All-Glass Solar Vacuum Collector
Tubed] A5 % YA Xl #3t
7% AT

EBMREBER KB

o | % T &%t

Wt
RE
S

20024 124



All-Glass Solar Vacuum Collector
Tubed] A5 % YA Xl #3t
7% AT

wEHEE T Bk E

B2

RE
i

F

o
&

Yo T8 LB wmXos e

<

20024 12H

ez TEREELEBEMN @we

S
=2l

=

iy

T

)

EHELEHE F
%= 8 £
%= 8 £

FEINKER KB

20024 12H



A Study on the Improvement of Thermal
Efficiency and Durability of All-Glass Solar
Vacuum Collector Tubes

Jun-Ho Hyun
(Supervised by Professor Wongee Chun)

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE
REQUIREMENTS FOR THE DEGREE OF MASTER OF
ENGINEERING

DEPARTMENT OF NUCLEAR AND ENERGY ENGINEERING

GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

2002. 12.



LIST OF FIGURES ............................................................................................ 111
LIST OF TABLES ............................................................................................. vV
SUMMARY ........................................................................................................... Vi
I, A B s 1
M. O] 2 A H 7 oo 5
1, GEE O] B i a i e o i St assssssosans s 5
11 Xl:; OEﬂ /\6] l’o—‘— ..................................................................................................... 5

1 2 X\:; OE:] E% ..................................................................................................... 10
1.3 @ 213 #(Single Solar Vacuum Collector Tube) «eeeeeeeseeeeess 12

2. AN EG oA Z2 2 AUPHFA A] oo 14
21 x] HH Hol—xg/;]l .............................................................................................. 14
M. AAFE B A G HE oo 17
1, AL B FFR] oo 17
11 Slngle Solar Vacuum COHeCtOI' ........................................................... 18
12 All_GlaSS Solar Vacuum Collector ..................................................... 21



i
o

(2
W

N
o

21

22 A 2=" Al

2.3 tlolH

32

o

No

Y
£
BK

‘_HVI

oo
<

37
37
43
48
50

]—EH Oﬂ/\ﬂ Conductionj’,}- Convection% :]_7_]_—’/:‘ Ceeeeiereertetaentiiitetaanas

)

=
]

2. A1 Ed oA

50

FeJ ol 4 Conduction®+S a1

A
O]‘ o

2.1 8%

o3

it

_1@
np
H

A



Fig. 1
Fig. 2

Fig.

Fig.

Fig.

Fig. 6
Fig. 7
Fig. 8

Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.

10

11
12
13
14
15
16
17

18

19
20

LIST OF FIGURES

Graph of the collector efficiency «w - wereresssrssrsrssesssissisisisisieneaes 11
Performance test Of SEIDO COlleCtorS .................................................. 13
Schematic of a single vacuum collector with dual pipe flow
paSS&ge(SEIDO 2) .......................................................................................... 18
Connection of the storage tank and dual pipe flow passage
(SEIDO 2) ......................................................................................................... 19
Schematic of a single vacuum collector with heat pipe

(SEIDO 5) ......................................................................................................... 20
Connection of the header and heat pipe (SEIDQO 5) :weeeeeeeeseeseeens 20
All_glaSS SOlar vacuum COlleCtor tube ................................................. 21

All-glass solar vacuum collector tube with U-pipe and metallic
fin inserted ....................................................................................................... 23
All-glass solar vacuum collector tube with U-pipe inserted ----25

Photograph of the differential temperature controller and the

9181 118§ o BRI L L I L L T 27
Photograph of the thermisStor - e 27
Photograph of the portable data acquisition system(Hydra) - 28
Photograph of the Tadiometer - - wrrerssesssesiesssssessessssesaes 28
EXperimental apparatus - -weeesssessssssssssssssssssnsssnssssssssssssassinsssnses 29
Photograph of the installed 8mm U-pipe type system - 30
Photograph of the installed 10mm U-pipe type system == 30
Photograph of a installed single vacuum tube system with

heat pPIpes(SEIDQ 5) wrrrrrrmrsrsrsssssssisessssissstsssss st 31
Photograph of the installed single vacuum tube with a dual
plpe flOW paSS&ge(SEIDO 2) ................................................................... 31
A VieW Of eXperimental inStallationS .................................................. 32
SChematiC Of SOIutiOl’l domain Wlth PCM ......................................... 34



Fig.
Fig.

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

21
22

23
24
25
26

27
28
29
30
31
32

33
34
35
36
37
38
39
40
41
42
43
44
45

Schematic of solution domain with PCM and oil jacket -« 34

Schematic of solution domain with PCM, oil jacket and

Various (o721 s IR T R T IR L IR LI LRI 35
Klnd Of the (72 o IR e R R e R R R T L R R I LR L S R 35
Test results Of a 8mm U—plpe type .................................................... 40
Test results Of a 10mm U—plpe type ................................................. 40
Test results of a single vacuum tube with a dual pipe flow

DasSage(SEIDQ 2) swrrerersersmssessisissssisissnsessesisssississsssasssssssssssssssssisssesns 41
Test results of a single vacuum tube with heat pipe = eeeeee 41
Average storage tank temperatures for different systems -+ 42
InSOlatiOl’l ......................................................................................................... 42
Test results of a 8mm U-pipe type e eseesesesmmsmesemssssssssssessennns 45
Test results of a 10mm U-pipe type «weereesesessssssresesessssensensesssens 45
Test results of a single vacuum tube with a dual pipe flow

pasSagEe(SEIDQ 2) swrererersersmsseessisiusssisissnsessssinssassissssssssssssesssssssssssssenns 46
Test results of a single vacuum tube with heat pipe = 46
Average storage tank temperatures for different systems - 47
InSOlatiOl’l ......................................................................................................... 47
Comparative performance 10mm and 8mm U-pipe weerererereeneeees 49
Comparative performance 10mm and 8mm U-pipe weerererereenesees 49
Meltlng Of the case 1 ................................................................................ 51
Velocity and temperature contour of case 1 melting -seeeeeeeees 51
Solidifying Of the case 1 st 52
Temperature contour of case 1 solidifying reweeessessrsssssssnsneens 52
Meltlng Of the case 1 ................................................................................ 53
Case 1 velocity and temperature contour of melting ««=:eseeeeees 53
Solidifying Of the case 1wt 54
Case 1 temperature contour of Solidifying e eesrsesrsesrssesnees 54

_iv_



<Table

<Table

<Table

<Table

<Table

<Table

1>

2>

3>

4>

5>

6>

LIST OF TABLES

Efficiency of SEIDO COLLECLOTS «swerrssmsssssrrsssssssssssssssssssssssssses 13
Specifications of all-glass solar vacuum collector tube - 24
CompariSon of €ach COLIECEOT -ssrrrssssrcrssmsserrssmssssesssssssesssssseesasss 29
Thermophysical properties used for computation -=----=ss=e= 36

Results of experimental data and comparison

performance .............................................................................................. 43

Results of experimental data and comparison

performance .............................................................................................. 48



SUMMARY

Nature has been giving us energy from the beginning of the world. But human
hardly use it. Solar energy is a kind of 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 on
earth and in space, because it is clean and inexhaustible. Heat for comfort in
buildings can be provided from solar energy by systems that are similar in many
respects to the water heater systems. To utilize the solar energy, we can not only
solve the problem of energy shortage, but also can protect the environment and
benefit the human beings.

We must think about how to absorb the solar energy more efficiently, how to
store more energy, and other problems such as additional electrical-heating system.
This study deals with the collection of solar energy and its storage in all-glass
solar vacuum tubes for different types of header design, flow passage and heat
transfer devices.

In order to elicit the most efficient combination 'of header design, flow passage,
heat transfer hardware and operating conditions, we have studied four different
types of solar collectors utilizing vacuum tubes. We selected the evacuated solar
collector with metal cap and the all-glass evacuated solar collector. These collectors
are more efficient than flat-plate collectors in both direct and diffuse solar radiation.
The all-glass evacuated collector have been widely utilized due to their high
efficiency, low heat losses, long lifetime and low costs.

The evacuated solar collector in the present study uses a single vacuum solar
collector either with a heat pipe (SEIDO 5) or with a ”"dual pipe” flow passage
(SEIDO 2). The one with heat pipe is designed such that the condensing section of
heat pipe is inserted into a pipe header where the water from the storage tank is
constantly circulated. Solar energy is transferred in the form of heat as it is
ultimately saved in the storage tank. Similar principle is applied in the "dual pipe”
type where cold water enters the inner pipe and flows along the outer pipe raising
its temperature thanks to the irradiation of solar energy. Different from these in its
design and heat collection mechanism, all glass solar vacuum collector is utilized
more efficiently and more conveniently in harnessing the solar energy. The
"U-pipe” type is one of those methods, which became quite popular recently with
the usage of all glass solar vacuum tubes. Water is heated as it flows through the

_vi_



U-shaped copper pipe placed inside the vacuum tube. A rolled copper sheet tightly
inserted along the inner surface of inner tube enhances heat transfer between the
heated collector surface and the water contained in the U-shaped copper pipe.

This study has been carried out a series of tests under the same conditions to
elicit the most suitable model, which deems to enhance heat transfer and improve
its durability in utilizing solar vacuum tubes.
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P tattptty
mo 3

. initial temperature

ti

. final temperature
ty

: Heat loss coefficient, [w/m”C]

Urr

: average water temperature in the tubes, [TC]
[

. average ambient temperature, [C]
td

: total measuring period of time, [s]
At

M : mass of water filled up in the tube, [kg]

. specific heat capacity of water, [J/kg - K]

Cr

: outside area of absorber, [m’]
Al

. testing time interval
At
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<Table 1> Efficiency of SEIDO collectors

T Effic Absorption Area | Flow Rate
e icienc ‘
P v [ m® ] [ Vh*m® ]

SEIDO 1-16 | n=0.7469 - 2.04X 2.704 110

SEIDO 2-6 n=0.8131 - 2.19X 1.008 102

SEIDO 5-16 | n=0.7356 - 1.78X 2.592 300
X= (Tw-Ta)/Ge [ Km*/W ]

T..: average running temperature [K]

Tm: (T1+To)/2

Ti: input temperature of collector [K]

T, output temperature of collector [K]

T, ambient temperature [K]

Gy solar irradiation on collector surface [W/m’]

Eff [%]

0.9
0.8 F—— —
- —_—
0.5
0.4
031 ——SEIDO 2
0.2 —=—SEIDO 1
01 b ——SEIDO 5
0
0 1 2 3 4 5 6 7 8 9

(Tm-Ta)/Gk  (Km™2/W)

Fig. 2 Performance test of SEIDO collectors
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1.1 Single Solar Vacuum Collector
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Fig. 3 Schematic of a single vacuum collector with dual pipe
flow passage(SEIDO 2)
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Fig. 4 Connection of the storage tank and dual

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

Fig. 6 Connection of header and
heat pipe (SEIDO 5)
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1.2 All-Glass Solar Vacuum Collector
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Fig. 7 All-glass solar vacuum collector tube
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Fig. 8 All-glass solar vacuum collector tube

with U-pipe and metallic fin inserted
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<Table 2> Specifications of all-glass solar vacuum collector tube

SL-1200 SL-1500
Type (QB-AI-N/AI-37 (QB-Al-N/AI-37
/47-1200-1) /47-1500-1)
Two concentric Two concentric
Configuration borosilicate glass borosilicate glass

tubes

tubes

Glass thermal

expansion coefficient 33x10° /¢ 33x10° /¢
Length 1200 mm 1500 mm
Cover tube diameter 47 mm 47 mm
Absorber tube diameter | 37 mm 37 mm
Wall thickness 1.6 mm 1.6 mm
Transmittance of cover 0.91 0.91

tube

Solar selective
absorbing coating,

Graded-N/Al
selective surface

Graded-N/Al
selective surface

Technology Sputtering Sputtering
Solar absorptance

(AML5) 0.93 0.93
Emittance(80C) 0.06 0.06

Vacuum Gas Pressure <5x10° Pa <5x10° Pa
Stagna‘mon temperature 200 C 200 C
(typical)

Heat loss coefficient <085 W/m'C <0.85 W/m'C

of collector tube

Impact resistance

Withstand in(25mm)
diameter hailstone
without breaking

Withstand in(25mm)
diameter hailstone
without breaking

Strength
(pressure tested)

1 MPa

1 MPa

Empty weight

1.1 kg

1.3 kg
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Fig. 9 All-glass solar vacuum collector tube

with 'U-pipe inserted
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<Table 3> Comparison of each collector

b o Heat pipe 10mm o]z ¥ Smm
T Rk U Caik: UA3
g 27
° ° 98 58 102 47
(mm)
. Heat pipe } o]z ¥ _
gagd | o U |uAw g 0T AR Y
H H © H H o
T
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(2/71)
=Z] OE:] U\i sl
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o °e 100 100 100 100
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Fig. 14 Experimental apparatus
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Fig. 15 Photograph of the installed
8mm U-pipe type system

Fig. 16 Photograph of the installed
10mm U-pipe type system
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Fig. 17 Photograph of the installed
single vacuum tube system
with heat pipes(SEIDO 5)
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Fig. 18 Photograph of the installed single vacuum tube with
a dual pipe flow passage(SEIDO 2)
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Fig. 19 A view of experimental installations
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<Table 4> Thermo-physical properties used for computation

Thermal Density | Specific Heat| Viscosit
nsi ifi iscosi
Material Conductivity [f /S 337 [F} e/((:k c K?]a [k ZCOS y)]
m . m-s
[W/(m - K)] i i §
*PCM
820 (Sol. 2890 (Sol.
(Paraffin 0.14 (Sol) (Sol) |y 474106
770 (Liq.) 2510 (Lig.)
Wax)
PCM
container 14.9 7900 477
(SUS 304)
Oil 0.145 890 1868 0.999
Air 0.02637 1.205 1006 1.81x10-5
Vacuum 0.01948 1.205 1006 1.809x10-5
Cork 0.039 120 1800
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<Table 5> Results of experimental data and comparison performance
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<Table 6> Results of experimental data and comparison performance
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