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Abstract

Air natural convection in vertical channel configurations is strongly attractive in thermal design and control of devices. This is
mainly due to its simplicity, no maintenance costs and reliability. This paper examines air natural convection in vertical channels
with an auxiliary plate along the centerline. The channel is symmetrically heated and the walls are at uniform heat flux, whereas the
auxiliary plate is either adiabatic or heated at uniform heat flux. The analysis is obtained for a two-dimensional steady state and
laminar regime, and the fully elliptic equations are solved numerically by the control volume method on a finite I-shaped com-
putational domain. Results in terms of stream function and temperature fields, velocity and temperature profiles inside the channel
and pressure profiles along the centerline are given either for insulated auxiliary plate or for heated auxiliary plate. The adiabatic
auxiliary plate along the centerline of the channel produces a chimney effect reduction of the channel while the heated auxiliary
plate, at higher Ra values (10°-10°), provides an increase in the mass flow rate in the channel. Finally, two correlations between
average channel Nusselt number, channel Rayleigh number, Ra*, and dimensionless auxiliary plate height, 4/L, are proposed. One
correlation is for the channel with heated auxiliary plate and another is for the channel with unheated auxiliary plate. The channel
Rayleigh number range is 10>-10° and the dimensionless auxiliary plate height, /L, is in the range [0, 1]. © 2001 Elsevier Science

Inc. All rights reserved.
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1. Introduction

Engineering applications of natural convection in vertical
heated channels are many and some examples are thermal
control, solar collectors, nuclear reactors, etc. (Gebhart et al.,
1988; Peterson and Ortega, 1990; Raithby and Hollands,
1998). Therefore natural convection in vertical channels has
been extensively analyzed by means of numerical approach
(Campo et al., 1999). The knowledge of thermal and fluid
dynamic fields, such as temperature, velocity and pressure,
provides basic guidelines in the design of devices in passive
thermal control by means of natural convection.

Nowadays, the main purposes of natural convection anal-
ysis in channels are the thermal optimization of simple con-
figurations (Morrone et al., 1997) and/or the thermal design of
modified configurations derived from the simple channel,
which could enhance heat transfer. This is well documented by
Ledezma and Bejan (1997), Kim and Lee (1996) and
Bar-Cohen and Kraus (1988).
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In recent years almost all modified configurations of the
simple channel have been studied numerically. Some of these
configurations are the vertical channel with a modified inlet
zone (Roberts and Floryan, 1998), with adiabatic extension
upstream and downstream (Lee, 1994; Straatman et al., 1993;
Oosthuizen, 1984; Campo et al., 1997, 1999) and with an
auxiliary plate along the centerline of the channel (Aihara et
al., 1996; Cheng et al., 1988; Naylor and Tarasuk, 1993;
Floryan and Novak, 1994; Andreozzi et al., 1999).

The symmetrically heated channel at uniform heat flux with
auxiliary plate has rarely been investigated with the exception
of Andreozzi et al. (1999). In fact, the first author who intro-
duced this configuration was Aihara in 1963, as reported in
Aihara et al. (1996). He claimed that the shorter auxiliary plate
heated at the same temperature as the channel walls increased
the heat transfer compared to the simple channel. Recently,
Naylor and Tarasuk studied the divided vertical channel nu-
merically (1993a) and experimentally (1993b). In the numerical
paper they employed both the elliptic and parabolic Navier—
Stokes equations, which were solved by FIDAP program. The
inlet channel conditions were based on the Jeffrey-Hamel flow.
More recently, Floryan and Novak (1994) numerically inves-
tigated multiple parallel vertical channels, by employing the
FIDAP program. An analogous configuration was previously
investigated by Sparrow and Tao (1982). They analyzed two
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Notation

a thermal diffusivity, m?/s

b channel gap, m

g gravity acceleration, m/s>

Gr Grashof number, Eq. (5)

h auxiliary plate height, m

h(x)  local convective coefficient, W/m? K
k thermal conductivity, W/m K
L channel plate height, m

L, height of the reservoir, m

L, width of the reservoir, m

ny number of nodes along X

ny number of nodes along Y

Nu(x) local Nusselt number

Nu average Nusselt number

p pressure, Pa

P dimensionless pressure, Eq. (5)
Pr Prandtl number, Eq. (5)

q heat flux, W/m?

Ra Rayleigh number, Eq. (5)

Ra*  channel Rayleigh number, Eq. (5)
T temperature, K

u,v  velocity components along x,y, m/s
U,V dimensionless velocities, Eq. (5)

X heat flux ratio, Eq. (5)
X,y Cartesian coordinates, m
X,Y dimensionless coordinates

Greeks

p volumetric coefficient of expansion, 1/K

A difference between two values

0 dimensionless temperature, Eq. (5)

v kinematic viscosity, m?/s

W stream function, m?/s

14 dimensionless stream function, Eq. (5)

p density, kg/m?

W vorticity, 1/s

Q dimensionless vorticity, Eq. (5)

Subscripts

00 free stream condition

max maximum value

Wi channel wall

W» center line

p auxiliary plate

c channel

av average value

0 refers to the channel without auxiliary plate (‘“base
case”

vertical parallel channels that share a common wall across
which heat is transferred from one channel to the other. The
gap between the two channels was different. They solved nu-
merically the parabolic set of equations with a finite difference
scheme. Andreozzi et al. (1999) studied the configuration
symmetrically heated with the walls at uniform heat flux and
the auxiliary plate was either insulated or heated at uniform
heat flux. The analysis was carried out by means of a finite
volume method which solved the fully elliptic problem. The
finite computational domain consisted of the channel and one
reservoir upstream and another downstream.

The motivation of the present study is to further investigate
the thermal and fluid dynamic behavior of the configuration
studied in Andreozzi et al. (1999). In particular the stream
function and temperature fields, the velocity and temperature
profiles inside the channel and the pressure profiles along the
centerline of the computational domain are provided. The
results are obtained for air, Rayleigh number, Ra, equal to
103-10°, channel aspect ratio L/b equal to 10 and dimension-
less auxiliary plate height 4/L ranges in [0, 1]. Finally, two
correlations between average channel Nusselt number, channel
Rayleigh number and a dimensionless geometric parameter,
h/L, are proposed.

2. Mathematical and geometrical formulation

The studied configuration is made of two vertical parallel
plates uniformly heated and a very thin auxiliary plate placed
in the mid-plane of the two parallel plates. In Fig. 1(a) the
investigated geometry is shown. The height of the plates is L,
the distance between the two plates is b and the height of the
auxiliary plate is /4. The /& value ranges between 0 and L. The
parallel plates are heated with a uniform heat flux equal to ¢,
while the auxiliary plate heat flux can be 0 or ¢, # 0. An en-
larged computational domain is chosen. It is made of the
channel with auxiliary plate and of two reservoirs of height L,
and width L, which are placed upstream and downstream of

the channel. Due to thermofluidynamic and geometrical sym-
metries, the problem is solved in half the domain, as shown in
Fig. 1(b).

The dimensionless Navier—Stokes equations in terms of
stream function and vorticity, derived for a two-dimensional
steady-state flow regime and with the Boussinesq approxima-
tion are
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Fig. 1. Sketch of the vertical channel with auxiliary plate: (a) investi-
gated configuration; (b) computational domain.
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The dimensionless energy equation, by neglecting the terms of
dissipation and total derivative of pressure is (Gebhart et al.,
1988)
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Egs. (1), (2) and (4) are solved by imposing the boundary
conditions, with reference to Fig. 1(b), given in the following:

b4 Q 0 Zone
=0 “_ 0=0 AB

e =0 W 0=0 AM'
=%, L=0 2-0 BC and DE
V=%, L=0 8=—1 CD
=9, L=0 Y=y, TH
TE=0 @_y 8=0 EF

The local convective heat transfer over the channel plate is
described by the local Nusselt number, defined as
h(x)b 1
N = = . 6
) = = g ©)
Similarly, the local Nusselt number over the auxiliary plate,
when heated, is

hy(x)b  x,
Ni =-F ="9_
up(x) k 0p(x) (7)
The average values can be written as
b L/b
Nu="2 / Nu(X) dX, (8)
L Jo
b h/b
Nu, = 3 Nu,(X) dX. 9)
0

Moreover an average channel Nusselt number can be written
as

= (1) 2] (rm ) "

where

b L/b
Bwlav =7 / QWI(X) dX7 (]1)
L J
b h/b
O = / 0,(x) dX. (12)
0

3. Numerical procedure

The numerical solution to Egs. (1)-(4) is carried out by
employing the control volume method. Since in this case the
induced mass flow rate is an unknown function of thermo-
geometrical parameters such as L/b, h/L and the Rayleigh
number, the stream function values on the channel plate, ¥,
and on the centerline, ¥, are not known in advance. In fact,
the AY = ¥, — W, represents the induced volumetric flow
rate in half the channel. The numerical solution is carried out
by employing a false transient method and the steady-state
solution to the problem is obtained as an asymptotic limit of
the transient solutions. The problem is solved in the following
steps:

1. assign a guessed AW value;

2. solve Egs. (1) and (4), using the ADI technique (Alternating
Direction Implicit);

3. solve the stream function equation (Eq. (2)) by the SLOR
method with an optimal value of the relaxation factor of
about 1.7;

4. once the steady-state is attained, the guessed induced mass
flow rate is checked. The selected value of the mass flow rate
is verified by integrating the momentum equation along the
centerline of the channel in the chosen computational do-
main. This condition must be verified

(Le+L) /b oP
& ax=o. 13
/,Lx/b ox (13

If this equation is not satisfied within a prescribed accuracy

(1072), return to step 1 and repeat the whole procedure until

a converged solution is obtained.

The steady-state solution of the problem is attained as an
asymptotic limit of the transient solutions. So a convergence
criterion should be checked to test the attainment of the
steady-state. The steady-state condition is considered to be
reached when the variation of 0 and Q is less than 107°.

Preliminarily the dependence of the numerical solution on
the mesh spacing was analyzed by monitoring the induced
mass flow rate, AP, and the average Nusselt number, Nu. The
induced mass flow rate values and the average Nusselt number
values, at Ra = 10* and with a number of nodes along X, ny,
equal to 51, for different numbers of nodes along Y are re-
ported in Table 1.

It was observed that, by doubling the number of nodes
along Y from 13 to 27, AY¥ and Nu showed a variation of about
1.5%. To obtain an accurate estimate of exact A¥Y and Nu
values, used as reference values, a Richardson’s extrapolation
was used (Roache, 1998).

Table 1
AY and Nu values at Ra = 10* and ny = 51 for different numbers of
nodes along Y

ny AV Nu

11 51.0 3.28
13 51.0 3.20
21 50.23 3.18
27 50.18 3.18
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For A¥ and Nu, it results:

4 1

AV exac = §A¥'51x27 - gAlPsuw =50, (14)
4 1

Nutexaer = gNM51x27 - gNu51x13 =3.173. (15)

Therefore, the variations of the induced mass flow rate and
average Nusselt number values, obtained when the number of
nodes along Y is 27, respect to the reference values are 0.36%
and 0.2%, respectively. A lesser dependence of the same vari-
ables was observed on the number of nodes along X. In the
investigated cases a 27 x 51 uniform mesh is employed.
Moreover, a reservoir height equal to two times the channel
height and a horizontal width equal to 21 times the channel
gap are sufficient to obtain a solution independent of the res-
ervoir dimensions. This procedure was successfully tested by
comparing its results with other numerical and experimental
outcomes (Manca et al., 1994).

4. Results and discussion

In the following, results for Rayleigh number values be-
tween 10° and 10° are provided to point out the thermal and
fluid dynamic characteristics of the channel. The results are
obtained for air (Pr = 0.71) and channel aspect ratio L/b of 10.
The auxiliary plate can be insulated, x, = 0.0, or heated at the
same uniform heat flux as the channel plate, x, = 1.0.

4.1. Streamlines and isotherms

Streamlines and isotherms for a Ra value equal to 10° with
an auxiliary plate with a height half of the channel plate,
h/L = 0.5, are reported in Fig. 2.

The auxiliary plate is insulated (x, = 0.0). At the channel
exit, the stream function behaves like a jet in a free field. Fig.
2(a) shows that the fluid, heated by the channel plates and
exiting the channel, gets into the upper reservoir and trails
fluid from the surroundings. In this case, the dragging is due
both to viscous and thermal effects; in fact, the fluid exiting the
channel is hotter than the surroundings and releases heat to
this. Moreover, a contraction of the streamlines upstream of
the channel exit is observed. At the inlet the streamlines are
aligned and the flow is driven into the channel with relatively
modest accelerations. Inside the channel, the streamlines are
parallel to each other and aligned with the channel plates. The
isotherms form two plumes which break off the upper part of
the walls at the channel outlet and a relatively consistent
penetration of the thermal disturbance in the ambient is ob-
served; this penetration is due to the relevance of the diffusive
effects as compared to the convective ones when Ra = 10°. At
the channel inlet, modest thermal gradients along X are ob-
served due to the diffusive effects again. The adiabatic auxiliary
plate does not involve a substantial modification of the ther-
mal field either in the channel or at the channel outlet.

The isotherms and the streamlines related to the same
previous configuration are reported in Fig. 3 for Ra = 10° and
x, = 0.0. The streamlines appear packed close to the plates in
the channel (Fig. 3(a)); this fact implies higher velocities and a
smaller boundary layer thickness than the previous case
(Ra = 10°). Abrupt directional variations are noted close to the
lower corner at the inlet section of the channel. At the channel
outlet section there is a lesser drawing of fluid from the sur-
roundings compared to the previous case because the thermal
disturbance does not diffuse due to the relevance of the con-
vective compared to the diffusive effects. The flow develops
inside the channel downstream of the auxiliary plate. It should

20
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Fig. 2. Streamlines (a) and isotherms (b) at Ra = 10°, /L = 0.5 and
x, = 0.0.

be observed that the fluid thickens close to the hot walls of the
channel downstream of the auxiliary plate. The isotherms,
reported in Fig. 3(b), show that downstream of the outlet
section the plume tends to move to the centerline and the
thermal disturbance spreads into the surroundings to some
extent.

The streamlines and the isotherms for Ra value of 103 and
x, equal to 1.0 with an auxiliary plate high half of the channel
plate, #/L = 0.5, are reported in Fig. 4. The fluid in the channel
sticks both to the auxiliary plate and to the channel plates for
X <5.0, whereas for greater X values the fluid departs from the
plates, downstream of the auxiliary plate. This fact may be due
to the presence of the plume placed downstream of the heated
auxiliary plate on the centerline. In the upper reservoir, a
contraction of the streamlines weaker than the corresponding
case with x, = 0.0 can be observed. Inside the channel the
trend of the isotherms is clearly influenced by the heating of
the central plate, as shown in Fig. 4(b). The temperature values
of the auxiliary plate are very similar to those of the channel
plates, at the same X value.

The streamlines and the isotherms, for a Ra value of 10°
and x, equal to 1.0 and at h/L = 0.5 are reported in Fig. 5.
As the Ra value increases, the heated central plate influences
markedly the draft from the lower reservoir, as shown in Fig.
5(a). Inside the channel, the streamlines are practically par-
allel to each other. As Fig. 5(b) shows, the thermal fields
produce two plumes. These plumes lift off the two channel
plates and practically do not interact with each other. At
Rayleigh number value equal to 10°, the thermal disturbance
does not diffuse horizontally into the surroundings of the
channel exit.
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Fig. 3. Streamlines (a) and isotherms (b) at Ra = 10°, h/L = 0.5 and
x, = 0.0.

4.2. Velocity and temperature profiles inside the channel

Velocity and temperature profiles as functions of Y at dif-
ferent sections, for Ra = 10* and Ra = 10%, for x, = 0.0 and
x, = 1.0 are reported in Figs. 6 and 7. In these figures the ratio
of the auxiliary plate height to the channel height, /L, is equal
to 0.0 and 0.5 and the profiles are reported to point out the
thermal and fluid dynamic development inside the channel.
The maximum velocity values in the channel and the wall
temperatures of the profiles are given in Tables 2 and 3.

Fig. 6 shows that, at 4/L = 0.0 (Fig. 6(a)), the velocity
profile is partly deformed at the inlet, showing an approxi-
mately parabolic trend with a uniform zone in the core region.
Moreover, the flow can be viewed as fully developed starting
from X = 5 since the two profiles at X = 5 and 10 are virtually
the same. The temperature profiles at the inlet (X = 0) present
very low values in the core region compared to those adjacent
to the wall. At the exit (X = 10), the temperature close to the
wall increases less than that adjacent to the core region, due to
the outer ambient cold air drawn by the plume jet toward the
hot upper channel corner. The placement of the auxiliary plate
modifies the velocity profile at the inlet section, producing a
parabola at the sections where X < 5. At the inlet (X = 0), the
velocity profiles are well developed for #/L = 0.5 (Figs. 6(b)
and (c)). At the exit section (X = 10), when 4/L = 0.5, the
velocity profile is quite similar to that for the configuration
without the auxiliary plate (Fig. 6(a)). At the channel inlet
(X =0), the temperature profiles are very similar to those
corresponding to the case without auxiliary plate (“base
case”). The auxiliary plate produces a uniform temperature

BN ¥
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o;
I | - 1 1
® ° v °

Fig. 4. Streamlines (a) and isotherms (b) k/L =0.5 at Ra = 10,
h/L=0.5and x, = 1.0.

profile; in fact, the central plate increases the diffusive effects
because the Rayleigh number value is relatively low (10°).
Fig. 7 shows that, for the base case (Fig. 7(a)), at the inlet
section the velocity profile is flatter than when Ra = 10’ and
the flow increases. In fact, the profile at the exit section
(X = 10) shows both an absolute maximum at about ¥ = 0.12
and a relative minimum at ¥ = 0.5. The temperature profiles
show lower values than in the previous case (Ra = 10°).
Moreover, the fluid is practically undisturbed in the core zone
of the channel, when 0.3 <Y <0.5, bothat X =5 and X = 10;
this is due to the lower contribution of the diffusive effects
because of high Rayleigh number value (10°). The placement
of the adiabatic auxiliary plate (Fig. 7(b)) does not modify the
thermal behavior of the fluid compared to the base case while
the velocity profiles are modified because of the no-slip con-
dition on the auxiliary plate. At #/L =0.5 and x, = 1.0, the
velocity profile asymmetry practically disappears at X = 5 (the
heated auxiliary plate end) while the profile asymmetry is more
pronounced at the inlet section (Fig. 7(c)): this is due to the
heated auxiliary plate which realizes a better draft of the air
while the flow close to the channel walls is not parallel to the
walls for the corner presence. At the exit section the velocity
values are practically uniform. A temperature profile asym-
metry can be observed in Fig. 7(c), in the region where there is
the auxiliary plate, for 4/L = 0.5. Moreover, it is evident that
the zone near ¥ =2 0.3 is colder than the core region: this is due
to the greater thermal boundary layer thickness of the channel
plate than that adjacent to the auxiliary plate. In fact, close to
the auxiliary plate, the flow is parallel while close to the
channel walls the corner C at the channel inlet (see Fig. 1) can
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Fig. 5. Streamlines (a) and isotherms (b) at Ra = 10°, h/L = 0.5 and
x, = 1.0.

produce a small flow recirculation downstream of the inlet
section. At the channel exit the minimum temperature value is
located at ¥ = 0.5.

4.3. Pressure profiles

The pressure profiles along the channel centerline are re-
ported in Fig. 8. The Rayleigh number varies from 10* to 10°
and the ratio of the auxiliary plate height to the channel height,
h/L, is equal to 0.0, 0.5 and 1.0.

The pressure profiles for the base case (#/L = 0.0) show
that the pressure drop at the channel inlet is greater, the higher
the Ra value is, whereas the zone inside the channel with the
minimum pressure is greater, the lower the Ra value is. This is
due to the diffusion of the momentum. The pressure profiles
along the centerline, for /L = 0.5, for unheated (x, = 0.0) and
heated (x, = 1.0) auxiliary plate show that the pressure de-
creases close to the inlet section, but there is a small, but sharp
increase at X = 0, where there is an auxiliary plate. This is
clearly evident only at Ra = 10° and Ra = 10* (Figs. 8(a) and
(b)). Moreover, it is necessary to highlight a pressure reduction
at the end of the auxiliary plate due to the increment of the
velocity downstream to the central plate. When the auxiliary
plate is heated (x, = 1.0), the pressure reduction is due also to
the thermal plume produced by the central plate. These effects
are more relevant at the higher Ra values, thus a greater de-
pression can always be observed when the auxiliary plate is
heated (x, = 1.0). At Ra = 10°, the minimum pressure value is
close to the inlet section for x, = 1.0 (Fig. 8(d)) due to the
“vena contracta” phenomena. When the auxiliary plate height
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Fig. 6. U/Umax and 0/0y, profiles vs Y at different axial coordinates at
Ra=10% (a) h/L = 0.0; (b) h/L = 0.5 and x, = 0.0; (c) h/L = 0.5 and
x, = 1.0.
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Table 2
Maximum velocity values in the channel, Uy,
Ra =10 Ra = 10°
h/L =00
X=0 45.25 620.34
X=5 54.46 625.93
X=10 53.97 799.31
Ra = 10? Ra = 10°
x, = 0.0 x,=1.0 x, = 0.0 x, =10
h/L=0.5
X=0 33.07 42.19 535.16 790.27
X=5 36.63 47.29 709.30 884.79
X =8 36.32 47.53 777.07
X=10 37.34 48.39 779.40 775.12
h/L=10
X=0 27.13 37.39 503.53 768.16
X=5 30.34 42.39 685.55 856.42
X=10 29.25 41.23 773.88 807.53
Table 3
Maximum wall temperature values, 6y,
Ra =10’ Ra=10°
h/L=0.0
X=0 0.12 0.043
X=5 0.63 0.15
X =10 0.88 0.18
Ra = 10° Ra = 10°
x,=0.0 x, =10 x, =0.0 x, =10
h/L=05
X=0 0.13 0.12 0.048 0.046
X=5 0.76 1.00 0.15 0.15
X =28 1.14 1.36 0.17
X =10 1.07 1.25 0.18 0.18
h/L=1.0
X=0 0.14 0.13 0.049 0.046
X=5 0.88 1.12 0.15 0.15
X=10 1.24 1.67 0.18 0.18
is equal to the channel plate height (%/L = 1.0), the pressure SR\ s
behaves in a similar manner as before (#/L = 0.5) at the inlet Nu = 4.42- 10 I (Ra") for x, = 1.0. (17)

section. Inside the channel, the pressure recover is similar to
that of the base case. For x, = 1.0 and at the lowest Ra values
(103, 10%) (Figs. 8(a) and (b)), the pressure attains lower min-
imum values as compared with to the case without the auxil-
iary plate due to the increase of the wall stress. This is caused
by the presence of the auxiliary plate. The pressure reduction is
more marked the higher the Ra value is.

The values of the induced mass flow rate (A¥) are reported
in Table 4. These values confirm the observations regarding
the pressure profiles.

4.4. Heat transfer correlations

In this section correlations between average channel Nus-
selt number, Nu, Ra* number and geometrical parameter, 4/L,
are proposed, for two x, values:

—0.029
Nu; = 8.96- 102 (%) (Ra*)*”  for x, = 0.0, (16)

The correlations are in the ranges: 10> <Ra*<10° and
0.0<2/L<1.0. In these correlations the dependence on A/L
parameter is weak. In Eq. (16) the exponent is negative
therefore the average channel Nusselt number decreases the
higher one //L value, whereas in Eq. (17) there is an opposite
behavior. Furthermore, for x, =1.0, the channel Nusselt
number changes approximately linearly with the channel
Rayleigh number.

5. Conclusions

A numerical analysis of air natural convection in a sym-
metrically heated vertical heated channel with an auxiliary
plate along the axial centerline of the channel to obtain the
thermal and fluid dynamic characteristics of the system is
presented. The analysis is carried out solving the fully elliptic
Navier-Stokes and energy equations in terms of stream func-
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Fig. 8. Pressure profiles along the centerline at different /L and x, values and at different Ra values: (a) Ra = 10%; (b) Ra = 10%; (c) Ra = 10%;
(d) Ra = 10°.
Table 4
Induced mass flow rate, AV, at different Ra, //L and x, values
Ra =10 Ra = 10* Ra = 10° Ra = 10°
x; =1.0
h/L=0.0 18.75 51.00 127.06 280.00
h/L=0.5 16.46 48.02 135.00 350.00
h/L=1.0 14.50 44.16 126.34 340.00
x; =0.0
h/L=0.5 12.73 37.11 102.67 234.19
h/L=1.0 10.36 31.75 90.30 220.0

tion — vorticity approach by the control volume method on a
finite I-shaped computational domain.

The presence of the auxiliary plate modifies the fluid dy-
namic behavior of the channel. This is underlined by the
streamlines and the temperature fields, the velocity and the
temperature profiles inside the channel and by the pressure
profiles along the centerline of the analyzed system. In par-
ticular, the presence of the adiabatic auxiliary plate produces a
reduction of the drawing of the channel and modifies signifi-
cantly the velocity profiles: this is due to increased loss of
pressure along the solid walls. The placement of the adiabatic
auxiliary plate does not modify qualitatively the thermal be-
havior of the fluid in the channel.

When the auxiliary plate is heated, a thermal plume is
produced: this plume increases the drawing inside the channel.
For the lowest Ra value (103), there is not induced mass flow
rate increase because the viscous effect increase is stronger than
that of the driving force. For the highest Ra value (10°),
however, the boundary layer thickness becomes lower and the
driving force increase can prevail.

Correlations between channel Rayleigh number, dimen-
sionless geometric parameter and average channel Nusselt
number are proposed for 10> < Ra* < 10° and 0.0 < #/L < 1.0.
The dependence on //L is weak and for x, = 1.0 the exponent
of the channel Rayleigh number in the correlation is close to
unity (0.894).
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