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Storage of Solar Thermal Energy

I. A &

Z7)15eln YR FRos AEHA Qo
$ Balg TIse Ae, TILLT 2ol
= AZE 9 o o)y} Mtk ol ge B
A& YL A 238 F7 AsA
£ ad3 ol gxaze] A A7t Wast
9(Fig.1 3I=x).

HYUAE Fr1Roln ePA Aol
o 2o YoliAE o183y AMNME QAR
337t e s goh adez AA4 e 1
$%, A7) Q4% FNE dFAA olge g
s} susiolol & Fa @ FHAolh

QAUAAN G E3] APl A3 B &
A7t =AY RS 19739 A 13 Afol
YA B olFoln, ols} gL ojuix HETL
ofuixMete) Ypo AdojiA L HY o
8o ey e 7AHgen, Adduixist Y
2 olgsy) sl WYL £B YAZY,
set whgol ol 2T HYAR 5 oY
29 uhge 8¢ A7 AL B0l A
297 AR

olst o] A7l £aol Hln Yt 2ARK

3 g *
Hyun Kap Song

o] 9583 Uy ZAY a9 ou
=5

— F71Foln NYAQY dde] I3 R A3
HEES &5 A8, olgdRaE A
2 dHA AKH oz FFm,

— 1853 FuolA dAHo g o= 7
T2E gAY,

— goludA FF7 ol g FAAe] A7l Al
TAE ZAFL BEIAYSY,

— Hdstg dAJAE F58 ol & sys-
temo] F&URZ FFe2A oix
AkaAg A Fec)

o133 #& %9 JIFe 47 Ag A=
Hgal ] AF ool XA gu, TYEL,
783 Foid 8-S EFse FolgAAY &
&3tet AAo A ol & system 7ol A 7]
s Hez B gL AFsgel gudg

LA s ZHITFE MUstn o2 A &
4 el S48 FAPES A FAA &
gurdd g BAA HAE St g FA9
A7 FIS Avpoes gorol A7
W wakg A9gste] gich

« ZEa 8= AR



/M B

i. HYE EED 0| BFBiLES BtAH
I HAE K&y SxEy gey

HEE AL F713oln] kg3 < wigid] o]

SR8 A Wsje] uje} slBo] glovt A

&3 o)},

ol 71t FUNE WPPol olg¥EAE 2
Hatm, 2 Lol ALYl A AA s
olgRalel g5 R sHlmz A% IY
#¢ 43¢ Post WA 9o, zA== oy
A A% systeme AL ol & system F7hol
ZASAN HYD o182 A systeme! F
e A5e AP F= Tae 9L oo
ae] YAIZED HY o8 systemol HY
AUAA T 2 ZGcke Re @A FlE Sl
M Aol M7l wfFof old Hejol wzd
ol Yol Ao (Figla =)

olx 717 B¢ WoE st AN AT »
ZAPol BE AZE A8t Zol: Fig. 1 st
A 22 4 ¢ 5 Yok

2. BYR O|BHX9) 7Y

Azl wheh 9H 8 AA Wsiglel A%
2 QoluAE Bas s olgysel 13
ol Yzl A AaA olgarl st
o B¥A o8 system® Fig.29 2ol 574
Jroz Fyss, B3 A4F e 3719
A d9e PP S3AA FE AYL B
2A, HYd o188 FANA F2 Utk

I SX3¥Ho 27

Aol x] HFe A vro] £ 2x9 P
& APse LAY Yo e 2
& AR YI29de $RY £ Atk o8
dds7 g AAF Yol wet EFaY,

SAARE AHgs) & Ao} TAE o]gH A

Gr= Incident solar Energy
Qu= Collector useful galn
L = Energy load
Rl =Exass energy to be added to storage
¥ =Energy withdrawn from storage to
meet loads
E‘% =Energy supplied during Collecttor
operation

Fig.1(a) Incident solar Energy, GT, Collector
useful gain, Qy, and foads, L, as
function of time for a 3-day period.

——— ; integrated useful gain from the
collector ( Saudr )
———; load (JLar)

-------; auxiliary Energy(fagr)

Fig.1() Integrated values of useful gain from
the collector, load and auxiliary for
the same 3-day period.

Fig.2 The general Solar- therma Conversion
system,



dzdy, 22 E 9ol 75 guisa olF
ojAe FAZEY, 71H3s B o kg
g 294, &7 g4 9l Arle TR
3 2993 AFFE A dEd Asd UG
Ag Yo ERE & Ut

A4 o AT FASe] As] JFAT
g1 gt 992 FE29EH sgug &
gy g2l3 HgARA A% ZIUS E F
Aok °lh 2& AP E£7E Fdolo}
adeoz AHistA Fig.33 A

V. Yol Xl K& JlEo &Y &

dgldA e F712eln HdZols] of B
HEd g o83 A= FFo "o &t
et vt AAlAoz o7, ¥4 48 A
A7l A ol 8 FF wat AU E
A, £AZAe FHH AL oS AT
°lg 2YL M3 o€ AR FFH AlFH

SRBA - KEITE F16% F 1K 1987)/9

&g 3o A 2 vastegs, g 3
R g ¢ 22 AZY F e FE 7
& Eg 5 A 8k

A3 A FGriE AAgel L Auing
o233 g

1. sgxg

HAGE2GAE AAe a2 PG, olE
A4 g WAz 253, AT 943, m,cp,
€ ol &3] Fd3te WHog dlEWAEF
2oz FAEH oo go

CP=%9#9 g
T=249 &%

yad=d

]
|

l_ ] | |
on ~ S x| [AF 3 71
EEECTE R REX1¢z)) PP g as| | 1HAEFEY
al (x2 &
a A =z Az R = g =) [z A 3 [ar 49
W43
oAl (amAl |2 2 |2 9 [wewl |weg] (8 A 2z dllz9

[Frawg] [s2A9s)

Fig.3 8lock diagram for the classification of thermal storage method.



0/ 8

Table 1. Physical Properties of liquid Storage media

Material sp??(?fzhs“%)cp' (%3"3‘2? ) Boiling point He:;ltxccaga oy
(KJ/kg.K) (kg /nt) ) KJ /nt-K)
Ethanol 24 790 8 1,896
Proparnol 25 800 97 2,000
Butancol 24 809 118 1,942
Isobutanol 30 808 100 2.424
Isopentanol 22 831 148 - 1.828.2
Octane 24 704 126 1,689.6
Water 42 1,000 100 4,200
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Table 2. Advantages and disadvantages of
water as a thermal storage material.

—Not Combustible
— Excellent transport

Advantages Disadvantages
— Abundant —High vapor pressure
—Low cost — Difficult stratify
—Not toxic —Low surface tension

leak easily

—Corrosiv medium

—Properties —Freezing and destr-
—High specific heat uctive expansion
—High density

2) A FIA

A A 2E AZChA), ¥4, EY, W
siH g, A ERE, F4 Bl °l8"n e
o, ZU§ Aol Jolalz FHE Al F¢
wfAlel dnds] A4S FA F F A o
ol ¥ag dugrle A EE dIg
SlojA] 73 A F ojry,

A FGAE A FdAud Ao 38 F
AT WSyl =] ] B0 AL Wul ol



gl 1& 90| 7hssit. 22lez JUF H
odd FL7idl dsid JdE AL e AR
F e FAol B Fdrlel 9] JuL
129E A £ Ik

DRI dEFol E 1Al £IAS B2 &
A& Aelshd Table 33 o Cast iron 9
agZFo| 713 ot o A8 4200(KJ/
mK) Rt 848 HUch

Table 3. Density and specific heat of solid
phase Storage Materials{ 500~100°C)

Density | Specific | Heat
Material heat capacity
Ceg/ nt) | KI/K ED|KI/nt. KD
Aluminum| 2 700 0.88 2,376
Aluminum
oxide 3,900 0. 84 3276
Brick 1, 698 0. 84 1. 426
Calcium
choride 2,510 0.67 1, 682
|Barth-dry| 1,698 0.84 1, 426
Sodium
Carbonate 2,510 1. 09 2,736
Sodium
sulfate 2, 700 0.92 2,484
Cast iron 7. 754 0. 46 3,567
@er rocks| 2.245~2.566{ 0.71~ 0.92 {1,594~2,361

2. MERE

AQ 2de] AS uAE A

38 2E gl YHE LEZ A=,

st AF JeolMe Ad2g S A
A —A A gzt 7 AwF o2 ol 8
2 oy, 2 -3 FHolx AFdi o] Hx
ek
A —71A Fe aA—7iA Faste AL H
2 Poz sheAel Uk Y ZiA el
Me AAol A7l W&ol ol gol Utk

EREN-BHEIB F16E F1RABH/1

Aoz JEHFEL HYFZAE TN 3
A 9o Al TEiA st AFs A
s} A Rz EAsinz YA doMe §
duct 44 & Fdol FEHn mA A
el PN E 8959l Achole 22 &
AE FHoz BAEE de7 gd.

Qs = QA + Qso+ Ql.i
Tm

=m am Ahm+ imes'dT
T2
+Sl‘ meldT

=m{am Ahm+Cp,(Tm—Ti)
+Cpy(T,—Tm )] orveseeessesmasensees (2)

o714,
m=%gx d3F
am =7 ol g JAsid AP
Ahm=29 AFF JAF
Tm=¢3 &%=
Cp.=24 F9o mHFud
Cp) =4 #9]e] Hguld
Q;=AZEH
Q. =FEZd %
Q=29 459 F
Qu =dA -9 ALZIF

1) Zd&gAe 34
cFdFdAE A 8ol AN 2
71 Wl Foll Zdzxe a9 &dAe FAE F
244 F Jon,
2 2ol dAFol e,
cdA =N RS Fo] AP R E
of GdAME Hog 4 dow, APANE ¢
a3 & + drh
2) FEEEAY @
g & FIFAA T st Aol A

£40] $Esm,



12/% B

=Yl PP AT FEe]l ol dolurl
of o 49 A Aol BRI,

cdAEgo] A7 T FIZ HRFRIL
B33 ol Ay} gol =& dido] itk

- Auis Al A&, HYRAY, FE

H4e AMaalol AR 5 A7) WEA T

g Aol oy
3) Az 8%

Ae AA2AA 5 64 A5t (Call,,
6H,0)# $x(Na,S0,, 10H,0)= kol M1
o] A7l W Be] A2 B ATFUA
sjo] gtonl, 7 A AA] s Yot of
Hx Ade A7 gokh 43 2 gho] o
Az e & ud A4S sy oE
BA s A3 gon], 71 2 S3ld] @
F92AAe) B2d SAHe Table 49 2th

* Na,S0,+ 10H,03=2Na,S0, - 10H,0+
2A1KI/Kg wweevrenmsnmeosaassosssscens (3)

71 g e FAA EAF FHE ¥
2E7] gty ge gAEe] dFdiyel Hu
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dehydration materials for low-temp-
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Fig.7 Solar system using phase change mate-
rial for heat storage with liquid heat
transfer medium and heat exchanger.
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Table 8. Comparison of heat storage Methods.

. MREHE, EREBE~NORE,

Frank Kreith and Jan F. Kreider, Princip—
les of Solar Engineering, pp. 321~327, Mc
Graw-HILL Book Company(1978)

. George A. Lane, Solar Heat storage; Lat—

ent Heat Material volume 1. pp.3~30,
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Heat storage Volume per Storage cost
Method Material Capacity - 10° Kcal

(Keal /kg) (n2/10° Keal ) | (S/25.2% 10%°Keal)
Sensible Heat Water (H,0) 27.75 3596 0
Sensible Heat Rocks 5.55 80.9 80
Laten Heat (Heat | Na,SO.-10H,0 55.51 12.25 100
of fusion)
Chemical Reaction | Mg(OH),/MgO 173.43 0.0025 225
Chemical Reaction | Ca(OHD),/CaO 241.38 0.0018 24




