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Solar Technology0l| QA Z2}AEIQ| 0|

Application of Plastics in The Solar Technology

Mo

41} natural gas 4559 133 energy 9
8 zzF olo] g g F5 4 il 2
Hek WA AH Astdd =z P
energy 22 2248 solar energy 7ol gk
FA =zt Asta vk, AT Fdel W zol
Z 9E 2 energy § ¥ &4 1.2x10%kwit
sei ol & A AA energy Atz <k 1, 500
15,0009 off 23} T2 energy o]},

o] 2 gt solar energy 9 FE=& AA, ¥71 %
AGe] met A Aolst At dF EF d
$ Ayl Texas. Morocco 59 Ao A&
0.2kw/m*} =o AR LJAE <& 0. 13kw
/m?A E (&= 4 0. 2kw/m? Aol £ 0.06
kw/m?) 24 2458 xlo)s} mch

o]2]§t solar energy?] o] &o ol ZAuzte
¥ AFHE FAA energy A%E FA3
2 3ok 2 d2A uFeAg 197539 A
of < 89(¥vh)Zetst o] H-ok9] s dFu 2
YA o 549 AfAAE o 12099h) 2
2] d7ulst FaREz gleh o) @ solar
energyE 9 A energy®, & heat energy® A
HAA ALl s A A} AAY =A
o] atZ e} 9F energy®] intensityol] we}, =z =}
ol 7k Asht, 2y A4 R AWF9F &
F5ol o) &= AE(F80°0)Y AE ¥4
ol A &= solar energy& ol &3l ol & o]u] ol
E 4 glch? Solar technology #¥olA Zalx

43 F% JedFL §44A 474 (Un Young
Kim & Duck Won Lee Korea Institute of Science
and Technology, Plastics Laboratory)

@2l 434 A3 19799 54

SRX - FHE

o] &=t F& AL
© ALx W99 z4elnz, FTead A
ZE 7HE & el Dol %3 Aol oA
At HA gm, ZTekago| £4A4 4
7tE 2 ST FH 2= solar energy A3
2 Aol & AAAE Zx 7] @ Eolnh, =
FeaE A9 Az Doigtel +5% AA
58 22 4 9 AR Eobe] w2 o $FE
EAE Ad Fgad AAJ AL =Hmzy,
solar technologyoll 4 &} Z2t2¥ oL FH
U Ftslz k. F8% Eetad olg B
£& F=2 absorbers} collector®] insulation 2
2. 97, pipe, storage system$E-o)2tz n Ao,
ohS ¥ -2 salar technology o] HEEo g 49
T4+ 9% e 1€ AAEY AAAE v
Wolch 53] stress & @ol e FEE AF
A F45 ARz AL deovd, Fhad
£ FoAx, UV-radiatione] 733te WIA
2 HFYo] F2 F7Y Ehadoz AA
Ak 2 Y= LAl

28 12 o]2d collectord 7t=t3] “ehi Yl
o}, &, solar radiation ¢,0] ¥-& FI% (adso-
rption degree) S Zti:= absorber EH o2 WH =
o]®, o] &3 solar energy: ©] absorber (a)
el £2% carrier (A} JA)E JHAHE
o 22X heat energyz ul¥ =], o] heat energy
% ¥ {3} carrier: storage system (d)ol A &3}
d 2ol dojiA =Ho 2 7iE Hrh = o
carrier? 2 E& A}g3l= o] heat transfer
7tol Waglel A ALHE dE £ F sl
Absorber ol i e FF 37} cover®: R =,
& collector =1 ¢ 2= insulation material 2

o e L5 @
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a: solar absorber
b: collector housing
c:collector cover
d: storage system
e: water inlet

f: water outlet

® m——Pp! Q.

g: additional heating system
h: control system for pump
i: pump

2% 1. Solar heating system.

#s

N,

A%} 2. Solar absorber®] d3 % (radiation intensity=
constant).

Overall heat transmission;
q=K(fo—6w)

K= 1
S, 1
Tt a
o8, Vo, Vw, Vi=constant

gozA (b) 2 AEAE 4 + ok

t}&-& solar technologye] 4 Za2tx® g o] &
¥ FUdE T4 FERE dEF o 493

23 geh

1. absorber

Absorber®] A & carriery] &2 23y
A7l b, b 2 459 W53 (inte-

138

: thickness of wall

: solar radiation intensity

: surface temperature

: carrier temperature

thermal conductivity of wall

: surface coefficient of heat transfer

ny?%’%m

rnal stress) & 4tE 3+9 UV-radiationoj } 7] g+
gasz o] Qb 9] X2 (external stress) 0.2 9l
3te] craze AL xAN A= <G, 2izz
2 AR ™ol AEd F7t F g},
ol ¥ AAze FF 4 2" AAL- A4
g eoded, Zetad AAE LS A S 2S5
(V2A-steel, aluminium, copper)e] u}3}ed o o
Ax 7t §4 R3tcts GAHo] Ao, 28y o]
E & gL ol f2A 2A FAEHA ge
% absorber2] designell 2l3le] ol Az w3
g F o, 2 o] 8ol HAH IAHA = et
Soalr-radiation®] intensity: A} kel o}eb (a)
ARG o)A 247 (b) AR & At
27102 v¥ol A% + Utk @9 AFS5
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bo

N o

heat transmission;

aQ _ d%

dt TR
¢'s a: diffusivity
& op =£(t)
0'x x: heat capacity

2% 3. Salar absorber?] |3 % (radiation intensity#const).

solar radiationo] A ¥ intensity2 W & z0] 7]
= Fol radiation §4¥= (adsorption surface)
2 carrier Ato] 8] dolF o] Alzke] whe} A
A =0y, carrierd] 2% #W3lst A Aot
olw {9 44 % % (thermal conductivity) & Az}t
3 83} carrierAlo] 8] Aol F A4 (heat tran-
sfer surface coefficient) & a2} 3d o} =28 2
g e Hoz gAY F A

Absorber W 9] carrier®] F 33} o] A3
22+ laminar flow % $ Schenkel! & A&
9]8lH absorber ¥ FA4l7F ¥ 2w, 5 1.0-1.5
mm A £o|9, absorption$} carriers] 7}Ho] =
3] A& A $ol total heat transfer= sho] T =}
19 QAo G%e A9 w4 dEd o
A= =7t coppere] |3t Vi FxEolsnE
Z ol 1% gtoll at=ichz dck, o= F}
2% absorbers] designell 33| Fojsok &AL
7}53 & carrier7t A absorption surfaceo] 3
2 s]ook 3, channel# channel®] A}o] & A
Alstd Aol

(b)2] 73 % solar radiation®] intensity’} A7t
o wzl AAX £33 AL, F = heat transfer

£ energyoke] Al7tef ohe} WA =k 2
Hoz Ao & Y F49 2x Tl o
o & 2% Holst Ar|Al e,

o] AL g 2§ 33 o] vehd & gl
(diffusivity) & heat carrier ¥ $} ol 4 heat tran-
sfer coefh cient2 el 4 Qz, =24
28 diffusivity7t F4of w3t AHA

2l A3 M3 19799 549

a} (V2A-steel =0. 019, Al=0.206, Cu =0. 378,
PE-HD=0. 00096 PP=0.00051, PVC=0.00045
m?/h) o]¢} - laminar flowe] Z7AAH A
A (a)s] 79k o] & %S F3 gy,
ol A7} 72 ol F2 A Zelx¥ 9 absorber =}
AzAe e & FAM HA e w4,
F4 Ao vz & 4 Qo] H& AHE R
o sl EgaEFdAE Fay A4zEA
£ F2 polypropylene(PP) & & 3=, ©|9
o] high density polyethylene(HDPE)o]4} coss-
linked polyethylene 3 polyvinyl chloride®x. <F
7 AREE dF 4
o] Zo] A &, polypropylenee] absorber =} 2
A ol A4Heldy o], 44 blow moldingo]t}
thermoforming & 4= 1oy 7}Fo] &0t e,
AAAL H¢ dYME &3 22 o4 FA
A ct.
1. WekEgol 430, carrier2 A E&
Ab8-8 4 9lo] heat exchanger’t ¥ 4% &
of dA &£Alo] o, o LI
AW F4F 252 AA AHSdd s QA
of A& #HFA &t
2. limeolt} 71e} &35 £4 9 54 (scaling)
& abo} carrierst ¥ Atol] AHEEE 7
£A71A %ect.
3. 53 vladty ¥l Fo] 53] Ho| A
< 8fc},
4. F+AA 2 absorber® Az QL o B
o] absorption =8 & coating 3}« okul §t

e
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© P olyathylen \
—~LD—-PE

30
(Lupolen 1852E)

--iD-PE
20 7 ( Lupolen 5052C)
15 --2-°E_
LOC - ——
2 60T ™ % 2
|1 . ~ =i~ u
g ~ ™ X X
L ‘T 40'C
~ <
60C]
4 \
goC \
\|
1072 1 10 0 ko 10°

time

(a)

%l 4. Creep curves at various temperatures for
to internal pressure.

o, 23, zgeds AT g absorption
capacity (% 9% E BT absorber® AR A
Ago A (carbon black blending) coating z=4
9 2 3% 247 28 AA =+

Z32HE absorber A z2Ad = P ]
zAL 4 R Agolck. & o Azl A A A
Ag exdA g38E AAA Hed RE T
g)0f oF et absorber7t £°1 g collectors
4AE, 238 1 st kel QomzA L solar
radiation 4 convection EAL ALRER %<
2 glev, °o|& ql &t absorbers] &ET 3|
A 80°CHH, AT 138°C7tA A&aA Lo
~# =2 absorber AR e o &= A AAZ
Agstd = Aol Qe ARE T q 4ol
a5 879+ heat transfer A A} A 24,
olvl AFE wpo}7d] absorber® - W FA7F
Az T gyofop B, = zojx ¥ o3
g exol AA% Agel WA zAL5E ¥
¢, 2E=2E o3y A=E g e 2R %
At 1 AA zA% Rotok o, £3
absorber} sog Z2YTE go°Col A4 10¢ A
ZAERAAE A7) e FATHZ gred, °f

160

40 .
‘ ‘ ‘ ‘ Polypropylen ‘
k 1 PPH 2250)°
‘ 20°C
20
5 N 40C '\\
3 N
210 aN \‘ =
N NS
é 8 \ N 00T - =~
> .
4
140T
N
\ \
2 LA
1072 1 10° 00 b 10®

time
A}

LDPE, HDPE and PP-homopolymer pipes subjected

Ag Add o} G Aol 7t S o3 ¥
stressol AHE A4 AAH BE Ageze
long-term test (ASTM D1598, Dogan) 24 I
ol A% =5 9 A7kl o+2 Hoop stress ig
A5 Vet A a2y 4 A& absorber A7
¢} creep curvez A 23 (a)= LDPESH HDPE
grol zol® (B)= PP-homoplymers| 73 $olth.
a8 A BT wieb 7ol PP-homopolymer 58
ol ¥ 80°C—100°C8 &= o) 8] ofl A LDPESH
HDPEx A& Azl ¥4 zheE ¥ & 3
t}, absorber A S A=FE a7 3k long—
term test o} Aled short~term-pressuré test® BHE
AEE qqed, o€ absorbers] ¥HE 23 A
& P Zu Z7AAA Ag gezA, abs-
orber7t AHE FF ol A AA7Z AR &= 9E 7t
z9 AXF AEdE Aolek. 2 o 2.4 abso-
rber A& PP—homopolymer% A8 BT 7
$ a2% PEREE o 7o) A&AA 1072 Al
A% e Hoop stress (33N/mm?) 74 1048
AAT F% 60°C# e HE go) A7t
A #R ol 7+ Hoop stress (6N/mm?) 2%
o 559 o1& 2 F gl ol okt ek (23 4b3
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2) olSlolE 60°C o] 48] Lzl FAZF o (degradation) s = HHE 4BE 4 Qo

s ==X
Eq A4S A%, Egadd g2 AAY F 2HEE R OAF ZEFY &7 24E AF

1250 n l 100
W/ 2 I .-:‘d——-‘—"\ %
mium ) o 3
1000 ," > 80
—~ ! ¥
5 750 I } M 60 =
7 ': ‘ ! t N =
)
: 11 A O N 3
£ 500 1 L -y 40 €
1 l | | \ o
5 ) ", ‘ \ 2
= ¢ 1 L 1
& 250 T T 1 1 20
—E ] 'J \ ‘¥
| ! rd.—J -
0 1 l\ 2:-'% N — "'L - 0
0.2 0.4 0.60.81 2 4 6 8 10 20 1am

visible radiation wave-length

2a# 5. Radiation conditions in a soalr, collector;

: solar radiation

— - — : permeability to radiation of PETP-film of 100 ugm gauge
--------- : natural radiation black body

sealing compound
silicone rubber

VY

7 .
ARy

3lass cover

iy S N FETP-film cover

solzr absorber
{extrusion blow molded)
PP-resistant to high temperature

insulation and suppert
PUR(PIR) foam with
aluminium foil in

support (galv. sheet steel)

3] 6. Solar collector, with blow molded absorber that can withstand only low pressures, with parallel flat cha-
nnels, minimum possible wall thickness, and containing a thermal fluid; the support consists of a stect
sheet frame stiffened with PUR foam; the cover is a plate glass, plastics film composite (IKT/Solarheitz
technik).

#2IH A 34 AM3x 197993 549 161



'f/w

1
sealing /
compound . .
,, ¢
e /
/

glass/PMM-cover

PET)-film=cover

solar absorher

(extrusion blow molded)
PP-resistant to high temperature

insulation and support
(extrusion blow molded)

PP with aluminium foil

28] 7. Solar collector, with blow molded absorber that can withstand high pressures, consisting tubular channels
with a high capacity for the thermal fluid; the support consists of a blow molded tube (also filled with

if necessary).

3 HA FAE n# o & EFEIATL
292 Al A7 43 (hydrostatic pressure) 2.
2 deAol ol AAolet At

Ezl~¥ absorber?] absorption degree® <
Z7] ¢35} pigment=A] carbon black® A}-§
e, °] Ze}l~¥ UV-radiation R 4 <t
AL FHA Fo o8] dez F93
o] carbon blackd] 3ake] F7t #HFE 49 A
o] Z7bs] v} PP-homopolymers] 74 1. 5wt-
% ol Aol A 23|18 UV-radiation stability &
ZaAse Al o} A2A X3t PP-ho-
mopolymerE absorber A& 2 AlE 3% &
fde AL x5k WA o3z WHsH
brittle & 4ol Slol 71AH A=t A==
2, dq7]d elastic & 42 L F7] 934 PP
copolymer (polyolefine) & Atg3ro 24 o]& 3}
4 E 24N £ & U

. 7lg} x. 25 % absorber ¥

Radiation, convection ¥ 7} &} d&4E %7
813 collector #5292l insulation¥} collector
o B9 gyt gt =}, collectors) o
9] insulation (2 (b)e)L #1ZF ARAA
tro] A}&-38= polyurethane, polyisocyanate,
crosslinked polyethylene, polyvinylchloride %<
drEelag & Agstd adAolch el

g & 59 Fz2& 5539 absorberg} colle

162

ctor @A Atelo] 2]l F7] % (air cushion)
< Y3 2 FEEEL TF Y =Y T UEF
A 5o Qlet, ol 7139 FAE A 10
-15mm7} A 333 o] = collectord] 7 Alxef =
R Sl O T e e
% insulation A} = ¥ 8t Fo}A 1}, o] o}
2 radiation £A = F7tslo] Zguict 4¥A =
o &Aoo st &L 9hEs]l A A A
of FAdof & 4L A AXAA A F8F
7}A -4 (visible light) 3} 4 9} A (infrared radiati
on) & A3 FFHF F glofof et ol AA
2 A polyvinyl fluoride, tetrafluoroethyene—pro-
pylene copolymer, tetrafluoroethylene-ethylene
copolymer, polymethylmethacrylate, polycarbo-

nate, glass fiber reinforced polyester 5& &<

Ak, ol AAEL WA FH& A
13l ulg] A A7) A =] (antistatic treatment) T
Fof AbR3te] of qeh, F2TAQ AAAA B
A olE SR W dE Yol Hz=z o
7t 3 2golv, 7t F2¥Q Aol A3}
o, Fojd ok EAH L o] wavert AR el =t &
71%&o] AA o] 2 wnv| ¢ convectiono 2 Q]
T 94 £4o] AA F A+

Collector®] YA A=A faide FAAL
dol A i A=, dEH0] A 2
Aol g}, o= 2] el PETP (polyethyl-
ene terephalthalate) filmg & o] FFAAHq
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d (2" 7), ole #8 #E LIde gz
o, = F7FE G 425 39 2 in-
sulation 3% 3ot o3 § PETP-film (100
pm)L 2 solar radiation?] permeability 4]
2% 5elA B vhs el sk o$l
blackbodyol /] Y} 2 = far infrared ¥ $19] nat-

ural radiation7}#] uwtolFi= gL &l 2 ra-
diation loss7} 23] A} = o]9d % PETP-
filme F2]#e] 94 stressE TolFE 4L
Ses, o3 dollA Fgstctz wilc

28 63 72, o8 g solar collectors] o
Eoloh.

B 1 Solar Technology 3B 0.2 44t 72442 Fetde vz

1% 5 F AEAA, &, 2A TAFA , A
£, 84l U 4A sk Aee @el A4 & | PVC: =ik e YR AEFE Alo] A
a,2 ‘_) Fu| 7} ul A, (thermoplastic) 4 3 & 43 2.5} urethane
00mm Alu:etd = Az R 37} A &2 phenol XM 5 &3 B9 &
] ¢}, 7 Foh
A A+ PVO R F
7
absorber FF 84 o ¥ 9HEEF 7} | polyolefine : E}7] 4 ¢ dAEEI doy oA

Aon ¥& xd LAY A
Z2 A4 & Yoz ¥+
(A F) kel v FAS +
Az 2457 499 FFEF
Eol7] 5t BHY Ast o
FoA).

& filler(dll : <, E£EF)E 4
HEgezy FA4 ¢ A, A
S5t Jz 100°C Axold e
Aoz Az ¥ ¢ UAed (blow
molding) 7}& 37 44§93
do] $=F ¥4 AFY e o
3 ¥yei2 AYriFel et T
At 7hiz FA4o] =HA Fech 9
A=EF Fo17] A3 A
pigment & Yol 7}1FE 4 v &
F FAF AEsE F 9 A
BAE ¥x A 22§ 150°CHE
72 &9 ¢ A+

collector A5

glass: ebx] oo, % fi% A=
£ ldA ez Aget +45
o Ay AHAE dmmA=
o FAE Bolojof e o=
o FAE BAEAA vs 3

E FAck ddAE Ad¥ €

£Ao] §AFA mep I
(. 8 : PMMA=4.4:1)%
3}go] A= infrared F57F T
Agx Bk o,

PMMA (#}243)
Bk Smm FAE SFNR Fxold S
A% & Ads SHAxASL Feol ¥
o 4353 $480 ol Az 44
| A4Y F3E 4 god Wy ¥ UF
Aol oul o BAFo] felo] ¥ ko]

‘ 2o 104)

PC (A24%) : % 8 Fech ALLE 115
CAx ¢4 & oo WE AZE}
F01} gto] PMMA of u]she] ok 3%} ]

| Ao},

collector 3¢

glasswool : BA] gfEch & & zZd4¢
o] H g3t
dd ezt % 0.05W/mK

' PF (phenol formaldehyde (= A)) :
2 g4 ged dd==7 0.028—-0.0
31W/mK o= Eoly =z g Hanld,

#H A 34 M3z 1979d 54
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ol AFE ol = stol =t A gz QY Kollekoren. Heizung, Luftung, Haustechnik

71 €k solar energy technologysl SloiM Zepx 27.(1976) 5, 156/157, 6 206/211.

& AAELxTt o] shato] g B Rl & A 2) H. Grallet Solarthermische Heizungssystem
Aot vz & 4 P& AEZ G - E A2 Oldenbourg Verlag, Minchen 1977.

Azt

3) W. Ratzel, Kunststoffe 68 (1978) 10, 611.
el 8 2 8

1) G. Schenkel, Kunststoffe fir Solarenenergie

3 §
% #2|H BE 7o %

p

5325 HAHE &E2IH

T&40] F& o Eovlz FHol e AdA o2 HEd Polymercomplex® A st a4
AN EHEL F& 5L AAT FUF. 1AL o]l a¥FAE ALEE Axcth Y4 =2
= EoAole} ¥k,

o]&] 3t Fgo = polyethyleneimine, polyvinylsulfonic acid, polyacrylic acid 2. 24 thiourea,
8-hudroxyquinoline, iminodiacetic acid. hydroxyaniline 5-2- chelating groupo. 2 zt= ERojo},

3 FAl A ol 2 thiourea® chelating group®. 2 ZtE polyethyleneimine® +&3 Aeixg oz wg
gt FEln} 1g% 4 1g¥ S A U S 1~100ppm HE9 FLE 99.9%7HA A
AE 4 Ackz gt

Fdol LAt FAA RAuch aHAels 53] A £ AV EHE J5E 5 ol 3
A Aol o},

o] 2o & acrylic acid& baseZ ¥ Zglo & plutonium$& HdHA o2 99, 7% 7] F43tctz 3
% (&)

(C & EN Sept. 18, 1978)
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