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SUMMARY

Nature has been providing us energy from the beginning of the world.
However human has hardly used it wisely. Solar energy is a kind of
renewable energy from the nature. This study has been carried out to study
the use of solar energy as it is harnessed in the form of thermal energy.
Solar energy is one of the most promising energy resources such as
hydrogen, biomass, wind and geothermal energy, because it is clean and
inexhaustible. Space heating in buildings can be provided from solar energy
by systems that are similar in many respects to water heater systems. By
tapping into solar energy, we can not only solve the problem of energy
shortage, but also can protect the environment and benefit the human beings.

There are currently two types of evacuated tube; a single glass tube and
a double glass tube. The former consists of a single glass tube which
contains a flat or curved aluminium plate attached to a copper heat pipe or
water flow pipe. The latter consists of rows of parallel transparent glass
tubes, each of which contains an absorber tube.

Evacuated tube collectors introduced above, however, pose some problems
as they break rather easily under mechanical stresses. This paper introduces
some preliminary results in design and fabrication of a non-glass solar
vacuum tube collector in which the thermosyphon(heat pipe)made of copper is
used as a heat transfer device. A series of tests have been performed to
assess the ability of a non—glass solar vacuum tube collector. The series of

experiments are as follows;

1)Vacuum level inside a vacuum tube.

2)Effects of the air remaining inside a vacuum tube on the temperature

on the absorber plate.

3)Comparison of a non-glass vacuum solar collector with a single glass
evacuated tube(SEIDO 5).

vi



Different vacuum levels inside non-glass vacuum tubes were applied to
check any leakage or unexpected physical or chemical developments with
time. The vacuum level changed from 10 *torr to 5torr in bdays due to air
infiltration from the ambient and gas emissions from the materials they were
made of.

The effect of vacuum levels inside a vacuum tube on the absorber plate
were investigated in different conditions. Due to less heat losses to the
ambient, the non—glass vacuum tube at vacuum level 10 torr kept more heat
at higher temperatures compared to the non-glass vacuum tube collectors
whose vacuum levels were at 5 torr. However, the temperature was not
linearly proportional to the vacuum level.

Two types of solar collectors were used to investigate the ability of
non-glass solar vacuum tube; one single glass evacuated tube and one
non-glass vacuum tubes(10 “torr). The efficiency of a non—glass vacuum tube
with 10 %orr was different from that of a single glass evacuated tube in
which vacuum level is 10 '~10"torr due to the transmittance of ZnO.

Unlike glass evacuated tubes, non-glass solar vacuum tubes generally
require some measures to prevent air infiltration through invisible pores of
the tube wall and gas emission from the materials. If the problems related
with vacuum inside a tube are solved, the non-glass vacuum collector will

work more efficiently.

vii
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Fig. 3. Connection of the storage tank and

dual pipe flow passage (SEIDO 2).
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Fig. 4. Schematic of a single vacuum collector with
heat pipe (SEIDO 5).

Fig. 5. Connection of header and
heat pipe (SEIDO 5).
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Fig. 7. Concept of nonglass solar vacuum collector.
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Table 1. The overview of materials for Acrylic ; a) Physical properties,
b)Mechanical properties, ¢) Thermal properties, d)optical
properties| % * :MatWeb;http://www.matweb.com].

Physical Properties

Metric

Density

1.18 - 1.19 g/cc

Water Absorption

0.130 - 0.480 %

Water Absorption at Saturation

1.10 - 2.10 %

Moisture Expansion

0.500 2%

Moisture Vapor Transmission

55.0 cc-mm/m?*-24hr-atm

Mechanical Properties Metric
Hardness, Rockwell M 94.0 - 102
Ball Indentation Hardness 175 MPa

Tensile Strength, Ultimate

40.0 - 40.0 MPa
@Temperature 70.0 - 70.0 °C
62.0 - 110 MPa

Elongation at Break 4.00 - 550 %
Modulus of Elasticity 2.80 - 3.30 GPa
Flexural Modulus 296 - 3.30 GPa
Coefficient of Friction 0.450 - 0.800
Thermal Properties Metric
CTE, linear 20°C 61.0 - 104 um/m-°C
Specific Heat Capacity 1.47 J/g-°C
Thermal Conductivity 0.190 W/m-K
Maximum Service Temperature, Air 30.0 - 200 °C
Deflection Temperature at 0.46 MPa (66 psi) 113 - 115 °C
Deflection Temperature at 1.8 MPa (264 psi) 99.0 - 112 °C
Vicat Softening Point 105 - 118 °C
Flash Point 425 °C
Optical Properties Metric
Refractive Index 1.49 - 1.49
Haze 0.500 - 2.20 %
Transmission, Visible 89.0 - 92.0 %
UV Transmittance 0.000 - 1.00 %
Reflection Coefficient, Visible (0-1) 0.0400
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Fig. 9. Transmittance of acrylic material along with wavelength.
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Table 2. Specification of the system

for making vacuum.

o G = A
Model TRP-12
Pumping Speed 200 ¢ /min
Rotary Pump Ultimate 5¢10 % Torr
Pressure
Motor 0.4kW
Oil Filling 1.1 liter
Model YFPV-200S-1
Volt 200/200
Hz 50/60
Dry Bane Pump Phase 1
Ploes 4
Output 0.15/2.0kW
AMPS 1.4/1.6
Model NCP 031-T5
RPM 1760
Volt 220
Hz 60
Cotl TSN AMPS Max 1.8A
Working Temp. 40°C
Thermally Protected
Max Pressure Thar
2)3198 g MW (Header-Type vacuum chamber)
ol FAE AAE A Wi Jeyees dr7IzFHe 7]
= Aol oF AE el T fJare] WwE R Qlske] ARto] Bk
web AFmE PP 44 Doleh o714, BFAEE AFel oste] A
ANA JAREo] BAA F= T ATEE gudth ohA Augnier o)
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Fig. 15. Header-type vacuum chamber ; (a) The general drawing of
header-type vacuum chamber , (b) The detail drawing of header-type vacuum
chamber connected to nonglass vacuum tube.

Fig. 16. Photograph of the Header-type vacuum chamber ;

(a) Front view (b) Back view.
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Fig. 18. Schematic diagram of the axial plasmatron.

- cathode

- anode

- argon supply

- activation chamber
reaction chamber
- oxygen supply

- water supply

- metallic precursor tank

© 00 3 O O = W N =
|

- heater

10 - resulting plasma flow

a9 182 B Aol AHgE Eet=ntER TAAA S EfEelt. o] AA=
A cathode, anode, argon supply, activation chamber, reaction chamber & 10
nyow AR A

Az gAelE 3 Ag nETe]l AC Aol

gap)® /198 A7kEelAq, 1 Foli= DCHY] Arc HHL A%H o

1
3

A A7t} oxygen supply(6)el 4] AFA7} activation chamber(4)® &+

o] oA Atae EZEtzubel A&ty FAstE & ZElEvul=  reaction

28



chamber(5)2 &8 57} JEl2 A5 AR, water supply(7)E& &3Fo] &0l
T3 %™ Zinc acetylacetonate™= 249} 7 heated pipeE E3F9] reaction
chamber® &e]5°] 7tk HFA o= ZnO= otad FHo] S E o

a% 19 SH=rtEES o] &8ty of2d WHol ZnO I®V S st A S
HojFa Qi) 7|A], ZEErEEL 14 FHo] a ofad FruE H - &
w A o)Al Hol FH AW s¥o] o] FoAA Hr

a7 202 ofaEX TR 2R E ZnO filme] SEM AR Z ()& filmF7

7} 1.247um ©]3., (b)+ 1.2000umeo] o}

Fig. 19. Process of ZnO coating by using a plamatron.
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Fig. 20. SEM Photos of acrylic tube coated with ZnO by using a plamatron;
(a)1.247m ,(b)1.2000m.
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Fig. 21. Mass spectrometry leak detector.

m.r.
H 60
Klo ol

R

il

=

ol

=
=

O 2= 0=
E

=1
et

i

Fig. 22. Principle of magnetic separation.

Aol A% AFE AT
9 A7 37

]

ks

L
- T

—~
file)

AF ol L9 ol APHoR u]

-

T

= e

=

Bo
=

il

Ho
I

=
o

"oH

il

<]
Mo
e
L

;OO

I
=

ar
ofy

N
-

of, =

F7]

gl

]

x}o

==
=

oF
H

I5+e)

7

==
RLN

A7) A AFEH = &2 std ce/sec & %

=
T=

]

o},

]
yal

107 std cc/ sec

~

;OL

o)

el
w

I

Mgt

oF 1\dof| 3cc?F T

-
R

31



R S Y
#oo s ST ®af e g
ST MNP R L om R
4w o mwm%wﬂzﬂ@
‘mu T . )
B, ®Lswipw fa
Hoop S HPEEE e g
(e T ox o S oy A
<] il ~ S X
= I M%u ™ W 9 O koo Ak
ST S S BT
By oy M Ew P ow
A B ooup Mo < 5 A TP
JU T < N e ﬂL EE © = io &
T o 5 T zm o W Y ™
TT® wwEIzi® gD
= 7 o e T 38 )
b — 0 = S W ol X
o N R
) W~ © e
S 0w R ECEN W = N mw R
R _®,e - T QEEE
o T — o X L L
@ No FK == M ° "
~ W P 5 < o oy 5 W7
m@ oo M m.m_ e X W e Mo Ho =5 & o
&) X = — )
S_LER LRI IV
i ﬂ HL . — O#E ol :i ~ [N ,‘WD
T . N M R
ST S L T N OO TR
RS 5 X T = <~ ° 8B T R . 0
M R T b :ﬂ| TR P L A . @ﬂ
2 om N om T F U E gy iy
SR A I
o P2 Ny < 5 N K
= . X M o ®Woam
D R oo fm W Ho © B OB T W

Fig. 23. Vacuum leakage test by using Helium.
32



0.00E+0 P
0.00E+0
0.00E+0
0.00E+0

0.00E+0

S 10 15 20 25 30 35 40 45 50 55 60

Copyright @Seung jn OH. AllRights Reserved

Fig. 24. Front panel of LabVIEW application for monitoring and collecting
vacuum data.
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Fig. 25. Block diagram of LabVIEW application for monitoring and collecting
vacuum data.

33



2 A= v 24 (nonglass) 7%

%]
2§99 2xusts B4 98

ogh

A7 o Agrwste] w
SkWi Q1FEl Y (Solar Simulator)e] <

H Eold g HIAE e
E zteth AFEE 10 torr & Storr®E S @

7 stgon AsHor ex wWaE Stk YAl 1Y 267 o] @

ry
OH

o

Agt AL Fa F 43 K 4 A (Thermocouple)E H3stdow X3

Y7o 225 FAs798 @ WidE K& 4 (thermocouple) & A 3sH3A

th 2% HolH £H2 AGILENTAFY] 34970A AZ715 AF&3F4th

AT Wi AT=FAE 10 %torrg]l A$ols AT/ S A4S 89 3

g A2l outgasing®] 7Ms3t=SE 1135 =0, outgasingS 3 EHmol= ©
9

~9.0x10 2 torr ©]t}.

o5

L Thermaocouple 1

90

S Thermocouple2

o =il Thermocouple3(2t

280
i
5
ke
H
]
0z
o

r Thermocoupled

90

- ThermocoupleS

55

v A 4

Fig. 26. Position of K-type thermocouple for measuring temperature on

absorber plate.

34



2.3 7]

71¢] Prototye®] 7%

5

SEIDO 5% Ah&-

34

)

Heat pipe

Fig. 27. Photograph of a single vacuum collector with

heat pipe (SEIDO 5).

]

[e)

L
t %

H47]¢k SEIDO 5

(¢}

"

Al

Fol H]f-2 2] (nonglass)

IS

2 9

gl

s

o

—

o

15kWH o1& E] % (Solar Simulator)2] 800W/m®> 2

)

10 torr & AA 7= v, b8 4 (nonglass) € 7]

E

| outgasing= 35 o2 A

Z] o
b R 4

}ol Rotary pump@} #8388 A}

S

2 9

2 10 %torr= 4 AlZT o]

b

35



<x Z4e a3 ddd(trhermocouple)= KEFYS o] &3k3lal, dxvel ¢
A= 2 JEr1el &8 - 1 Hdx ey aga FH eRE B
Ued & 5 =5 47 dAssid

F 30l & ATl A AREEIX 23 0] yER it

i
Jj

—Eag

Server

[]

Fotary
DA Board |

Rume

cue HlZ2l
EN SRl

ZE2I(5EDIOE)

"y 152
[

Client

20
A

Display HIHE
& Controller

ngh
=

I.

R
i

Fig. 28. Experimental apparatus.

Fig. 29. Indoor comparative experiment of nonglass vacuum solar collector
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Table 3. Experimental conditions.

- B -2 4] ERSETEETS
- A58y 1497 <4 71 (SEIDO 5)
2] 7 (mm) 70 70
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Fig. 30. Front panel of LabVIEW application for monitoring and collecting
temperature data.
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Fig. 33. Vacuum variation inside acrylic tube.
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