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ABSTRACT

A study was conducted to investigate the feasibility of using a super—absorbent po-
lymer made from a acrylic acid copolymer for a capsule—type ice storage system. In a
simple pyrex—tube test, 25% of distilled water samples tested turned out not be frozen
at all at —12°C and the average supercooling of the samples frozen was 9.8°C. With the
addition of 0.5wt% super—absorbent polymer, however, the supercooling of the distilled
water was dramatically reduced and more than 35% of samples tested did not show
any supercooling. The heat transfer characteristics of a capsule~type ice storage unit
was also investigated with a distilled water as the phase—change material. With the
addition of 0.5wt% polymer, the supercooling of water was not observed at all and
thus an overall heat transfer was enhanced. Based on these results, it was concluded
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that a super—absorbent polymer is a potential candidate as the nucleating agent for an

ice—storage system.
olul Ay AFE of 1] A]

A

|

ook WL YRR T AT . 2R,
R I A 133
~ O O iy AR

H B K N B RS z3Brrids
dﬂ_(o_ﬂoiho#ﬂﬂumﬂomu? ERCRN RN
ﬂrﬂi..m,mﬂmmlo%uiq@nc,_d‘
R e A e ] e 2
ﬂﬂHo__o_L._fﬂwﬂé o T | « le—ewy =
1Momleﬂygﬂnmnm QLMEE _®.I| o))
Mifm}ﬂdﬁw\&@%m “ m
) B R gy © - &
s M @%xiﬂ o ¥ T Toiiafl T . o

v R ] B W ow RS 1| A O NP < e crarsnrcy T I R 7
%%ﬂlﬂ.%m_@f\m’mqﬂ m. i 5
M Edm _ 5o X B | 3 ke
=r T O 2o s N - o
i I Canl | 2
R IR TR R oo |, 2
%ﬂ%%ﬂﬁumﬂmczwﬂm ?Am
4ﬂﬂﬂﬁ%%_&1%ﬂ% e %
R OT do N4 o of N BN [
H T TR ATAITARLTTHTHRET TREDT FT
O_Emoﬂ %%%ﬂ%ﬂ%ﬂﬁﬁﬂ%%ﬂi% v oy N Mﬂ

= = =0 s | ’

%_,ooﬂ‘.ﬂmﬂ%%ﬂ?%mﬁvﬂdﬂ;d.%ﬁomamwﬁ %4&? MO&
S 0 ododpE T K ok T o of o w L
H%ﬂﬁ%g%%ﬂ,ﬂxﬂﬁoafﬂmmwuﬁmaﬂ“.%m © o Cm
b P e BV g T T TR ey Te ME
AN 20w P ooy O O T T ooy Oy TR
W e AT N B ag gy S RI® T
,,Isn,mo__,o ol < oR d.aﬂluu <] H's 0 ) dl_.ct_ﬂ_ ™R Lo M 8 Al
X B=3 R I Tl T R B SR S vt
Sl Bl IR il . B T R RS B m C
—_ R o o AN pins B To B ; 3 OL —~— 0 R E _ZT. vl o
D 0 0 i d ‘Aluﬂ &O _ZTl N \_C i X _ Of L_w‘_ o mT._._ X . X
_t_s%ﬂﬂ%%%%ﬂ@?ﬂﬂ@%%%wwuzixﬂ%%ﬁrm«mﬁmﬁ
=l R e, B 8% oo T 2 a9 oy
o_wﬂéjk,ﬂmﬁm_mwuw%%ﬂ_twfﬂ%w&wgﬂﬁwﬂ..@_t%
~ T T W o < ,Amopl%%ﬂ%m,ﬂ%@Omuuﬁ.%mﬂwﬂoHa,_
_ T wmEr o @w Ty 9 RN BTOT L BEERITN
R I N G = B B s B e AL
< WP rm e e L 2 de e AR
& S K = v = ~n B ) lor M ﬂn N & O 9~ b Hl
HoEgmd o B B E g  Reway 7 Hobodedw < BT @O
do Mir T ol T T WM T TR M T oo T Wz T M ol

29

A KA el A, 1327 @

S

25C2 9d3A

Al2=gl e thA

B gAY 2] (Solar Energy) Vol. 10, No. 2. 1990



DEFYIEAL 2UAZ BhE W3S 39 AL/ HYE 9

3
j_lll

= 34

E a7 BAe 2o HyYzte Zol7) A%
A Aol7] WEe] Ao 240 we 3
7}
7_11—

)

i)
=
o,
N
-qrd
(ks
w2 o

ANA HAHoz HNAPH Z2LAES A}L3 A
AN A& A2FE PBEd FERANA 595
Atk Aol ALgE YA FX9 MBre
a9 2—a8} 2o 4% a¥d ©AIE ule}

PCR capsule

RS - I

Fig.Z2—a Heat Storage Tank fof Heat Transfer Experi-
ments |

7ol Zo] 6demX E 24emX %0 42cm® A5HA
Y 2Edgs 874 A AR AR 3,
9em, Aol 42cme] T2 E FEo] A Hsto 7
2 2—boll EAIE ve}o) 47| X3/HH AbztH
o] BiES o|FHA F 397 FHHAJL
Z2dg71e d%ste d29e P7) $8ko
10cm FAZ ©datgct. P WA 3.9
A SR 430 g B F 16.8kgo] AP o, &
A o3 FHIFLE FEANE JFo = g
°F 1300kcall™}. FEAX 9 dAE EAS %A}

30

= HIF Inlet

3l7] 98l 18 2—boll A&} 2o 2371 e] FH Y
7} XA 27he EXde 93 724 €
AY fA9 228 2437 Y3t AU
ZTE0 AAHAOH, ZEAY & HIES
24317 9std WAE st FoPEFo R 6,
16, 26, 36em H= X ol 477t 2z A H o
AAHozes 3719 AEod F 12707F HAHSY
L=

OAOAOAO~O~O
OR0OS0OX0O<0

| O O O @ 22 <=2 HTF Inlet

~580088c05ed:

M OO ORIONL' |

A

240

S2,

s Thermocouple

Fig2-b Details of Heat Storage Tank

tH 2 U5 gdY §A4l9 2e¥sie =
oj¥lgto 7 =EZ vldo 2XE 5 21, 36em =
EX1- 170 B 1, 7, 11 Do Ao & 970
gxstel ZRaA. 9dY w9 4FE
g 2—a) Mg} Lo $LE7) ) FUel M) H
om, 27E 5987 4¥sh sl 27 s
4 gxste] LEAS A0l 9% 29T B4
Z AR T

ZYHAEE A4 15T dAEE FAEH F
HZo| WE7lolA Yzte EAERAE e
A4 BARRE HiE offsle AX o FE
oZX AREG, AL EXE FA F5E
TEEH A met =92z R HEA, EF
254, 47 2 279 EFLHA 228 VE
Ao 71ESGTE AP dATFAY KYLE
—9C, %5 ¢ /mindllA A FH/H(E, =
A7} #H7kE &), €AERFAH 219 (2em,
40cm )5S WBIA|7IHA 23ZF A A E QT

3. 4t 4 HE

ZoiH M8 AE

% 38 100ty ZHFE

217 4. 2em® -2

Bl ol 2] (Solar Energy] Vol. 10, No. 2, 1990



DEFYRER 282 AR P2EL DA AL/ HYE 9

ol ¥ F 25TE A8 AeolA, —12C9

gezgd YgWe tEAd 49AHaA
AlZbe] Aol we 8o 2EwE EAT Ao
t}

. %7) 25C 9] o] A|zbo] 7zt wet G4

wo) 7radte] o 8% ARIT 2o WH
0Col =2 Sk 28y 0CN 2o ARE
= AEEARD AL LRt 2rAasie]
AlZF J0E-Z o= —9.8C7HA 27t 3H7sts e
o, WAl & 408 Tl A7) =7 0CE A

L
¢

%

)

Temperature (°C)

30
20
10
o} ‘
-lo - L
1 1 ) L i
0 20 40 60 - 80 100 120

Time (min)

Fig3 Temperature Profile of Distiled Water as a
PCM during a Cooling Period

oletgo] puistEde] ¢ olstel 2E7} H
% BHs HA) wn VES Agon e
d4& 3§ 2 (supercooling) ol 2t3 et #dz
A WG SN 21 B4 FIA7 4
st Lo ol2d FA FIARYH FIEE
o) Nztslojobt FIASRE N&3) AS HE
& glo FPzte) ostel FEt FA 3
o] FEAAZ EAsiA Haz AdA=Z FH
9 429 £=7F awF ZolAA B,

el ol 1A (Solar Energy) Vol. 10, No. 2, 1990

T3 2o AW LxoA AA3 HAE
Pzt £ g Wzate & AA gozx ¥
7] 8% 7AaA7E EAAEC] Y, o9
L oA R HFEEE Al=HAAME T3
Y zhe A A 7= Ao] vrE3E s

AP e A A8 A = BYes, =€
Aot EFshe 4719 AH, AT EAAY, B

LT So AA H3E vorn FUS Y

zog g&ls AYolet & & Utk WM B
AT 7hgA olele AL Il s
of 207)e) MEL 53 wiEAYs 1 JFIHS
gzt exe s

Y 4= olshzre AP AmzA 1007) AE
of st 2o BHYexe T4HETE LR
Aolx, 118 3 o)A s ol A¥AF}
z9) 3ot} FqeFe) 227 -12CE A
Jdx BTz J¥AAM B F UE uiebgol
25% o}4Fe] AZTHME o] ZAFIME Fgo]
AR orgkn U] dgo] AAE MEE

Ha APz 2+ 9.8CHH

Frequency

1wk

oL L ' J
Not frozen -12 -1l =10 -9 -8 -7 -6
Temperature(C)

Fig.4 Distribution of the supercooling temperature of
distilled water when it is cooled from 25T to
~12°C (Total Number of Samples:100)

AN TAZY FHole AFY YA o)
240 MBFARo 2 YPe T 2L B
T @Esol shed, ol duehE VEHA o
owl §gUe ZAPYU Y7t ez £

31



sl k. @9, shgztel Axe gl Ry,
S5, YREE, 87150 A, Lo m
Aejsol webd ety mhyzte) wx g
Asine  2HMY AYeE FE YA
(nucleating agent) 3 7}8t71 % 3kxL, ™" cold finger

1Mol 3V Axe] okgl

A2 ZAE35q embryod HAAHE FAFEE,
288 FAd dag 43 dAE FaAA
T 2HTF .

ZaA e AATZ9} unit celldl Z717F A9 &
1, HEAEY &egFo] ¢ =2 =2 29
Az AE-slE, 7 E944<Q Aoz dHA

) oolgkre MIE 15% A (15%size factor
rule) ]2} 3l4, HumeRothewy7} &4 50 $-
§3td Aoz dxe wlgoly AR =A7)7)
15% oW E 2 EAE ZAYo 2 AlEste= A
olty, Iy o] ZIAMA HAHAZFAL ¢
A WA Ao B3I, AF7A] AAH
A8 2GASY S22 2HA S Y3
2E2doz 49E £ e 249 ojge
wEY] @7 A 2@z 28 2
93
I dm & £ sl

HP 7t e Fole WHo e o|9o] o
2 7FA7F ot ZEAC AA A Hoz 2
43 & = 29A (nucleating agent) S 713t
Hielo] Ztdhely EHE v WA 948t Wol
T3 Jon, B dFAe B i a4
< A3 A%t 1EFFAY EAY T
HA7kshe o] A=H Y

a9 55 1S5 2EA 0.5wt%E Z2HA =2
A7 FLAE 4.2eme] Heldel ¥ 25CTE
FAAZITHE =00 Al B HE HA7] g2z
LEE —12CE HIAAE 45 A7t A

g gAY Y434 (AE A B, C)3 284
7} HIMEA] e e A Wzt=M 1
d 3(4E D)L YIS 9I8td Al BAF Aol

Do ol

ok do 2 W N

in

32

7fe] AFE0] case-by-cased] o2 A

Temperature {°C)

A,B,C : Water, 0.5wt¥ super-absorbgnt
polymer _

D : Water only

Time (min)

Fig5 Temnperature vanations of water with and with-
out 0.5wt% super—absorbent polymer during a
cooling period

s
2

>, O

do, > O fo %l N
"

EhY g
ol

Lol O N et
>

o,

= 02 o

ol
, N X

A1 2 Hh%o1de MEe] I
2]

g ekoll 1] ®} (Solar Energy) Vol. 10, No. 2, 1990



=8
ol
+
o
H
RO
2
)
PN
<&
2
i
o
)
)
ok
¥
2
olo
AN
e
24
=
2

g9 2 soll ZAF AN z8A A7}
e =5 29 45 0T =gse Azl 8
£ whd 1EFG LEAS A 4R A
+ 0Co) =EEE Azlo] 208 AEYS ¢ F
stk ootz e Ase Rz Bde Mg 9
st 27)EHE &5t 47 AaHUSE @
plge o]y d olfe MLVt BHe nEA

Z

Pol &= 2lo] YA F42

7t AA)Fe] ZEATE A o of 7ol
o)g Fxlido] Y&3] o]FolRR] &V YEOoZ
AR},

au o9 e 1y 594 —12CE
Yztol kg g Ajzbo] ;AL Hrbel ATt o4
=2 950l Hjste] 752 A= 4Fd] GEHAU
TS 2 W 27 AY S5 Lhdw B8
2 AAH] 932 £xE gz @4 7
AR sty nEA B0l HANEH AL o
3 Z7MESh o gEe AHS £Estd
B £5e Bl 2% nFLA nER E
Ag Az HAAgozA BYds A &
ARem oz sty WEe =EA AANHEA
g £ 8 F7HA FEATE GEAZE F
AT}

F719 S =8A 2 ALY PSS Fo)
He Qv 1 9AE ol § o dRAes
S e Hyzt A4 AFgFHo =
AA A 713 Ao, BAFANME ALg 2HA
2 ®°] AFE&H=E borax(Na,B,010H,0)%

Na,SO410H,08 ZHZF 1—-10wt% R & 7}81 o
=9 HIFAFE 2AEA T NapSO410H,0
o AY 10% FT7A "l x Zeo 3
YA L= 34 Hestx] &Uoh. ¥ borax
ol B9+ 3wt% AVHE 2% AW Y449
o] A% #HP diol A Vel gy

2347t S7HESTE boraxH 7t

of ol@ HWALA T A £2FHAY. o

O
s
o borx’} A AABAC S<tom FEH
A= mRo] WZh/kg e
borax?] 81 7ol o borax®t T Abole] 4
227} Qo $84%9) boraxsE7} A

L
o

By el 2] (Solar Energy] Vol. 10, No. 2, 1990

2 Q3ld Favt A4 H S st
Z2 AEFA EA boraxE FTAA H7SIE
dhoto] APHUY, 162 boraxst T

10

Supercooling Temperature (°C)

0 e 4 6 8 10 12 14

No of cycle

Fig6 Effect of cyclic operation on supercooling
temperature of water with the addition of both
Borax and super—absorbent polymer

Jol ¥71E AS wEs5 27l wE gz
BE2 £A3 Aol 23 HIEAAXE A
5 ghd 7ol githyt 33 whEA)RE HF Pzt
Z7rsla.om 73 WRAYP AFsw
FHYZ et tol i ZrksiA] gm dA gk

L R7HA FuRe Abe 83 wre

S

H1

NZ_—Q'OHIL};_BLF}OOI-H
bt

iy ~

w

32

v}

] 22
H nlelzo] ZAMAQ borax’t 7HE/WY 2 #A )
A}

A7 FAF e 8 Apolatolo] WA
9 borat TA §3E0] ZAETAT T Fol
A Aoz A9E 4 vk

olAe] AFAANE F3sAH 2o 1
o]
=

o]
A Ag7Vs AT B borxdt TEFA TE
Ag FAG B AE 27)0E 28 EIH)

FAT WG Fo) upe 29 aHst Pa

so] BRATE F7HeE Aol vt Aol o

At

33



DEFHLE AT 20N H7HE

1548 4 ML/ HF & 9

RN
o

Aol A AP YEEAY A4 d3gd dFE
1337] 98t 19 2—adt 22 AR =E
ZE o] 83l EdE H4¥EE AN 2”7
—av WA 3.9md FEHA &I FHF
430eiE WOl AZXT AeE 391 4 +gko 2
o) X $F SE AR N 271 15Ce 2FAE —9C
o] A FAE 5¢/min £EZ TR UHA
ZPAdu) A)7e] Aol mE 2gAe) exH
35 FEX 20 AL, 1% 7

oA e} =Ag Rola,
—be Y 2SN nEFFAY LEA 0.5wt%

20
(a) | Length (cm)
—_— 8
-——— 29
—_ ~—-~= 50
g
by
3
g
§
]
0 30 60 90 120 150 180
Tilile (min) |
20
L, (b) Length (cm)
\ —_— 8
\ |
o— | ] :
s’
b
3
b
[ 1]
H
-10 3 1 i 1 1
0 30 60 | 90 120 150 180

Time (min)

Fig.7 Temperature variations of phase change mate-
rial (PCM) in horizontal direction during a cool-
ing period (a) Water is used as the PCM, (b}
Water with 0.5wt% super—absorbent polymer
is used as the PCM

34

o] AR E*%
FE 40m S AR AHE g AT
a8 BAH &= = _
T2 By zhzb 8, 29, 50cm Holzl x|, 12lx

A

Aol
oF 158 ule] 0T g5 on A& Yzto]
BElo] dFAZ 242
3= AT
b 220 X 50em A & ol o
= —3.5C7HA Alge A 27t shdsitk v A
L7} 0C7HA A4 T FrEoL © o
Fob7h MAs] 27t &7 shddn o<k
o) shdzt Hidew duE = Utk
-4 gzt 2718 AHEY ATERE
AAY ¢ &) whalo] H4%
A A3
FoiRo g E¥e fHe £=7F %
Fol 7t ¥l ot o]
Ebd &2 of A7k L ol f
I s AEoly &
Aol AxE HE=e A

o
A
rob
B!
e
=
o
PN
N
2
il
)
o}
ok
)
i
2

2
2
|
()]
@)
N
X
o
i
~
N
o
o

C.

U=
o
ro

I

m_&
&.L

At _HN,

r2 o oro do XN
ok ¥
_1\1

P Y
¢ O
M e “_'E —
IO JR—E{
o - N O-z>:'
o 2 =
Il
W,
rlo
2o
o&
_l\l

>

1
I R D v}

l&'o m
_(_;J:E +
A M=

T
ox
N
o

<>
oX
k]

30 nf rir
R

(o ir

2 oy P
g

A7} 247}51 1 7—-be} 7
g7t 2PA R 308 0T
% 8,29em A Ho M= Al dA
Al 27} dHste] AP AR 2A1 7Rk —6TC
A &&7F sH7AstE e, 50cm A H2 et

0CE #A8I7F 97 0% H& A HERH &

H o
¥
N

-
R
N,
N,
ot <
N G
rflg

1% 7—a b9 FEHE vlusted B of gt
A Z2o8 AEL A} HAIEA Fe B9
A By FAto] #FAHUL nFFAH LEX
S 2YAE AVHE B A Fhyzel A A
APt AHdolty, nEAE H7ME A F
A EANNE AZohg ol ANAT H
5T

olate) FHYzto) ot W& AAe] T

Bl Foll ] A (Solar Energy] Vol. 10, No. 2, 1990



gz wlo] mel Thyzte) A WARA @e o] WS AHHoloy Uz Fo|WFoT L&
ol MeEHol felol uistel Tele A9 AF WA AL Yl _
o RSl AN Fo A8 A x 19 9—a b Q% dolug] ud FWd
& Wee) GAgol § Folal WEow Aue]  FAY =M =AW Folth olY 2w
b5 i, 2390 Aee FHozVE Fol YPoz
% 8—a b I8 74 FYs AEEAHAE F 2lem Bl AAolth £5F E& FEAHR T
dA el Fol Wk AXol W UM LEWAE  AS(2W 9-a) AT FALEE 270 2
EAS AomA Fol Waowe LEANE AY 3 SReF AYAL 08 AHY ARAH 4
e Bl 7 Utk oshge B WEY 9 27} o AFHATI A A3 e
BE Eorte €39 fAY A5x v A ™ W ZEAIZE 2A13F Q)] —6.5C 7HA] 3H st R T
o, ol HFEX WHAA €AY FA =23
20 ' 20
(a) “"9": (cm) (a) Length (cm)
— | —_ 3
_ % oA
< 10 £ 10
.
£ 3
T E 0 \
_10 | [ [] i 1 ‘ . "10 ] . i [ [ 1
0 30 60 90 120 150 180 0 30 60 90 120 150 180
Time (min) | | Time (min)
- ' 20
(b) | Height(cm) ‘-Sﬂ_t’i‘“‘)
4% -
—= 3
:J 10 s.? 10
:
LI L
-10 4 1 . 1 = ) -10 L i i 1 _l
0 30 60 90 120 150 180 0 30 60 90 120 150 180
Time{min) Time(min)
| Fig9 Tmeperature varations of heat transter fluid
Fig8 Temperature variations of PCM for 3 different (HTF) in horizontal direction during a
positions during a cooling period (@) Water is cooling period (a) Water is used as the
used as the PCM, (b) Water with 0.5wit% su- PCM, (b) Water with 0.5wt% super-
per—absorbent polymer is used as the PCM —absorbent polymer is used as the PCM

Bl gl 2] (Solar Energy) Vol. 10, No. 2, 1990 35



b
o)
¥
oX
o3
g
2
)
kN
N
2
¥
et
s

HUE5EE S0 Mg/ HYFE 9

7b A7wEel HEA ] 64°=‘°1 3l WEH
W, 20:-0] B AP REe HEA9 F
Gol WEHo 2xshd&E7t st £

A 0% FFHR AFe ZAHgAM=
e Z2gA9 2RI AFFe o] wEy
7] Ao g Qdte 2w 7| k7 A5ttt A
As| Y EE RoFoh

ZHZ Ao dAY fAlo Lx R ¥Vl 1
Holl TAlE ufe}go] AT FA4 U2 (3em),
SHZ FH3lem), FA &712(55cm)< *}C’]Oﬂ
=

A7k Qe Aoz nTo} 4 FoldA
= Rolggone Lxt 9 9AE Aoz

L =AR HEA Y G Y &
sl A3 A)Z 308 O]TETE - =2

~9C2 FYA e
288E ALe RFFY RRATL A7 B
hESR Afl M gadsion, ol

) aYl M) HPzAL
7% 9-be) BSsk BYs] A 91

H
ldr

QYN E & Qe uebgel &7 91X7}
s Ao 4G A9 gAY FAY enE 2
71 ISCA A3 73] AEAY 2
—1CaHe] =2 sgon, &7 wgow

36

20
Lenth {cm)
—_— 3
--- 3]
-= 55
S |
»
>
-
@
g
Rt
(H=40cm)
-10 1 I 1 L {
0 30 60 90 120 150 180
Time (min)
Fig.10 Temperature varations of HTF for 2 different
outlets of HTF
B} 40cm EolR H$ —6.2To =258 &
W EHG A F7F HEF vtk Ao
2H FYEE7} @ iél FasAee & 5 Y
%

3 JATERE 3emE T AEH} E7LF A

m H= X FH Alololx 1.5C e &xx7) &

]'M-—-tq AHo v FZAIEZA o} Fol
]

Ol

(o
o,
ir‘
=2,
'}

-
rir
it
—u
Okﬂ
ol
&
ér
5

ol
N

° »-a-%‘* &*ﬂ% -.Tzau ;,ol & Yojyrs
A

A7 & slofof sz
ol gx3fot Feh.

1.2 =
ool ARAT PH the 2 ARL UL

B} ol 1 2] [Solar Energy] Vol. 10, No. 2, 1990



l.:J
o
E

Z
o

TR 2RAZ e 5S84

A AR/ JAFE 9

F Stk

1. Eoll 0.5wt% 9 nE&FAE LEAE AR
A7igto 2 A Zhg AAE] dA e A
A Al F 9

A7Me By 27lde J’l’r"g 01
%EHC %l’ii
Ae "Mooz 3Pzt ‘Zl?ﬂ] e AEHU

REFERENCES

1. PEEER], Z25GERF & @iF, 10, 42, 1988
2. Kauffman, K. and Pan, Y.C., Congruently mel-

B kel #] (Solar Energy) Vol. 10, No. 2, 1990

ing materials for thermal energy storage in air
conditioning, NSF-RA-N- 73-081, University
of Pensylvania, 1973

BAFE, A9, EAL Az Al @
gt A+, Noe66—3686—6, t=#s7s <
T4, 1989

Melia, TP. and Moffitt, W.P., J Colloid Science,
19, 433, 1964

5. Abhat, A, Solar Energy, 4, 313,1933

10.
11.

Schroder, J. and Gawron, K., Energy Research,
5, 103,1981
Gawron, K. and Schroder, J. Energy Research,
1, 351,1977
Lane, GA., Solar heat storage: Latent heat
materials (Vol. 1), CRC press, Florida, 115,1983
Lorsch, HG., ASHRAE J., Nov., 47, 1975
R, T3, 32, 37, 1984
Teks, M., | & EC, 44, 1308,1952

7 At
ATe AU EHATNLAIG Y
Tu] AYeg £33 AFAAY dFRIY T

37



3211 O
S | =l 1 .

The hot water production through the combination of solar thermal energy
and freon gas compression heat

Hyun Chai Jung - Ki Sun Kim - Kyung Ho Sun - Sung Young Nam and Jong Won
Lee”

Dept of Chemistry Kyung Hee Univ. Kyung Hee Univ. [nstitute of Solar Energy.
Dept of Mechanical Engineering. Kyung Hee Univ.*

ABSTRACT

The hot water producer by the combination of the solar thermal energy and freon gas compress-
ion heat has been developed. Freon R-12 gas was circulated through the system including the solar
absorption panel, which has no glassing and no insulation, and the frozen and burst problems were

intrinsically eliminated. The manufacturing and running costs may go further down than the regular
solar hot water systems.

An Evaluation of a super—absorbent polymer as the Nucleating Agent for a
Capsule~type Ice Storage System

Hyung—-Joon Choi - Seong—-Ahn Hong - Won—-Hoon Park

Division of chemical Engineering, Korea Institute of Science and Technology

ABSTRACT

A study was conducted to investigate the feasibility of using a super—absorbent polymer made trom
a acrylic acid copolymer for a capsule-type ice storage system. In a simple pyrex—tube test, 25% of
distiled water samples tested turned out not be frozen at all at ~12°C and the average supercooling
of the samples frozen was 9.8 C. With the addition of 0.5wt% super—absorbent polymer, however,
the supercooling of the distilled water was dramatically reduced and more than 35% of samples
tested did not show any supercooling. The heat transfer characteristics of a capsule-type ice storage
unit was also investigated with a distilled water as the phase—change material. With the addition of
0.5wt% polymer, the supercooling of water was not observed at all and thus an overall heat transfer
was enhanced. Based on these results, it was concluded that a super—absorbent polymer is a poten-
tial candidate as the nucleating agent for an ice—storage system.

The characteristics of heat storage and emission of PCM in Ondol system

Cho, Soo - Yoo, Jein - Chung, Hun-saeng

Korea Institute of Energy and Resources
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