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Abstract

In the present work, a new freeze protection method has been proposed for a natural circulation system of solar
water heater. Though electrothermal wire is popularly used for the purpose, there are freezing troubles by wire
cut-off and excessive electric power consumption. In the experimental device, hot water in a storage tank was
circulated by a small pump and used to heat the outdoor pipes if the cold water pipe surface temperature falls lower
than a set point. As a result, it was observed that there was no hot water waste while the solar water heating

system operated without freeze and burst.

ol J A (Solar thermal energy), 5 31| (Freeze protection), A}$14=3+(Natural circulation),
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£ o] A ¥ (Hot water tracing technique), =2+ = (Circulation pump)

¥
I~
F E

s MH Y .M £
Tou L Sl7leE (0 QA Sulel BFE o Qi BFATL
Toout P E9x FTLE (O) age) A4 1A71e) ARl L2742
Ty PRESEE (T) of Qi Txe Adenol, TP 44
Ton =FEEs (0 ol A g g AT gl el B
o Aelegael 4e ae P B84

=4

Fugdzk 20119 89 23%, AAbdA 2011 8¢ 269, AATALA 1 20119 108 17
AAA} 1 3-8]7)(hhong@khu.ac.kr)

Journal of the Korean Solar Energy Society Vol. 31, No. 5, 2011 41



1

7} ropad
bo] 2ol

qul

Aol A

[e;
Rl

b

.=

A e e

7}&

=
[}

ofutAl =, £of uj

=
=

ol

=
24 SRR E5RES

o
T

Oé

o
]

A7rEH ol A
A7 S5 2 B

}

ko)
pil

= A 7

of &I

o7} Ho] ek o)A =R A 7

2 ojo X AY It

dh= 7ol Yesbd W e] Eol of

e8] Beigel et w8

€l
=}
15}

oy —H e MWW " ool
O ﬂaﬁﬂmﬂ%ﬂé_ g | | ﬂﬁﬁﬂ
iy . [=}
v E L, THT Sl lflafelgz| TRRZ
do TS R SIélzl=lBle|ElElEl P o
_— T -~ ¥ x| S L3288y o P o=
~ BIK o] X W = | = =4 2 S A -
—_ ~ ,_L.ro,_l;o‘_dI\ Y = 8 s N K o
53 7,mI6 X [l — JE_!L |
31 - ﬁoATogwuHaﬂWP%mm i mﬂxwaww
—_ ]~ 1%0 0 fite) 3 Uwﬂ
<A o3 )\ adl T
i Nrgw _ = = ® oo = —l =@ o0 ™ 3
® T STTUTELE B s]sal5|E|E|s| BEww
il wK QN_.O NTON o z |3 585 &8 El:]| 8 m _
_ = oo |2 |F|E|RE|EE|IE] me O
N T of < N o : = °|d N
R =3 % F - ORI R W E B
7 o, T o) T 7
A ome g T g M = C oy
= 2B o MBI T oL i g dr BT
T8 Fadw TRy s | & 2 gy
il w A BTN S e T op 2
o)) X = BT o il m/L 3 o = 3 s <
2l a2 AL B = |2 2| Lalie
- M T .- NS S 5 = 20 57 o
DR - ol =l w ol SR o % E = X o
N 5 T Mo B om W ol My o 1ok «-
H <" o4 W KT K NN B o AR
™ oo o 85 % 2 W gy W o
= o N T m oz e
e £, 8 % Bl ™ o o AR A
o o 2o = g o o o B gy B
gV o - =1 ) 7L_L q,.mﬂ o Otuu Otﬂ_ﬂ
oy — T Ne 2 g R F o oo "
| o ~n o .Ww ofn o ol W iy WH T B ™
P U - 3 Pl TEFLT
= AT /. 2 T T Dy g #
o =
Mﬂ‘mﬂotio T8 m ‘OIWﬂOtda‘oIEMNJﬂ.ﬁH
o ¥ g gy 88E| = ul ﬂea% o _Zwﬂ% _w
my T R & o < H il ‘olﬂfm o © Lm‘u_ﬁl,ldl
T z o ?%%@%ﬂri@mﬁu o
Q ol D -
T . i iy AE MR ETeE [
o oo % £ N Lloﬁﬂw}ﬂmﬂﬂo.ﬂﬂu
WE 2 BSOS e NT D — o
o XK M g - oy g M= x%ﬂ_a
S i Wop Ao W
W Ll]U il s L Ot‘Ll‘I;o o
BY o To M ZEOREHT T W
B A oo o o ot M T o B e N o

s

S

| ==%& Vol. 31, No. 5, 2011

3

k

=l

o A= tank-in-tank '2]S A&

FREHJOfILAR]

[

53}
=

5|

Al
=

42



storage tank

collector
Tp.cl

Tp.c2
Tp.ed
Tp.cd
Tp.c5
Tpch o\

—hot water

pipe

»cold water

Tp.hi
Tp.h2
Tp-h3
Tp.hd
Tp.hs
Tp.hé

pipe

¥

~

f’i—'—|> temperature

L

controller

cold supply =———

|
‘
|H

2 3 w3y

——*check valve

circulation
pump

ot Hof7|

FAUAE Sl 29 29 o] WujSel
9 25k Abol o] who] v}zl ghell 1Y 3
o BTG PASAG. BRI
o AAe 8mm YelE FOE Aol Bz
o A4S GG 2T F LS A
RaEel N 48 AgSnd @ o FEE
o] AxE ANA %1 PEZ vho] v} z)
B Fol e FeZow FEHE AL U

2.2 AgWH

Alzde] 2o Fuy g A &
A FAgke] AASEFRT) olskrh
HH E9ux] AR sr) " £z}
2hsE A FAx el 27 23, vhol
A Lz Agee

o

r>4
BN
fu
o

12 @

o
o
o: g
4 A
>, o
wo A Y BN fo

ﬁd
fitl
ite)
i)

}\] 7} o] A} A

D

e 4%
sttt

AES S

[o:

o glon, 7IEed oln 2t e
of waE® A= AAH gloje F7hEAF §
°of A8 7Fsstth. olwef Aoy Ted 2
wAA e A=, SEAl FARECAN &
E7F M vl g o) Agtell A mel

1= = R
FUE U%E S YW LEHY SEE Wol
2 wA7E A i LEAA Y 9H ol

Journal of the Korean Solar Energy Society Vol. 31, No. 5, 2011 43



e8] Beigel et w8

w
ke
ook
Y
1=

U 2

Ade w9 =99 20109 12955 2011
290 A= Jygstdtt dA TIHHZ Ao&
LA HAAYAE HAAEE s

// Insulator
A Pipe

O
-

o
el

£ ooy 32
Rulibsy
o o
x|
[l
o o
o

Lo

s
2 &

M2
ox & O kU LA o

o

s 2o

o
oy

o o HI
H1 o

N

o, e ow
of Mo 12 K1 o ™

offt i,

ot
g
=
>
ki
e

> 0N,
iv
of\
2
N
o
o
il
2,
2

=
oo
ol
2L
2

m
©

tlo it
g B
g -

off pm i
= (g
T 2 8

)

2
2 o
2

A
= 4o

O‘l‘; ol-ﬂjg’
>

o
g
rJ
o3
%,
NS
oX
o Mo

o
T
N,

©
N
)
o
W
rlo
ro
k1
i
o
D
&2
o
N
)

X2 o8y
w2
fjgrlr
= o x
EHUE
fo of mt
1 e o
o™
B
N\

e
B

o

TpeaBth 1T A% stom o4 1049l =
La7F AL ATHA AA = AE T

At o= TR LHARETE H Y
Az A 7V 7 Tom©l 7HE ke A
al7] witolm o|ZHY JMEEHE Tou® &
Ao = 252 HolA k. 24 10
Alell Aol %21 T, AA3}3E(27T)
ooy, ZAxeA el "Rl T, 5%
Towe A9 d8t2 oA s & 5 A
ok Aol 77 T, 6 2318 olHt) &2
o Ay x| Jg e Ao

o3
S
o3
fu
-
2
2 rlo
jutn)
B e T~ A N

b

44

o] & ardate] Aol AE Aol A
2} m Zo3 T,s= s A37t 17 69]
th o] Ao X7 & w2 =(E 3 3

AAdetekgkd 2T7HA WA shet
AFANAME Bl F 5=

o S9x e 242

Ir =

ot
o)
)
o]
0

58 ¢

Xﬂ O} 7\(3 }\] Z_]_' 7‘11,0] 7‘1).05 7‘[7./15 7‘1)16

03:00 | 22T 09T 1.0C 1.8C

Tp, cl

10:00 | 38T 08T 0cC 3.3C

H 3 HOIHO| T M F2 di2te] 2EH3|

Xﬂ O} 7\(3 }\] Z_]_' 7‘11,0] 7‘1).05 7‘[7./15 7‘1)16

02:00 | 43T 23T 27T 51T

04:24 | 36T 2.2C 25T 46T

Toes 06:25 | 45T 26T 32T 49T

08:31 | 4.0C 24T 24T 6.1C

11:00 | 5.0T 20T 1.7TC 4.3T

o3
= A=
SRR QEVE SR e dH R
Aok AAE a8 7 JESlY SEx
o 2erh ARl 8T HTE B]
S =
[<]

P >0 fl & XN Qe e

Hr, FEx 227 oS "WojAH HEE
AL T ot TR o]of
AAE &gk out ojlHtk A o JbE

S=Ef ORISR =2 Vol. 31, No. 5, 2011



Z37) AN A BEd Aag FabiA] /AN 9

Ts.out

_Tp.h1 K
: —

\qé-" Tp.h5

Tp.cl

Tp.c6
Tp.c5

N

"

Temperature[°C]
5

T out

| [ Pumpon/of

20 Lo v b 0 il L

01 2 2 4 5 6 7
Time[h]

O 5 HO{EHO| Thud I 23S

u
ol
|H

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

(N
2 [

ﬂ:i}. Tot6

Temperature[°C]
=]
¥
‘d
d""

T.out

-10 b b e — L T P

Pump On/OTT

Sy, [ SN S (NS NN S S CON 0 | S S | S [SU S | SE S S| N S S S T S T | S —

0 12 3 4 5 6 ¥ 8 9 10 1112 13 14 1516 17

Time[h]

% 6. MO{EO| T,dd f 23t J2)

K

20

18 15 20 21 22 23

15

10

Tp.h
Ts.in

Ts.out

5 || Ll T.out

Temperature[°C]

210 J i 4

-15

y i g el

20 WLLEW ik

8 9 10 11 12 13 14 15 16 17 18
Time[h]

. BeplE Ryet

2EHst Jef=

Journal of the Korean Solar Energy Society Vol. 31, No. 5, 2011

{ X! E) R

1) B ﬂ_l._.!_l._.-_.]_l_

13 20 21 22 23

45



3k 317 slol e SFEx Yo d94S F
zZhste] 0C SH7kA] "ojxd WH-E 7td
g 4= Q& Wehko] FFtr|ojol & Folt},

O|ZHE H Afo|a] Aotst HEF3
FEHo] Y H-2 ojdell st njAHY =
FEHoAHY 553 a2 dowME,
270 fFEFo] AF gl FHE Fols 4
AATE T3 FE] wjTo| = Abgo] 7}E 3
a1, 71 AlzEo e 44 FEs £ e
o]do] tt. vrt Z7|n]go] AA F 3o
vz Fyd e AA ol B 5 A4
of g3t u AHHES 2E & US Aoz
gekE o

st )Ee] AEA WA dd el ot
EEAY xS S EYo|AYoA Hz
7V Ao AEEA e A Asow
ARE dFo2N T35 YA FE 7150
F7lEojoF 8 Ao w FHuhE )
4. 2 B

o
=3
2
-+
O%‘,

Pl e Eeol Ay

°of Fe7] Aol A Sefuljgt Ael7k Aojd
WS Eel wobAlr] wiel ol & s
A gz A Alkek

TEHZZ Aosty] S 2R T
=yt el AXskE Aol ZH7hg-E A
E A=Y 9 B @ 2m A=)
Attt FE7lelM e dSdds g3 ©
HH 2= A Ao, A EHoH 59
= A3 A5EHA @k

E5% 208 AR AY A sy =
o 2HE 717 30 oWl = dA3] Fol 57
o dEH o R g FagAede v
sotglow, 9% el 2270 0T 2t
A oA RS Tt d 9l ekl
gE ook & Aot

46

it}

0

o
rot

. KEMCO, 2008, Solar Energy, BooksHill.
. Kim, S. S. and Hong, H., 2008, Measures

and proposal for Korean solar water
heating system, Korean J. of Air-Conditioning
and Refrigeration Engineering, Vol. 20,
No. 9, pp. 631-636.

. Duffie, J. A. and Beckman, W. A., 1991,

Solar Engineering of Thermal Processes
2nd ed., Joha Wiley & Sons, p. 489.

. Kim, J. H., Hong, H., Chung, J. D.,

2011, Verification experiment on freeze
protection for solar hot water system, Korean
J. of Air—Conditioning and Refrigeration
Engineering, Vol. 23, No. 5, pp. 327-333.

S=Ef ORISR =2 Vol. 31, No. 5, 2011



