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ABSTRACT 

In this research experiments were conducted using a 
representative cubic geometry differentially heated 
from the side with an internal partial vertical 
partition. Both air (Pr: 0.7) and water (Pr - 6.0) 
were used separately as the working fluid. Two test 
cells, an air cell at Colorado State University and a 
water cell at SERI were used. The aperture geometry 
was doorway-like, with the height of the aperture at 
half of the enclosure height. The aperture width was 
varied so that the aperture area ratio ranged from 
0.003 to 0.5. The flux Rayleigh number varied from 
about 4 x 10 11 to 1 x 10 13 • Nusselt-Rayleigh aperture 
area ratio correlation curves were developed for both 
the air and the water data. For a constant Rayleigh 
number, as the aperture area was decreased, the flow 
field underwent a transition from a boundary layer 
regime at relative aperture areas above 0.02, to 8 

blocked flow bulk density driven regime, resulting in a 
significant decrease in the Nusselt nUJ11ber, and 
increase in the horizontal stratification across the 
aperture. 
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Dimensionless aperture opening, hw/HW 
Gravitational acceleration 
Height of aperture (h - H/2) 
Height of enclosure 
Thermal conductivity 
Nusselt nUJ11ber, q"H/kt.T 
Prandtl number v/a 
Convective heat transfer 
Convective heat transfer/area 
Rayleigh number, g{JH 3 6T/va 
Flux Rayleigh number, ~H4 q"/kva 
Temperature of isothermal cold wall 
Temperature of cold zone at y - H/4 
Temperature of hot wall at y - H/2 
Temperature of hot zone at y - H/4 
Temperature of hot or cold zone at y - H/2 
Width of aperture 

a 

/J * 6T 

v 

Width of enclosure 
Thermal diffusivity 
Coefficient of thermal expansion 
Dimensionless horizontal stratification across 
aperture, (TH - T')/(T - T ) 
Kinematic viscosi~y H c 
Emissivity 
Dimensionless vertical stratification, (T . 
Tc)/(TH/2 - Tc) y 

INTRO DU CTI OK 

A basic configuration for the study of natural 
convection in complex enclosures is the partially 
divided enclosure. In this configuration an enclosure 
differentially heated from the side is divided into two 
zones which communicate laterally acros~ an aperture . 
This type of flow situation arises in a l<irg<? number of 
engineering applications including heating and cooling 
of buildings, fire and smoke spread, indoor air 
quality, and electronic equipment cooling. 

At high flux Rayleigh numbers (Ra*> 10 10 ) thermal 
transport across an undivided enclosure is in the form 
of boundary layers which move laterally along the 
periphery of the enclosure. The temperature field in 
the core of the enclosure is uniform in the horizontal 
direction. IJhen the enclosure is partially divided by 
a partition the flow is redirected through the interior 
core. The resulting transport across the aperture can 
be driven not only by active wall boundary layers, but 
also by the bulk density difference resulting from the 
development of the horizontal stratification across the 
aperture. 

A review of natural convection in buildings, 
including partially divided enclosures is given in 
Anderson and Kreith (1987). Natural convection through 
apertures has traditionally been studied by either 1) 
correlating the transport through the aperture with the 
fluid conditions on either side of the aperture, or 2) 
correlating the transport through the aperture with the 
far wall boundary conditions. Brown and Solvason 
(1962) developed an aperture flow model for enclosures 
with horizontal or vertical partitions, and correlated 



the aperture transport with the fluid conditions on 
either side of the aperture . High Rayleigh number 
natural convection heat transfer measurements have been 
reported by Nansteel and Greif (1984) for a water 
filled enclosure of aspect ratio 0.5 with both two- and 
three-dimensional vertical partitions and wall to wall 
Rayleigh numbers between 10° and 10 11

• The three
dimensional aperture width relative to the enclosure 
width was held constant at 0.093, and the aperture 
height varied from 1/4 to 1 of the enclosure height, so 
for a half height aperture, the aperture ratio was 
0.047. Nusselt-Rayleigh number data for a water-filled 
partially divided enclosure of aspect ratio 0.3 with a 
single two-dimensional partition have been correlated 
by Lin and BeJan (198)) for Rayleigh numbers between 
109 and 1010. Both of these studies demonstrated that 
the heat transfer above the top of the aperture in the 
hot zone is significantly reduced in the presence of an 
aperture due to flow separation along the active wall. 
The flow field was found to be laminar along the heated 
and cooled walls. 

Natural convection experiments in air at high 
Rayleigh number are primarily limited to unpartitioned 
enclosures. A flow visualization experiment by Olson, 
Glicksman and Ferm (1986) in a full-scale enclosure at 
Ra - 2 x 10 10 indicated that the boundary layer flow on 
the heated and cooled walls was turbulent. Turbulent 
temperature profiles at high Rayleigh nWllber have been 
measured by Cheesewright and Zial (1986) . Recently, 
attempts have been made to couple the aperture region 
to the wall region boundary conditions. Scott, 
Anderson, and Figliola (1986) suggested that the 
temperature difference across the aperture was 
controlled by the possible blockage of the wall 
boundary layers by the opening aperture. They 
consequently found that, for water as the heat transfer 
fluid, the temperature difference across the aperture 
rose sharply when the nondimensional aperture area was 
reduced to below 2 percent of the heated wall area. 

The majority of the partially divided enclosure 
experiments have been conducted using water (3 < Pr 
< 7) as the working fluid. Experimental data for air
filled partially divided enclosures is lacking. 
Specifically, the effect of the aperture on the 
boundary layer flow at the active wall surfaces is 
unknown. 

The objective of this paper is to experimentally 
determine the flow and heat transfer characteristics of 
air- and water-filled partially divided enclosures at 
high flux Rayleigh numbers. Specific goals are to: 
determiue under what conditions an enclosure will 
become horizontally stratified, and the resulting 
effect on the cross cavity Nusselt number, and to 
compare the behavior of small-scale water models with 
full-scale air enclosures. 

The representative geometry studied ls shown in 
Figure 1. It is a cube with a vertical partition in 
the center. The partition aperture is of a doorvay 
geometry, with height h fixed at one-half the enclosure 
height H, and variable width w. The nondimensional 
aperture ratio, Ap, is defined as the ratio of the 
doorvay area to the heated wall area. The thermal 
boundary conditions were chosen to be representative of 
conditions in a building interior: a constant heat 
flux hot wall, and a constant temperature cold wall. 
The other surfaces are considered to be adiabatic. 
Similarity between* two natural convection experiments 
require matching Ra , Pr, geometry, and the thermal 
boundary conditions of the interior surfaces. Rayleigh 
number similarity between air and water experiments can 
be achieved by appropriate choice of length scale and 
temperature difference . It is not possible to match 
Prandtl numbers of air and water. 
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Figure 1. Representative geometry . 

DESCRll'TIOlf OF EXPERI.KENT 

Two geometrically similar apparatus were used in 
the experimental program. A full-scale air test cell 
was puilt at Colorado State University, and an existing 
small-scale water cell at SERI was modified for the 
test program. An air test cell as shown in Figure 2 
with sides 2.44 m (8 ft) long was constructed for the 
air measurements. A constant flux wall was constructed 
of eight electrical resistance heaters consisting of a 
graphite based heating element with a uniform 
resistance over the entire surface. The heaters were 
mounted on pl~ood sheets which are mounted to a stud 
wall . Aluminum foil was glued to the heater surfaces 
to provide a low emissivity (• - .04) .surface for 
minimization of radiation exchange. A separately 
heated air gap on the exterior side of the hot wall was 
used to minimize direct losses from the heated wall to 
the environment. Each electrical resistance heater was 
powered by a variac which is connected to a voltage 
regulator. The current and voltage supplied to the 
heaters was measured with a calibrated voltammeter. 
The power supplied to the hot wall varied from 30 to 
300 watts. 

The constant temperature cold wall was constructed 
of copper solar collector absorber plates mounted on an 
insulated stud wall. Cold water entered a manifold at 
the bottom of the absorber plates, ro>e through 9 mm 
copper tubes 7.5 cm apart brazed to the absorber plate, 
and exited from an upper manifold. The water flow rate 
was maintained at a rate such that the difference 
between the inlet and outlet temperatures was no 
greater than 0.5 •c. The remaining four insulated 
surfaces were formed from insulated Celotex foam panels 
with an aluminum facing. They were insulated with 0 . 5 
to l m thick fiberglass insulation. The partition that 
divided the test cell into two zones consisted of two 
layers of 2.5 cm thick aluminum Celotex panels that 
were erected parallel to the active walls. There was a 
2.0 cm air gap between the Celotex panels. The ratio 
of the partition thickness to the enclosure height ls 
0.028. 



The test cell was instrU111ented with 85 copper
constantan (Type T) thermocouples. Thermocouples 
measuring air temperatures were covered with radiation 
shields . Heat conduction through the test cell 
boundaries and across the partition was measured by 
thermocouples located on and within the test room 
walls, floor, ceiling, and partition. Thermocouples 
located ncnr conducting surfaces were checked to insure 
that there were no ground loops. Temperature 
difference between zones and the stratification in each 
zone was determined by thermocouples suspended within 
each zone of the test cell and just outside the hot 
side of the partition aperture . An isothe rmal block 
was provided as a temperature reference for the test 
cell thermocouples. Thermocouple voltage measurements 
were made with an HP3497A data acquisition unit which 
configured for voltage to temperature conversion using 
software compensation . Data scanning of the HP3497A 
was controlled by a PC type computer. Software for 
data acquisition performed scans at regular intervals, 
converted raw voltage data to temperature, and stored 
temperature data on a floppy disk . 

The external conduction heat losses from the test 
cell was measured by heating the cell with the cold 
wall water supply turned off . Measurements of the 
resulting conduction temperature profile in the six 
bounding surfaces were then used to determine empirical 
thermal conductivities for the heated wall, cooled 
wall, and the insulated side walls, ceiling and floor. 
The effective thermal conductivity of the dividing 
partition was measured with a full partition in place 
(Ap - 0) to eliminate interzonal convection, and wi th 
heat applied at the hot wall, and removed at the cold 
wall. The external and internal effective thermal 
conductivity were measured over a range of input power . 
For a flux Rayleigh number of 2 x 1012 and Ap - O. l , 
the external heat loss was 15 percent of the supplied 
heater power, and the partition conduction 7 percent. 
For a smaller aperture of Ap - 0 . 01, the external heat 
loss was 22 percent, and the partition conduction 
16 percent . 

The air test cell required about 30 hours to reach 
steady state. The variation in the local heat flux on 
the hot wall was estimated to be about 7 percent, 
primarily due to different vertical temperature 
stratification profiles between the guard heater air 
gap and the hot wall. Average local temperature 
variations in .the cold wall were about 5 percent of the 
wall to wall temperature difference . Transient cold 
wall fluctuations due to diurnal water temperature 
variation were negligible . 

The interzonal radiation exchange was determined 
for each test point using a three-dimensional Monte 
Carlo method, MONT30, developed by Rurns and Maltby 
(1986) which calculated exchange factors between 
interior surfaces. The absorptivity of the Celotex 
aluminum surfaces of the heated and insulated walls was 
0.04 ± 0.02 , and the absorptivity of the black chrome 
cold wall was 0.11 ± .02, as measured by a Gier-Dunkle 
09-100 infrared interferometer. The measured interior 
surface temperatures and absorptivities were used in 
conjunction with exchange factors for a given three
dimensional geometry to calculate the interzonal 
radiation exchange. For a flux Rayleigh number of 2 x 
10 12 , the net radiation heat transfer from the hot wall 
to the cold wall was 10 percent of the input power at 
an aperture ratio of 0 . 1, and 2 percent at an aperture 
ratio of 0 . 01 . An energy balance was applied to each 
insulated interior surface to determine the convective 
heat transfer to the air from the difference between 
the net radiation and conduction heat transfer. In the 
hot zone the floor is irradiated by both the heated 
wall and the ceiling, resulting in a higher ~~~~~-
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Figure 2. Air test cell . 

temperature. The net convection to the air from 
floor was 3 percent at Ap - 0 . 1, and 5 percent at 
0 . 01 , at the representative flux Rayleigh number . 
net radiation heat transfer to the partition 
2 percent at Ap - 0 . 01. 
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An existing small-scale test cell at SERI was used 
for the water experiments. The water test cel l was 
also of a cubic geometry with sides of leng t h 0 . 57 m 
(2 ft). This apparatus is equipped with a constant 
flux hot wall, a constant temperature cold wall, and an 
insulating partition with an aperture of height H/ 2 and 
varying width. Since this is the same apparatus used 
by Scott (1986) most of the details relating to 
construction are already published and do not warrant 
repetition here. However, for experimental work 
presented in this study, there were modifications to 
this . apparatus, as well as a complete recalibration and 
revised operating procedure. 

The partition thermal conductivity was reduced by 
use of 2 . 54 cm (1 inch) chick polystyrene partitions 
coated with epoxy based paint and undercoated with 
latex paint. The partition thickness relative to the 
enclosure height was 0.044 . The smaller apertures 
(Ap - .0031, .0051, .01) were formed from Plexiglas 
slots to increase the precision of the aperture 
geometry. The metal floor of the test cell was 
insulated from inside with neoprene rubber sheet to 
reduce floor conduction from the hot wall to the cold 
wall. The core temperature difference was measured 
using differential thermocouple wiring . The constant 
flux hot wall was not modified. The power supplied to 
the hot wall varied from 40 to 750 W. Since this 
apparatus was not equipped with a voltage reg~lator, 

there were variations in total flux due to hourly 
voltage fluctuations . \lhen recording steady state 
points, transient fluctuations in flux were typically 
4 percent of the total flux . Average local hot wall 
flux variations due to vertical conduction were 
7 percent of the total flux . Average local temperature 
variations in the cold wall were typically 5 percent of 
wall to wall temp~rature difference. Hourly variations 



in cooling water temperature were typically 3 percent 
of the wall to wall temperature difference . Recali
bration of thermocouples and the fluxrneter yielded 
temperature measurement uncertainty of ± 0.14"C, and 
power measurement uncertainty of ± 2 percent. The 
differential thermocouples were calibrated to measure a 
temperature difference with an uncertainty of ± 0.03"C. 
The external heat loss was about 1 percent, and for an 
aperture rntio of Ap - 0.01, the partition conduction 
was about 5 percent of the input power. 

For both enclosures, the amount of energy 
convected through the aperture was calculated from an 
energy balance on the hot zone . The energy c onvected 
wns found from the difference between the power input 
t o the variac s a nd the heat loss by conduc t i on thcough 
the ho t zone boundaries , heat conducted t hrough the 
pa rt ition , and the interzonal rad iation exchange. 
fucther information is given i n Neymark (1988). The 
fluid properties used in the calcula t ions of dimension
less parameters were evaluated at the average of the 
area weighted average temperature of the cold wall and 
midpoint temperature of the hot wall. The reference 
temperature of the constant flux wall was its midpoint 
temperature. The effects of local relative humidity on 
air properties were found to be negligible. The 
Nusselt number is defined as 

and the flux Rayleigh number is defined as 

Ra* - gftll 4 q "/lwo 

(1) 

(2) 

* The flux Rayleigh number, Ra , is the product *of the 
Rayleigh, Re, and Nusselt numbers so that Ra - 10 12 

corresponds to Ra - 10 10 • A laminar boundary layer 
flux Rayleigh nwnber exponent of 1/5 corresponds to a 
Rayleigh nwnber exponent of 1/4. The temperature 
difference across the aperture was measured in the 
center of each zone at the aperture half height, and 
nondimensionalized by the wall to wall temperature 
difference : 

* 6T 
T' - T' H c 

TH - Tc 

* The parameter 6T is a measure of 
resistance (6T/Q) of the aperture relative 
thermal resistance across the enclosure. 

(3) 

the thermal 
to the total 

* * The uncertainties in the air cell Nu, Ra , and 6T 
due to power and temperature measurement uncertainties 
have been es timated to va ry f rom 4 t o l l percent , 5 to 
11 percent, a nd 2 t o 100 pe rcent r espectively, 
i ncre a s ing a s t he aper t ure ra t i o * i nc reas ed* The 
uncert:a i nt ies i n the wa t er c e ll Nu, Ra , a nd 6T have 
be e·n est ima t e d to vary f r o111 4 t o 5 percen t:, 3 co 
4 perce n t , a nd 2 t o 50 pe r c e nt . The e rror a nal ysis was 
calculated a t a confidence inte rval o f 95 pe rcent using 
sc.andard random e rror anal ysis , Taylor (1982). 

A hot wire anemometer and smoke flow visualization 
was used in the air cell for characterization of the 
flow field near the hot wall. Dye injection was used 
in the water cell for flow visualization. 

The aperture ratio in the air cell ranged from 
0.50 to 0 . 0045, and in the water cell from 0.50 to 
0.0031. The aperture ratio in both cells was varied by 
changing the aperture width only, as the aperture 
height was held constant at h/H 0.5 . The flux 
Rayleigh number in the air cell ranged from 5 x 10 11 to 
5 x 10 1 2, and in the water cell from 4 x 10 11 to 
1 x 10 1 ' The air cell Prandtl nwnber was 0.7, and the 
water cell Prandtl number was approximately 6 . 
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Figure 3. Flow visualization in water cell, Ap - .0051 . 

Figure 4. Flow visualization in water cell, Ap - 0 . 10 . 

RESULTS AND DISCUSSION 

Flow visualization in the water test cell was 
performed at Ap - 0 . 0051 and at Ap - 0.10. The flux 

. Rayleigh number was 2 x 10 12 • The primary flow loop 
for Ap - 0.0051 is depicted in Figure 3. The upward 
boundary-layer flow along the hot wall was laminar . 
The hot wall boundary layer separated from the wall at 
H/4 < y < H/2. Before separation some waviness was 
visible in the boundary layer . The detrained boundary 
layer thickened and moved horizontally as shown. This 
horizontal flow accelerated as it moved through the 
aperture and exited the aperture in the form of a 
turbulent jet. The jet density fluctuations were 
visible without the assistance of injected die and were 
measured by a thermocouple traverse. The jet moved 
toward the cold wall at about a 45' angle with respect 
to the vertical axis indicating a relatively even 
balance between buoyancy and inertia in the jet . Along 
the cold wall, the flow was wavy laminar with small 
vortices along the edge of the boundary layer. 

Flow visualization studies for the 0.10 aperture 
are depicted in Figure 4 . Flow along the hot wall is 
characterized by a wavy laminar boundary layer. This 
boundary layer separated at (3/8)H < y < (5/8)H and 
moved toward the aperture with a velocity profile as 
shown. After leaving the aperture and entering the 
cold zone, the flow rose as a laminar plume upward 
along the partition. The plume rose to the top of the 
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enclosure where it turned horizontally and thickened as 
it moved toward the cold wall. A small portion of 
cooler fluid entrained at the bottom of the horizontal 
boundary layer in the hot zone continued its horizontal 
path toward the cold wall after it exited the aperture. 
The cold wall boundary layer started out in a wavy 
laminar regime near the top of the enclosure (y H) 
and grew more turbulent as it headed down toward where 
the secondary horizontal flow collided with this 
boundary layer . At y > H/2 the cold wall boundary 
layer turbulence begins to subside until -wavy laminar 
flow is again attained. 

Temperature measurements along the length of the 
active wall in the water-filled enclosure were made 
with a thermocouple probe, at distances 1.5 111111 and 3 mm 
from the wall. The probe consisted of a 0 . 1 mm wire 
with a 0.5 mm Junction. The wire behind the tip was 
encased in a glass tube to reduce probe conduction. 
The probe indicated no temperature fluctuations, 
consistent with the laminar wall flow observed with dye 
injection. 

Flow visualization in the air cell was performed 
at Ap - 0.10, and Ra~ 2 x 10 12 using isothermal smoke 
injection along the hot wall. The smoke particles were 
visible only for about 0 . 5 m. The boundary layer on 
the lower half of the hot wall appeared turbulent. The 
boundary layer was observed to separate from the hot 
wall at y - H/2, the aperture height. Figure 5 shows 
th~ hot wire output located vertically at y H/4. 
Measurements were taken at 1.3 cm, 2 . 5 cm, and 5.1 cm 
outward from the wall. The velocity fluctuations at 
1.3 and 2.5 cm are characteristic of turbulent flow in 
the boundary layer. 

A comparison of air-filled and water-filled 
enclosure relative vertical*temperature stratification 
as a function of Ap for Ra - 2 x 10 12 is presented in 
Figures 6 and 7 for the hot zones and cold zones, 
re.~pectively. The horizontal location of these data 
points are the midpoint between the partition and 
appropriate active wall along the length, and the 
midpoint between the sidewalls along the width. In 
these figures y/H is a dimensionless height where y is 
the height of the data point and H is the height of the 
test cell. The relative stratification, 8, is defined 
by 

T - T 
8 - y c 

TH/2 - Tc 
(4) 

where T is the temperature at the height y, T is the 
area w~ighted average cold wall temperature,cand TH 12 is the temperature at the midheight of the appropriate 
core. 

In general, the air is less stratified than the 
water . In Figure 6, stratification in the lower 
quarter of the hot zone tends to increase slightly with 
decreastng AP, whereas scrattfication at midheight and 
above decreases wt th decreasing aperture . This is 
because the upper core acts as a heat source. Since 
the increased horizontal boundary layer acttvity at 
larger Ap causes more entrainment of the fluid above, 
there is more energy drawn from the upper region and 
the relative stratification ts larger . In Figure 7 the 
water stratification in the upper half of the cold zone 
increases vith decreasing aperture size. The relative 
air stratification is virtually unchanged . 

The nondimensto~al horizontal stratification 
across the aperture 6T is shown in Figure 8 for the 
air cell, ani in Figure 9 for the water cell as a 
function of Ra and Ap. In general the stratification 
or temperature difference across the aperture increases 
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Figure 8. Horizontal temperature stratification in air. 

with decreasing Ap an~ Ra•. As the aperture ratio 
decreases, the counterflowlng horizontally moving fluid 
layers have more interaction as they flow through the 
aperture opening. At some point, as the aperture ratio 
is decreased, the horizontal boundary layer flow 
becomes blocked, giving rise to a temperature gradient 
across the aperture. 

The water stratification data ls more sensitive 
than the air datj to changes in the flux Rayleigh 
number. As Ra decreases, the wall boundary layer 
thickness increases, which will increase the thickness 
of the fluid layers moving through the aperture causing 
increased counterflow interaction at the aperture. The 
thickness of the laminar water boundary layer is a 
stronger function of the flux Rayleigh number than the 
thickness of the turbulent air boundary layer. 

The stratification across the aperture for Ra * 
2 x 1012 as a function of aperture size for both the 
water and air data is shown in Figure* 10. As the 
aperture size ls decreased, thi air AT will begin to 
increase before the water AT, i.e., the minimum 
aperture size to prevent horizontal stratification is 
larger for air than water. 

The air Nusselt number is plotted in Figure 11 as 
a function of flux Rayleigh number*b A curve fit for 
each aperture using Nu - a Ra yields the a and b 
coefficients shown in Table 1. As the aperture ratio 
decreases from 0.50 to 0.0045, the Rayleigh number 
exponent increases from 0.296 to 0.426. The Nusselt 
number does not change significantly until Ap - 0.05, 
which is the same aperture ratio at which the 
temperature difference across the partition began to 
show a sharp increase. 

The water Nusselt number i~ plotted in Figure 12, 
and the corresponding Nu - a Ra correlation coeffi
cients for a particular aperture are shown in Table 2. 
As the aperture ratio is decreased from 0.50 to 0.0031, 
the Rayleigh number exponent increases from 0.192 to 
0.289. If a critical aperture size is arbitrarily 
defined as a 10 percent reduction in the Nusselt 
number, interpolation between data points in Figure 12 
indicates that the critical value of aperture size 
occurs at Ap: 0.025, which is about the same ap~~ture 
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horizontal 

ratio at which the temperature difference across the 
partition begins to iicrease. The air and water 
Nusselt numbers for Ra - 2 x 10 12 are plotted versus 
aperture ratio in Figure 13. The air Nusselt numb~r is 
about 15-30 percent higher than _the water Nus~elt 
number for aperture ratios larger than 0.01. This ls a 
consequence of the turbulent hot wall boundary layer in 
the air cell, which has greater heat transfer than a 
laminar flow at the same Rayleigh number. Due to *he 
difference in the flow regimes, a single Nu - Ra 
Pr - Ap equation was not developed for both the air and 
water data. 
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Table 1 . Correlation CoefficieQis for Air Data 
(h/H - 0.5) Nu - a Ra 

a b 

0.0202 0 . 296 
0.0356 0 . 276 
0.0201 0 . 295 
0.0404 0 . 270 
0. 0139 0 . 303 
0.00332 0 . 348 

. 0045 0.000294 0 . 426 

The simultaneous onset of aperture ratio 
dependence for the Nusselt number and the horizontal 
stratification across the aperture indicate a change in 
the flow regime from a dominant boundary layer regime 
to a blocked flow bulk density driven regime. In the 
boundary layer regime, the resistance to heat transfer 
across the enclosure is in the boundary layers on the 
heated and cooled walls, and the thermal resistance of 
the aperture is negligible. In the blocked flow 
regime, the thermal resistance at the aperture is at 
least the same magnitude as the thermal resistance at 
the walls, so that the enclosure heat transfer is 
dependent on the aperture size. 

Differences in behavior of air and water data 
documented in this section are due to the different 
boundary layer flow regimes along the hot wall in the 
two enclosures. The turbulent air boundary layer is 
thicker than a corresponding laminar water boundary 
layer. When this boundary layer detrains from the hot 
wall further enlargement is expected due to turbulent 
mixing. The resulting horizontal boundary layer is 
then more easily blocked by the partition and also 
mixes better with the core which creates a situation 
that is more representative of a bulk density dominated 
transport regime. Since boundary layer flows in the 
water experiments are laminar, the boundary layer in 
the water-filled enclosure results in the onset of flow 
blockage at a relatively smaller aperture. 

The water data correlation is compared to previous 
aperture experiment correlations in Figure 14 on a log
log plot. All equations on this plot are for h/H -
0.5. The correlations from Scott et al. (1986) are 
shown for Ap 0.0026 and O.S. The Scott line is 
slightly higher due to the thermal conductance of the 
aluminum floor of his test cell which was insulated in 
the present series of experiments. The constant 
temperature hot wall Nusselt-Rayleigh number equation 
of Nansteel and Greif (1984) was transformed into a 
Nusselt-flux Rayleigh number equation. The constant 
flux hot wall equations are lower than the constant 
temperature hot wall equation, due to the character
istic hot wall temperature assumed for the constant 
flux experiments. This temperature was chosen to be 
the midheight temperature. However, the boundary layer 
heat transfer along the hot wall occurs on the lower 
half, as the boundary layer separates when it reaches 
the top of the aperture. Therefore, the characteristic 
temperature driving the hot wall boundary layer is 
actually the wall temperature at y - H/4, half of the 
aperture height. This temperature is less than the 
wall temperature at h H/2, so a Nusselt number 
calculated with a hot wall temperature at y - H/4 would 
be greater than one calculated with a hot wall 
temperature at y - H/2. 
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Table 2 . Correlation Coefficie~s for Water Pata 
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Figure 11. Nusselt vs. flux Rayleigh air data . 
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Figure 12. Nusselt vs. flux Rayleigh water data . 
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SUMMARY AND CONCUJSIONS 

Specific conclusions can be drawn concerning the 
effects of aperture and flux Rayleigh number on 
interzonal natural convection in water and air. 
Studies of* the effect of variable aperture width at 
constant RaH show that as aperture size decreases the 
flow regime transitions from a boundary layer to a bulk 
density dominated transport mechanism. The data shows 
little change in Nusselt number with varying aperture 
width for Ap > 0,04 in air and Ap > 0.02 in water. 
Below these critical values of Ap, the Nusselt number 
becomes a strong function of Ap, and the horizontal 
stratification across the aperture approaches the 
overall enclosure temperature difference. 

* At RaH - 2 x 10 12 , the boundary layer along the 
lower half of the hot wall is laminar in the water
filled enclosure, while in the air-filled enclosure 
this boundary layer exhibits velocity fluctuations 
which are characteristic of turbulent flow. The 
turbulent hot wall boundary layer results in larger 
Nusselt numbers and the onset of boundary layer flow 
blockage at larger apertures in air-filled enclosures 
when compared to water-filled enclosures. 
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