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Natural Convection in a Trapezoidal Enclosure
with Offset Baffles
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A numerical investigation has been made of natural convection heat transfer in a trapezoidal enclosure (rep-
resenting attic spaces) with offset baffles. Two thermal boundary conditions representing summerlike conditions
(upper surface heated) and winterlike conditions (upper surface cooled) and two baffle heights are studied. For
each boundary condition and baffle height, two baffle positions are considered. In position I, the upper baffle is
offset toward the heated vertical wall and the lower baffle is offset toward the symmetry plane of the enclosure,
whereas in position II, the upper baffle is offset toward the symmetry plane and the lower baffle is offset toward
the heated wall. Rayleigh number values range from 10° to 5 X 107 for summerlike conditions and from 103 to
106 for winterlike conditions. Predictions reveal a decrease in heat transfer in the presence of baffles. In winterlike
conditions, convection starts to dominate at a Rayleigh number much lower than that in summerlike conditions.
The maximum reduction in heat transfer is achieved with long baffles placed in position II for summerlike condi-
tions and in position I for winterlike conditions. Average Nusselt number correlation for both boundary conditions

are presented.

Nomenclature

BH = Dbaffle height

BL = baffle location

H = height of the short vertical wall

k = thermal conductivity

ky, = baffle thermal conductivity

k, = conductivityratio, k, / k

Nu, Nu* = local and normalized local Nusselt number

Nu, Nu* = average and normalized average Nusselt number

Nuy = local Nusselt number for pure conduction, Ra =0

p, P = dimensional and dimensionless pressure

S = distancealong wall

T = dimensional temperature

u, U = dimensional and dimensionless horizontal
velocity component

v,V = dimensional and dimensionless vertical
velocity component

w = half-width of the cavity

x, X = dimensional and dimensionless coordinate
along the horizontal direction

v, Y = dimensional and dimensionless coordinate
along the vertical direction

Subscripts

c, h = cold and hot wall

d,u = lower and upper wall

max = maximum value

Introduction

EVERAL studies dealing with natural convectionin undivided
trapezoidal enclosures have been reported. Iyican et al.!? pre-
sented experimental and numerical results for natural convectionin
an inclined trapezoidal cavity formed by parallel cylindrical cold
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top and hot bottom walls and plane adiabatic sidewalls. Similar ex-
perimental and numerical results were reported by Lam et al.> for
a trapezoidal cavity composed of two vertical adiabatic sidewalls, a
horizontal heated bottom wall, and an inclined cold top wall. Their
work revealed that, under the boundary conditions used, a two-
dimensional numerical model is sufficient to predict heat transfer
rates to an acceptable level of accuracy, but it cannot describe the
three-dimensional flowfield that occurs in the cavity. Karyakin* in-
vestigated transient natural convection in a trapezoidal cavity with
paralleltop and bottom walls and inclined sidewalls. Lee® and Peric®
presented numerical results, up to a Rayleigh number of 10°, for
laminar natural convection in trapezoidal enclosures with horizon-
tal bottom and top walls that are insulated and inclined sidewalls
thatare maintainedat differentuniform temperatures. Computations
in the same geometry were carried out by Sadat and Salagnac’ us-
ing a control-volume-based finite element technique for values of
Rayleigh number ranging from 10° to 2 x 10°. Further results in
the same geometry were reported by Kuyper and Hoogendoorn® for
Rayleigh numbers between 10* and 10%.

Several investigations®'~!! dealing with natural convection heat
transferin a triangular enclosure have also been reported. This con-
figuration may be viewed as a special case of a trapezoidal cav-
ity whose lower and upper surfaces are not parallel. The work of
Poulikakos and Bejan’®'!° revealed that, even at the highest value of
Rayleigh number considered, when cooling the top inclined wall
of the enclosure, the natural circulation within the cavity is com-
posed of a single cell. Salmun'' solved numerically the same prob-
lem and showed that the general flow structure corresponds to a
single convective cell for low values of Rayleigh number and to
multiple convective cells for high values of this parameter.

The interest in natural convection in triangular and trapezoidal
enclosure stems from their applications in energy conservation in
buildings and attic spaces, as well as in other applications such as
solar collectors,cabin spaces, and so on. However, all of the preced-
ing referenced studies have dealt with nonpartitionedenclosures.In
some applications,such as energy conservationin a building or attic
space, it may be advantageousto introduce partial dividersto reduce
heat transfer. Furthermore, in office or industrial workplaces, office
dividersand other partitionsare commonly employed, and the effect
of these partitions on the heat transfer in the enclosureis of interest.
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Fig. 1 Schematic of the physical domain.

Work on buoyancy-induced heat transfer in partially divided
trapezoidal cavities has been limited to the studies reported in
Refs. 12 and 13. In their work, Moukalled and Acharya'>'? dealt
with natural convection heat transfer in a partially divided trape-
zoidal cavity with the partial divider being attached to the lower
horizontal base'? or the upper inclined plane'® of the cavity. For
both bottom-heated and bottom-cooled boundary conditions used,
results presented show that the presence of a baffle decreases heat
transfer. In neither of these two reported studies were the effects of
offset baffles on the flow and heat transfer behavior been consid-
ered. It is the intent of this paper to investigate buoyancy-induced
heat transfer in a trapezoidal enclosure with two offset partial ver-
tical dividers attached to the upper inclined plane and the lower
horizontal base of the cavity. The novel contributions of the paper
are to identify the effect of baffle positions on the heat transfer in
a trapezoidal enclosure. It is important to understand these effects
to design building spaces efficiently. The effect of baffle positions
have not been previously reported in the literature and represents
the primary focus of the present paper.

Physical Model and Assumptions

The physical situation under consideration, representing an attic
space or an industrial building, is schematically shown in Fig. 1.
Solutions for natural convection within the cavity, with air as the
working fluid, are obtained for two different boundary conditions.
In the first, the bottom wall of the cavity is maintained at the uniform
coldtemperature 7, and all other walls are maintainedat the uniform
hot temperature 7},. In the second, the bottom wall is hot, 7},, while
the temperature of all other walls is T,. If the cavity represents an
attic space, for example, then the first boundary conditionresembles
conditions in the attic during a summer day, with the vertical and
top walls exposed to the hot ambient and the lower surface exposed
to the air-conditionedinterior at a lower temperature. Likewise, the
second boundary condition simulates wintertime conditions in the
attic with the vertical and top walls exposed to the cold ambient and
the lower surface adjoining the heated interior of the building. In
bothcases, the effects of symmetrically mounting two pairs of offset
baffles or partial dividers to the upper inclined and lower horizontal
planes of the cavity (Fig. 1), on the heat transferred to or from an
adjacent space are studied. Because of symmetry around the y axis,
computations are performed in only half of the physical domain.

In the configuration studied, the half-width of the cavity, W, is
four times the height H of the short vertical wall. The inclination
of the top wall of the cavity is fixed at 15 deg. Two baffle heights
for the upper baffle, BH,, and the lower baffle, BH,, equal to one-
third and two-thirds the height of the cavity at the baffle location are
considered. Also, two baffle positions, BL, =W /3, BL, =2W/3
(position I) and BL, =2W/3, BL, = W/3 (position II), are inves-
tigated. In all computations, the baffle thickness (BT) is taken as
BT = W/20, to simulate a thin baffle.

The equations governing the flow and heat transfer are those ex-
pressingthe conservationof mass, momentum, and energy. The flow
is assumed to be laminar, steady, and two dimensional with constant
fluid properties, except for the induced variations in the body force
term. In the baffle region, the only conservation equation needed
is the Laplace equation for heat conduction. In addition, the energy
balanceat the baffle-air interface and the boundary conditionsalong
the enclosure walls have to be satisfied.

Solution Procedure

The collocated control-volume-based numerical procedure of
Rhie and Chow'* that embodies the SIMPLE algorithm of

Patankar'® is employedto arrive at the solution to the coupled system
of equations governing the flow and temperature fields. The calcu-
lations are performed on a curvilinear grid that is generated using
the transfinite interpolationtechnique.'® In generating the grid, con-
trol volume faces are arranged to lie along the baffle-air interfaces.
The presence of the dividers in the calculation domain is accounted
for by the special approach suggested by Patankar.'> With this ap-
proach, the baffle region is treated as an infinitely viscous fluid
(numerically specified as a very large value) with a nondimensional
thermal conductivity correspondingto that of the baffle. This proce-
dure leads to essentially zero velocities in the baffle region, and the
energy equationreducesto that of the Laplace heatconductionequa-
tion. Because a conservative scheme is used, arranging the control
volume faces to coincide with the divider interface ensures energy
balance at the baffle-air interface.

Numerical Accuracy

All calculationshave been done on a 120 x 120 nonuniform grid
with the grid points clustered more closely along all solid bound-
aries where large gradients are expected. The choice of the grid
point distribution was based on a number of preliminary calcula-
tions with successively finer grids. The accuracy of the calculations
was verified by comparing representative computed profiles of ve-
locity, temperature, and local Nusselt number using a 120 x 120
nonuniformgrid with those obtainedon a 160 x 160 grid. The max-
imum differencebetween the two solutionsin the various quantities
predicted was smaller than 0.69%. Conservation for the various
physical quantities was satisfied to within 0.001% in each control
volume. Results obtained were also compared with those generated
using the well-known FLOW-3D commercial computational fluid
dynamics code. The difference in the average Nusselt numbers for
the cases studied was found to be less than 0.05%. As a further
check for accuracy, computations were performed for a nonparti-
tioned trapezoidal enclosure using the boundary conditions of Lam
etal.? Excellentagreementwith theirheat transferresults was found.

Results and Discussion

The governing parameters in the problem are the Prandtl number
Pr, the Rayleigh number Ra, the conductivity ratio ., the heights
of the upper and lower baffles BH, and BH,, and the relative posi-
tion of the offset baffles, positions I and II. Air is considered to be
the working fluid and the Prandtl number is assigned the value of
0.72. The conductivity ratio is fixed at 2 to simulate a poorly con-
ducting divider. As noted earlier, results are obtained for two baffle
heights, BH, = H,, /3 and 2H, /3 and BH, = H;/3 and 2H, /3 (for
notational convenience,BH, = H, /3 and BH, = H, /3 are denoted
by BH, ;= H,.4/3); two offset baffle configurations, BL, = W/3
and BL, =2W/3 (position I) and BL, =2W/3 and BL, = W/3
(position IT); and Rayleigh number values varying between 10° and
5 x 107 for summertime conditions and between 10° and 10° for
wintertime conditions.

For summertime conditions, results are presented in the form of
representative streamlines and isotherms, midwidth horizontal ve-
locity and temperature profiles, and local and average Nusselt num-
ber values. For wintertime conditions, only average heat transfer
results are presented. This is because a two-dimensionalmodel can-
not adequately describe the three-dimensional flowfield that occurs
in the cavity; however, it can predict, as revealed by the work of
Lam et al.,’ heat transfer rates to an acceptable level of accuracy.

Summertime Boundary Conditions
Streamlines and Isotherms

Streamline and isotherm plots are displayed in Figs. 2-5. The
maximum stream function values |{/,.x| shown in Figs. 2-5 indi-
cate that the strength of the flow increases with Rayleigh number.
Moreover, at constant Rayleigh number values and for both offset
baffle positions,it generally decreases with increasing baffle height.

For positionI, the flow patterns and temperature distributions are
shown in Figs. 2 and 3 for BH, , = H, /3 and 2H, ,/3, respec-
tively. Results for the shorter baffle configuration (Fig. 2) indicate
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Fig. 2 Streamline and isotherm plots for BH,, ; = H, 4/3, position I, summer.
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Fig. 3 Streamline and isotherm plots for BH,, s =2H,, 4/3, position I, summer.

that at Ra = 10* (Fig. 2a) the flow consists of a clockwise rotating
eddy in addition to a small recirculation bubble to the right of the
lower vertical divider. The clockwise rotation of the flow indicates
that it moves up along the hot vertical and inclined walls, negotiates
around the upper baffle, moves down along the symmetry line, and
then detaches from the symmetry line toward the tip of the lower
baffle. This detachment is due to the inability of the flow moving
down the symmetry line to penetrate into the lower right portion of
the enclosure. The detachment, therefore, leads to the formation of
a separate counterclockwise eddy between the lower baffle and the
symmetry plane. The eye of the main clockwise eddy is close to the
vertical hot wall of the enclosure, where the largest velocities are
located. As Rayleigh number increases (Figs. 2b-2d), the eye elon-
gates and moves even closer to the hot vertical wall. In addition, due
to increased thermal stratification at the higher Rayleigh numbers
(Figs. 2g and 2h), it becomes more difficult for the flow to pene-
trate into the upper right portion of the domain, and therefore, the

flow strength in the upper regions of the enclosure is considerably
reduced. In Fig. 2, this manifests itself as a fast moving eddy in the
lower portion of the enclosure and a slow moving recirculation in
the stratified upper right corner

For the longer baffle configuration (position I, Fig. 3), results
indicate that at the lowest Rayleigh number presented, Ra = 10%,
the recirculating flow exhibits three vortex cores within one over-
all rotating eddy (Fig. 3a). These three inner vortices rotate in the
clockwise direction. As Rayleigh number increases, Ra =10°, a
fourth vortex is formed in the lower right portion of the domain, and
the vortices move to the left (Fig. 3b). Further increase in Rayleigh
number, Ra = 10° and 10’ (Figs. 3¢ and 3d) results in separation
of the fourth vortex and further movement of the original vortices
to the left. This is due to the higher stratification level in the up-
per right portion of the domain. Moreover, the strongest vortex is
located close to the hot vertical wall, which, on leaving the lower
tip of the upper baffle, forms a jetlike flow that impinges on the
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Fig. 4 Streamline and isotherm plots for BH,, ; = H, 4/3, position II, summer.
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Fig. 5 Streamline and isotherm plots for BH,, ; = 2H,, 4/3 position II, summer.

lower baffle. Flow detachment along the symmetry line also leads
to a jetlike flow in the upper right portion of the domain. Isotherms
presentedin Figs. 3e-3hreveal the same behavioras in Figs. 2e-2h.
When isotherms in Figs. 2 and 3 are compared, it is obvious that
longer baffles resultin less packed isotherms, indicating lower heat
transfer rates.

For positionll, streamline and isothermmaps are shown in Figs. 4
and 5 for BH, ,=H, ,/3 and 2H, ,/3, respectively. For this con-
figuration, the maximum strength of the flow, at a given value of
Rayleigh number, is higher than the corresponding value obtained
for position I. This is because the flow has a longer distance to
travel along the heated wall before encounteringthe upper baffle. In
other words, the interruption of the natural convection stream ris-
ing along the hot wall is delayed for position II, and consequently,
higher natural convection velocities are achieved.

For BH, , = H, ;/3 (Fig. 4), the general feature of the flow at
Rayleighnumbervaluesof 10* and 10° (Figs. 4a and4b) is composed

of a clockwise-rotatingeddy. At higher values (Figs. 4c and 4d), the
flows to the right of the lower and upper baffles separate creating
regions of low heat transferrates. The effect of Rayleigh number on
isotherms (Figs. 4e-4h) is similar to those presented earlier. How-
ever, the way baffles are positioned causes a denser clustering of
isotherms to occur over a shorter distance to the left of the lower
baffle. As will be shown later, this will lead to lower heat transfer
levels, as compared to position I.

For the longer baffles (Fig. 5), stratification in the upper regions
is weaker relative to that observed for the shorter baffles. As the
Rayleigh number is increased, flow separates as a jet stream from
the right baffle toward the tip of the left baffle. However, separation
from the symmetry line is not observed for this case, and instead,
at Ra =10% and 107, a relatively weak jet that separates from the
left baffle toward the tip of the right baffle is observed. These two
separated jet streams lead to two recirculating eddies at the higher
Rayleigh numbers, as seen in Figs. 5c and 5d.
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Fig. 6 Profiles at X = W/2H for BH,, 4 =2H, 4/3, position II, summer.

Velocity and Temperature Profiles

Figures 6a and 6b show, respectively, the horizontal velocity and
temperaturedistributionsat X = W/2H for an enclosure with offset
baffles in positionII. The velocity profiles (Fig. 6a) reflect the flow-
fields presented in Figs. 5b and 5d. At Ra = 10°, the flow is weak
(velocity very close to zero) indicating a conduction-dominantheat
transfermode. The flow strengthincreases with increasing Rayleigh
number values with boundary-layer behavior evident along the
heated inclined wall. In the midregions, 0.4 <Y < 1.2, the negative
velocities associated with flow detachment toward the left baffle,
and the positive velocities associated with flow detachment toward
the right baffle can be observed. It is evident that the flow detach-
ment in the upper half of the enclosure is nearly five times as strong
as the detachment along the lower half.

At low Rayleigh number values, the variation in temperature
(Fig. 6b) across the cavity at X = W /2 H is almost linear, reflecting
the uniform distribution of isotherms shown in Fig. 5. At higher
Rayleigh number values, this linear variation is retained over a por-
tion of the enclosure that decreases in height as Rayleigh number
increases, thatis the temperature varies linearly up to a critical height
Y. =0.5 and 0.25 at Ra = 10° and 107, respectively. Beyond that
critical height, the rate of change in temperature starts to decrease
until it reaches a very low value in the fully stratified upper portion
of the cavity.

Nusselt Numbers

The local and average Nusselt numbers along the hot and cold
walls are computed using the following definitions:
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Fig. 7 Local normalized Nusselt number distribution of the cavity for
BH, 4 = 2H), 4/3, position II, summer, along a) hot wall and b) cold wall.

1 Sh,max 1 Se,max
Nuy, = / Nuy, ds, Nu, = / Nu, ds
Sh.max 0 Sc.max 0 (2)

where 7 is the normal distance from the wall; S is the distancealong
the heated or cooled wall measured from its lowest point, X =0,
Y =0; and Sj,max and S max are the maximum possible lengths of
the hot and cold walls, respectively. Since Nuj, = Nu,, the subscript
will be dropped and the average heat transfer will be denoted by
Nusselt number Nu. Moreover, to assess directly the relative effect
of convection, the local and average Nusselt numbers are presented
in the following normalized forms:

Nu* = Nu/Nuy, Nu* = Nu/Nu, 3)
where Nusselt numbers Ny, and N_ug are the local and average
Nusselt number values for pure conduction, that is, at Ra = 0. The
variations of Nusselt number Nu* along the hot and cold walls are
presented in Fig. 7a and 7b, respectively, for offset baffles in po-
sition II and of heights 2H,, /3 and 2H, /3. Values are plotted as a
function of /Sy, Where Sy, is the maximum possible value of S
along the wall.

At low Rayleigh number values, Ra =10, Nusselt number
Nuj distribution (Fig. 7a) indicates that conduction is the domi-
nant heat transfer mode in the whole enclosure, Nuj, ~ 1. At high
Rayleigh numbers and along the vertical portion of the hot wall,
thatis, Sy /Sy max < 0.1945, convectionis the dominantheat transfer
mode (Nuz > 1) and Nusselt number Nuj increases with increasing
Rayleigh number values. The opposite is true along the inclined
portionof the hot wall, 0.1945 < S, /S, max < 1, Where Nuj < 1 over
most of its length. This is caused by the strong stratification effects
in the upper region as revealed by the isotherms shown in Fig. 5.
Moreover, heat transfer along the inclined portion of the hot wall to
theleftofthedivider,0.1945 < S, /Sh max < 0.7213, passes by a min-
imum at a location S, /S, max = 0.57 midway between the lower and
upper baffles, where stratification effects maximize. This minimum



MOUKALLED AND ACHARYA 217

Table1 Average Nusselt number values

BHu.d:()v BHu.d:Hu.d/3v BHu.dZZHu.d/3v BHu.d:Hu.d/3v BHu.dZZHu.d/l
Ra no baffles position I position I position IT position IT
Absolute conduction values, N_uo

0 5.49204 5.567 5.5727 5.6668
Nu* for summertime boundary conditions

10° 1.010 1.0058 1.0049 1.0053 1.0053

10* 1.107 1.076 1.055 1.069 1.056

10° 1.307 1.273 1.182 1.244 1.177

10° 1.659 1.602 1.5046 1.536 1.42

107 2.191 2.096 1.991 1.945 1.777

5 x 107 2.519 2426 2.279 2.222 1.94
Wﬁ)r wintertime boundary conditions

10° 1.185 1.011 1.0108 1.021 1.0193

10* 2317 1.688 1.578 1.7945 1.639

10° 4.055 2.859 2.371 2.447 2.767

10° 6.360 4.602 4.096 4.83 4.203

decreases with increasing Rayleigh number due to higher thermal
stratification. To the right of the upper baffle, a peak is observed due
to impingementof the flow negotiatingaround the upper baffle. The
value of this peak decreases with increasing Rayleigh number due
to more pronounced thermal stratification.

The Nusselt number distributions along the horizontal cold wall
are shown in Fig. 7b. As expected, the level of Nusselt number
increases with increasing Rayleigh number values. Moving from
right to left along the the cold wall leads to a decrease in the values
of the Nusselt number because the fluid is heated as it moves over
the lower hot surface. Furthermore, due to the larger temperature
gradients in the baffle at high Rayleigh number values (compare
isothermsin Fig. 5e and 5h), a sharpincreasein Nusselt number Nu?
in the baffle is obtained. Then, Nusseltnumber Nu decreasesdue to
an increase in the temperature of the fluid carried by the separated
jetthatimpinges first on the top of the left baffle, moves down along
the baffle, and then to the left along the cold wall (Figs. 5c and 5d).

The normalized average Nusseltnumber values Nu* and the aver-
age conductionvalues Nu, for all cases studied are given in Table 1.
Moreover, to assess and quantify the effects of baffles easily, results
in a nonpartitioned trapezoidal cavity are also included.

At Ra =10°, even though Nusselt number Nu* is lower for the
partitioned cavities as compared to the nonpartitioned cavity,
Nusselt number Nu is higher, Nu = Nu* x Nu,. This is due to dom-
inance of conduction at this low Rayleigh number and the higher
value of the conduction heat transfer Nusselt number N_ug in the
partitioned enclosure caused by the higher conductivity of the baf-
fles. The maximum increase in average Nusselt number is 2.70%
and occurs with the longest baffles in offset position II. At moder-
ate Rayleigh numbers, Ra < 10%, the overall heat transfer remains
strongly dominated by conduction, thatis, Nu* < 1.1. However, due
to the modest convectioneffects, the average Nusselt number values
are lower in the partitioned cavities. The contribution of advection
to the total heat transfer becomes as important as the conduction
contribution at Rayleigh number between 10° and 107. Except for
Ra = 10°, the presence of baffles decreases the overall heat transfer
with the magnitude of decrease increasing with increasing BH. The
reduction in the total heat transfer is greater in the offset baffle po-
sition II. Therefore, it is better to use this configuration to minimize
heat gain in summer. Moreover, by comparing current estimates
against results in partitioned cavities with a single baffle attached
either to the lower base!? or the upper inclined plane,' it is found
that the maximum decrease in heat transfer for this offset configu-
rationis close to the 19.25% reductionobtainedin Ref. 12. Keeping
in mind that at Ra = 103 an increase in heat transferis obtained, the
use of offset baffles does not offer any advantage for summertime
conditions over the configurations in Ref. 12.

The average Nusselt number values for summertime conditions,
displayed in normalized form in Table 1, are correlated with a max-
imum deviation of less than £13.10% via the following relation:

0.15 0.05
1+BL,/W 1+BH,/H
+BL,/ ) ( + BH,/ ) @

Nu = 2.94(Ra)*®
14+BL,/W 1+ BH,/H

Wintertime Boundary Conditions

The local and average Nusselt numbers along the hot and cold
walls are again computed using Egs. (1) and (2), respectively. The
effects on heat transfer of mounting offset baffles in positions I
and II to the upper inclined plane and lower base of the cavity can
be assessed by a direct comparison between the computed Nusselt
number Nu* values in nonpartitioned and partitioned enclosures
presented in the lower part of Table 1.

Predicted values reveal that convectionbecomes important at rel-
atively low Rayleigh number values. Thus, unlike the earlier ob-
servations for summertime conditions, reduction in heat transfer in
the partitioned cavities is achieved at all Rayleigh number values
including Ra = 10°. In general, for both offset baffle positions, the
decreasein the overall heat transferis greater with increasing height
of the baffles. The highestdecreaseis obtained with the longest baf-
fles, BH, s =2H, 4/3, in offset position I. A comparison between
current Nusselt number Nu estimates and those reported in Ref. 12
and 13 reveals that the maximum decrease in average Nusselt num-
ber for this configuration is about 39.74% compared to 31.51 and
34.00% for the configurationsin Ref. 12 and 13, respectively. There-
fore, for wintertime conditions, there is a slight advantage in using
offset dividers with the upper one placed close to the hot vertical
wall of the cavity. The average Nusseltnumber values for winterlike
conditions,displayedinnormalizedformin Table 1, are correlatedas

—0.32 0.84
— 1 +BL,/W 1 +BH,/H
Nt = 1.33(Ra)’ = / +BH./ (5)

1+BL,/W 1+ BH,/H

with a maximum deviation of less than £9.99%.

Conclusions

Natural convectionin a trapezoidal cavity with offset baffles has
been studiednumerically. In particular, the effects of Rayleigh num-
ber, BH, and BL on heat transfer in summerlike (bottom-cooled)
and winterlike (bottom-heated) conditionsare investigated.For both
boundaryconditions,convectioncontributionto total heattransferis
found to increase with increasing Rayleigh number. Nevertheless,
convection is by far more pronounced for wintertime conditions.
The presence of baffles decreases heat transfer with a greater de-
crease observed at higher BH. For summerlike conditions, the high-
est reduction in heat transfer is obtained with tall baffles in offset
positionII (upperbaffle offset toward the symmetry line). However,
the use of offset baffles does not offer any additionaladvantage over
the single-baffle configuration studied in Ref. 12. For winterlike
conditions, the use of offset baffles is more advantageous than the
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configurations in Refs. 12 and 13. The lowest heat transfer rate is
accomplished with tall baffles in offset positionI (upper baffle offset
toward the heated wall).
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