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Heat transfer by natural convection in ·a two-dimensional rectangular enclosure fitted 
with partial vertical divisiona is investisated experimentally. The horizontal walls of the 
enclosure are adiabatic while the vertical walls are maintained at different temperatures. 
The experiments are carried out with water, Pr o. 3.5, for Rayleigh numbers in the range, 
2.S X 1010 ~ RaL ~ 1.1 X 1011, and an aspect ratio, A • HIL • i· The effect of the partial 
vertical diviaiona on the fluid flow and temperature fields ii inveatigated by dye-injection 
flow visualization and by thermocouple probes, respectively. The effect of the partitions 
on the heat transfer across the enclosure is also studied and correlations for the Nusselt 
number as a function of RaL and partition length are generated for both conducting and 
non-conducting partition materials. Partial divisions are found to have a aignificant ef
fect on the heat transfer; especially when the divisions are adiabatic. The results also in- · 
dicate that the partial divisions may have a stabilizing effect on the laminar-transitional 
flow on the heated vertical walla of the enclosure. 

llltrocluction 
N1twal convection heat transfer in rectangular enclosures is of 

peat importance in determining the energy transfer within buildings, 
•pecially those incorporating passive solar design features. This 
configuration has been studied extensively, e.g., (1-19, 25], but only 
for limited ranges of the Rayleigh number. The effect of a partial 
obstruction extending downward from the enclosure ceiling is also 
of importance but has received little attention [cf. 17, 20-24]. This 
geometry corresponds roughly, for eumple, to a ceiling beam or soffit. 
The experimental investigation of Duxbury (20] was carried out in 
rectangular enclosures of aspect ratios (see Fig. 1), i ~A • HIL ~ 5, 
partially divided by vertical, heat conducting partitions using air as 
the working fluid, for Rayleigh numbers approaching 106. The driving 
force in Duxbury's experiment was the imposed temperature differ
ence between the two vertical sidewalls of the enclosure. The exper
iments and numerical calculations of Lloyd, et al. (21, 22) were mo
tivated by fire studies and there the flow was driven by methane 
combustion and by surfacp, or volumetric heat sources. The experi
mental and numerical study of Bauman, et al. (17) was motivated by 
studies of heat transfer within buildings and focused on the undivided 
enclosure although some results are also presented for a partially di
vided enclosure. This study (17] was carried out in water in a partially 
divided rectangular enclosure of aspect ratio, A = ~and RaL - 1010• 

Janikowski, et al. (23) experimentally investigated the temperature 
and flow fields inside a rectangular enclosure partially divided by solid 
and porous vertical divisions extending upward from the floor and 
downward from the ceiling simultaneously. Emery [24), on the other 
hand, studied the heat transfer and temperature field in a rectangular 
enclosure fitted with a vertical partial division extending from the 
center of the enclosure downward toward the floor and upward toward 
the ceiling. It appears, however, that there has not been any thorough 
investigation of the role played by partial vertical divisions at the high 
values of the Rayleigh number (RaL - 1010 - 1012) that are commonly 
encountered. 

The primary goal of this study is to develop, through careful ex
periments, an understanding of the convective heat transfer processes 
and fluid flow occurring in the two-dimensional, partially divided 
encl01ure (see Fig. 1) at Rayleigh numbers representative of large scale 
applications: An immediate application is in convection analyses in 
puaive solar heated buildings. The experiment is carried out in a 
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rectangular enclosure of aspect ratio, A = HIL =~.with isothermal 
vertical aidewalls and insulated horizontal floor and ceiling. The en
closure is fitted ~th either thermally conducting or non-conducting 
vertical partitions of various lengths (aperture ratios, Ap = h/H = 1 
(no partition), ~. ~and i are investigated). Experiments are carried 
out with water (3 ~ Pr .;;; 4.3) as the working fluid at Rayleigh numbers 
over the range 2.3 X 1010 E.; RaL it> 1.1X1011. 

It is emphasized that over this Rayleigh number range the results 
without the partition are also new. Power law correlations are obtained 
giving the dependence of the Nusselt number on aperture ratio, 
Rayleigh number, and partition conductance. Temperature profiles 
are also obtained within the enclosure with thermocouple probes, and 
the basic flow structure is noted by using dye-injection flow visual
ization. Distinct differences are found between the flow pattern ob
served in these experiments and those observed in the lower RaL and 
lower Pr experiments of Duxbury. Also, the presence of laminar
transitional flow for Ap = 1 (no partition) and the suppression of 
transition for Ap < 1 are discussed. 

Experimental Apparatus and Procedure 
The experimental apparatus consisted basically of a rectangular 

enclosure of height, H = 15.2 cm, width, L = 30.5 cm (aspect ratio, A 
= HIL = ~) and breadth, B = 83.8 cm. This system is similar to the 
one used by Bauman, et al. (17]. The heated and cooled vertical walls 
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were made from plates of copper, 4.8 mm thi~k. and aluminum, 15.9 
mm thick, respectively, while the floor, ceiling, and endwells of the 
enclosure were fabricated from clear, 1.27 cm thick plexiglas. The 
copper hot wall was heated electrically with 18 Minco "Thermofoil" 
resistance heaters. These were arranged in three vertical columns of 
six heaters each, see Fig. 2. In order to limit temperature variations 
along the hot wall, in the vertical direction, each pair of heaten in a 
given column was supplied by a separate 120V /~40V a-c power supply. 
In this way, hot wall temperature deviations from the average hot wall 
temperature were kept to within about 10 percent of the overall 
temperature difference acrOBB the enclosure (Th - T0 ). The aluminum 
cold wall was cooled by passing tap water through two rectangular 
channels which were machined into the aluminum cold plate, tra
versing the full breadth of the enclosure seven times. It was found that 
temperature variations along the cold wall could be kept below about 
10 percent of the temperature difference (T1i - T.) by using a suffi
ciently high cooling water flow rate. Two streams entered the alumi
num manifold near the top of the cold wall and were extracted near 
the bottom, see Fig. 2. 

Joints between the copper and aluminum vertical wells and plexi
glas floor were sealed with a 1.6 mm thick cork gasket to minimize 
conduction between the vertical surfaces and the floor. The ceiling 
was removable and was thermally isolated from the hot and cold walls 
by a small air gap, as in Fig. 2. 

Partial vertical divisions of lengths 0, 3.8, 7.6 and 11.4 cm, extended 
downward from the center of the enclosure ceiling. The corresponding 
aperture ratios are Ap = h/H = l, ~.~.and:, respectively. All the 
partitions were 9.5 mm thick and traversed the full breadth of the 
enclosure in order to achieve, as nearly as possible, a two-<iiIDensional 
system. Partitions which are effectively perfectly conducting are 
characterized by small temperature differences across the partition 
in comparison with the temperature difference (Th - T.), while ef- _ 
fectively adiabatic partitions are characterized by negligible con
duction heat transfer through the partition in comparison with the 
total energy transfer across the enclosure. A nondimensional partition 
conductance is defined by kp• = (kp/k) (L/l::.x)/NuL, where l::.x is the 
partition thickness. The criterion for a perfectly conducting partition 
is kp * » 1; for an adiabatic partition kp • « 1. In this experiment, the 
highly conducting partitions were fabricated from slabs of aluminum 
with kp ~ ~ 50. The adiabatic partitions were made from polystyrene 
foam clad with 0.1 mm stainless steel sheets with kp* :5 0.02. 

To reduce energy losses to the surroundings, the entire apparatus 
was enclosed in a shell of polyurethane foam insulation, whose outer 
surface was covered with aluminum foil to reduce radiative losses. 

The local surface temperatures of the hot and cold wells were de
termined with 30 gauge, copper-constantan thermocouplt>.s inserted 
in small holes which had been drilled horizontally into the hot and 
cold walls to a distance less than 1 mm from the inside (wet) surfaces 
of the hot and cold plates. Seventeen of these thermocouples were 
spread uniformly over each of the hot and cold wells. 

The temperatures of the unheated surfaces (plexiglas floor and 
ceiling) were obtained with 50 gauge (0.025 mm dia), unsheathed, 

chromel-constantan thermocouples which were cemented to the 
plexiglas surface with a fine coating of polyurethane lacquer. The fine 
thermocouple wires ran perpendicular to the plane of Fig. 2 along the 
floor and ceiling. The therm~uple be11ds were located halfway be
tween the two plexigla.B end wells at the positions x/L -• :, ! and~. The 
very small diameter and the placement of the wires perpendicular to 
the plane of two-dimensionality minimized disturbance to the flow 
and axial conduction effects. The temperature at the lower edge of 
the partition, y • h, was measured with a fine, stainless-steel 
sheathed, chromel-constantan thermocouple probe with an overall 
dia of 0.25 mm. This sheathed thermocouple was also run perpen
dicular to the plane of Fig. 2, along the lower edge of the partition. 

Local fluid temperatures within the enclosure were measured with 
thermocouple probe assemblies. Two fine, grounded junction, 
stainless-sheathed thermocouple probes W.25 mm dia) were passed 
down through and out of a 1.6 mm dia stainless steel support tube, 
which was inserted vertically into the enclos~e from the enclosure 
ceiling. The probe junctions were located about 6.5 cm from the larger 
support tube to minimi:r.e measurement errors due to the presence of 
the larger tube. Again, these fine probes were directed perpendicular 
to the plane of Fig. 2 to minimize heat conduction along the probe 
shafts. Three of these assemblies were used for measuring fluid 
temperature at the positions x/L • :; ! and ~ . . Observations made 
during experiments both with and Without the probes in place, re
vealed no detectable changes in either the flow or the overall heat 
transfer rate. Comparison of some of the thermocouples (both cop
per-constantan and chromel-constantan) with a precision mercury
in-glass thermometer showed that the standard calibration was ad
equate, with a maximum error of about ±1°C. 

Energy input at the hot wall was measured with three single-ele
ment, electro dynamometer-type wattmeters, one for each power 
circuit, with accuracies of± one percent. As a check on energy loss to 
the ambient, the heat transfer rate at the cold wall was measured and 
compared to the power input at the hot wall. Cooling water temper
ature entering and leaving the cold wall cooling manifold was mea-
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Fig. 2 Sketch of experlmental apparatu1 

-----Nomenclatur-----------------------------------
A = H/L, aspect ratio 
Ap "" h/H, aperture ratio 
B = enclosure breadth 
Cp = constant pressure specific heat 
g = acceleration due to gravity 
H = enclosure height 
h = distance from enclosure floor to parti-

- - -· - - - - tion 

k ,. thermal conduc~ivity 
- kp = thermakonductivity of partition 

kp• = nondimensional partition conduc-
tance 

L .. enclosure width 
NuL = qL/(Th - T.)k, Nusselt number 
n = core temperature parameter 
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Pr = ~. Prandtl number 
a 

Q • (Qh + Q0 )/2, heat transfer across enclo
sure 

Q1 = heat transfer rate over lower third of hot 
wall 

Q2 = beat transfer rate over middle third of 
hot wall 

Q3 = heat transfer rate over upper third of 
hot wall 

q "' Q/(B • H), average heat flux 
RaL "' g{3L 3(T1i - T.)lva, Rayleigh 

number 
T = temperature 
T, = (T1i + T0 )/2, reference temperature 

x = horizontal position coordinate 
t:.x = thickness of partial division 
y = vertical position coordinate 
a = thermal diffusivity 
/3 = thermal coefficient of expansion 

A=!:_ (P 2~113 
property group 

Cp µ-} 

µ = dynamic viscosity 
v = kinematic viscosity--- _:_ - -- • - -
p =density 

Subscripts 

c =cold wall 
h =hot wall 

Transactions of the ASME 



sured with glass bead thermistors with a calibrated accuracy of 
%0.05°C. 

The p1ocedure used in all of the experimental runs is as follows. The 
three heater circuits were used to heat the water to near-boiling 
temperature with the enclosure open to the atmosphere. Two to three 
hours at this temperature resulted in much of the dissolved gases 
being driven off. After the enclosure ceiling was inserted, the hot wall 
resistance heater power inputs were set and cooling water flow com
menced. For the next four to five hours, adjustments were made in 
the relative power input to the three heater circuits to secure a rea- . 
sonably isothermal condition on the hot wall. The cooling water flow 
rate was adjusted to limit temperature variations on the cold wall 
while still providing a moderate cooling water temperature increase 
(approximately 10°C). The wall temperatures T,. and Tc were taken 
as the average of the 17 temper~tures measured on each of the hot and -
cold walls. Temperature variations from the mean wall temperature 
on the hot and cold walls seldom exceeded 10 percent of the overall 
temperature difference across the enclosure while the average de
viation from the mean wall temperature was roughly three percent 
of (T,. -T.). There appeared to be no preferred direction for the wall 
temperature variation and observed local wall t.emperatures were very 
st.eady. The system was then allowed to equilibrate for an additional 
six hours. This extended beyond normal working hours in the labo
ratory so that perturbations in line voltage and cooling water flow rate 
and temperature were minimized. 

The establishment of st.eady state conditions within the enclosure 
was a primary concern in the experimental procedure. Before any data 
were recorded, both cooling water inlet· and exit temperature were 
carefully checked to insure that steady state conditions had been 
attained. This procedure was also repeated after the wall temperatures 
lllld fluid temperatures had been recorded. A sensitive check on the 
exist.ence of steady state was provided by comparing the energy en
tering the enclosure at the hot wall, Q1i, to that leaving at the cold wall, 
Q •. For all the experimental runs included in this study, these two 
rates of energy transfer differed by less than eight percent and in the 
great majority of cases the difference was less than five percent. These 
small fractional heat loslies are a consequence of the large energy 
transfer rates occurring across the enclosure when water is the working 
fluid. For the total heat transfer across the enclosure, Q, required in 
determining the Nusselt number, the average of the heat transfer rates 
measured at the hot and cold walls was used, i.e., Q = (Q,. + Q.)/2. 
Transport and thermodynamic properties for wet.er were taken to be 
those at the reference temperature, T, = (Ti.+ T0 )/2. 

During many of the tests, an indication of the flow pattern within 
the enclosure was obtained by injecting dye into the flow. Roughly 
0.5 cc of a dark blue dye was injected with a hypodermic syringe at the 
upper right-hand corner of the enclosure, midway between the two 
plexiglas endwalls. Observation of the subsequent dye motion was 
made through one of the endwalls and was enhanced by a white 
backdrop at the opposite endwall. The enclosure interior was illu
minated by a photographic lamp mounted between the observer and 
the endwall observation window. The dye was injected and the dye 
front was allowed to progress a large distance from the point of in
jection before observations were made. 

Results and Discussion 
The laminar flow pattern observed in experiments for Ap < l is 

shown in Fig. 3. In general, for aperture ratios less than unity (i.e., 
when a partition was present), the flow was comprised of three rela
t ively distinct regions. There was a peripheral, laminar boundary 
layer-type flow, a low velocity, relative'ly inactive core region, and a 
region of weak, clockwise recirculation \n ~he _1:1ppe1:)eft:hand quad
rant of the enclosure. The peripheral flow was composed of thin, 
high-velocity boundary layers on the vertical surfaces with lower ve
locity, thicker layers- (about 1 cm thickness) on the unheated' liori:- -
zontal surfaces. The boundary layer on the hot wall did not extend 
over the entire surface because most of the flow separated from the 
hot wall at approximately y = h and then proceeded across the en
closure horizontally, in a thin, high-velocity layer until reaching the 
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lower edge of the partition. The flow then, apparently without sepa
rating from the partition, turned upward along the cool side of the 
partition finally separating at a distance of one or two centimeters 
from the ceiling. In this region, the flow was observed to be somewhat 
unsteady, but the unsteadiness gradually disappeared as the fluid 
proceeded toward the top of the cold wall The small amount of dye 
which entered the upper left quadrant of the enclosure allowed ob· 
servation of ijie slowly recirculating flow there. The fraction of the 
flow entering this region was larger for conducting than for non
conducting partitions. The strength of the recirculating flow was also 
strongly dependent on the thermal boundary condition at the parti
tion. Conducting partitions resulted in weak recirculation, while ad~ 
iabatic partitions yielded either very weak or virtually no recirculation 
in that region. It is noted that in_ experiments with no partition (ap
erture ratio of unity) the recirculating region vanished, leaving only 
a large inactive central core and a peripheral boundary layer flow. It 
is very poesible that interaction of the observed clockwise recirculating · 
flow in the upper left hand quadrant and the high velocity layer at y 
• h could have resulted in a multi-layer velocity profile in this region 
as in [21) via two counter-rotating· vortices arranged vertically. 
However, in the vicinity of y • h, there was rather severe optical 
distortion due to the gradient in refractive index and the presumed 

. lower, counterclockwise rotating vortex was not observed. 
The flow pattern observed in the present high RaL experiments 

Wtak ciocti•ise recirculalion 

Fig. 3 Flow pattern obsenled In the CHH of adiabatic and perfectly con
ducting partitions lor A,, < 1 and 1on ~ RaL :i; 1011 
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diff~red substantially from the 1low pattern reported by Duxbury [20) 
in his partially divided en~e with RaL. app~oa~ 106 ~d air 
(Pr • o.7) 88 the working fluid. .The fl?w VJs~alizat1on ex~nments 
of Duxbury ehow no di.tinct recuculating region. and also little or no 
flow .separation from the hot .-all; tv:'o ve?' promment fea~es of ~e 
high Rai. expe.rime.nt.a carried out m thlB study. Duxbury s experi
ment.a indicate some .Oow aepsiation at the lower edge of the partition 
on the cool side. This may be due to the fact that in Duxbury's (lower 
RaL) experiments, the flow attempts to make a 180 deg tum as it 
pasaea the lower edge of the partition. Recall that in the high RaL 
experiments of thi!I study, the flow only turns thro~ an angle of 
about 90 deg because the main flow does not penetrate mto the upper 
left. quadrant of the enclOIUI'~ In general~ the r.esults. of Duxbury in
dicate a much smaller inactive core region with thicker boundary 

layers. . . 
From the flow visualization espenments, 1t was concluded that fully 

developed turbulent flow did not exist anywhere within the encloeure, 
even for Rayleigh numbers aa high as 1011

• However, traveling 
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wave-like motions, referred to by Elder [4) as "wall waves" were very 
prominent on both the heated and cooled vertical surfaces with no 
partition (Ap = 1). These waves, the first hint of transitional flow, 
developed at y/H· o. i.-and·y/H ~ ion the hot and cold walls, re-
spectively, and traveled in the aame direction as the mean boundary, , 

1

. 

layer flow. The waves, originally two-dimensional, traveled in a regular 
pattern up the hot wall and down the cold wall. Gradually, they de
veloped three-dimensional characteristics and fmally broke-up very 
near the upper left- and lower right-hand comers of the encloeure, so 
that a wave pattern could no longer be distingUished. ID the experi-
ment.a of Elder, with water in enclosures of aspect ratio, 10 :lit A :!it 30 
(A • H/L), the breakfug up of the wall waves was accompanied by an 
intense wall layer-central core interaction. In the present experiment.a 
with A • !. very little, if aily, interaction was observed. Perhii.ps the 
absence of this phenomena was due to the greater suppression of the 
interior flow by the horizontal walls for A ,. !. In the experiment.a with 
aperture ratio (Ap) less than unity (partial division present), the wall 
waves were indeed found to be significantly suppressed on both the 
hot and cold walls and completely absent on the bot wall for y > h. 

A plot of the i;neasured vertical temperature profile at x/L • ! for '.r, 

the case AP' • 1, i.e., no partition, is ehown in Fig. 4. Thia profile ex
hibit.a the substantially linear, stable stratification in the enclosure 
core region which is a well-known characteristic of the boundary layer 
regime; see (2 and 16]. There is some asymmetry about. the position 
y/H •!.which is probably due to the temperature dependence of the , 
thermodynamic and transport properties of water. The daehed curve 
in Fig. 4 is the result of an approximate calculation of the core tem-

O.B 

0 .6 

y/H 
•IL = . 314 

~ 
OA 0 I .. 314 

c 1/2 

• 1/,4 

0 .2 

0.2 0.4 0.6 0.B 

( T-Tc) I (Th - Tc) 

Fig. 7 Vartlcal tamperature promes at x/L = ~. adiabatic partial divisions: 
3.79 x 1010 :lit RaL "6.41 x 1010, 3.7" Pr" 4.2 

Table 1 

1 

Local heat transfer rates corresponding to 
Figs. 4-7 

--- 880-- - -
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perature distribution due to Raithby, et al.114) for enclosures of aspect 
ratio, A ~ 5, filled with a constant property fluid; that is Ai. ,. A., 
where the property group, 

k 
A= - (p2 ~/µ.)113. (1) 

Cp 

Because the mid-cavity temperature gradient, Zl[(T - T.)f(Ti. -
T.)]/Zl(y/H), at ;r "' L/2, y ,,. H/2, was measured to be 0.59, the 
Prandtl number-dependent parameter, n, of reference [14] was given 
a numerical value of 3.0 in geneTSting the curves of Fig. 4 as suggested 
by Raithby, et al. 114). The solid curve in Fig. 4 represents the result 
for the core temperature from [14) for Ai.I~ "' 1.8 which corresponds 
to the actual wall temperatures (Ti. !' 72°C, Te • 25°C) for the 
plott.eJ data. Both core temperature predictions yield reasonably good 
estimates of the measured core temperature; the variable property 
calculation giving slightly better agreement. Apparently, the calcu
lation technique of Raithby, et al. may be applied with some confi· 
dence even somewhat beyond its supposed range of validity (A ie 
5). 

Vertical temperature profiles at th.e positions x!L •to!, and~ are 
plotted in Figs. 5, 6, and 7, .respectively for the case of kp • « 1 (adi
abatic partitions). All the data in these figu.res were taken in the RaL 
range, 1010 ~ Ra.c. ~ 1011 • Over this range it was found that for fixed 
Ap the non-dimensional temperature profiles are virtually indepen
dent of the Rayleigh number. lt should be pointed out that no attempt 
was made to measure th.e temperature distribution in the thin 
boundary layers adjacent to the enclosure floor and ceiling. Detailed · 
numerical computations for the case, Ap = 1, have shown that for large 
RaL the temperature gradient at the adiabatic su.rfaces approaches 
zero only in a very small region near the surface [9]. Measurements 

. were not made in this region and therefore the data often exhibit 8D 

apparent non-zero gradient aty/H = 0 and 1. Note also that for ap· 
erture ratios of~ and ! the temperature profiles at each x position are 
very close t o the profiles measured with no partial division (Ap = 1) 
for values of y/H .$ Ap. This indicates that for aperture ratios at least 
as small as ! the temperature field in the lower two quadrants of the 
partially divided enclosure is substantially unaffected by the partial 
division. However, for Ap = ; the partial division apparently has the 
effect of causing a small temperature decrease for y/H .$ Ap. 

The profiles measured aL :r./L = ~ (see Fig. (5)) exhibit a small region 
near y/H = Ap. where the temperature increases rapidly to the av· 
erage hot wall temperature, Th. The .temperature then remains very 
nearly constant for elevations greater than y ""' h. If was in this region 
of large temperature gradient that small temperature fluctuations, 
of the order of ~°C, were detected during the experiments. The time 
scale, however, of the fluctuations could not be properly investigated 
due to the long response time of the measurement system. The finite 
temperature gradient at y = H in Fig. 5 is probably indicative of a 
small conduction heat loss through the enclosure ceiling since very 
little or no convection occurs in this region. Also, note in Fig. 5 that 
the temperature in the upper left quadrant slightly exceeds the av
erage hot wall temperature, Ti.. The profiles measured at x/L = ! (in 
the aperture plane), Fig. 6, show a very rapid temperature increase 
in the region close to y/H = Ap. lt is again emphasized (referring to 
F ig. 6) that the partial division seems to have little effect on-the 
temperature below y ""' h except for aperture ratios approaching;. 
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3.0 · ~ Pr ~ 4.3, Relthby correlatlon. wHh Pr .. 3.5, A = i. Nu, = 0.392 
Ra, 114 

Table 2 Data for the case Ap = i, adiabatic partial division 

Qi. -Qe -- - ·--- -

Qi. Qe Qi. Ti. Te T1a - T, 
Run RaL. lQ-10 Pr N!!L. - ___ (W) . -- .. -(W) -···-- ··(%) ·· - . ·. ··-(°C) -· - · ·("C) - - (°C)- -····-- - -

1 4.21 3.8 142 1290 1260 2.3 63.0 29.6 . 33.4 
2 5.65 3.6 153 1680 1640 2.4 69.8 29.7 40.1 
3 3.46 3.9 135 1050 1020 2.9 69.4 30.8 28.6 
4 2.41 . 4.4 125 820 780 4.9 51.4 27.1 24.3 
5 6.94 3.4 157 1940 1930 0.5 75.2 29.6 45.6 
6 8.19 3.3 161 2220 2210 0.5 79.8 29.2 50.6 
7 10.2 3.1 170 2640 2580 2.3 86.5 30.3 56.2 
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The effect of the partial divisions at x/L = ~ (Fig. 7) is to decrease the 
temperature for y/H ::!:: Ap, the effect becoming stronger with de
creasing aperture ratio. This behavior seems reasonable because for 
a non-conducting partition as aperture ratio approaches zero: i.e., the 
completely divided enclosure, T - Th for x < L/2 and T - Tc for 
x >L/2. 

In general, the measured temperature profiles seem to verify the 
statements made concerning the basic nature of the flow in the par· 
tially divided enclosure: i.e., the existence of an inactive core region, 
a region of very weak recirculation and a peripheral boundary-layer 
flow. 

Local hot wall beat transfer rates for experiments with and without 
adiabatic partial divisions are shown in table 1. (In this table, Qi 
represents the heat transfer rate over the lower one-third of the hot 
wall, while Q2 and Qa are the rates for the middle and upper one-third, 
respectively.) The results of the seven heat transfer experiments for 
Ap = ~and kp • « 1 are listed in table 2. In all of the experiments the 
wall temperature difference was greater than 22°C but never exceeded 
61°C. The heat transfer data for conducting and non-conducting 
partitions are presented graphically in Figs. 8 and 9. Note that in Fig. 
9 the approximate Nusselt number prediction of Raith by, et al. [14) 
for undivided enclosures (Ap =- 1) in the laminar boundary layer re
gime again gives a reBSonably good estimate of the heat transfer in 
the enclosure of aspect ratio A "' ~. even though this prediction was 
generated on the basis of rather tall, nenow enclosures: i.e., vertical 
layers with A ::!:: 5. From the data in Figs. 8 and 9 the following corre· 
lations were generated for the cases of conducting and non-conducting 
partial divisions: 

NuL = 0.748Ap0.256 RaL 0-226 (conducting partitions) (2) 

NuL .. 0. 762 Ap o.473 RaL 0.226 (non-conducting partitions) · (3) 

where the root-mean-square deviation of the date from the correle· 
tions are 2.5 and 3.8 for conducting end non-conducting partitions,, 
respectively. Note from Figs. 8 and 9 that there is virtually no dif· 
ference in the Rayleigh number dependence of the Nusselt number 
as Ap is varied, that is, ell curves have roughly the same slope re· 
gerdless of the aperture ratio. This behavior was also found et a lower 
RaL, with air [20]. Also note that the heat transfer dependence on Ap 
increases substantially (the exponent of Ap in equations (2) and (3) 
changes 11pproximately from ~ to ~) when the enclosure is partially 
divided by a non-conducting rather than by a conducting partition. 
This increased dependence on Ap supports the earlier observation 
that the flow recirculation in the upper left-hand quadrant of the 
partially divided enclosure is severely limited by non-conducting 
partition materials. Thus, adiabatic partitions represent an increased 
resistance to the heat transfer across the enclosure with a greater re· 
sulting sensitivity to the aperture ratio. 

It is noted that the above cited results for the dependence of the 
beat transfer on Ap do not agree with the results of the low Rayleigh 
number experiment.ii with air (20). Duxbury's data for enclosures of 
aspect ratio, A = ft, with conducting partitions, ere found to be rea· 
sonably well correlated by a relation of the form given by equation 
(2) with an aperture ratio dependence of Apo..1 rather then Ap0·256 

as was found in this study. However, this discrepancy is not too sur· 
prising since the two experiments were carried out at different values 
of Pr (0.7 in [20) versus 3.5 for this study) and at widely different 
values of ReL (106 versus 1010). In addition, it is believed that the 
substantial heat losses (15-40 percent) from the experimental cells 
of Duxbury may have adversely effected the accuracy of his re· 
sults. 

Conclusions 
Experiments with water in a partially divided rectangular enclosure 

have revealed the existence of three relatively distinc.t regions at 
Rayleigh numbers approaching 1011: i.e. the existence of an inactive 
core region, a region of very weak recirculation and a peripheral 
boundary-layer flow. The partial divisions were also shown to sig· 
nificantly decrease the overall heat transfer, especially when the 
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partitions were non-conducting. Also, laminar-transitional flow on 1· 

the enclosure vertical surfaces was found to be suppressed markedly 
by the presence of the divisions. These results could be significant with 
respect to design considerations in solar heating applications. 

It is recommended that further study be directed toward the de
termination of the separate effects of Prandtl number and aspect ratio 
on the heat transfer. It is not clear, for example, how much of the 
discrepancy found between Duxbury's results and the present results 
is due to differences in ReL (106 versus 1010) or due to differences in 
Pr (0. 7 ver.1us 3.5). Extending the range of ReL tO larger values should 
also serve to expose the role of partial divisions in retarding the 
transition to turbulent flow, a subject which has only been alluded 
to in the present work. Finally, a more detailed accounting of the local 
fluid velocities within the enclosure would be instrumental in gaining 
an. understanding of the rather complex flow observed in these ex
periments. 
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