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SUMMARY

This work has been carried out to find the ideal operating conditions for
solar vacuum tube collectors which are widely used at present. Various
types of solar collectors including a flat plate one were experimentally
tested and examined to determine their thermal efficiencies and operating
characteristics. Generally, solar vacuum tubes can be classified into two
groups according to their design features. Of these, one is characterized
by the insertion of a metallic device(such as a finned heat pipe) in an
evacuated glass tube for the collection and transportation of solar energy.
The other utilizes double glass tubes where the smaller one is contained
inside the higger one and  soldered to each other after the small gap
between them is evacuated. Both of these solar collectors are designed to
minimize convection heat losses by removing the air which is in direct
contact with the absorber surface. The performance of the former type can
be readily analyzed by applying the relevant correlations developed for flat
plate solar collectors. This has been demonstrated in the present study for
the case of a solar collector where a heat pipe is inserted in an evacuated

tube.



./\1

) )
O
A N o T T
X A,.# Ww O_H ,._f EE = JM| % %
—_— = ! - ~—
wvxiigmﬂJAT T B
o T ol @ M. _ < = = = o
s ey ¥ G o g a X
%ﬁgé%ﬂ%mﬁd e w B o L T %
N _ N — ~ — = o) KO
gl o = 7 T ! ﬂ = A ) < = X N~ 5 X W M
qor T X o ° = o X m Wo o o ~ o) W_.m o )
o Ry o B L > o o 5 3 o = o =
oA " um T e o X ~ i@ 5 L B 2 o) =
ﬂﬂ.__oﬂm%xﬁ . %Agx Tk T 3
iy NNCY jla NG S = R o s X X m
T o T FoH O = < xAE
< o M = ° & T SN A ol = L2 <
- o w T - ® 5 W) g i i °
‘DV — oL i —_ 0 Lk ﬂ /ﬂ\v B Jymo lo l —_ @E O#
o o M_ wm T % ™ o I\ e 18° To M- 5 K 90 o R
% "y Mo_l R gl M X o)) oo MM djo i mﬂ H wE Y L
o T o M_m_ > = dlo = X 5 = s = 5 ~
g e b T L X oo s o O
dm o i ~x X oo X]ﬁ T ) o Xy ol E, & =
g O3 v 5 W TG L) s B AL i o T %!
o 5 loﬂﬂ1mﬂﬂ§l% Wﬂmz_ @auo ol
£ 38 %o%ﬂﬁom.ﬂ.ﬂo,ﬁﬂ © oW
= <0 A H T TR = - B W T N = i
b N ad o R <® il L, X o OBR o K| O~ o £
g K ] - - W ° oM o = G C=~a I )
V¥mgﬂoago 7AmM_W§§ﬂ7zﬂ1 f_qTL
z® ToE il TR T T T ¥ MR 7 o
0 e ) — —
yoﬁ_nﬂmﬂ%anwo_;;@ @Z;o_ql_ﬁ%m
@L_E%%@ w i) Azﬁl,ugzgioé
2 B R i nege W= o T Mo o < mJ - o= 7 = 17 ™
U ﬂ.” i) T ﬁ/ ~~ —_ —
L e e P w po o = 5 % mr E ¥ = g} s o H
Mﬂ (] _ EO - = = Ul ‘.lvorb AT + ,.A_uLo Eo ) X < ~° 0
= 5 H o= R 2o 2w = o o v b
0 \OI — 0 M/.T BT N 192] OO s ] o) E.E
ool i o B = X = B o _
po P w3 = - = R e i m N
X /nm nmE :.L OT —_ KO n.@o | i ]“_/r.A
ol TH L
T K| T~ 0| o}
T X X = HA
T o
= o



31717k ol d L,

H=z =4

1
e

e At

Mo

)0

o]

o
v

—_

NI

Fei= AW migolu Hel deyA= B

ki3

EoleA A

7P A=

;g-

g A

14

=
o

o
J

o

DAY

EREE LR

1 o

il
Hr

=

o

78

—~
o

o

H

o} 747

L=Ne]
=

A28

=]
&S|

A 7F 7 A

A

AT e

TAHE

2 747 9]
Aot

7] A ol

RS

Al
ax

@Al 3}

o

o



A Aol

w
I
Iy
Y
el

—_
o

A 7}

aig

o)
yAO

=2 Frol gl v Fes FA =W, o

™
A

o

AFA A BFL e o] &l ofA
o] Aol A

ki3

18 et

o] =

FAw A

1
e

| Ak ol

(e]

ol

m

ol
mel

3|
~

)

B

A1+ 80CelAl 1207TC ¢

b2Z] 18

S

St 7] wiZel 1 ol

Wol A wulg AAelch

Aol

boe

S

A A FRel Wl FRW A4 D Ao F

(flat plate collector), #3324 (evacuated tubular collector), F &2

(€]

)

SR

7]l A

2
Feol o A7t 7hd s

3

d 3

%

£l

(concentrating or focusing collector)5 ¢ H <4717} 9t

o oLy

3
=]

A} o1 27}

B
=

%

ol B



e

1]

Eal

°

bt

S

-

b1 9

2 A E AAE=3H(natural convection)®E= A = 3H(forced circulation)
o 1

°

|~

Q.

[€)

-

o
=

= O]
A=

=

H&
2o
T

t}. 7
o]
=)

(sensible heat)®=+ #<4(latent heat)d B} = e}

]

faid

Hl stk of 7]o] A}

1 o
=

o] AagomH oFolx
il

2=

]

o gARlel wel A 27 R B

=

o
A

[e=]
=

R

AL Al

3L
, T

el

BoOoT P W L BOROT oM N T oW o N om ® T
X B OB xa _ oW T . 1 o
L T - S G I o
w50 NEON O o o m Ho = BN <
= o oz WU T T o o 9 g
i N I N~ > O zw X o o -~ .M o5 Ho T
T3fdtietocefzig, B2
E T o3 SR T R8BSy g P
ML R A o R B o= O =
O Y T o= < Ay oH N _
B oo M s T E o B i i 5 o MM W
—_ ! - o o — N; Jo
s rxrEalozfosTRgr T2
CRE I S R S I
R . v
M Xox w oy AR T T do oo T Wd N % B
S R UG G oo . 70
oo " X Mo N i _”_ Y M o % = Mo AR en ™
~ f = =
© oo Moo BWimoo Bowm Ry W o B
G W oWy s B VR « %oy o, D
— O - ) . 1 ox |
e T o m o SO M ww U
o B o o O W R g om ooy B3 M ur
i &) ~ ~ g, s 5 B To X° =
R B T I N N L T oy S
ES w X oo B D 2
o /=S W oB B %a w ol X _ W N 2 < X o _n_tm
B oHo B o4y o W N o 3 HE T &a ui % ol
MR oy B F Bem T oy ®m T o] of E%%o o B
) —_ — s — 0
I B N A g R TR
~ ~ o) ) o .
il A I =T N T
—~ N o s
R A Tt W T o Low 2
— N | T = X W o S N
c Mo wm T oz TR T oMo N R H OB o) B
OIS B R I S
L (O S ooy oo omm WoN s = it
e Ao w T o Kol I B
Ho o B F o) oo m) FOBomp o T RO A o0
X RO BT o Moo A Howe m o Ko o ® =



N
o



0
B!
N

o

B
T

Mo

ol

4
B

o

Azl bl el

o

sl ol b o A

0C7HA] ol&4 o2 7hs

o]
al7]

o2 o2A A

-
1

Ao whet tha wfol st i}

o~
T

tol AAH ez &

o]-g3

I 2 7 2 2] (equations)S

Kol
=

t}

AN
X
Ly

M

ol
1o

Falll

o]

ol ee] oo]t.

~u
ojn

B
file)
B
25

)

A lLiza= U ( t,~1,)]

- (D)

Q.=
o] 7] A

E

=

4

2
= N
X N
T X
T B
W B
" N2
@ <

m’ )

- HEW QA keal/hr -



o
.U_ﬂ
)
B
ol

A C keall hr - m*C )

1
o}

b=

e
o)

B
)

_EH

5t

°

Hugto =z A

[e)

=

el 9o 2 (DA [adk

°

(C)
=2 A

[e)

=

a—

1

Q
T
6}

9]7]

CERDI

file}

el
®
M
el

Nd
Ho

=

—_
fite)

M
M

R

A

—

=

4

s 4

5—7‘7 UL( }p_ta) %}\—

B

—_
o

il
~X

o

(a)d Azl A

22!

B
b
_EH

i+
.F_H

A}
u

0
=y

=
fojr

vl

—~

;.OL
:AE
il
|

o)
iy

il

o)

B

B
_EH
)
o)

o

&0°] 95% 7h&Foltt. 7t

o

o}

o
ol

™
Wh

e

2l o] 3

oF

-

T

0
B
~

B

A

AL ALl o 8%

Z]
Al

o

T

%

1
T

H&(p) -

ol
i)
=

J—

o
il

all
e
il

o
A4

oF

AgetE B A9 o Rl

i



il
44
B

s

3

=°]7] 4

A~ o
d £&48

—{5‘1_

sk Bael o

A~ .
T .

=L 7N <]

!
2L

(a)+r e

2]l

5
B
_EH

dr
ist

o
&
~
TH

)
,mo
W

ol
i

o

o}
s

i
)

3

Cig|

o 9

HEo] Bomm UR

CRdb=3

17

ol
AL

(b)HLA7] ofgid =

F,

A3 s oF

el

KeR
=

el
s

= @AHE=E

B

ﬁo
T
)
B

_EH

ook aeEu 79 #e

4]

I

1o
70
31

I

g 718 H<dF(useful energy gain)

oF

2l

ﬁo

o)
A
B
_EH

o

0
.
iy
ol
N

Nd

Gl

B

e A (DS A Q)=

AFES



- (2)

7o frAl SRR 5CUA 10T

]

[e)
H

A 2]

-

]

o] A9+ 20CHA 30C=T

Qu

7
T & viAl == (T)

3

[e)

|

==

]

& Al A
C A

FRAc[ItTCl - UL(ti - ta)]

t;

A

0

-
ofp
vl

—

N

- (3)

tit,)
1,

(

FRZ'd - FRUL

Q,
[tAc

a

el

7] el A

w4 <]

a4
:
AcFRZ'd g UL

ol

24 vehdy.,

3

Al Zrel

1
T

A

=

=

(ti_ta)/-[t 9/]

-FRU 013, FAEA 2850 F(ra)

-
T



1.0

0.5+

0.2

0.1

[ m?-Clw]

(ti_ ta)/]t

Fig. 1. Graph of the collector efficiency

t, o

S

bol

S

o7 Ay ¢

SR

AEye)
/‘?t

3

_04

|

o7

]

< A

%

el

- (4)

Qw = AGCIJ(tl_ to)

N
e
Gl

—

NH

&

oF

) A
g iAol v

1od
=

s

IH
o}

o
o
vl

—

NI

M
ol

o}
N

Vil

~H

- (5)

= Qw/AIt

ch(ti_ to)/lt

Frra — FrU(t;—t,)/1,

Frra — FrU(t;—t)/1,

_10_



Fig. 1904 (¢,—¢)/1, ©

9N =
v I
,L;L R
il w =
oMoy
GRS
T P
<o
o o
o o B
o
_XT.: O_ i
e o
)
L
— k)
T
T oy M
Moo
S
B =
G
= T .
=~ B =
= ‘vIAH
a
8 o o~
G~
= 7 5
~ =
ot )1 !
o
oo L
7 -~
H = ~

SN

o] 7l&7v
- 11 -

YA

A Jebdoh ey o] e

2

°

o

o~



il

ol

o

2

o

Al o]

o

=3
s

A Bitwe) o

|

&

7=

K
1&0
ofr
Hr

o

All Glass Tube

ol A 7heEkk

3}
S

cRa

2ol

ERERER

—

s
el

AL
00

R
o

il

NI

el
o

ﬁo

=

Al gl AF-g-5]

HFd 71710t JE71= dAE B A= =

o

wK

.
HO

o
B

AL
00

)

Eo))

—_—

0
X

)

= 7+

|~

o
e

ﬁo

_12_



qd

ol
=

(absorber plate), @ dg A =¥ (riser), ¥4 A (thermal Insulation)

B4 o T w oW o K
0 R 50 J J
Mo oy B R N o
I+ ol ol o = ) | o
, X P OE 2 T o Ne
Pow oo = ;X
< oo Jowm oM oW
o1 ° % wxr oo T ®
v 0 a )
U S
S w oMoE N TR o
1_L| 0 ,DrE \5 \_I!.V| ‘Mﬂ —rO
fojm o = o o)
T X BOR 2 o0
‘.__wh AT BN AT = 1_,_Al I =
- O .
o o — ~ E
nwtm T ,ﬁoﬁ W o %L_ CE
oo o o= o R
L.OL 7.A X
M%%J%%%%ﬁ%
. = pm/ S il oo 5
5 N < B —_ T —
PAv IS T DL ¢
Wh fm o) = T m R
o o NI MR
‘Dl ,_IV,VI N = N © @O ui ﬁo
i~ ol T m R =) o
5 = 9 W w7 g
o B m = o BT
—_— Ay - R
R RN
o or Q - 3T o 9
w B or g 2 2w W oW
m A 5 uog W5 = m 20 o
g =~ W & -~~~
S ®m ¥ 25 35 S @
‘ﬁIAH | ‘H m Z_.E ﬂ
up mog§ w T G R B
~ T oo E W ow 9w o W T

Fig. 2. Schematic of a flat plate collector
- 13 -

2) SUNDA il 2]
<= SUNDAjite] &3 SEIDO 2



A
m |
ox
b
il
2o
%
l_‘

neld F e SEIDO 13} 5 299 g A2 o
Hd7lel distel 1 9% 2Ea AAG Foll diste] AwE iz g
Table 1.o14 vEA SEIDO 1-16, SEIDO 2-6, SEIDO 5-16°14 F el 1}
W e J4are FE dvEE Belth ®ed UEY S5uAE G35
PR 2 JE71e S Hlag Zo] Fig. 39 =AHATH g ®BEo
SEIDO 29| &&°] 7F¢ =3 SEIDO 13 59 4% AA4e ga&der:=

7. =59 =4 dabEFol A& Algkdiel SEIDO 57t
Bt S A4S UEidth 2 Ao ol AY HHE V2=
sto] Ao ALg3t )

o 2o

o

_4

ol
£
N
s
o
oX,
ofr
o
o
-
ro
wn
&
o
@)
DN
i
o
ofo

<Table 1> Efficiency of SEIDO collectors

T Effici Absorption Area Flow Rate

ype iciency [ ] [ hem? ]
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= (To Ta)/Ge [ Km*/W ]
Twi average running temperature [K]
Tu=(T+To)/2 T;: input temperature of collector [K]
T, output temperature of collector [K]
T. ambient temperature [K]

Gic solar irradiation on collector surface [W/m’]
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Fig. 6 All glass evacuated tube
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<Table 2> Specifications of All Glass Evacuated Tube

SL-1200 SL-1500
Type (QB-AI-N/A1-37/47-120 | (QB-Al-N/Al1-37/47-1500~
0-1) 1)
Two concentric Two concentric
Configuration

borosilicate glass tubes

borosilicate glass tubes

Glass thermal

3.3x10° /T 3.3x10° /T
expansion coefficient
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, Technology

Graded-N/Al selective

surface Sputtering

Graded-N/Al selective

surface Sputtering

Solar absorptance(AMI1.5) 0.93 0.93
Emittance(807C) 0.06 0.06
Vacuum Gas Pressure <5x10° Pa <5x10° Pa

Stagnation temperature
200 C 200 C
(typical)
Heat loss coefficient
<0.85 W/m'C <0.85 W/m'C

of collector tube

Impact resistance

Withstand in(25mm)

diameter hailstone

Withstand in(25mm)

diameter hailstone without

without breaking breaking
Strenth(pressure tested) 1 MPa 1 MPa
Empty weight 1.1 kg 1.3 kg
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Fig. 10 Temperature contour at 5 seconds
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Fig. 16 Temperature contour at 6380 seconds
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Fig. 17 Photograph of the installed all glass

tube system

Fig. 18 Photograph of the installed SEIDO 2
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<Table 3> Results of experimental data

All Glass Evacuated tubes
A AALFHKW/m') Al =(C) HEF2E(T) = (£ /min)
162.326 23.24 39.22 4
158.400 3L.66 48.78 3
180.050 32.69 49.95 2
SEIDO 2
162.326 22.12 33.88 2
158.400 28.66 39.80 3
180.050 29.09 41.32 4

<Table 4> Comparison of experimental data

am NF2e AFEew =4t A& dAGg
(C) (C) (C) (2) (W)
All glass
evacuated 21.43 39.03 17.60 100 255.4
tube
SEIDO 2 20.32 35.97 13.65 110 2179
2 A 4]
Hady 20.11 34.21 14.10 80 163.7
F4d7]
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