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ABSTRACT The natural convective heat transfer in a rectangular enclosure with a heating source
point has been studied by experiment and numerical analysis. The governing equations were solved by a finite
volume method, a SIMPLE algorithm was adopted to solve a pressure term. The parameters for the numerical
study are positions and surface temperatures of a heating source point i.e., Y/H=0.25, 0.5 0.75 and 11°C<A
T<59°C. The results of isotherms and velocity vectors have been represented, and the numerical results had a
good agreement with experimental values. Based on the numerical results, the mean Nusselt number of the
rectangular enclosure wall could be expressed as a function of Grashof number.
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1. INTRODUCTION convection in a rectangular enclosure by using the LS
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The heat transfer in rectangular space with heating source
point has been applied to industrial problems. These
researches are very important to the radiative heat control in
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PCB(Printed Circuit Board), solar collector, accumulator § 0

and ship equipments, and they can change the machinery £

performances. Thus, there are many kinds of calculation o2}

methods for basic or optimum design, and the natural

convective heat transfer is very popular to understand the T T e s o os
heat transfer mechanism or flow characteristics inducing \ oass

(b)dimensionless temperature

the temperature differences’®. Many of authors suggested
the numerical model to calculate the turbulent natural
convection in enclosure space, and it is well known that the
low Reynolds number model have a good agreements with
an experimental results),

In this paper, we compared with the experimental results for
selecting the most useful low Reynolds number turbulence
model. Fig. 1 represents the comparison with
Cheesewright’s experimental results and three types of a
low Reynolds number turbulence model, and this contains
vertical velocity and turbulent kinetic energy distributions
at Y=1.25m and temperature distribution at X=0.25m. In
this figure, ST, LS and DA mean a standard k-€ turbulence
model, low Reynolds number turbulence model by
Launder-Sharma and Davison respectively. As these
comparisons, the ST model showed an excessive velocity,
temperature and turbulent kinetic energy, and this means
the wall boundary condition is very important. But the two
LS and DA models had a good agreement with

k(em?/s?)

experimental results at whole Sefotiol'l’- Especially, the LS Fig. 1 Comparisons of a numerical analysis with a several

model was excellent near the wall'*!". turbulence  models and  Cheesewright’s

In this paper, we perform a numerical simulation of natural experimental results(1986) for LxH=0.5x2.5(m) .
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turbulence model, and the results are compared with the adiabatic
experimental data by holographic interferometer. o Symmetric
line
|
2. NUMERICAL SIMULATION
2.1 Governing Equations a heating H=0.12m
source(Ty)
Figure. 2 shows the numerical model with L X H=0.04 X ~_ |
0.12(m). We traversed the three type of the heating source
position, Y=0.03m, 0.06m, and 0.09m, the top and bottom \% P @ ted wall
wall is adiabatic, left and right wall is cooling at constant -~ <@— c?,;cezotg
temperature, Tc=0°C. We introduced the LS model by adiabatic |7
Launder and Sharma, and the governing equations are as i~
follows: 1=0.04m
Continuity X
a(pU,) _ : o
——==0 m Fig. 2 Schematic diagram for rectangular enclosure
X, ’ with a heating source.
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Here, the turbulence model! constants and functions are
given as follows:

o(pU,e) 0
ox,  ox,
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pox, X, R, =E, =T @
) ue £
where G and B are the turbulent generation term and the In this study, we adopted finite volume method for solving
buoyancy term, respectively: each values from given equations, SIMPLE algorithm was

used to solve a pressure term.
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Fig. 4 Experimental apparatus of rectangular enclosure with
a heating source.

Fig. 3 shows a grid system for numerical analysis, and
adopted a non-constant grid by using equation(8) for dense
arrangement near a heat source and the wall side.

X, =X

—0.5tanh{a(2 ! 1)/tanh(—a)+0.5}

n—

®

where » is grid number of X-direction. The / is coordinate
position and a is a coefficient for adjusting the grid interval.
The diameter of a heating source is 0.008m.

2.2 Experimental Methods

Fig. 4 shows the experimental apparatus. The experimental
test section is rectangular enclosure with 0.04 X 0.12 X

0.4(m). The heating source is traversed to vertical direction
at symmetric line of rectangular space. The left and right
wall is adjacent to cooling chambers with 0°C temperatures,
it is preserved by mixturing a ice, salt and water. The
temperature measurement was conducted by using T-type
thermocouple, hybrid recorder and P/C, and a holographic
interferometer was used for visualization as shown in Fig. 5
and Fig. 6.

3. RESULTS & DISCUSSION

Fig. 7, Fig. 8 and Fig. 9 show comparisons with
experimental and numerical isotherms according to the
position of a heating source.

Fig. 7 represents the experimental photograph and the
numerical result when the a heating source is on the lower
position for various temperature differences(20, 32 and
47°C). Generally, the density of isotherms was great around
the heating source, and these were more dense at the upper
space than the lower space. Because the air is expanded to
the upper space by heating. As AT is great, the isotherms

(1)He-Ne Laser (2)He-Ne Laser Power  (3)Shutter Controller

Supply
(4)Shutter (5)Mirror (6)Beam splitter
(7)Spatial Filter (8)Objective (9)PL Filter
(10)Field Lens (1 1)Circular (12)Holographic Plate
Holder

(13)AVR (14)Voltage Meter (15)Current Meter
(16)Data Logger (17)PC  (I18)Camera (19)Test Section

Fig. 5 Schematic diagram of Holographic Interferometer.

Fig. 6 The photograph of Holographic Interferometer.

were more dense, and the numerical results showed a good
agreements with experiment.

Fig. 8 shows results for the center position, and the
temperature distributions were very similar to the above
case, but it was more dense near the ceiling.

Fig. 9 shows isotherms distributions for upper position of a
heating source. The isotherms were very dense at upper
side and near the ceiling.

Fig. 10 shows velocity vectors for various the positions of a
heating source at A T=20°C. The magnitudes of the
velocity vectors were very small at the lower space of a
heating source, but the velocity vectors were very large at
the center and side wall; one is up-flow by the buoyancy of
hot fluid and the other is down-flow by side cooling walls.
Fig. 11 and Fig. 12 show distributions of velocity at A
T=32°C and 47°C, respectively, all of these velocity
vectors were very similar, but the magnitude of vectors
were increased as increasing the temperature of difference.
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Fig. 7 Comparison with experimental and numerical isotherms for various AT (lower position)
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(a) AT=20°C
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(b) AT=32°C

(c) AT=47°C

Fig. 8 Comparison with experimental and numerical isotherms for various AT (center position)

(a) AT=20°C

(b) AT=32°C

(c) AT=47°C

Fig. 9 Comparison with experimental and numerical isotherms for various AT (upper position)

Fig. 13 represents Nusselt number distributions on the side
vertical wall with the position of a heating source. The
Nusselt number was very small at the lower wall and large
at the upper wall from the heating source.

The gradient of the Nusselt number was zero at Y/H=0.9,
this means that there is a stagnation region at near the
ceiling. Fig. 14 represents a distribution of vertical wall’s
mean Nusselt number versus Grashof number for various
positions of a heating source. The mean Nusselt number is
increased proportionally to the Grashof number, the heat

transfer at Y/H=0.5 was greater than other cases. Also, the
relationships between the mean Nusselt number and
Grashof number on each position could be obtained, and
the correlation equations are as follows:

at lower position

Nu. =1.6895 +6.2924 x 10 Gr.

at center position
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Fig. 13 Nusselt number distributions on vertical wall
for various heating positions by the numerical
analysis.
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number with each position by the numerical
analysis.
4. CONCLUSIONS with the experiment.
. . 1. The isotherm distributions of numerical analysis and
The results of numerical analysis gave a good agreement
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experimentation shows the qualitative same, and as the
temperature increases, the dense isotherm is appeared.

2. The lower space of a heating source had very small
velocity vectors, and temperature was very low, thus, as
increasing the temperature differences, the isotherms were
dense at the center and wall.

3. The local Nusselt number on the side wall was increased
according to the vertical wall, and the gradient of Nusselt
number was zero at Y/H=0.9.

4. The relationships between the mean Nusselt number and
Grashof number were obtained linearly.
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NOMENCLATURE

a : grid space regulation coefficient
g : gravity acceleration[m/s’]

Gr. : Grashof number ( ;. — 880, —27})/'13 )

v
H : vertical wall length[{m]
k : turbulent energy[m%/s’]
L : horizontal wall length[m]
hL 06

Nu. : local Nusselt number ( yyy = "= = __]X_O
k ax '
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