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Abstract The heat transfer through vertical partitions surrounded by thermally-stratified fluids is 
studied theoretically and experimentally. The theory is based on the Oseen linearization method. The 
analytical results show the effect of thermal stratification on the partition temperature, fluid flow and heat 
flux. The relationship between overall heat transfer (Nusselt number) and the degrees of thermal 
stratification on both sides of the partition is determined. The experimental part of the study confirms the 
heat transfer features predicted analytically. In particular, it is shown that the theoretical Nusselt number 
calculation is in good agreement with experimental measurements. It is shown also that the net heat transfer 
between the two ends of a rectangular enclosure is proportional to (1 + t~-“.~‘, where n is the number of 

vertical partitions inserted in the middle of the enclosure. 

NOMENCLATURE 

Subscripts 

c, ambient conditions on the cold (right-hand) 
side of the partition ; 

f? fluid ; 
H, ambient conditions on the hot (left-hand) side 

of the partition ; 
W, wall. 

Superscripts 

, based on the temperature difference between 

reservoirs, evaluated at mid-height; 
* , based on the temperature difference between 

the end plates. 

1. INTRODUCTION 

THE TASK of conserving energy in buildings requires a 
solid understanding of the fluid mechanics and heat 
transfer phenomena responsible for the leakage of heat 
through building walls. To a large extent, these 
phenomena are driven by the buoyancy effect of 
temperature differences existing between various parts 
of the building. One of the least understood, yet most 
frequent situations, involves the transfer of heat 
through vertical walls which separate adjacent rooms 
at different temperatures. This basic configuration is 
the focus of our study. 

Analytically, the problem of heat transfer through a 
vertical wall is a difficult one, in the sense that the wall 
temperature condition is one of the unknowns of the 
problem. The wall temperature is one of the results of 
the interaction between the natural boundary layers 
which form on both sides of the wall. It is due to this 
analytical difficulty that the previous analytical studies 
of the natural convection near vertical surfaces relied 
on simplifying assumptions concerning conditions of 
the wall. These simplifications have included constant 
wall temperature [l], constant heat flux through the 
wall [2], and a power-law wall temperature distri- 
bution [3]. The same approximations have been made 
for heat transfer through rectangular enclosures. The 
classical enclosure model consists of two isothermal 
vertical walls facing each other [4]. Lock and Ko [5] 
and Anderson and Bejan [6] have produced more 
realistic results by studying the transfer of heat across a 
vertical wall separating two fluid reservoirs at uniform 
temperatures, without making assumptions about 
temperature distributions or heat flux at the wall 
surface. 
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The objective of this paper is to report a fundamen- 

tal study of the transfer of heat through a single or a 
double partition which divides a rectangular enclosure 

into two differentially-heated chambers. This is the 

most basic configuration which simulates the thermal 
interaction between adjacent rooms in an actual 

building. 
This study has two parts. The first part presents a 

theory which predicts the temperature and velocity 
field around a single partition sandwiched between 
fluid reservoirs with thermal stratification in the 

vertical direction. The thermal stratification is a 
common feature of adjacent, finite-size, enclosures 

filled with fluid and separated by a heat conducting 
partition. This feature is confirmed by the experimen- 
tal phase of our study presented in the second half of 
this paper. In addition to illustrating the temperature 
distribution and fluid circulation through the two- 
chamber system, the experimental part reports much- 

needed information regarding the overall heat transfer 

through single or double partitions which divide 
rectangular spaces filled with fluid. 

The experimental apparatus was specifically de- 
signed to simulate high Rayleigh number flows, as in 

actual buildings (Ra - log, 10’“). Using water as the 
working fluid, we were able to achieve the desired 
Rayleigh number range in a desk-size experimental 

chamber. The Prandtl number discrepancy between 
water (Pr = 6) and air (Pr = 0.7) is known to have 
only a small effect on overall heat transfer calculations. 
fhis effect was illustrated by Raithby, Hollands and 

Unny [7] for vertical enclosures, and by Anderson and 
Bejan [6] for overall heat transfer through a vertical 
wall separating fluids at different temperatures. 

2. THEORY 

2.1. Mathematical formulation 
Consider a vertical impermeable wall of height H 

and thickness W, as shown in Fig. 1. This partition 
separates two thermally-stratified reservoirs 

7-H = fH + AX (1) 

Tc = ?, + BX (2) 

where A and B are the respective temperature gra- 
dients in the vertical direction. Temperatures fH and 
?c are the two reservoir temperatures evaluated at 
mid-height (X = 0). We focus on the boundary layer 
regime where, as shown in Fig. 1, the sides of the 
vertical partition are lined by two buoyancy-driven 
layers in counterflow. 

The equations governing the steady-state conser- 
vation of mass, momentum and energy can be written 
as 

au av 
z+-=o ay 
a% at _= -- 
a$ ay 

Fm. 1. Schematic of a single partition surrounded by fluids at 
different temperatures. 

at at azt 
yg+“ay=&z (5) 

with the corresponding boundary conditions 

u = v = 0 and t = to(x) at y= 0 (6) 

t=i+ax and u=O asy-+-x 

t = - i + bx and u=O asJ’++K. (7) 

Equations (3)-(S) are based on the Boussinesq and 
boundary layer approximations; they appear in di- 
mensionless form, based on the following definitions 

x = X/H, y = Y/l (8) 

U12 Vi 
U=--, v=- 

UH (9) CL 

t = [T- (FH + ?c)/2]/& - ?c) (10) 

1~ HR;I-“~ (11) 

R;I = sBH3(f.H - fc) 
(12) UV 

As shown in detail by Gill [8], scaling (8)-(12) is 
based on the balance between the convective and 
conductive terms in the energy equation, and on the 
balance between the buoyancy and diffusion terms in 
the momentum equation. It was further assumed that 
the boundary layer is thin, i.e. H >> 1 or Ra >> 1. In 
addition, the inertia terms have been ignored in 
equation (4) by assuming Pr> 1. The large Pr approx- 
imation is valid for liquids such as water and oil, 
invalid for liquid metals, and approximately valid for 
gases. Anderson and Bejan [6] have estimated the 

error associated with applying the Pr > 1 theory to air : 



they found that this theory overestimates the Nusselt 
number by approximately 10%. 

M=tp(l-q), N=M,/(1+2q). (23) 

The partition temperature distribution to(x), equa- 
tion (6) is one of the unknowns in this heat-transfer 
problem. The temperature drop across the solid 
partition is considered negligible in comparison with 
the temperature difference between the two semi- 
infinite fluid reservoirs : this assumption is valid in the 
limit 

In terms of these new variables, the vertical velocity 
and temperature profiles across the boundary layers 
assume the form 

k3-f 
k, WR;114 B ’ 

UC = 
- (to + i - WeKy sin(Ly,y) 

2KL 
(24) 

uH = - (to - * - ax)emMy sin(_ Ny) 
2MN 

(25) 

(13) 
tc = 

(to + : - bx) 

2KL 

xeKY[2KL cos(Ly) + (K’ - L’)sin(Ly)] - i + bx 

(26) 

i.e. in the limit where the thermal conductance through 
the solid wall (k,/W) is much greater than the 
conductance through one of the boundary layers 

(W). 

2.2. Linearized analytical solution 
tfi = 

(to - + - ax)evMy 

2MN 

We have shown previously [6] that the nonlinearity 
associated with the convective terms in the energy 
equation (5) can be removed by replacing at/ax and v 
with unknown functions of altitude, x. The unknown 
functions are to be determined later from integral 
conditions. This technique was first applied to prob- 
lems involving natural convections in enclosures by 
Ostrach [4] and by Gill [8]. As shown in a recent 
compilation of results for heat transfer across vertical 
enclosures, Gill’s linearized theory predicts very well 
the overall heat-transfer rate [9]. 

x [2MN cos( - Ny) + (M’ - N’) sin( - Ny)] 

(27) 

These expressions show that the velocity and tempera- 
ture profiles are oscillatory in nature, with exponen- 
tially decaying amplitudes. 

Substituting expressions (26) and (27) into the heat 
flux continuity statement 

-=dt, at y=O at, 
ay ay (28) 

Following an analytical course identical to the one 
outlined in [6], the linearized analytical solution to 
equations (3)-(S), subject to conditions (6) and (7) can 
be expressed as 

yields an equation for the unknown partition tempera- 
ture to(x) in terms of a, b, and q(x) 

ax( 1 - 4)’ + bx( 1 + 4)’ - 
t 

2q 

0 
= 

2(1+q2) 
. (29) 

UC = 
- (to + : - bx) [el,y _ el*y] 

n: - 1.; (14) 

u - -(to--t--x) [e-51Y _ e-<zY] 
H- t;:-r: 

(15) 

Limits are established on q(x) by recalling that H >> I, 
hence, in this limit, the two boundary layers function 
like a very long counterflow heat exchanger. In this 
counterflow, the inlet temperatures of the two streams 
are fixed by the reservoir temperatures ; therefore 

t 
C 

= (to + : - bx) 
n: _ n: [A: eAly - 3.: eAzy] - $ + bx 

(16) 

Subscripts C and H denote the cold side and hot side of 
the solid partition. Defining 

p = i,, + R, + 51 + (2 (18) 

4 = VIP (19) 

it can be shown that 

The remaining unknown functions, q(x) and p(x), 
are determined from integral versions of the energy 
equation for both boundary layers 

The resulting integral conditions are 

&, 2 = a ~(1 + dC1 + i J(l - WI (20) 
51.2 = a~(1 - q)Cl * iJ(1 + 2q)I. (21) 

The analytical solution (14)-(21) can be recast into a 
physically more meaningful form by introducing the 
new variables 

d (I - q)4 
dx (1 + 4’)’ p3(l + q)3 1 (1 - d 

= (1 + ax - bx)(l + q2) 

P(1 + 4Y 26 

x C ~ - p3(1 + q)3 (1 - 4) 4 
2(1 - q)’ (a - b) 

K = ip(l + q), L = KJ(1 - 2q) 
(34) 

(22) - (1 + 47P3(1 + d3 1 
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t,=(a+1)/2, q= -1 atx=+ (30) 

to=-(b+1)/2, q=l atx=__, (31) 
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d (I + 4)4 1 (1 + cd2 dx (1 + q2)p3(1 - q)3 = (bx - 1 - ax)(l + q2) 

PU r - d2 2a 

x ~ - p3(1 - q)3(1 + q) 4 

2(1 + q)* (b - a) 

- (1 + q2)p3(1 - q)3 1 . 
(35) 

In conclusion, the analytical solution (24)-(27) 
depends on three unknown functions of altitude (to, q 
and p) to be determined from equations (29), (34) and 
(35). Note that equations (34) and (35) have the form 
dC/dx = D and dE/dx =F which, divided side by 
side, yield dC/dE = D/F. These equations were in- 
tegrated numerically. Starting at the top or at the 
bottom of the partition, an initial guess was made for 
the starting value p,, corresponding to x = 5 i and q 
= + 1. After decreasing q by a small amount dq, the 
equation dC/dE = D/F was used to evaluate the 
change in p, while equation (34) was used to evaluate 
the change in x. This process was repeated, trying new 
guesses for po, until conditions (30) and (31) were 
satisfied at the opposite end of the partition. The 
stepsize dq was adjusted until the results agreed with 
those reported in [6] for the limiting case a = b = 0. 

2.3. Temperature, velocity and heat-transfer results 
In order to highlight the effect of thermal stratifi- 

cation on the heat-transfer phenomenon, the results of 
the preceeding analysis are presented for the case of 
uniform hot reservoir temperature (a = 0) and varying 
degrees of cold reservoir stratification (b). The levels of 
stratification in the cold fluid are shown in Fig. 2 along 
with the temperature distribution on the surface of the 
partition. The partition profile is approximately linear 
over most of its height, with large gradients at the top 
and bottom where the boundary layer approximation 
no longer applies. The profiles on the partition surface 
are centered around the mean temperature (fH + 
?c)/2 and have smaller slopes than the profiles within 
the cold fluid. The partition is warmer in the upper half 

0.5: 
- b=O 

-.- b’0.5 

and colder in the bottom half than it would have been 
without stratification. 

Velocity profiles at mid-height are reported in Fig. 3 
and corresponding temperatures in Fig. 4. Increasing 
the stratification decreases the boundary layer velocity 
on both sides of the partition. As can be seen from Fig. 
4, the incoming hot fluid is not cooled as rapidly when 
the cold reservoir is stratified. This warmer fluid is not 
as dense and therefore descends more slowly. A related 
mechanism is responsible for the reduced flow on the 
cold side of the partition. Even though the incoming 
cold fluid is heated by the same amount regardless of 
stratification level, the temperature in the fluid res- 
ervoir also increases when the reservoir is stratified. 
This leads to a net reduction in the local buoyancy 
force. 

The profiles of Figs. 3 and 4 exhibit weak tempera- 
ture inversions and flow reversals at the outer edge of 
the boundary layer. Eichorn [lo] and Jaluria and 
Gebhart [l l] report that these effects are accentuated 
as the Prandtl number is increased. Since the present 
study assumes Pr > 1, as for water, the profiles shown 
in Figs. 3 and 4 are probably not representative of the 
physics of small Prandtl number fluids. 

An examination of the heat flux distribution along 
the partition explains why the temperature profiles 
within the cold reservoir are relatively independent of 
the level of stratification (see Fig. 5). Even though flow 
velocities are reduced, there is a net increase in the total 
heat flow, the increase being concentrated at the 
bottom of the partition. The lower temperature of the 
incoming fluid is compensated by an increased heating 
rate so that the temperature profile at midheight 
remains unchanged. 

A summary of the effect of stratification upon the 
overall heat transfer between reservoirs is shown in 
Fig. 6, with a summary of representative values in 
Table 1. The solid lines correspond to the case of 
constant stratification in the cold fluid. The dashed line 
indicates the locus of equal levels of hot and cold fluid 
stratification. As indicated previously in Fig. 5, in- 

---_ b=,,O 

wal I temperature cold reservoir temperature 

FIG. 2. The effect of reservoir stratification on partition temperature (the hot reservoir is isothermal). 
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FIG. 3. Velocity profiles at mid-height as a function of cold reservoir stratification. 

FIG. 4. Temperature profiles at mid-height as a function of cold reservoir stratification. 
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FIG. 5. Partition heat flux as a function of cold reservoir 
stratification. 

creased stratification enhances the heat transfer be- 
tween the fluid reservoirs. For stable boundary layers 
without secondary flows, the hottest fluid on the hot 
side at the temperature +(a + 1) must be as hot or hotter 
than the hottest fluid on the cold side at t = $(b- 1). 
The same must be true of the coldest fluid on each side. 

These two inequalities lead to the criterion for simple 
boundary layer flow that 

la-b1 5 2. (36) 

In physical terms, a and b are the vertical tempera- 
ture differences at each end, divided by the temperature 

difference between each end taken at mid-height. The 
magnitudes of a and b are related to the dimensions of 
the enclosure, to the extent that it requires a tall fluid 

reservoir to support a large vertical temperature 
difference. The stratification levels shown in Fig. 6 are 

typical of those found in systems subjected to natural 
heating and cooling. 

3. EXPERIMENT 

In parallel with the preceding theoretical study, we 
carried out an experiment in a water-filled enclosure 
heated at one end and cooled at the other. The overall 
temperature difference between the ends of the en- 

-I 

0 1.0 20 

a 

FIG. 6. Overall heat transfer as a function of thermal stratification in both reservoirs 

Table 1. N^u/&‘~’ as a function of reservoir stratificationt 

b 
0 0.5 1.0 1.5 2.0 

a 

0 0.2575 0.2690 0.2825 0.2975 0.3134 
0.5 0.2690 0.2775 0.2879 0.3005 0.3143 
1.0 0.2825 0.2879 0.2954 0.3048 0.3169 
1.5 0.2975 0.3005 0.3048 0.3114 0.3204 
2.0 0.3134 0.3143 0.3169 0.3204 0.3260 

tThese results are correlated within 0.5% by the formula 

&%/&I~‘~ = 0.257[1 + O.O2(a - b)‘][(l + 0.505a)(l + 0.505b)]"~'7 
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FIG, 7. Schematic scale-drawing of experimental apparatus. 

closure varied in the range 6 - 35°C with the 
overall Ra varying in the range 109 - 10”. 
Measurements were made to determine the overall 
heat exchange, the temperature dist~bution in the 
fluid and along the partition(s), and the velocity 
profiles at the exit of the partition boundary layer. 
Water was chosen as the heat transfer medium because 
it allows one to use a scaled-down apparatus to 
produce the high Rayieigh numbers associated with 
typical building configurations. For example, Ra = 
1.6 x lo9 corresponds to a building wall 2.4 m high, 
with a 1°C temperature difference across it. 

3.1. Apparatus 
Construction details of the experiment are shown in 

Fig. 7. The transverse cross-section of the box mea- 
sured 27.9 x 54.6 cm, with a length of 91.4 cm. The box 
was constructed out of 1.9cm-thick plexiglass sheet, 
insulated with 15 cm-thick fiberglass insulation, and 
then surrounded with an outer container of 1.3cm- 
thick plywood. All joints were caulked or weath- 
erstripped to minimize air-in~ltration heat losses. 
The width of the inner enclosure was chosen to 
minimize three-dimensional effects, and the length to 
minimize any effects the end plates might have on the 
fluid behavior at the mid-line of the enclosure. The hot 
and cold ends were constructed of aluminum plates 
1.9 cm-thick. The cold end was hollowed out to serve 
as a heat exchanger and connected to a refrigerator 
capable of controlling the coolant temperature to 
within +O.l”C. Two 500 W strip heaters were con- 
nected in parallel and recessed into the hot end plate. 
All aluminum surfaces were sprayed with a thin layer 
of lacquer to inhibit oxidation. A constant-voltage 
transformer was used to limit the effects of diurnal 
swings in the building’s electrical supply. Total 

power inputs varied from 50 to 600 W 
(328 - 3940 W/m’). 

Temperature measurements were made to within 
fOS”C, using 30 gauge type K (chrome1 - 
alumel) thermocouples. End plate temperatures 
and ambient temperatures were monitored 
throughout each data run. Partition and fluid tem- 
perature profiles were measured upon arrival at 
steady state. For the single partition measurements, 21 
thermocouples were inserted in the aluminum par- 
tition on a vertical line midway between the lateral 
walls of the box. The thermocouple leads were fed 
through narrow horizontal slots in the partition which 
were later refilled with steel epoxy. The additional 
plate used in the double-partition experiments was 
equipped with six thermocouples arranged in a similar 
manner. Square apertures (28 x 28 cm) were built into 
the sides of the outer box (and insulated with remov- 
able blocks of rigid Styrofoam) to allow visual obser- 
vation of the boundary layers lining the vertical 
partition(s). 

3.2. Experimental procedure 
In general, the apparatus needed about 24 h to 

stabilize whenever the power setting was changed. 
Arrival at steady state was determined by monitoring 
the end plate temperatures. Within any given steady 
state, the maximum variations in temperature were 
+i”A for the hot and cold ends and 4% for the air 
surrounding the apparatus. The power input was 
measured by monitoring heater voltage and current : 
this reading varied within 2%. The vertical tempera- 
ture variation along the end plates was rt 3°C when the 
overall temperature difference was of the order of 25°C. 

In order to minimize the thermal interaction of the 
apparatus with its surroundings, the coolant tempera- 
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FIG. 8. Bottom boundary layer v&city measured inside the 

ture was set so that the mean operating temperature, 
(Tk + 7’$)/2, was within + 2°C of the ambient during 
the ‘no partition’ and ‘single parti~on~ measurements, 
and k5”C during the ‘double partition’ measure- 
ments. Multiple data runs were made at each power 
level to compensate for any v~ations due to the 
operating point of the apparatus. All physical proper- 
ties of water were calculated at the mean operating 
temperature. 

The overall heat-loss conductance of the fiberglass 
~nsula~on was determined to be 1 IV/C, by running 
the experiment with a low power input until it reached 
steady state w~r~o~~ any coolant flow. To estimate the 
effect that heat losses or gains would have upon 
calculation of the Nusselt number, the apparatus was 
modeled as having isothermal top, bottom, and side 
walls, the top and bottom temperatures being equal to 
the top and bottom fluid temperature inside the box 
and the sidewalt temperature being taken equal to the 
fluid temperature at mid-height. Corrections due to 
heat loss were found to be necessary only in the case of 
the double partition measurements. 

Temperature profiles in the water were measured by 
lowering a thermocouple probe through one of the 
access ports in the top of the box. The time constant of 
the probe was determined experimentally: it was 

FIG. 9. Single partition temperature profile. 

i 
5 

found that 30s were sufficient to allow the probe to 
stabilize before recording its output. Temperature 
profiles were measured near the ends of the box, 
halfway between the end and the partition, and on 
each side near the partition. 

Velocities in the boundary layer on the bottom of 
the box were determined by analyzing streaklines 
produced by dropping potassium permanganate 
(KMnO,) crystals through the top access ports. The 
movement of the streaklines was measured by taking 
pictures at measured time intervals. The velocity of the 
flow was then caiculated by dividing the displacement 
of the streaklines by the elapsed time interval, 

3.3. Results 
Streakline measurements taken in the core region 

between the double partition are shown in Fig. 8. The 
plates were spaced 5.1 cm apart, which is ten times 
larger than the boundary layer thickness. As a result, 
distinct boundary layers were formed on each surface. 
The core showed no motion except for regions near the 
top and bottom walls. The velocity profile of the 
bottom boundary layer shown in Fig. X was deter- 
mined by taking detailed pictures near the bottom of 
the box. The first set of points indicates velocities 
calculated after a 10s interval, and the second set 
velocities calculated after a 20s interval. The small 
nonzero velocity at larger values of X is a result of 
entrainment into the vertical boundary layer. The 
region between the double partition appears to behave 

oo- 
Ilo, end Ykm) 

FIG 10. Local temperature gradients. 

cold end 
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FIG. 11. Experimental measurements of overall heat transfer 
through a single partition. 

much like a classical enclosure with isothermal walls. 
The bottom half of the cold boundary layer actively 
entrains fluid from the bottom half of the hot layer and 
the upper half of the hot boundary layer entrains fluid 
from the upper half of the cold boundary layer. 

A comparison between measured temperature pro- 
files on the single partition and the theoretical profile 
t,,(x) derived in Section 2 is shown in Fig. 9. The 
discrepancy between the expected curve and the 
measured values is the result of heat conduction in the 
x-direction through the partition. This effect was 
assumed negligible in the derivation of the theoretical 
curve. 

Figure 10 reports the vertical temperature vari- 
ations recorded during the experiment. The quantity 
Q, is the ffuid temperature difference between the top 
and bottom of the box at a given location, divided by 
the maximum temperature difference in the box. The 
maximum temperature difference, ATmax, occurs be- 
tween the top of the hot end and the bottom of the cold 
end. The gradients are larger on the cold side because 
the variation of fluid properties, particularly p and B, 
makes it necessary to have a larger temperature 
difference to transfer the same amount of heat as is 
transferred by the hot end. 

The vertical temperature gradients present in the 
fluid surrounding the partition were approximated by 
a linear least-squares-fit to the profiles observed on 
each end of the apparatus. The resulting gradients are 
represented in Fig. 9 by the dashed lines on either side 
of the experimental points and theoretical curve. In the 
case of the single partition, the gradients were found to 
be a = 1.07 f 0.02 on the hot side and b = 1.53 + 0.08 
on the cold side. These experiment-based gradients 
were used to reconstruct the relationship between i& 
and l&, shown as a solid line in Fig. 11. The agreement 
between the theoretical line and the experimental data 
is very good. 

A compilation of the experimental Nusselt number 
measurements for zero, single and double partitions is 
shown in Fig. 12. Each of the points in the figure is an 
average of experimental values taken at constant 
power levels. The largest errors are associated with the 
double partition measurements with a Ra* variation of 

FIG. 12. Overall heat transfer as a function of the number of 
partitions. 

11% and a Nu* variation of 9%. The remaining points 
have Ra* variations of 9% and Nu* variations of 5 %. 
Figure 12 shows that the introduction of a second 
partition does not produce a proportional reduction in 
heat transfer. The first partition reduces heat transfer 
by a factor of 0.6 over having no partition, but the 
second partition only reduces the heat transfer by an 
additional factor of 0.8. The heat-transfer data of Fig. 
12 are all correlated within 10% by the expression 

Nu = 0.167fn + 1)-“.6* Rai4 (37) 

where n is the number of vertical partitions. This 
correlation is consistent with the fact that (1 + n) 
represents the total number of boundary layer pairs 
(thermal resistances) encountered by the end-to-end 
heat flow. 

4. CONCLUSIONS 

In this paper we have reported a theoretical and 
ex~~menta1 study of heat transfer through a single or 
a double partition which divides a fluid-filled en- 
closure into two differentially-heated chambers. By 
employing the Oseen linearization technique and 
assuming Pr > 1, we have showed analytically the 
effect of thermal stratification of the two chambers on 
the partition temperature and on the boundary layer 
counterflow which surrounds the partition. More 
importantly, however, we have determined the re- 
lationship between the overall heat transfer through 
the partition and the varying degrees of thermal 
stratification which may be present in the two adjacent 
chambers. This relationship is important in heat- 
transfer calculations for energy conservation in build- 
ings and other insulation systems. 

The experimental part of our study was designed to 
document the basic features of the natural circulation 
in the system and, at the same time, to verify the 
analytical conclusions of our theory. The experiment 
showed that the fluid is thermally stratified on both 
sides of the partition. It showed also that the tempera- 
ture of the partition increases steadily with altitude. 
The net heat transfer between the two differentially- 
heated ends of the rectangular enclosure decreases as 
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more partitions are inserted. The net heat-transfer rate 3. B. Gebhart, Heat Tramfer, Chap. 8,2nd Edn. McGraw- 
was shown to vary inverselv with I1 + nb. where n is the Hill, New York (1971). 

,‘ 

number of vertical partitions. We showed also that our 
theoretical Nusselt number prediction (Fig. 6, Table 1) 
can be used with confidence as long as the thermal 
stratification degrees (a, b) are known. 

4, S. &trach, Naiural’ convection in enclosures, pp. 
161-227, in Advances in Hear Transfir, Vol. 8, 
Academic Press, New York (1972). 

5. G. S. H. Lock and R. S. Ko, Coupling through a wall 
between two free convective systems, Int. J. Heat Mass 
Transfer 16. 2087.-2096 (19631. 
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TRANSFERT THERMIQUE DE CONVECTION NATURELLE SUR UNE OU DEUX F’AROIS 
VERTICALES: THEORIE ET EXPERIENCE 

R&urn&On itudie thboriquement et exptrimentalement la convection thermique entre des parois 
verticales entourkes par des fluides thermiquement strati%+. La thlorie est basde sur la mithode liniarisde 
d’oseen. Les rt%ultats analytiques montrent I’effet de la stratification thermique sur la tempirature de 

partition, sur l%coulement de Ruide et sur ie flux thermique. La relation ectre le transfert thermique global 
(nombre de Nusselt) et les degris de stratification sur les deux faces de la partition est diterminhe. La partie 
exfirimentale de l%tude confirme les configurations prevues analytiquement. En particulier, on montre que 
le calcul du nombre de Nusselt s’accorde tr6s bien avec les mesures. On montre aussi que le transfert 
net entre les deux extrtmitts d’une enceinte rectangulaire est proportionnel $ (1 + II)-“~~’ si II est le nombre 

de partitions verticales ins&es au milieu de l’enceinte. 

WARMEOBERTRAGUNG DURCH EINZELNE UND DOPPELTE VERTIKALE 
WbiNDE BEI FREIER KONVEKTION : THEORIE UND EXPERIMENT 

Zusammenfassung-Es wird theoretisch und experimentell die WPmetibertragung durch vertikale Trenn- 
w%nde untersucht, die von thermisch geschichteten Fluiden umgeben sind. Die Theorie stiitzt sich auf die 
Oseen-Linearisierungsmethode. Die analytischen Ergebnisse zeigen den EinRuD der thermischen Scbich- 
tung auf die Temperatur der Trennwand, die Fiuidstr~mung und den W~rrneslrorn. Es wird der 
Zusammenhang zwischen dem Gesamtw~rmedurchg~g (Nusselt-Zahl) und dem Grad der thermischen 
Schichtung auf beiden Seiten der Trennwand bestimmt. Der experimentelle Teil der Studie bestiitigt die 
analytisch vorausbestimmten Merkmale der Wlrmeiibertragung. Insbesondere wird gezeigt, daR die 
theoretische Berechnung der Nusselt-Zahl sehr gut mit den experimentellen Messungen iibereinstimmt. 
Weiterhin ergibt sich die Gesamtwtirmeiibertragung zwischen den beiden Enden eines rechteckigen 
Hohlraums proportional zu (1 + n)-“.61, wobei n die Zahl der in der Mitte des Hohlraums eingebauten 

vertikalen TrennwLnde ist. 

TEnJlOIlEPEHOC qEPEJ EAMHMqHYIO M CABOEHHYK) BEPTMKAnbHbIE 
FIEPEI-OPOAKM IIPM ECTECTBEHHOti KOHBEKL&IM. TEOPMFl M 3KCnEPMMEHT 

A~HoT~~~ - TeopeTerecKe N 3Kcflep~MeHTa~bno SfccneilyeTcr TennonepeHoc qepe3 BepTWWIbHbIe 

ne~ro~nK~, n0 06e CTOpOHM KOTOpbIX HaXOLVITCR TepMa~ecKB ~~T~~~u~~BaHHble o6seMbI 
mHaxocfll. B 0cn0~y Teoperegecrtoro ananH3a n0n0xe~ MeTon nmieape3aueM 03eena. nO.qyYeHHbte 

pe3ynbTaTbi CBHReTe,IbCTByK)T 0 BJlHRHAN TepMWeCKOfi CTpaTH@,KaUn,, XGi,LlKOCTH Ha TeMnepaTypy 

neperOpOilKH, ,!WHaMHKy nOTOKa II BeJIWlLiHy TenJlOBOrO “OTOKa. BblBeaeHO COOTHOLUeHUe MeWly 

CyMMapHbIM ne~NOCOM TenJla (YHCJIO HyCCenbTa) W CTeneHbIO TepMWWKOti CTpaTH@iKaWi 110 06c 

CTOpOHbI neJW’OpOnKH. t-,OnyYeHHbIe 3KCnepHMeHTanbHbIe ilaHHb,e nORTBepWtatOT pe3yJlbTaTlJ aHa- 

nii3a. B PacTnocTW noKa3azio. vro pacqeTnhre 3na4emiR q5rc2qa Hyccenbra XOpOUIO cor.zacykorcfl c 

~3~e~Hn~M~~ florasaso TaKxe, YT~ BenW9mia ~3ynbT~py~mero nepetioca Tenna Mewcay iieyhts 
CTeHKabiIf np~~oyronbH0~ nonocru n~nopuuonanbHa (1 + n)- o.6’. re Pt - 9HCCnO BepTHKanbHblX 

neperOpOllOK. nOMeUIeHHbIX B UeHTpC nOJlOCTM. 


