad
be expected. The pattern for no inclination is similar to that a single continuous typewriter-ribbon pattern is very evi-

of Figure 6 and bence is not shown. The photographs for dent with symmetrical frontal and rear haif-cells.
61/180, 101/180, 401/180 and 902/180 rad of inclination
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Interpretation and Conclusions

The photographs of tracer particles reveal complex but
highly structured patterns of circulation due to natural con-
vection in inclined, partially baffled, rectangular enclosures.
The rate of heat transfer across the enclosure is shown to be
related closely to these flow patterns.

For a 2 X 1 X 1 rectangular enclosure, with beating and
cooling on the opposing 2 X 1 surfaces, the circulation for
heating from below consists of two symmetrical roll-cells
with their axes parallcl to the shorter borizontal dimension.
‘These roll-cells each consist of two symmetrical half roli-
cells. As the enclosure is inclined about the lesser horizon-
tal dimension as an axis, the roll-cell whose motion is up-
ward along the inclined surface grows in size and strength at
the expense of the other roll-cell, which is opposed by the
buocyant force and eventually vanishes. In this work the
initial roll-cells circulated upward at the center and down
along the endwalls owing to the slight non-isothermality of
the surfaces. As a consequence, the upper roll-cell dimi-
pished and vanished.

The average rate of beat transfer across the enclosure at
first decreases with inclination, then goes through a
minimum and increases to a maximum higher than the va-
loe for no inclination. This maximum is attained when the
diagonal plane of the enclosure is vertical, Finally, the rate
of heat transfer decreases to zero for an inclination of # rad,
corresponding to heating from above, with no circulation.
The above description of the circulation and heat transfer is
in confotmity with pur prior observations.

All of the baffle sizes and locations which were 1ested in this
investigation produced oblique roll-cells, particularly for
Jow angles of inclination. As the inclination of the heated
surface was increased 10 #/2 rad the axes of circulation
again became paralle] to the lesser horizonial dimension.

All of the baffle-configurations of this investigation redu-
ced the overall rate of heat transfer at ali angles of inclina-
tion, presumably because of the oblique patierns of flow
and the relaied decrease in the rate of circulation.

No one baffle-configuration was best for all angles of incli-
nation, For inclinations from 25/9 to £ rad increasing the
beight and/or width of the baffle produced a monotonic de-
crease in the rate of beat transfer. Location of a baffle of
half-width and full-height near the clevated end of the en-
closure reduced the rate of heat transfer relative to central
or lower locations. A baffle of half-beight and full-width
produccd the greatest reduction in the rate of heat transfer
for all inclinations greater than 2/9 rad.

The maximum reduction in the rate of heat transfer which
was achicved with these baffles varied from about 10% at
no inclination up to about 20% at 77/9 rad, and of course,
down to zeTo at 7 rad. It is probabie that comparable reduc-
tions can be achicved in enclosures of greater aspect ratios.

The cffect of the thermal conductivity and finite thickness
of the Plexiglas endwalls on the respective heat fiuxes from
the heated plate to the fluid and to the cooled plate from
the fluid was fortuitously revealed by the use of heat flux
meters in both surfaces. For the case of heating from below,
the cooled fluid deaving the cold plate picks up heat while
flowing down past the endwalls, which have a mean tempe-
rature cqual to the average of the hot- and cold-plate tem-
peratures. The consequence is that the bheat transferred to
the cold plate is equal to that leaving the hot plate plus this

-increment. For the experimental apparatus and conditions

of this study, the heat flux to the cold plate was about 25%
greater than that leaving the hot plate. If the endwalls were
perfect insulators or vanishingly thin, this increment would
approach zero.

As the enclosure is inclined, the roll-cell at the elevated end
decreases in size and rate of circulation, and eventually dis-
appears. Therzafter, the flow pattemn consists of asingle rol)-
cell circulzting upward at the ckevated end and downward at
the other, the net heat transfer between the endwalls and the
fluid approaches zero, and nearly the same heat flux passes
betwecn the fhuid and the hot and cold plates.

Under idealized conditions the opposite direction of circu-
lation is equally probable for heating from below, ie.,
downward in the center and upward along both endwalls, A
net heat flux would then occur from the fluid to the colder
endwalls, and about 25% less heat exchange would take
place from the fluid to the cold plate than from the hot
plate to the fluid.

The consistently observed direction of circulation for no in-
clination, i.c., upward near the center, is presumably an ar-
tifact of a slight non-isothermality in the heated and cooled
surfaces. This sensitivity of the circulation pattern to minor
perturbations in the boundary conditions should always be
a consideration in interpreting experiments for laminar
natural convection. The minor details of the circulation
patterns observed in this investigation may to some extent
have been influenced similarly to the direction of circula-
tior. However, the main characteristics are believed to be
correct.
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These are apparently the first experimental results for the
cfiect on natural convection of a partial baffle normal to the
isothermal surfaces. A finite-differcnce solution for the same
behavior is presented in a companion paper [13].

Although the results are for glycerolanda 2 x 1 x 1 enclo-
sure they are expected to be applicable qualitatively for air
in an enclosure with large aspect ratios.
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