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Abstract-This paper describes an experimental study aimed at determining the effect of internal partitions 
on the natural convection heat transfer across an enclosure. Experiments are conducted using a rep- 
resentative cubic geometry differentially heated from the side with an internal partial vertical partition. 
Two test cells with different working fluids are used, an air (Pr N 0.7) and a water (Pr u 6.0) cell. Nusselt- 
Rayleigh-aperture width correlation curves are developed for both the air and the water data using a 
resistance model. For a constant Rayleigh number, as the aperture width is decreased, the flow field 

undergoes a transition from a boundary layer regime to a blocked flow bulk density driven regime. 

INTRODUCTION 

A BASIC configuration for the study of natural con- 
vection in complex enclosures is the partially divided 
enclosure. In this configuration an enclosure differ- 
entially heated from the side is divided into two zones 
which communicate laterally across an aperture. This 
type of flow situation arises in a large 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 @a* > 10”‘) thermal trans- 
port 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. When 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 a large temperature difference across 
the aperture. 

Natural convection through apertures has tradi- 
tionally been studied by either correlating the trans- 
port through the aperture with the fluid conditions on 
either side of the aperture, or correlating the transport 
through the aperture with the far wall boundary con- 
ditions. Brown and Solvason [l] developed an aper- 
ture flow model for enclosures with horizontal or 
vertical partitions, and correlated the aperture trans- 
port with the fluid conditions on either side of the 

7 Currently at Rocky Mountain Institute, Old Snowmass, 
CO 81654, U.S.A. 

aperture. The majority of the partially divided enclo- 
sure experiments have been conducted using water 
(3 < Pr < 7) as the working fluid, and the aperture 
heat transport has been correlated with the far wall 
boundary conditions. High Rayleigh number natural 
convection heat transfer measurements have been 
reported by Nansteel and Greif [2] for a water-filled 
enclosure of aspect ratio (H/L) = 0.5 with both two- 
and three-dimensional vertical partitions and wall-to- 
wall Rayleigh numbers @a) between lo9 and 10’ ‘. 
The three-dimensional aperture width relative to the 
enclosure width was held constant at 0.093, and the 
ratio of the aperture height to the enclosure height 
varied from l/4 to 1. 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 [3] for wall-to-wall 
Rayleigh numbers between lo9 and IO”. In both of 
these studies the flow field was found to be laminar 
along the heated and cooled walls. 

Natural convection experiments in air at high 
Rayleigh numbers are primarily limited to unpar- 
titioned enclosures. Experimental data for air-filled 
partially divided enclosures is lacking. A flow visu- 
alization experiment by Olson et al. [4] in a full- 
scale enclosure at Ra = 2 x 10” indicated that the 
boundary layer flow on the heated and cooled walls 
was turbulent. Turbulent temperature profiles in 
an enclosure at high Rayleigh number have been 
measured by Cheesewright and Zial [S]. Recently, 
attempts have been made to couple the aperture 
region to the wall region boundary conditions. Scott 
et al. [6] suggested that the temperature difference 
across the aperture was controlled by the possible 
blockage of the wall boundary layers by the aperture 
opening. They consequently found that, for water as 
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NOMENCLATURE 

Ap dimensionless aperture opening, hw / H W Tll temperature of hot zone at y = H/4 

9 gravitational acceleration dT zone-to-zone temperature difference, 
h height of aperture, H/2 Th-T, 
H height of enclosure DT wall-to-wall temperature difference, 
k thermal conductivity T,-Tc 
L length of enclosure, L = H M’ width of aperture 
Nu Nusselt number, q”H/ k( TH - T,) W width of enclosure. 
Pr Prandtl number, v/a 

I, 

L 

convective heat transfer/area Greek symbols 
convective heat transfer 

Ra Rayleigh number, g/?H3(T,- T,-)/va ; 

thermal diffusivity 
coefficient of thermal expansion 

Ra* flux Rayleigh number, gbH4q”/kvu & emissivity 

T, temperature of isothermal cold wall Q dimensionless vertical stratification, 
T, temperature of cold zone at y = H/4 (T(Y)--c)I(T(HI2)-Tc) 
TH temperature of hot wall at y = H/2 V kinematic viscosity. 

the heat transfer fluid, the temperature difference 
across the aperture rose sharply when the non-dimen- 
sional aperture area was reduced to below 2% of the 
heated wall area. 

The objective of this research was to experimentally 
determine the flow and heat transfer characteristics of 
air- and water-filled partially divided enclosures at 
high flux Rayleigh numbers. Specific goals were to : 
determine under what conditions an enclosure will 
develop large zone-to-zone temperature differences 
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. 

of condiiions in a building interior : a constant heat 
flux hot wall. and a constant temnerature cold wall. 

The representative geometry studied is shown in 
Fig. 1. It consists of a cube with a vertical partition 
in the center. The partition aperture has a doorway 
geometry, with a height h fixed at one-half the enclo- 
sure height H, and variable width w. The thermal 
boundary conditions were chosen to be representative 

in Fig. 2. The width ratio in the air cell ranged from 

which were connected to a voltage regulator. 

1 .O to 0.009, and in the water cell from 1 .O to 0.0062. 
The width ratios ranged over two orders of magni- 

The 

tude, which made possible measurement in both the 

current and voltage supplied to the heaters 

wall boundary layer, and the bulk density flow 
regimes. The aperture height was held constant at 

was 

h/H = 0.5. The flux Rayleigh number in the air cell 
ranged from 5 x 10’ ’ to 5 x lo’*, and in the water cell 
from 4 x 10” to 1 x 1013. The air cell Prandtl number 
was 0.7, and the water cell Prandtl number was 
approximately 6. Further information regarding 
experimental apparatus and procedure is given in refs. 
[7,8]. A constant flux wall was constructed of eight 
electrical resistance heaters consisting of a graphite 
based heating element with an aluminum foil surface. 
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. The electrical resist- 
ance heaters were powered by a system of variacs 

The other surfaces were considered to be adiabatic. 
Similarity between two natural convection exper- 
iments requires 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 the Prandtl numbers of air and 
water. 

CONSTANT FLUX CONSTANT TEMP 
HOT WALL COlDWALL 

I ba” I 

4 

/ 

4 
/ w/ 
/ 

DESCRIPTION OF EXPERIMENT 

Two geometrically similar apparatus were used in 
the experimental program. A full-scale air test cell was 
built at Colorado State University, and an existing 
small-scale water cell at the Solar Energy Research 
Institute (SERI) was modified for the test program. 
The air test cell with sides 2.44 m (8 ft) long is shown 

’ z 

tL 
x 

FIG. 1. Representative geometry. 
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FIG. 2. Schematic of the full scale air-filled enclosure. 

measured with a calibrated volt-ammeter. The power 
supplied to the hot wall varied from 60 to 400 W. 

The constant temperature cold wall was con- 
structed of copper solar collector absorber plates 
mounted on an insulated stud wall. The water flow 
rate was maintained at a rate such that the difference 
between the inlet and outlet temperatures was no 
greater than 0S”C. The remaining four insulated sur- 
faces were formed from insulated Celotex foam panels 
with an aluminum facing. They were insulated with 
0.4-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 test cell was instrumented with 85 copper-con- 
stantan (Type T) thermocouples. 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 par- 
tition. The temperature difference between zones and 
the stratification in each zone was determined by 
shielded thermocouples suspended within each zone 
of the test cell and just outside the hot side of the 
partition aperture. An isothermal block was pro- 
vided as a temperature reference for the test cell 
thermocouples. The thermocouples were calibrated to 
& 0.2”C. Thermocouple voltage measurements were 
made with a HP3497A data acquisition unit con- 
trolled by a computer. 

The external conduction heat loss from the test cell 
was measured over a range of input power by heating 
the cell with the cold wall water supply turned off. 
Measurements of the resulting conduction tem- 
perature 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 thermal conductivity of 
the dividing partition was determined using a closed 
partition (w/W = 0). For a flux Rayleigh number of 
2 x lOI and w/ W = 0.2, h/H = 0.5, the external heat 
loss was 15% of the supplied heater power, and the 
partition conduction 7%. For a smaller aperture of 
w/ W = 0.02, the external heat loss was 22%, and the 
partition conduction 16%. The variation in the local 
heat flux on the hot wall was estimated to be about 
7%, primarily due to different vertical temperature 
stratification profiles between the heated air gap and 
the hot wall. Average local temperature variations 
in the cold wall were about 5% of the wall-to-wall 
temperature difference. 

Since one of the experimental objectives was to 
compare the convective transport in air and water, 
the radiative transport in the air cell was suppressed 
as much as possible with the use of highly reflective 
interior wall surfaces. The interzonal radiation ex- 
change was determined for each test point using a 
three-dimensional Monte Carlo method, MONT3D, 
developed by Bums and Maltby [9] 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 surface of the cold 
wall was 0.1 1 + 0.02, as measured by a Gier-Dunkle 
D9-100 infra-red interferometer. The measured 
interior surface temperatures and absorptivities were 
used in conjunction with exchange factors for a given 
three-dimensional geometry to calculate the inter- 
zonal radiation exchange. An energy balance was 
applied to each insulated interior surface to determine 
the convective heat transfer to the air. For a flux 
Rayleigh number of 2 x 10i2, the net radiation heat 
transfer from the hot wall to the cold wall was 10% 
of the input power at w/W = 0.2, and 2% at 
w/W = 0.02. At these apertures, the uncertainty in 
the determination of interzonal radiation exchange 
contributes to a 5 and 1% Rayleigh number uncer- 
tainty, respectively. The net convection to the air from 
the floor was 3% at w/W = 0.2, and 5% at 
w/W = 0.02, at the representative flux Rayleigh 
number. The net radiation heat transfer to the par- 
tition was 2% at w/W = 0.02. 

An existing small-scale test cell at SERI was used 
for the water experiments. The water test cell was also 
of a cubic geometry with sides of length 0.57 m (2 ft). 
This apparatus was 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 was the same apparatus 
used by Scott et al. [6] most of the details relating to 
construction have been already published and do not 
warrant repetition here. However, for the exper- 
imental work presented in this study, there were modi- 
fications to this apparatus, as well as a complete 
recalibration and revised operating procedure. The 
partition thermal conductivity was reduced by use of 
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2.54 cm (1 in.) thick polystyrene partitions coated 
with epoxy based paint and undercoated with latex 
paint. The partition thickness relative to the enclosure 
height was 0.044, compared to 0.028 for the air cell. 
The smaller apertures (w/W = 0.0062, 0.0102, 0.02) 
were formed from Plexiglas slots. The metal floor of 
the test cell was insulated from the inside with neo- 
prene rubber sheet to reduce floor conduction from 
the hot wall to the cold wall. The core temperature 
difference was measured using differential ther- 
mocouple wiring. The power supplied to the hot wall 
varied from 40 to 750 W. Since this apparatus was 
not equipped with a voltage regulator, there were 
variations in total flux due to hourly voltage fluc- 
tuations. When recording steady-state points, tran- 
sient fluctuations in flux were typically 4% of the total 
flux. Average local hot wall flux variations due to 
vertical conduction were 7% of the total flux. Average 
local temperature variations in the cold wall were 
typically 5% of wall-to-wall temperature difference. 
Hourly variations in cooling water temperature were 
typically 3% of the wall-to-wall temperature differ- 
ence. Recalibration of thermocouples and the flux- 
meter yielded temperature measurement uncertainty 
of +O.l4”C, and power measurement uncertainty of 
+ 2%. The differential thermocouples were calibrated 
to measure a temperature difference with an uncer- 
tainty of f0.03’C. The external heat loss was about 
1% of the input power, and for an aperture ratio of 
WI W = 0.02, the partition conduction was about 5%. 

For both enclosures, the amount of energy con- 
vected through the aperture was calculated from an 
energy balance on the hot zone. The energy flux con- 
vected, q”, was found from the difference between 
the power input to the variacs and the heat loss by 
conduction through the hot zone boundaries, heat 
conducted through the partition, and the interzonal 
radiation exchange which was negligible for water. 
The fluid properties used in the calculations of dimen- 
sionless parameters were evaluated at the average of 
the area weighted temperature of the cold wall and the 
midpoint temperature of the hot wall. The reference 
temperature of the constant flux wall was its midpoint 
temperature ( TH). 

The Nusselt number is defined as 

Mu = q”H/[k (T,, - T,)] (1) 

and the flux Rayleigh number is defined as 

Ra* = g/UT’q”/(kvu). (2) 

The temperature difference across the aperture was 
determined from measurements in the center of each 
zone at the aperture half height, and non- 
dimensionalized by the wall-to-wall temperature 
difference 

dT/DT= (Th-Tc)/(TH--Tc). (3) 

The uncertainties in the air cell Nu, Ra* and dT/DT 
due to the cumulative effects of power, temperature 
and radiative property measurement uncertainties 

SIDE VEW 

Section which includes Aperture 

FIG. 3. Flow visualization in water cell, M./ L+’ = O.Ol--main 
flow loop. 

have been estimated to vary from 5 to 11% .4 to 11 “/o , 
and 2 to 170%, respectively, increasing as the aperture 
ratio increases. The uncertainties in the water cell Nu, 
Ra* and dT/DT have been estimated to vary from 4 
to 5%. 3 to 4%, and 2 to 70%. The error analysis 
was calculated at a confidence interval of 95% using 
standard random error analysis [lo]. 

RESULTS AND DISCUSSION 

Flow visualization in the water test cell using dye 
injection was performed at w/ W = 0.01 and 0.2. The 
flux Rayleigh number was 2 x 1012. The primary flow 
loop for w/ W = 0.01 is depicted in Fig. 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 dye 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 0.2 width are 
depicted in Fig. 4. Flow along the hot wall was char- 
acterized 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 with a small component of 
entrained cooler fluid moving horizontally toward the 
cold wall. The plume rose to the top of the enclosure 
where it turned horizontally and thickened as it moved 
toward the cold wall. The cold wall boundary layer 
started out in a wavy laminar regime near the top of 
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(b) 
FIG. 4. Flow visualization in water cell, W/ W = 0.20. (a) Side 
view, section which includes the aperture. (b) Top view, 

section just below midheight of the enclosure. 

the enclosure (y = H) and grew more turbulent as it 
moved downward. At y N H/2 the cold wall bound- 
ary layer turbulence began to subside into wavy 
laminar flow. 

Temperature measurements along the length of the 
hot wall in the water-filled enclosure were made with 
a thermocouple probe, at distances of 1.5 and 3 mm 
from the wall. The probe consisted of a 0.1 mm wire 
with a 0.5 mm junction protruding from a glass tube. 
The probe indicated no temperature fluctuations, con- 
sistent with the laminar wall flow observed with dye 
injection. 

Flow visualization in the air cell was performed at 
w/W = 0.2, and Ra N 2 x 10” using isothermal 
smoke injection along the hot wall. The smoke par- 
ticles were visible for only about 0.5 m. The boundary 
layer was observed to separate from the hot wall at 
y N H/2, the aperture height. The boundary layer on 
the lower half of the hot wall appeared turbulent. In 
Fig. 5, plots of air velocity vs time are presented for 

FIG. 6. Comparison of vertical temperature stratification in 
the hot zone of the enclosures at Ra* = 2 x 10”. 

selected distances (1.3,2.5 and 5.1 cm) from the heated 
wall. The measurements were taken at Y = H/4 (the 
aperture half height) and for w/W = 0.04 and 
Ra* = 3.6 x lOI* using a Datametrics hot-wire ane- 
mometer. The velocity fluctuations at 1.3 and 2.5 cm 
are characteristic of turbulent flow in the boundary 
layer. For the range of flux Rayleigh numbers 
(0.5 x 10”-5x lO”)oftheairexperiment, thevelocity 
measurements indicated that the boundary layer flow 
was turbulent along the heated wall. 

A comparison of relative vertical temperature 
stratification for Ra* N 2x 10” in the air-filled and 
water-filled enclosures is presented in Figs. 6 and 7 
for the hot and cold zones, respectively. These data 
were taken along a vertical line in the center of each 
zone. In these figures y/H is a dimensionless height 
where y is the height of the data point and H the 
height of the test cell. The relative stratification, ~9, is 
defined by 

6 = (T~)-T,)I(T(HIZ)-T,). (4) 

In general, the air is more linearly stratified than 
the water. In Fig. 6, stratification in the lower quarter 
of the hot zone tends to increase slightly with decreas- 
ing aperture width, whereas stratification at midheight 

I I I I 

0. 00 10.0 30.0 42.0 54.0 

TllmP c., 
FIG. 5. Velocity fluctuations in the hot wall boundary layer in the air cell. 
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0 
FIG. 7. Comparison of vertical temperature stratification in 

the cold zone of the enclosures at Ra* = 2 x IO’*. 

and above decreases with decreasing aperture width. 
In Fig. 7 the water stratification in the upper half of 
the cold zone increases with decreasing aperture size. 
The relative air stratification is virtually unchanged. 

The air and water Nusselt numbers are plotted vs 
Rayleigh number and aperture width in Figs. 8 and 

9, respectively. The air Nusselt number is not a strong 
function of aperture width until the aperture width is 
less than 0.1. The corresponding aperture width for 

the water Nusselt number is about 0.05, which is about 

half as large as for the air data. The constant tem- 
perature hot wall Nusselt-Rayleigh number equation 
of Nansteel and Greif [2] was transformed into a Nus- 

t 

+ 

FIG. 9. Nusselt vs flux Rayleigh water data 

FIG. IO. Temperature difference across aperture in air and 
water vs aperture width at Ra* = 2 x IO”. 

selt-flux Rayleigh number equation and is also plotted 

on Fig. 9. The constant flux hot wall curves are lower 
than the constant temperature hot wall correlation. 

The dimensionless temperature difference across 
the aperture, dT/DT. is plotted vs the dimensionless 
aperture width, HI/ W, in Fig. 10 for both the air and 
water data at Ra* of about 2.0 x 10”. This dimen- 
sionless temperature difference indicates what fraction 
of the total temperature drop across the enclosure 
occurs across the aperture. For large apertures, the 
temperature drop across the enclosure takes place in 
the boundary layers on the heated and cooled walls. 
and the temperature drop across the aperture is small. 
As the aperture size is decreased, the temperature drop 

across the aperture increases because of the increased 
aperture resistance. For a given aperture width, the 
air data has a greater aperture temperature difference 
than the water. 

The air and water Nusselt numbers are plotted vs 
the dimensionless aperture width in Fig. 11 for both 
the air and water data at Ra* of about 2.0x 10”. 
For large apertures the Nusselt number is relatively 
insensitive to the aperture width, since the thermal 
resistance is concentrated in the wall boundary layers. 
As the aperture width is decreases below w/ W - 0.05 
(water) and 0.1 (air), the Nusselt number decreases 
relatively sharply since the aperture resistance is 
increasing. These are about the same dimensionless 
widths at which the temperature difference across the 
partition begins to increase. At w/W > 0.02 the air 
Nusselt number is about 15530% larger than the water 
Nusselt number. This is a consequence of the tur- 
bulent air boundary layers which cause greater heat 

40 le.. .- ._--2 
0.005001 01 1 

wlvv 

FK. I 1. Nusselt number for air and water vs aperture width 
atRa*=ZxlO”. 
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transfer from the hot wall than the laminar water 
boundary layers. The difference in flow regime between 
air and water at the same flux Rayleigh number is 
probably due to the difference in Prandtl number. 
The effect of Prandtl number on transition is a topic 
worthy of future study. 

The structure of the correlation equations for the 
Nusselt number and the aperture temperature differ- 
ence can be developed from scaling analysis. The 
major thermal resistances are the boundary layer 
resistances and the aperture resistance. The cold wall 
boundary layer resistance scales as 

Rc - l/(kWRa*“) (5) 

where the exponent n - l/4 for turbulent flow and 
l/5 for laminar flow. The hot wall boundary layer 
resistance scales as 

RH - l/[kWRa*“(h/H)4n] (6) 

since the characteristic length of flow along the hot 
wall is of the order of h. The aperture resistance scales 
as 

RA - 1 /[PC,@P) +,,,$3/2 dTW] (7) 

-1 kWx 
213 

/[ 0 h 

W 
&.li3 Ra* 113 _ 

( )I H . (8) 

The overall Nusselt number will then scale as 

NU - l/[kW(R,+R,+R,)] 

so 

(9) 

Nu = [A Ra*-“+B(gF2’3 (PrRa*)-iii]‘. 

(10) 

The aperture height dependence has been absorbed 
into the leading coefficients since the aperture height 
was held constant in the experiments. 

The water Nusselt number correlation equation is 

Nu = [4.41Ra*-“5+5.52(w/ W)-*13 

x (PrRa*)-“3]-’ (11) 

with a standard deviation of 4.3%. The air Nusselt 
number correlation is 

Nu = [12.0Ra*-“4+5.08(w/ W)-2’3 

x (PrRa*)-‘/3]-’ (12) 

with a standard deviation of 3.9%. Please note that 
the exponents of the air and water correlations were 
tied, taking into consideration either laminar or tur- 
bulent flow, and the resulting leading coefficients are 
very similar. The correlation and measured air and 
water Nusselt numbers are compared in Figs. 12 and 
13, respectively. 

The dimensionless aperture temperature difference 
scales as 

dT/DT- Nu(w/W)-*‘~(~/H)-‘(P~R~*)-“~. 

The water dT/DTcorrelation equation is 

dT/DT= 9.6Nu0.‘0(w/W)-‘.‘6(PrRa*)-“3 (13) 

with a standard deviation of 8%. 
The air dT/DTcorrelation equation is 

dT/DT = 5.6Nu”.“(w/ W)-“.75(Pr Ra*)-‘/3 (14) 

with a standard deviation of 7%. The exponent of the 
Nusselt number and width was allowed to vary in 
equations (13) and (14). The water dT/DT cor- 
relation’s weak dependence on Nu is a result of the 
strong boundary layer flow. In water, the far wall 
effects have more influence on the zone temperature 
difference than the simple aperture resistance scaling 
suggests. The temperature correlation equations are 
compared to the data in Fig. 10. 

SUMMARY AND CONCLUSIONS 

Studies of the effect of variable aperture width at 
constant Ra,$ show that as aperture size decreases the 
flow regime changes from a boundary layer to a bulk 
density dominated transport mechanism. These data 
show little change in Nusselt number with varying 
aperture width for w/ W > 0.1 in air and w/ W > 0.05 

FIG. 12. Comparison of correlated and measured air Nusselt numbers. 
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28.0 44.0 80.0 92. 0 

N” orrrmlatim 

FIG. 13. Comparison of correlated and measured water Nusselt numbers. 

in water. Below these values of w/W, the Nusselt 
number becomes a strong function of aperture width, 
and the temperature difference across the aperture 
approaches the overall enclosure temperature differ- 
ence. 

Differences in the behavior of air and water at simi- 
lar flux Rayleigh numbers and aperture width ratios 
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 the air boundary 
layer detrains from the hot wall further enlargement 
is expected due to turbulent mixing. The resulting 
horizontal boundary layer flow is then more easily 
blocked by the partition and also mixes better with 
the core which creates a situation that is more rep- 
resentative of a bulk density dominated transport 
regime. This turbulent hot wall boundary layer in the 
air-filled enclosure results in larger Nusselt numbers 
and the onset of boundary layer flow blockage at 
larger apertures when compared to the water-filled 
enclosure. 
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CONVECTION NATURELLE A NOMBRE DE RAYLEIGH ELEVE DANS UNE CAVITE 
PARTIELLEMENT DIVISEE ET REMPLIE D’AIR OU D’EAU 

R&me-On d&it une etude experimentale destinee a determiner l’effet de cloisons internes sur la 
convection thermique naturelle dans une cavite. On utilise une geometric cubique representative, chauffee 
lattralement et avec une cloison partielle verticale. Deux cellules d’essai avec des fluides de travail differents 
qui sont l’air (Pr z 0,7) et l’eau (Pr Y 6,0). On dtveloppera une formule Nusselt-Rayleigh pour I’air et 
l’eau en utilisant un modele de resistance. Pour un nombre de Rayleigh constant, quand la largeur de 
l’ouverture diminue, l’ecoulement traverse une transition depuis un regime de couche limite jusqu’a un 

regime d’ecoulement bloque conduit par la densitt. 
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NATORLICHE KONVEKTION BEI HOHEN RAYLEIGH-ZAHLEN IN TELLWEISE 
UNTERTEILTEN LUFT- LJND WASSERGEFULLTEN HOHLRilUMEN 

Zusammenfassong-Das Ziel der bier beschriebenen experimentellen Arbeit war die Untersuchung des 
Einflusses von inneren Unterteilungen auf den WBrmeiibezgang bei natiirlicher Konvektion in einem 
Hohlraum. Die Versuche wurden an einem Wiirfel durchgefiihrt, dessen eine Seite unterschiedlich beheizt 
wurde und in dem teilweise eine vertikale Trennwand eingebaut war. Die Versuche wurden je an einer mit 
Luft (Pr N 0,7) und mit Wasser (Pr N 6,0) gefiillten Zelle durchgefiihrt. Mit Hilfe eines Widerstandsmodells 
wurden Beziehungen fiir die Nusselt-Zahl als Funktion von Rayleigh-Zahl und GrijBe der t)ffnung ermittelt. 
Bei konstanter Rayleigh-Zahl lndert sich das Striimungsfeld mit kleiner werdender dffnung von einem 
Grenzschichtbereich in einen Bereich mit abgeschnittener AuftriebsstrGmung aufgrund von Dichte- 

unterschieden. 

ECTECTBEHHAII KOHBEKIJkDl l-IPH BbICOKHX YkICJIAX P3JIEII B PA3AEJIEHHbIX 
HA ‘4ACTki ki 3AIIOJIHEHHbIX B03flYXOM ki BOflOtl IIOJIOCTIIX 

~~rnic~nae 3rccnepm4etimnbHoe HFcnenosamie ansiamm ~nycpe~nmx neperoponov Ha 

~cECTB~HHOICOH~~ETEBH~I~ TennonepeHoc ¶epeS nOJIocTb. B 31cnepEbfeIiTax Ecnonb3yeTcJI nOmcTb 
XaparcTepRoi 1cy6~nec~ofi @oop~b~, Aarpeeaer%uI c6ory H ~acTnwo pasnenemxan sq-rpemiefi aepma- 
nbHo# neperopomrok Hcnonb3yroTcn ,uBe 3rcnep~eHTanbaare me&z, 3anomieHHble p83JIBswIMH 
pa6oqm cpenabm: eo3nyxo~ (Pr = 47) H eonoii (E'r % 6,0). npsi ~OMOIIJE IIOHRTHR o ~ephiii~ec~o~ 
c4mpoTEaneHHE AJln eo3nyxa H nom nocrpoeabl rpxnue 3anECHMocTH YBceJl HyccenbTa OT 9HceJl 

P3ner,ocnosaHHbDt HanmieikoM pa3hfepe 0TBepcr~a.C yrdeHbureHHeM unipawr o~nepc~nn np~ noc- 

TOIMHOM 3Ha'IeABB wcna P3nen npo~cxorurr 83hfeHeRHe ma norpammeoro c~10a. 


