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Abstract—A numerical investigation is made of laminar mixed convection of air in a vertical channel
containing a partial rectangular blockage on one channel wall. The wall containing the blockage is assumed
to be heated while the other wall is assumed to be either adiabatic (asymmetric heating) or heated
(symmetric heating). Results indicate that at low values of Gr/Re* the maximum velocity occurs near the
adiabatic wall in the asymmetrically heated channel. As Gr/Re® increases, this peak shifts towards the hot
wall, Reverse flow is predicted beyond the blockage. In this reverse flow region temperature variations are
small. The average Nusselt number in the blockage and the pre-blockage regions increases with decreasing
Gr/Re? values. Beyond the blockage, the average Nusselt number decreases with Gr/Re? at high Rayleigh
numbers. For the symmetrically heated channel, the velocity profiles are depressed at the center. For both
thermal conditions (symmetric and asymmetric), the Nusselt numbers are smaller than the corresponding
smooth duct Nusselt numbers.

INTRODUCTION

DuUrING the last decade, the trend in the electronic
industry has been towards smaller computer com-
ponents. This trend has been associated with increas-
ing efforts for improved understanding of heat trans-
fer cooling in electronic components. Typically, the
simplest situations have received the primary atten-
tion. Natural convection in vertical heated channels
has been studied extensively [1-6] to assess the mag-
nitude of the self-induced cooling. Since fans are com-
monly employed in cooling electronic components,
mixed convection in smooth ducts has also been
studied [7-10].

Heat transfer correlations in smooth vertical ducts
do not incorporate the effects of the finite disturbance
introduced by the presence of the electronic com-
ponents in the channel. So far, this effect does not
appear to have received much attention in the litera-
ture. The objective of this paper is to study the heat
transfer behavior of mixed convection in a partially
blocked, vertical channel.

A schematic of the problem considered is shown in
Fig. 1. The rectangular blockage on the right channel
wall represents an electronic module on a vertical
circuit board. Thus, the right wall is assumed to be at
an elevated temperature T,. Two thermal conditions
are considered for the left wall. In one, the left wall is
assumed to be adiabatic (representing a plate that
does not contain any components). This defines the
asymmetrically heated configuration. The other ther-
mal condition corresponds to a heated left plate (that
represents a plate containing electronic components
on the exterior surface). This sitnation is referred to as
the symmetrically heated configuration in this paper.

GOVERNING EQUATIONS AND
SOLUTION PROCEDURE

The governing equations of the fluid are those that
express the conservation of mass, momentum and
energy. Because of the presence of the blockage, the
flow is elliptic in nature. The flow is assumed to be
steady, laminar and two-dimensional. These assump-
tions, for limited ranges of the governing parameter
values, have been assumed in the literature to be valid
for smooth ducts [7-9]. Radiation has been neglected
in this study and therefore the results are applicable
for moderate temperature differences.

The fluid is assumed to satisfy the Boussinesq
approximation which relates the temperature to the
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FiG. 1. Schematic of the physical situation.
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b channel width

<, specific heat at constant pressure

g acceleration due to gravity

H height of the blockage

k thermal conductivity of fluid

L,L1,12 length of the blockage, distance
hefore the blockage, distance after the
blockage

Nu,, Nu, Nusselt number in the x and y
directions

Nu  average Nusselt number

p, P dimensional and dimensionless pressure

Pr Prandt]! number

Pe  Péclet number

Ra  Rayleigh number

Re  Reynolds number

NOMENCLATURE

T temperature

Tw temperature of hot surfaces
To temperature of inlet air

U,V dimensionless velocities

u,v  velocity components

gy dimensional inlet velocity

X dimensionless coordinate, x/L
Y dimensionless coordinate, y/L

x,y coordinates,
Greek symbols
B coefficient of thermal expansion
& dimensionless temperature
v kinematic viscosity
o density

Fo density of inlet air,

density through the following equation
p = po[l —B(T—T) 8))

where p, and T, are the corresponding density and
temperature of the incoming flow. Also, a modified
pressure is defined as follows

P* = p+pogx. &)

Using this definition and the Boussinesq approxi-
mation, the term —0p/0x—pg in the x-momentum
equation becomes —JP*/8x+ pog(T~Tg).

The dimensionless variables chosen are

X=x{L, Y=y/L, U=ufuy, V=0sjuy (33)
P = P*pus, 0=(T—Ty)/(Tu—To) (3b}

The corresponding dimensionless governing equa-
tions are

JUJOX +8V]pY =0 (4
UBU{0X + VoUBY = ~8P/3X+1]Re VU
+Gr/Re* 6 (5)
DOVIBX +VoVidY = —2P{8Y +1/Re V'V (6}
UdB/8X + ViBlaY = 1/Pe- V0 N
where
Gr = pgP(T,~TOL*v?, Re = uyLv,
Pr = pc,fk, Pe = RePr. (8}
The boundary conditions can be expressed as
atX =0
U=1, ¥=0, =0 9
at ¥=0

Ue=V=0 0=1 (10)

at Y= b/L
U=V=0, =1 o0r 08/éY=0 {1
at X = L+ (L1 L)L
BUBX = dV]6X = 06j0X = 0. {12)

An examination of the dimensionless governing
equations reveals three parameters: the Prandtl num-
ber (Pr), the Rayleigh number (Rq), and the Gr/Re?
ratio, The Prandtl number is assigned the value of 0.7
corresponding to air. The Rayleigh number takes on
values of 10%, 10° and 10° while the Gv#/Re® ratio is
varied between 0.1 and 5.0.

In addition to the aforementioned parameters,
there are four geometrical parameters: L1/L, L2/L,
biL and H/L. The parameters L1/L and b/L have
been assumed to be unity while the dimensionless
blockage height H/L is assigned the values of 0.1 and
0.2. L2/L is chosen to be sufficiently far downstream
so that the zero streamwise gradient condition is
satisfied,

The differential equations are solved using an
implicit, elliptic finite difference procedure called
SIMPLER (Semi Implicit Method for Pressure
Linked Equations, Revised). This method has been
developed by Patankar, and has been accorded a book
length description in {11}, and therefore, only 2 brief
description is given here. In this method, the domain
is subdivided into a number of control volumes, each
associated with a grid point, and the governing differ-
ential equation is integrated over each conirol volume
resulting in a system of algebraic equations that can
be solved by an iterative technique. In the integration
process, profile approximations are required in each
coordinate direction and, for the results presented in
this paper, an exponential profile approximation has
been employed. Compared to the hybrid or the
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upwind profile approximations, the assumption of the
exponential profile is associated with lower numerical
diffusion and, is therefore, more accurate. To avoid
checkerboard fields, the velocities are stored at
staggered locations. The pressure—velocity linkage is
resolved by a predictor—corrector technique.

To determine the appropriate grid size with which
grid independent solutions can be obtained, the cal-
culations were done on increasingly finer grid size
distributions. A 56 x46 non-uniform grid with a
denser clustering near the walls was considered to
give grid-independent results. To corroborate this, the
56 x 46 grid results were compared with the solution on
an 80 x 80 non-uniform grid. The two results compare
very well with each other with a maximum local
difference of 4% in the two solutions. In addition,
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overall conservation of momentum and energy is
satisfied to within 1% with the 56 x 46 grid.

RESULTS AND DISCUSSION

Results presented include streamline and isotherm
patterns, dimensioniess temperature and velocity pro-
files, and average and local Nusselt number dis-
tributions. In the discussion that follows, results are
presented first for the asymmetrically heated channel
followed by those of the symmetrically heated
channel.

Asymmetrically heated channel (adiabatic left plate)

Streamline and isotherm patterns. Figures 2 and 3
show the streamline and the isotherm patterns for
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Table 1. Reattachment lengths

x/L
Hot Adiabatic
Re GriRe left plate left plate

j 1195 10 2.54 265

raote TETO0Z e 30 236 237
Hr-o1 195 1.0 228 733

* 690.1 30 221 224

1195 0.1 360 360
o 378 10 2.44 251

HIL =0.2 218 30 2.30 235

s 169 50 2.26 225
Ra=10 1195 0.1 2.58 257
_ 378 1.0 223 223

HIL =01 218 30 217 219

169 50 216 216

119.3 0.1 2.55 2.55

_ 37.8 1.0 225 225

HIL=02 218 30 218 219

s 16.9 50 2175 2175
Ra =10 1195 01 218 2.20
_ 373 10 2.10 211

HIL=0.1 218 30 209 2.09

169 50 208 2.08

different parameter values. As the flow approaches
the blockage, the streamlines are deflected towards the
adiabatic wall and therefore, in the partially blocked
region, the streamlines are more densely packed.
Beyond the blockage {(x/L > 2.0), the flow separates
and reattaches further downstream on to the hot plate,
The isotherm distribution sxpectedly shows a mono-
tonic decrease of temperature from the hot wall to the
adiabatic surface.

The influence of buoyancy {or Grashof number)
can be observed in Fig. 2 which shows the streamling
and isotherm patterns for H/L = 0.1, Re == 1195, and
Gr/Re* = 0.1 and 1.0, respectively. For Gr/Re* = 0.1,
a small eddy is observed near the leading edge of the
blockage. As Gr/Re® increases to 1, this small leading
edge eddy disappears while the recirculation region
behind the blockage becomes smaller, This can also
be seen in Table 1 where the reattachment lengths
for the various cases considered are presented. This
behavior is expected since, for large Gr/Re’, the strong
buoyant upflow along the vertical surface inhibits the
size of theseparated eddy. Inview of theincreasingeddy
sizes as Gr/Re? values become smaller, the streamlines
beyond the blockage are shifted towards the adiabatic
wall as Gr/Re®is decreased.

The influence of the Reynolds number (at a con-
stant Gr/Re"} can be seen by comparing the different
plots in Fig. 3. In view of the stronger motion at
Re = 1195, the recirculating eddy is stronger and
larger in Fig. 3(a) as compared to that in Fig. 3(b)
{Re = 31.8). Furthermore, and as expected, the
thermal boundary layer increases in thickness with

decreasing Reynolds number. In fact, at Re =373,
no boundary-layer behavior is observed.

When the height of the blockage is decreased from
0.2 to 0.1, the size of the recirculating eddy decreases.
The comparison of the reattachment length for the
two blockage heights is shown in Table 1, Also, the
thermal gradients near the hot wall are larger for
HfL =0.1. Although other quantitative differences
exist, the qualitative behavior of the streamiines and
the isotherms in both cases (H/L = 0.1, H/L =0.2)
are similar,

Temperature distribution. The ternperature dis-
tribution across the channel is presented in Fig. 4
for different Gr/Re® values, At x/L = 0.77, the tem-
perature distribution exhibits a boundary-layer be-
havior near the hot surface. As Gr/Re” is increased,
the influence of natural convection becomes increas-
ingly important. Since natural convection boundary
layers are thicker compared to forced convection
boundary layers, the femperature gradients at the wall
are expectedly smaller and the temperature profile is
more uniform at higher Gr/Re® values. Beyond the
blockage (x/L = 2.17), the presence of the recir-
culating eddy distorts the temperature profile (Fig. 4).
This distortion is explained by noting that as the flow
moves backwards along the hot surface and towards
the blockage, it transports energy towards the interior
of the eddy and thus arrests the temperature decrease.
Therefore, a decrease in the slope of the temperature
profile is observed in the recirculating region. It may
be noted that in the recirculating eddy, the dependence
of the temperature profile on Gr/Re” is opposite to that
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FiG. 4. Temperature distribution across the asymmetrically heated channel: Re = 10°, H/L = 0.2.

observed outside the eddy, i.e. temperatures decrease
with increasing Gr/Re®. This trend reverses around
y/L =0.25.

Velocity distribution. The U-velocity profile across
the channel for different Gr/Re® values is plotted in
Fig. 5 for Ra = 10° and H/L = 0.2. At x/L =0.77,
the maximum velocity at Gr/Re* = 0.1 occurs near the
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adiabatic plate while at Gr/Re* = 5.0, the maximum
velocity occurs near the hot plate. At low values of
Gr/Re?, the forced convection effects are dominant
and the presence of the blockage causes the flow to
be diverted towards the adiabatic wall resulting in a
velocity maximum near the adiabatic plate. As Gr/Re*
is increased, the natural convection effect becomes
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FI1G. 5. Velocity distribution across the asymmetrically heated channel for Ra = 10°, H/L = 0.2 (main
figure) and H/L = 0.1 (inset).
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FiG. 6. Velocity distribution across the asymmetrically heated channel for different Gr/Re® values and
Rayleigh numbers.

increasingly important and therefore, the peak vel-
ocity shifts closer to the hot surface. In the blockage
region (x/L = 1.45) the velocity levels are generally
higher due to the smaller flow area. At x/L = 2.17
(beyond the blockage), negative velocities are
observed due to the recirculating eddy (Fig. 6). The
magnitude of the negative velocity increases as Gr/Re?
increases. However, as noted earlier, the recirculation
region is smaller at higher Gr/Re? values,

If the blockage height is decreased from 0.2 to 0.1,
the qualitative behavior of the velocity profiles
remains the same. However, there are quantitative
differences. The inset of Fig. 5 presents the U-velocity
profiles at x/L = 0.77 for H/L = 0.1. As H/L decreases,
the boundary-layer behavior near the hot surface
becomes more pronounced.

The effect of changing the Rayleigh number and
Reynolds number, and keeping Gr/Re* constant is
shown in the inset of Fig. 6. As the Rayleigh number
is increased, velocity boundary layers develop near
the hot side of the channel. At Ra = 10°, the natural
convection effects are small and the velocity profile
is almost symmetrical, At Ra = 10%, the effects of
buoyancy and the presence of the blockage result in
local peaks near the two walls with a depression in-
between.

Nusselt numbers, To present the heat transfer data,
the Nusselt number is calculated along the heated
surfaces using the following definition.

Nu, = hL[k (13)

where

= *k'aTlg}’zyzﬁif{Th“Tﬁ) (14

is the heat transfer coefficient based on the wall to the
inlet temperature difference.

Local Nusselt number. Plots for the local Nusselt
numbers (MNu,) along the hot plate and the blockage
surface parallel to it are presented in Fig. 7. In general,
the Nusselt number values decrease with Rayleigh
number. The Nussclt number attains a maximum
value near the channel inlet and decreases as x/L
increases towards the blockage. This is expected
because the surface near the entrance is washed by the
cold fluid (zero dimensionless temperature). As the
fluid flows along the hot surface, its temperature
increases and the heat transfer coefficient corre-
spondingly decreases. Along the vertical surface of
the blockage {(parallel to the x-axis) the same behavior
is observed. Beyond the blockage, the Nusselt number
behavior is noticeably different due to the recir-
culating eddy in that region. The Nusselt number
increases up to the point of reattachment and then
decreases gradually towards the exit of the channel.
At the point of reattachment, the heat flux and there-
fore, the Nusselt number values peak. On either side
of this point of reattachment, the flow is directed
outwards and, therefore, the Nusselt number (Nu,)
values expectedly decrease. For Ra = 10, the recir-
culation eddy is very small and weak. Therefore,
unlike the other Rayleigh numbers, a monotonic
increase towards the channel exit is observed.

The influence of Gr/Re* should also be noted. For
the higher Rayleigh numbers, as Gr/Re” increases, the
strength of the recirculating eddy increases leading to
higher Nu, values (Fig. 7). Since the size of the eddy
is reduced at higher Gr/Re®, Nu, peaks at a smaller x/L
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Fi1G. 7. Nusselt number distribution along the hot wall for the unsymmetrically heated channel, H/L = 0.2.

value. Between x/L = 0 and x/L = 2, Nu, decreases
as Gr/Re? increases. This is because the temperature
profiles are more uniform at higher Gr/Re* values
resulting in lower heat transfer cocfficients.

The Nusselt number along the horizontal surfaces
of the blockage (Nu,) is presented in Fig. 8. It should
be noted that Nu, at x/L = 1 (inset of Fig. 8), is of
the same order of magnitude as Nu, while Nu, at
x/L = 2 is much smaller than Ny, at x/L = 1 due, in
part, to the fluid being warmer at x/L = 2 and there-
fore less amenable to heat transfer.

At a higher Rayleigh number, Nu, along the upper
surface of the blockage increases as Gr/Re’ increases

IOF 45’-

H/L=0.2
x/L=1.0
Ra =105

Gr/Re2= 0l
N\

(Fig. 8), due to the increase in the recirculating eddy
strength with Gr/Re”. At the lower Rayleigh number
(Ra = 10%), the recirculating eddy beyond the block-
age is very small and weak and the values of MNu,
decrease as Gr/Re’ increases.

Average Nusselt number. The average Nusselt
number along a length As is defined as

- 1 s+As
Nu= A—Js Nu(s) ds (15)

where s represents either x or y. The average Nusselt
number along the vertical surfaces and along the

1 1
006 0.09

y/L

s
o.l2

Fi6. 8. Local Nusselt number along the lower (x/L = 1.0) and upper (x/L = 2.0) surface of the blockage.
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Fi, 9. Average Nusselt number distributions along the vertical surfaces {solid linesy and along the
horizontal surfaces of the blockage (dotted lines), H/L = 0.2,

upper and lower surfaces of the blockage are pre-
sented in Fig. 9 for H/L = 0.2, With increasing Ray-
leigh number, the strength of the flow field and, there-
fore, the average Nusselt number, along the vertical
surfaces increases. Betwsen x/L = O and x/L = 2, the
average Nusselt number increases as G/ Re” decreases.
However, above the blockage (x/L > 2} and at high
Rayleigh numbers, the average Nussell number
increases with increasing Gr/Re’. To explain this, it
should be noted that at the high Rayleigh numbers,
as GriRe® decreases the size of the recirculation
beyond the blockage increases (Fig. 2) and, since the
recirculation region is associated with low heat trans-
fer rates, the average heat transfer or Nusselt number
from the plate is therefore expected to decrease with
decreasing Gr/Re*. Atlow Ra and Re, the recirculation
zone is very small and its effects are not significant.
Hence, the Nu trends follow those along 0 < x/L £ 2,
i.e. decreasing Nu with increasing Gr{Re%.

The average Nusselt number along the upper and
fower surfaces of the blockage is shown by dotted
lines in Fig. 9. At the lower surface (x/L = 13, the
average Nusselt number increases with increasing
Rayleigh number and decreasing Gr/Re®. On the other
hand, at the upper surface (x/L == 2), the dependence
of the average Nusselt number on Gr/Re? reverses at
higher Rayleigh numbers due to the effect of recir-
culating eddy bevond the blockage.

Table 2 shows the overall average Musselt number
values for a blocked vertical channel {H/L = 0.2) and
a smooth vertical channel (H/L = 0) at Ra = 10°,
Results for the smooth channel were obtained using
a parabolic finite-difference procedure of Patankar
and Spalding [12]. It is noted that the average Nusseit
number values are higher for the smooth channel.

This result is somewhat unexpected and is due, in part,
to the near-isothermal recirculation region behind the
blockage which, as noted earlier, is characterized by
low heat transfer rates.

Symmetrically heated channel (heated left plate)

In describing the results for the symmetrically
heated channel, the discussion is limited primarily
to the observed similarities and differences with the
resulis of the asymmetrically heated channel.

Temperaiure distribution. The temperature profiles
across the channel for Ra = 10°, H/L = 0.2, and the
various Gr/Re” values are shown in Fig. 10. At x/L =
0.77, it is observed that the temperature exhibits
a boundary-layer behavior near both plates. How-
ever, the temperature values are generally higher near
y{L = 0, due to the higher heat transfer area. Beyond
the blockage (at x/L = 2.17), the temperature profile
is distorted, as for the asymmeirically heated channel,
due to the recirculating eddy.

Velocity distribution. The U-velocity profiles across
the channel are presented in Fig. 11 for Ra = 1Y,
HIL =02, and the various Gr/Re® values. At
x/L = 0.77, it is observed that the velocity peaks near
both plates with the maximur ocourring near the left

Table 2. Overall average Nusselt number, Rg = 10°

GriRe* = 0.1 10 3.0 5.0
Smooth channel 44521  3.621% 34590 34512
(H{L = 0)
Blocked channet 4.4062 3.570% 3.3938 3.3621
(HiL =02}
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F1G. 10. Temperature distribution in the symmetrically heated channel.

plate (y/L = 1.0). The presence of the blockage causes
the flow to be deflected towards the left plate causing
the velocity to attain its maximum in that region. With
increasing x/L the velocity near both walls increase
and since the channel flow rate is constant, this results
inaconcavity inthe profilein the center. The magnitude
of this concavity increases as the flow moves down-
stream as seen in the inset of Fig. 12 (x/L = 2.17). This
significant depression in the velocity profile is not

observed in the asymmetrically heated channel. Nega-
tive velocities are once again observed (Fig. 12) beyond
the blockage due to the recirculating eddy.

The effect of the Rayleigh number can be seen in
Fig. 12. As expected, at a high Rayleigh number
(Ra = 10°), natural convection effects near the wall
are dominant and a large depression in the velocity
profile is observed around the center line. On the
other hand, at a low Rayleigh number (Ra = 10°), the
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1
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F16. 11. Velocity distribution across the symmetrically heated channel, Re = 10°.
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Fu. 12, Velocity distribution across the symmetrically heated channel at x/L = 2.17.

velocity profile is more uniform and no concavity is
observed.

Nusselt numbers. The general behavior, as well as
the effect of the governing parameters on the local
Nusselt number distribution along the right side of
the channel are the same as observed in the asym-
metrically heated channel, but the magnitudes of Nu,
are lower by about 10%. The local Nusselt number
profiles along the left plate of the heated channel are
presented in Fig. 13 for H/L = 0.2. Expectedly, the
local Nusselt number attains a maximum value near

the entrance of the channel and decreases as the flow
approaches the exit. As Gr/Re” increases, the Nusselt
numbers decrease. The inset of Fig. 13 shows the
local Nusselt number along the left plate for both the
blocked channel (H/L = 0.2) and the smooth channel
(H/L = 0). As for the asymmetrically heated channel,
the values of Nu, are higher for the smooth channel.
Figure 14 shows that the average Nusselt number
along the right plate is slightly lower for the sym-
metrically heated channel case. This is expected
because the thermal boundary layer along the left
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E 30.6F
225 sk
]
\ 250}
200 | 225
1
! 200 Ra=10°
175+ 7.8
13 Uy L
*} 8.0 Gr/Re?a 0t
1BOF 2.5 b L
| ok
Nu, 123 .,‘5_‘\\
. N v}n/uo
100 TOr N2 :
g 28 F 5/‘—‘55&%:-::-&-&__—::__,‘ " /=02
QO;}....\J.I..\LJ..I}
75 0C 04 o8 L2 18 20 24 28 32 36 40
xfL
50 R
T
T TS r—e e = R=108
2.5 3
Ra=10
e S T s o o
0.0 LS A s S i 50 T o S R I S |
(eXo] Q.4 0.8 2 L6 2.0 2.4 2.8 3.2 36 4.0
x/ L

Fic. 13. Nusselt number distribution along the smooth plate of the symmetrically heated channel.
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plate, causes the core temperature to increase which
results in lower temperature gradients along the right
plate boundary layer which reduces the heat transfer.

CONCLUDING REMARKS

Mixed convection in a partially blocked, vertical
channel has been investigated by a numerical
procedure. As Gr/Re® increases, the recirculation
region above the blockage becomes stronger and
smaller. In the recirculation region the temperature
profile exhibits a smaller rate of decrease. The local
and average Nusselt numbers increase with decreasing
Gr/Ré* in the blockage and the pre-blockage areas
while, in the recirculation region, the local and average
Nusselt numbers increase with Gr/Re® at high Ray-
leigh numbers. A local maximum in the Nusselt num-
ber distribution is obtained at the point where the
separated flow beyond the blockage reattaches. The
average Nusselt number along the lower horizontal
surface of the blockage is comparable to the Nusselt
numbers along the vertical walls but significantly
larger than the Nusselt number along the upper hori-
zontal face of the blockage. Decreasing the dimen-
sionless blockage thickness from 0.2 to 0.1 does not
change the qualitative behavior although quantitative
differences are noted. For the symmetrically heated
channels, the velocity profiles are depressed in the
center and become increasingly depressed as Gr/Re’
increases. For both symmetric and asymmetric heat-
ing cases, the Nusselt numbers are smaller than the
corresponding smooth duct Nusselt numbers.
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FiG. 14. Overall average Nusselt number along the hot wall containing the blockage (H/L = 0.2).
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CONVECTION MIXTE LAMINAIRE DANS UN CANAL VERTICAL
PARTIELLEMENT BLOQUE

Résumé—On étudie numériquement la convection mixte laminaire d’air dans un canal vertical contenant
un blocage partiel rectangulaire sur une paroi d’un canal; cette paroi est supposée chauffée tandis que
l'autre est soit adiabatique (chauffage asymeétrique) ou chauffée (chauffage symétrique). Les résultats
indiquent qu’aux faibles valeurs de Gr/Re% le maximum de vitesse se produit prés de la paroi adiabatique
dans le cas de chauffage asymétrique. Lorsque Gr/Re? augmente ce pic se déplace vers la paroi chaude. Un
écoulement de retour est derricre le blocage. Dans cette région les variations de température sont petites.
Les nombres de Nusselt moyen dans le blocage et avant le blocage augmentent quand diminue Gr/Re’.
Au-dessus du blocage, le nombre de Nusselt moyen diminue avec Gr/Re? aux grands nombres de Rayleigh.
Pour le canal chauffé symétriquement, les profils de vitesse sont déprimés au centre. Pour les deux conditions
thermiques (symétrique et asymétrique), les nombres de Nusselt sont plus petits que ceux relatifs au canal
lisse correspondant.

LAMINARE GEMISCHTE KONVEKTION IN EINEM TEILWEISE VERSPERRTEN
VERTIKALEN KANAL

Zusammenfassung—Es wurde eine numerische Untersuchung der laminaren gemischten Konvektion von
Luft in einem vertikalen Kanal, der durch ein rechteckiges Hindernis auf einer Kanalwand teilweise
versperrt ist, durchgefithrt. Es wurde angenommen, daB die Wand mit dem Hindernis beheizt wird, wihrend
die andere Wand entweder adiabat (asymmetrische Beheizung) oder beheizt (symmetrische Beheizung) sein
soll. Die Ergebnisse zeigen, daB fiir kleine Werte von Gr/Re® die maximale Geschwindigkeit im asym-
metrisch beheizten Kanal nahe der adiabaten Wand auftritt. Fiir zunehmende Gr/Re>Werte verschiebt
sich das Maximum in Richtung auf die heile Wand. Jenseits des Hindernisses ergibt sich eine Umkehrung
der Stromung, In dem Gebiet der Riickwirtsstromung sind die Temperaturunterschiede sehr gering. Die
mittlere Nusselt-Zahi in den Gebieten vor und innerhalb des Hindernisses steigt mit abnehmenden Gr/Re>-
Werten, Jenseits des Hindernisses nimmt die mittlere Nusselt-Zah! mit Gr/Re” fiir groBe Rayleigh-Zahlen
ab. Beim symmetrisch beheizten Kanal sind die Geschwindigkeitsprofile in der Mitte abgeflacht. Fiir beide
thermischen Bedingungen (symmetrisch und asymmetrisch) sind die Nusselt-Zahlen kleiner als die fir
einen entsprechenden glatten Kanal.

JAMHWHAPHASI CMEIHAHHASA KOHBEKLIMA B YUACTUYHO 3ATPOMOXIAEHHOM
BEPTMKAJIBHOM KAHAIJIE

Annorauns—IIpopeaeHo YHCACHHOE HCCNEAOBAHHE TAMHHAPHON CMEIAHHOH KOHBEKUHN BO3IyXa B Bep-
THKaJbHOM KaHane, K OAHOH CTeHKE KOTOPOro NPHKPEIIeHE! NPAMOYyrosibHbie neperoponky. [peanona-
raeTcs, YTO CTEHKa C MepeTOpOAKaMH HArpeBaeTCs, B TO BpeM#s Kak apyras cumtaercs Jaubo
aauabaTuueckoit (acuMMeTPHYHBI Harpes), mbo Harperoif (cHMMeTpryHbIH Harpes). PesynbTathi NOKa-
IRIBAIOT, YTO TIPH Manbix 3Hauenusnx Gr/Pe? MakcHMYM CKOpOCTH HMeeT MecTo B6an3n agnabatuyeckolt
CTEHKH ACHMMETPHYHO HarpeBaeMoro kaHama. C yBenuuenueM Gr/Pe® 3TOT MaKCHMYM CMeIIaeTcss B
HanpasneHuu ropauedt crenxu. IpeackasaHo cymecTsoBaHHe ODpaTHOrO TENEHMA 3a meperopoixcil. B
30He oBpaTHOrO TeueHHs M3IMEHEHHs TemmnepaTypsi Mansi. Cpensee wucno HyccensTa Ha meperopoake
¥ B 30HaxX Teped HeH pAcTeT ¢ yMeHbuenuem 3mavenuii Gr/Pe®. 3a meperopozkoil cpeaHee 4HCIG
Hyccennta ymenbuiaercs ¢ Gr/Pe® npu Sonpumx uucnax Pones. Jinf ciaydas cHMMETPHYHOTO HAarpe-
BAEMOTO KaHaja NPoduaH CKOpocTH CXHMaloTcs B Henrtpe. Jlna o60HX TEMNOBLIX PEXAMOB {CHMME-
TPHYHOTO M HECHMMETPHYHOro) uHcna HyccesnbTa MeHbille COOTBETCTBYIOLMWMX YMCEN A TA3OKOTO
KaHana.



