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SUMMARY

An excessive use of fossil fuel leads to the limitation of coal deposits and
carbon dioxide accumulation that accelerates the global warming, so the
international environment regulation becomes more strict to control the
greenhouse gas emission. Many researches are being made on alternative
energy development to cut down fossil fuel and to decrease carbon dioxide.
During the last decade, there have been active tries to utilize the solar
energy that is unlimited and clean.

The application of solar energy to heating and cooling of the building has
much improved the economical efficiency and function with the development
of high-technology materials, and it is not rare to find the recently built
houses and commercial buildings equipped with solar energy systems. In
particular, the advanced countries such as USA and Japan attempt the
remarkable reduction of energy consumption in heating and cooling of
buildings. For this, they are searching for the more effective application of
various alternative energies including the solar energy. In addition, they are
trying to realize the distinct zero energy conception by applying the new
techniques and materials to the existing buildings.

In developing the new techniques of solar energy application to heating
and cooling system, the economic problems have to be addressed. The typical
problems encountered in applying the solar energy are insufficient design
concept for HVAC(heating, ventilation, and air conditioning) system and low
reliability. Further, the economical efficiency of the solar energy is still low to
compete with the oil, and there are many limits on the realization of the
actual system in a building, e.g. spatial alignments and exterior appearances.

The purpose of this study is to find the improved method to increase the

heat transfer efficiency of the solar energy system that are to be installed in

_Xi_



houses and commercial buildings. For this, a series of experiments using the
bi-directional thermodiode system (Smart Module System) were made. Six
kinds of working fluids were used to investigate their effects on the thermal
performance of a bi-directional solar thermodiode. Two kinds of thermodiodes
were studied. The first one is the mono—directional thermodiode that allows
heat flow in the desired direction but blocks in the opposite direction. The
second one is the bi-directional thermodiode of which the direction of heat
flow, surface absorptivity and heat capacity of the module can be adjusted
for maximum energy efficiency. This bi-directional can be used both for the
summer cooling and winter heating of buildings and shelters.

Usually, the thermodiodes are simple beam shape, but in this study, they
were redesigned as two L-shaped loops mounted between a collector plate
and a storage tank. Rotable joints between the horizontal and inclined
segments of the loop enable easy alteration of heat tranfer direction. The
loops and tank were filled with a working fluid for effective heat transfer
when the solar thermodiode was forwarded biased. The solar thermodiode
was heated by a radiant heater that consisted of 20 halogen lamps that
generates a heat flux of about 1000 W/m® on the collector surface.

The working fluids used in the study were water, acetone, ethylalcohol. In
addition, three kinds of silicon oil with different viscosity were studied. And
three mixtures of water and ethylalcohol of different volume ratio were used.
Finally, the nano fluids were also studied. Working fluids were tested with
thermal conductivity values ranging from 0.1 to 056 W/m-, thermal
expansion coefficient values ranging from 1.8 x 10 to 1.3 x 107 K, and
kinematic viscosity values ranging from 0.65 x 10° to 100 x 10° m'/s.

Through the study, it was found that the circulation point(CP) at the
onset of fluid flow is very important. for a given working fluid, the heat
transfer and heated stability of the system depends strongly on the circulation

point of the fluid stream.
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Also, the circulation point are different each other for different working
fluids. In summary, the circulation point is the function of working fluid,
geometrical characteristics of the thermodiodes and flow conditions such as
flow velocity and flow rate. The earlier occurrence of circulation point at a
lower temperature leads the stable distribution of the temperature. With this
respect, the working fluid of water—ethylalcohol mixture whose volume ratio

1s 2 to 8 were found to yield the most stable heat transfer.
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Table 2. Use of renewable energy around the world

[EREC(European Renewable Energy council)]
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Table 4. Dissemination and prospects of renewable energy use in Japan

[2005 White paper on renewable energy — MOCIE]

.. ™ — — — —
oS W SR =R =R
o N T < < <t —
N =
0
s S8 B¢
W= © | S| =&
= | & <f o3 <f
=0 K
R0 —
< W
B % — | | o F
~ oF Rl —_ = el o [op}
=) i
K] 0
10
) = = o 3 o
o w = R =g
Sy v [a\] —
o | oK
N WM @
<~ -
g )
w3 S| gl 8|88
%" © oe) < |~ &~
of
®
0 o * *
—_— e~ 4 *
S TR ®
= L& )
W — =«
-
= N
oV o o . sy % Py
iy B B 28 F
ok = —~ | N
of
AR | X
AR
i) Gl A ™= i
IH =T a Bz B
S o] 50
L o E.E L o)
=0 T — T
t —_ Zo = | iy
~ ° Ho = |z
e = e




Aol Bgelux ol& xma@e FANE u¥eld v s

FEA HFdUA ol zmIagor AT A HEAH] Fe] AN,
e

vl Aol HAAAE CANMET oy A7]&4E = o &
AT MEFolH, HSo] ygat e Alade] vEaE&e NSk vk B
vt} e kel 1 %33 (SESCI ¢ the Solar Energy Society of Canada)el A=
, 7l el #olgto m A Afvirle] flojA e A o] FIHE

=
N jo
o
g
N

A71d o2 Adrbes A 7hsd oy x| 2] WMehs 3k Al A F ol
2002 WlEdA JHE Hdy odux, AFRFEH HEBI FLARV
gl ool M= 20509 AHe 35%7F & & M98 dA ARAX 93
Aol ymA 65%= AMATsoldA el oJgk Aom oFstar vk o
AFolz=, AA7FsATA Tl FHAUAIZE °F 30%, Hbo] 2 w20l A (16%),
B ol =] (1126), ol x] 2F A Do A(7-9%)% o] St

Fig. 2 2006d% S99 1xelyA F 4z T AAddUX7F A 8=
Hl &S YEeEh At Fig. 32 20209 71% 59 RES-E(Renewable Energy
Source) F-7F 7ol Fatal = vA e AAddUA e Y] BAFES Ve
AT,



m 0,60%

m1,60% m0,90%

u 11,90%

0 14,60%

@ 0,90%

B o9,70%
o 2 0,10% 08.10% 4Bl
W Biogenic solid fuels W Biogenic share of waste U Biogas O Biogenic liquid fuels
Biodiesel O Pure vegetable oil @ Bioethanol OWind energy
B Hydropower O Solar thermal energy B Photovoltaics B Geothermal energy
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[RES : Renewable Energy Source]

160
structure of electricity generation from
ranewablas In 2020
140 + windl offahore e —— - e
2%
—_ 120 + wird land
= 20%
E 100 + i
= hydre EEG Jamass
e 17%
11 1% 85
g 80 4 s0kar power
% electridly 6%
_: nutside EEG: geathzmal —
-_‘Ig 60 17% 2%
o
P40 -
20 1
0
5\ 3 A © 1 ¥ D b 1D 10 D D
S EESEFEEESEEEIEFE I TET TS0

|y ciro EEG ——wind land === wind offshore I 0SS ——FEEG alactricily voluma

"slock exchange price®

C O solar power  EEEE gectharmal 0 electricity outside EEG _____variable "external costs"

Fig. 3. Energy for the future : Renewable sources of energy (Germany)

ojgdefolel oAl #AF VEAHML ZULAUXAZFPEN : Piano
Energetico Nazionale)©.Z WEHAtt. PENS A1z oduts I o

Alz=we] AgE AVIE 19759 R 1977del Aaixlo, 1988l @A



= 7Fl | A A 2 (PEN)©] FHH AT ojgeloh= 1988 o 2449
7FAUA AR (PEN) S 722 Aolux AALAHEE AQssdoy, Ao
Alelu A oA F MM TTE Aoy Tl =2 ARgH AL 9T Table
selli=  ofdElobe] 2012W7kA 8] AleU|AE o] g3dte] AitE= delly A ¢
ool s et A

Table 5. Thermal energy production up to 2007 and expected renewable
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Table 6. Percentage of renewable energy supply in different countries
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Fig. 4. Percentage of water and space heating by solar in 2004
[Renewables 2005 Global Status Report(REN21)]
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Table 7. Technology development plans for solar energy utilization
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Table 8 Goals of the 2nd general plan for renewable energy development
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Table 9. Potential and utilization of renewable energy sources

[2005 white paper by MOCIE for the utilization of renewable energy sources]
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Table 10. Status of renewable energy supply (2005)
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Table 11. Daily average solar radiation on a horizontal surface for each
month (1982 ~2004)
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Table 14. Normal emissivity of metals, paint and surface coatings

Substance State of Surface TemI()Er)a gre | rmal Esmissivity
Aluminum Polished Plate 296 0.040
Brass Rough Plate 298 0.070
Copper Black Oxidized 293 0.780
Gold Not Polished 293 0.47
Tron Oxidized Smooth 398 0.78
Lead Gray Oxidized 293 0.28
Nickel Oxidized 373 0.41
Silver Polished 293 0.025
Tin Bright 293 0.070
Tungsten Filament 3300 0.39
Zinc Tarnished 293 0.25
Aluminum Bronze 373 0.20-0.40
Enamel Rough 293 0.39
Aluminum Paint Heated to 325T 423-588 0.35
Bakelite Enamel 353 0.935
Enamel White Rough 293 0.90
Oil Paint 273-473 0.885
Rgirieiad 203-373 0.93
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Table 15. Physical properties of working fluid
i | i Thermal
. . Kinematic Thermal Specific . Thermal
Fluid Density ] : o Expansion ] o
(95¢) (a/cr] Viscosity |Conductivity Heat Coefficient Diffusivity
cm oefticien
. /sl | [W/m - K] | [k}/kg K] | [ /s]
/K]
Water 0.997 0.893 0.607 418 0.254x 107 | 1.46x 10
Acetone 0.7899 0.387 0.161 2.18 1.488x 10| 0.93x 1077
Ethylalcohol | 0.7893 1.36 0.169 244 1.427x 10| 0.88x 1077
0.755 0.65 0.1 1.465 1.34x 107 | 0.90x 107
Silicon Oil 0935 10 0.13 1.465 1.08x 107 | 0.9%x 107
0.965 100 0.15 155 9.6% 10 1.0x 107
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Working Fluid : Water
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Fig. 38. Temperature differences between the inlet and outlet of

the absorber panel and those of the absorber and radiator plates
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Fig. 42. Heating of the thermodiode under reverse bias

mode
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Fig. 47. Swelling of the poly tube caused by the evaporation of

acetone
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Table 16. Various relations to express the conductivity of nano fluids
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Table 17. Measured density of nano fluids

Al20s PH,0 |Wpyt m0| Wy W0 | Vi, = Voy | Woyt fwia|  Wiiia Ptiuid
US| (g/amy | [q) ) [q] [c] [] [q] [g/ar]
0.01 0.999 45.81 19.68 26.13 26.16 45.83 26.15 0.999765
0.02 0.999 | 53.525 | 22.65 | 30.875 30.90 53.59 30.94 1.001103
0.03 0.999 45.81 19.68 26.13 26.16 45.88 26.2 1.001676
0.1 0.999 | 53.525 | 22.65 | 30.875 30.91 53.61 30.96 1.00175
0.2 0.999 | 53.525 | 22.65 | 30.875 30.91 53.78 31.13 1.007359
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Brownian Motion Effect = &%

Mt 4256+ (5.240.97)¢ (30)

Hy

Pak and Cho ®d&™

Mt 1 139.116+533.9¢2 (3D)

Hy

Table 18. Measured and calculated values of viscosity for nano fluids

4

=5 A2 B (g 1y)

o ) ) ) Brownian Motion|Pak and Cho
[sec] =3 Einstein @< |Brinkman 2¢&! Effect Dl ow
= 3.22 1.06
0.01 3.23 1004717 1025 1 025444 1.025617 1.391634
0.02 3.32 1033962 1.05 1 051804 1.052468 1.784336
Alz03

Lo 0.08 3.47 1081132 1,075 1079122 1.080553 2.178105
0.1 4.9 1.54717 1.25 1.301349 1.3117 4.96439
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Fig. 72. A graphical representation to compare the

measured and calculated values of viscosity for nano fluids
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Table 19. Physical property of water and Al:Os
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Table 20. Calculated effective volume ratios of the Einstein model

L1/l =3 3Ll =& 204l
0.01 1.004717 0.001887
0.02 1.033962 0.013585
0.03 1.081132 0.032453
0.1 1.54717 0.218868
0.2 1.966038 0.226415
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Fig. 73. Natural convection thermal conductivity ratios
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AlyOg + Water
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Fig. 74. Relation between the heat transfer coefficient and

volume ratios
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Fig. 75. Relation between the Rayleigh number and volume ratio

Fig. 755 54 5347} 003%5F AA W Rayleighs47F F48] 2polA]=

A% 2 5 Ak oA fA Fel e Gae GApAelol FAHE Ao o
goz fA9 50 WA Wl Wield 474 Ak BE A4F 94 ¢
asp] Hek e RuE 003%0 T g AFolE AAAele dnre] 9

of Aol mE f4 fEol due] 4 Aow ARy THnE B AP =

Al &3] Rayleighs=1]7) ob 2p7] wjol] F-ujuel] wpe A2z

106



Al 2= Elo] =
FAE FEHFARZ AFESY dAdY HAde Y. yeiAE ALOS
Deionized Water(DI Water)ol] F-+4] B oAAS g S F7

(Ultrasonicator, Branson, US/R510R-DTH) ol 4] A& 7}t AA)7F E3hA|A A}
&ttt ALOsW = A= 30mel ™, & AgelA= 0.01, 0.02, 0.03, 0.1, 0.2%
F-aH] o] 5744 Al:Os+DI Water U=+-A & AF& 33
AAFA L WS A sdstrRE AqU)dA e AdAANE B R

&A1),

i)

704

_ R

50
40

304

Al,O, Volume Fraction[%]

—0—0.01

—0—0.02

—A—0.03

10 —X—0.1

—¥—0.2

—v— DI Water

0 T T T T T T T T T T T T 1
0 20 40 60 80 100 120

Temperature(°C)

20

Time(min.)

Fig. 76. Temperature variations of the absorber panel with
different volume ratios of nano fluid (ALO3+DI Water)
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Fig. 77. Temperature variations of the absorber tube with

different volume ratios of nano fluid (AlLO3+DI Water)
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