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ABSTRACT

Steady laminar natural convection heat transfer from the isothermal square beam
attached to an adiabatic plate has been studied for various inclination angles of the
adiabatic plate and Rayleigh number by using Mach—Zehnder interferometer in air.

As the inclination angles change, the different temperature and fluid flow field were
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obtained by the ascending heated fluid and the adiabatic plate.

In this study, the inclination angles were 0°(positive & negative), 45°(positive & nega-

tive). and 90°. The maximum total mean Nusselt number value was found at a positive

inclination angle 6 =45°.

1. INTRODUCTION

There are many studies about natural convec-
tion from the heated body of the complicated
configurations, and these are practically, the
problems of the free convection cooling of elec-
tronic elements and electrical systems which
have been rapidly miniaturized in recent years
and many of which are supersensitive for
ambient temperature, becomes practically im-
portant. |

Natural convection from the horizontal surface
causes very complicated problems such as
separation, stagnation; instability of the flow,
etc. in the region of vertical plate, however, it is
well known about similarity solution and can be
easily formulated for flowing on the adjacent
plate surface.

Yousef et al.”experimentally studied the free
convection heat transfer from upward facing
isothermal horizontal surface. They also investi-
gated the separation of the inside boundary
laver and the edge effect. Schulenberg”
obtained the analytical solution of natural con-
vection heat transfer below downward facing
horizontal surface for various Prnadtl number
and Rayleigh number.

Gryzagoridisa) experimentally studied the lead-
ing edge geometry effect on natural convection
from an isothermal vertical plate.

Numerical analysis of free convection heat
transfer from vertical and horizontal short plates
has been accomplished by Miyamoto et al.”
Chang and Choi” found the vortices in the up-
per plume region from the numerical and ex-
perimental studies on natural convection above

a horizontal isothermal square cylinder. But very
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few investigation has been accomplished about
natural convection over the effect of the adiaba-
tic plate.

In this work, the steady laminar natural con-
vection heat transfer from the isothermal square
beam attached to an adiabatic plate was under-
taken experimentally by Mach—Zehnder inter-
ferometer for various inclination angles of the
adiabatic plate and various Rayleigh number in
air.

2. EXPERIMENTAL APPARATUS AND
PROCEDURE

A square beam and an adiabatic wall were
designed for use in Mach-Zehnder interfero-
meter. The copper square beam-height(and
width) 20mm,

and 100mm in length was

. machined from a solid copper bar. In order to

fabricate the heating elements, the inside of the
beam was grooved with 20mm in width by mill-
ing machine. Six holes of 1.2mm in diameter
were drilled within 2mm of the beam surface by
three at each end, and inserted copper—constan-
tan thermocouple junctions. Three strip heaters
were mounted inside wall of the beam. Glass
wool was applied to the inside of the square
beam for insulation, and attached asbestos—glass
wool-plaster plate for an adiabatic wall.
‘Schematic diagram of the geometries and the
drawing of the square beam are shown in Fig.1
and Fig.2, respectively.
To find out the
adiabatic wall, five equally spaced holes were

insulation effect of the

drilled up and down from the square beam and
then inserted thermocouples. A compensating
chamber was made to calibrate the surface

g kol 1 %] [Solar Energy] Vol. 11, No. 1, 1991
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I square beam

adiabatic
wall

negative angle

positive angle

Fig. 1 Schematic diagram of the geometry

temperature measuring errors from the thermo-
couples.

An 80mm lens Mach-Zehnder interferometer
was used to obtain the temperature field over

the heated surface. The inclination angles of the
beam were also adjusted by the angle gage,

which was attached to the supporting frame.
With the interferometer adjusted for infinite
fringe, a number of interferograms were taken

pictures by 35mm camera. Fig.3 and 4 illustrate
the schematic diagram of the experimental

apparatus and the picture of the experimental
apparatus, respectively.

Experiments were performed for the five in-
clination angles(90°, 45°, 0°, -45° and —0°) and
the desired temperature of the heated surfae
temperature distributions of the square beam
are shown in table 1. For the evaluation of local
Nusselt numbers over the whole surface of the
square beam, the position of each fringe was

thermo-coupte —
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Fig. 2 Drawing of square beam
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1:square beam 4:ammeter
2:s/w control unit  5:voltmeter
J:potentiometer 6:slidax

Fig. 3 Schematic diagram of experimental appar-
atus

Fig. 4 The photos of the experimental apparatus
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Table 1. The square beam surface temperature

distribution

No

Ty

T,

T3

T4

Ts

Te

T

60.04

60.02

59.97

60.01

60.03

59.99

60.01

70.05

70.03

69.98

70.02

70.04

70.00

70.02

80.07

80.05

79.97

80.03

80.06

79.98

80.02

B W DN ] -

90.06

90.03

89.96

90.05

89.97

90.01

90.02

measured by a tool maker's microscope. And
the local temperature gradients were calculated
from the method described by Hauf and
Grigull.”

3. DISCUSSION

Series of experiments were carried out for va-

rious Rayeigh number and inclination angles of -

the adiabatic plate. Figs. 5, 6, 7 and 8 illustrate
the selected interferograms for the square beam
with an adiabatic plate in air whose Rayleigh
number were Ra; =1.74% 10" 2.13%x10° 2.48
X 10° and 2.78 X 10" based on the characteristic
length L and Pr=0.71.

The general trends in the interferograms are
shown that the isotherms are more densed as
the Rayleigh number increasesat the vicinity of
the beam surface. In case of positive adiabatic
plate inclination angles, the inflow boundary
layers are somewhat expanded by the imperfec-
tion and interference of the adiabatic plate. But,
the isotherms at the edges excepted ftrailing
edges for 6 =45° are fairly attached to the
beam surface due to the interaction of the
ascending heated fluid. They show the in-
creased temperature gradients at the edges,
which are the increased local Nusselt number.

For negative inclination angles(# =-0° and
8 =-45°), however, the isotherm expansion
was developed near the corner between beam
surface and adiabatic wall because of the in-

Fig. 5 Interferograms from the experimental run at
Ra, =1.74% 10"

Fig. 6 Interferograms from the experimental run
at Ra; =2.13%10°

terception of the fluid flow by the adiabatic

plate.
In case of the X, surface of 6 =90°, the
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Fig. 7 Interferograms from the experimental run
at Ra, =2.48X 10’ -

Fig. 8 Interferograms from the experimental run
at Ra, =2.78X10"

isotherm depression was developed above the
beam surface, and there was flow separation
near the edge by Chang and Choi.” This

e &oll i 2] (Solar Energy] Vol. 11, No. 1, 1991

irregular flowing is generated by the ascending
heated fluid and the adiabatic plate inter-
ferencing. However, there was no the isotherm
depression at the positive inclination angles & =
45° and 6 =0° by reducing the acceleration of
the heated fluid and the interference of adiaba-

tic plate.
The distribution of local Nusselt number

above the beam surface at Ra=1.74 X 104, 2.13
x10%, 2.48x10* and 2.78X10" are shown in
Fig. 9, 10, 11, 12 respectively. The distributions
of the local Nusselt number for X, surface were
increased by the following orders in case of ¢
=45° 6 =-L0° 6=90° 6=45° and 6 =0".

Fig. 13 illustrates the distributions of mean
Nusselt number from the X; surface of the
square beam. The distributions of mean Nusselt
number for X; surface were maximum at 6 =
0° and minimum at 8 =-45°. In case of nega-
tive 45°, much flowing stagnation phenomena
of the X, surface was effected on the heat
transfer compare to other cases. The distribu-
tions of mean Nusselt number from the heated
beam surface of Y and X, are shown in Figs.
14 and 15. For Y surface, the distributions of
mean Nusselt number were increased by the
following orders 8 =-0°, 0°, -45°, 45° and
90°. In case of the X, surface, It was recorded
ov the order of § =—45°, —0°, 90°, 45° and 0°.

The total mean Nusselt number above the
beam surface vs. Rayleigh number is shown in
Fig. 16. In this study, the total mean Nusselt
number distributions of the positive inclination
angles were greater than those of the negative
inclination angles. It should be considered that
the instability and stagnation are increased in X,
and X, surface for negative inclination angles,
besides the convection heat transfer is inter-
rupted because of the buoyancy opposing flow.
And the total mean Nusselt number distributions
were maximum at # =45° and minimum at 8

=—45°,
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Fig. 9 Local Nusselt number from the heated
surface at Ra, =1.74%x10°

7.0 Y T T ' T

S/L

Fig. 10 Local Nusselt number from the heated
surface at Ra; =2.13%x10°

4. RESULTS

1. By the interaction effect of the heated fluid,
the local Nusselt number was increased at
the rectangular edges except trailing edge for
the positive inclination angle 8 =45°.

2. In case of € =90°, the heat transfer of Y
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Fig. 11 Local Nusselt number from the heated
surface at Ral_=2.48><104
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Fig. 12 Local Nusselt number from the heated
surface at Ra, =2.78x10°

surface was maximum because of the least
interruption of the adiabatic plate and the
favourable buoyancy force.

3. The isotherm depression was strongly de-

véloped above the X, surface of § =90° as
the Rayleigh number was increased, and the
flow stagnation was severed at X, surface of

g =-45°
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Fig. 14 Mean Nusselt number from the heated
surface Y

4. The total mean Nusselt number was max-
imum at the positive inclination angle 6 =
45° and minimum at the negative inclination
angle 6 =-45°.

NOMENCLATUE
g : acceleration of gravity

h : heat transfer coefficient
k - thermal conductivity of the fluid

L. : height(and width) of the beam
Nu : lqcal Nusselt number, hL/k
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Fig. 15 Mean Nusselt number from the heated

surface X,
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Fig. 16 Total mean Nusselt number above the
beam surface vs. Rayleigh number.

Nu:mean Nusselt number, hL,;/k, hL/k,
hL,»/k

Nurp total mean Nusselt number
Pr : Prandtl number

Ra : Rayleigh number

T :temperature

@ : thermal diffusivity

3 :thermal expansion coefficient

v : kinematic viscosity

¢ : inclination angle of the adiabatic plate

S : distance along the beam sides
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Subscripts

S
T

:square beam surface
:total

oo :ambient
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efficiency. The characteristics of solar cells are improved by the annealing. The optimum annealing
temperature and duration are 420[°C] and 12{min], respectively it is shown that the peak values of
spectral response are shifted to the long wavelength region with increasing the annealing temperature.
The X-ray diffraction patterns and the scanning electron micrographs show the grain growth in SiC

film as the annealing temperature and time is increased. The best conversion efficiency is 11.7{%] for
a 25X1[enf] cell.
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ABSTRACT

A centrifugal pump was selected as a basic study, for it was utilized widely at the industry among
various types of pumps. The purpose of this study was to develop the software for design of centrifug-
al pump. The step of this design was divided into two stages. First, the impeller was designed by the
experiences and theory of A.J.Stepanoff, and the head was checked whether the design of impeller
was acceptable. Second, the volute chamber was designed by the Archimedes spiral. Then, These
procedures of impeller and volute chamber were developed into the software in C—language.

Checked the validity of the developed software, the results were consistent with the actual pump
produced domestically.
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ABSTRACT

Steady laminar natural convection heat transfer from the isothermal square beam attached to an

adiabatic plate has been studied for various inclination angles of the adiabatic plate and Rayleigh
number by using Mach—Zehnder interferometer in air.

As the inclination angles change, the different temperature and fluid flow field were obtained by the
ascending heated fluid and the adiabatic plate.

In this study, the inclination angles were 0°(positive & negative), 45°(positive & negative), and 90°.
The maximum total mean Nusselt number value was found at a positive inclination angle 8 =45,
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