Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2018.19.4.1

cooperation Society ISSN 1975-4701 / ¢ISSN 2288-4688
Vol. 19, No. 4 pp. 1-7, 2018

o] A2RE F-59 5 Aol 39 g

MEE, H52

hetm XS 1A

ol
OH

o
-

Development of Antifreeze Concentration Control device for Solar
Heat Energy System
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Division Department of Automotive & Mechanical Engineering, Howon University
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Abstract The gases emitted from internal combustion engines using fossil fuels are causing many social problems,
such as environmental pollution, global warming, and adverse health effects on the human body. In recent years, the
demand for renewable energy has increased, and government policy support and research and development are also
active. In the collecting part of a solar energy system, which is widely used at home, propylene glycol (PG)
(anti-freeze), as a heating medium, is mixed with water at a fixed value of 50%, and the heat is transferred to the
collecting part at subzero temperatures. On the other hand, when leakage occurs in the heat medium in the heat
collecting part, supplemental water is supplied to the solar heat collecting part due to the characteristics of the solar
heat system, so that the concentration of antifreeze in the replenishing water becomes low. As a result, the temperature
of the solar heat collecting part is lowered resulting in a frost wave, which causes economic damage. The purpose
of this study was to develop a device capable of controlling the antifreeze concentration automatically in response
to a temperature drop to prevent freezing of the heat collecting part generated in the solar energy system. The
electrical conductivity of the H20 component was larger than that of PG, and the resistance increased with decreasing
temperature. The PG concentration control values of 40, 50, and 60% should be controlled through calibration with
a PG concentration of 39.6, 50.7, and 60.1%.
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Fig. 1. Schematic diagram of antifreeze concentration
control devices for solar energy system
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Fig. 2. Major composition diagram of antifreeze
concentration control devices

4-20mA _outlef

Temperature(*C)
1STEP

4-20mA display
=
2.5 STEP " & {
1 ' Lr‘ \g
19
-5
R Temp. control PG sensor (%)control

Metering pump
| i |
| |

Fig. 3. Configuration diagram of sequence control

o] &9 dFmA)gkel Wige] =, o] g Bed &
TRl R o] ek 5o Tkl el A
BolA o] &= e AR: A E 01%6}04 B3
4= ¥ 30l PG 100% YN B3 3t R 5=
F A7k 59 PG HoO 35S AdsA o}“ A

o,



YAl A2EE F5 = Alof g A

&
PG s=AE oTr'?SM B ®ad

e F5o
Bl F003= PG 100%] o] 509 P re HE
E o e =2 %ﬂ:@}ﬂﬂ AE PG FEo| o]27]

7HA] AEste] K-
Fig. 3& H%
o 74 :@]E;—% Uehy 3 9lt}h At A5 o
AulolEL} AEE B8 A HAE 283 ZHoA
H-& A7t 97} 9= sequence A|oJ7F o] &AL gL
o QPR 71 ws) HEA FEAANA Fels
dE ANZF4 - 20mA) = 7110; ek %;

3.1 B3 Z2HAUI2F9
Bl FholldA] Al2=glel
Z2HA3YFPG)°
PGe| 4 712545 vttt
AFs sdeh] 9% Tad 847 Ak Fig 4%
latm, WEIL &% -50C 27194 50%PG+50%H,0 4l
Z3 100%PG AES tes 54 1733} PG 57}
0:1
E
El

o
RE e o i

F2 ARE,
s

o T Alof

50%% AE2 FAHUC
2E Y B FI R A~
27 AR B R L EA ] i 59

83t} Fig. 5v 59 PG £48 I o
2ro wE Y2AAMWTS)S AFEAS ekl
B L 110 - -60C B2 27(24hr)
548 7te %474%3*%94 ] &gk

%

JEZ o
ol
o
N,
Ho
ol
o

O,

g 2
§

=

=
a5 Aol S7ketET
A= FAo] AtE7] wEolth Fig. 62
latm, Y& &% -10 - -50°C =71 (24hr)ol] 2 H-5
A4 PG FE 1 08 sAEHE Yehi L gtk 50T &
Az 4§ PG 50% Hl&2 Hd TAHNoY PG

o ALom 45%

100% 221& 5254 Qgrort A7 L Zoj ol
we} o e oeEo i Ao R 4 9l

o2)e} Behdt) 30T olet XM E FANA 4t

2 A el 9y —% A3l et Bjghel A
o ArlA = 301
%+ girk.

]/KE'ﬂ
=

o) AAE PG 50% H|EE AE™

PG50% : PG100%
(Frozen@-50°C)

PG50% : PG100%
(Before freezing)

Fig. 4. Freezing characteristics according to temperature
of PG(-507C)

a0 | | 2100%PG) -
060%(PG:H20) |

30
25
20
15
10

‘m

0

-10 -20 50

-3 -40
Freezing temperature(T)

Resistance(k)

Fig. 5. Resistance characteristics of water temperature
sensor

Fig. 6. Freezing characteristics according to temperature
of PG concentration



FFAS & =B A9 A5, 2018

o 2= EIt

g sEAlo) A Apde
5

(20L)°ll H-5 PG YAS 1 -

1
=

40LE FalwA o249 PG LT AdwE v
=

2

- 80% & %ol 4 - 20mAY] EHAFE YRl A

dolth PG FE7F 4.7 - 67%2 W E3 AFF 493

- 1525mAE YRl oH, f3Fo] F7}s

U= S7reE 4TS JERaL ek dnkbEe g

o] AE2EE 30T o]3) 712S fAshs 43S Ay

& o g1FEAUA Al2=5l9] PG FEE 40 - 65% T
%

o= 4YAlel B Bt gor) $5 = Aojy

| B
AAE EZEste] AFAE /NE et sk =

ol otA7HA PG FEAE e RE datelH,
FHEA7| A= 8 % 7| oS angste] HE
o sEAY H-uge s Keh= ol
Fig. 8& #-5of Z2d3e]Ee] vk 548 A5
S AXck 75 T A7) skt HluE
ERfaL glet. 2ol ZeddIeze] w5123
- 60.2%)°l whet H-gof Aol A EE s = tAE
T AF719] A5 % wahvhs 719 dAlsta Tk

8

—~ PGratio{calculation)
~[ PGratio(experiment)
—/r Quitlet ampere(mA)

PG concentration(%)
8 8 8 8 8 3 8 8

o
3

0

20 2 24 26 28 30 32 34 36 3B 40 42 4 46 48 S0 52 54 56 58 €0
Fux(l)

(a) Comparison of theoretical and experimental value of PG

concentration

100 18
—O—Fli

® )

80
gmn H
H 5
2 @ 3
E o
5 3
° o
2 » o

20

10

0

13 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37
Sanple

(b) Outlet ampere according to PG concentration

Fig. 7. Measurement accuracy according to antifreeze
PG concentration

{a) PG 12.3% (b) PG 26.3%

(c) PG 50.7%

(d) PG 60.2%

Fig. 8. Comparison of automatic and manual a
measuring instrument for
concentration

measuring PG



BFLAIA ALEE REo B Aol o] A

3.3 250 M2 2Esoi ==x|of

Fig. 9¢ PG w=o w2 52743 B39 dujA
QAN FAZE TAHA GrF AojHef 1 ZE YEh 1L
ATt Fig. 9(a)®] PG kol m& $254& dvny

7°CoA -40°Col| o] 271744 PG 20 ~ 60%:H,0 80 ~
40% =AY v 49} PG FEE —%EX16}011 w2}
y=-0.80362x2.5179x+83.5 Frgto® &
= 54 7 gl 59 PG ] FAFE
AA] FE Ul HW o] EUlE H0:PG skol

WE HE 540 $48 o & o4 AolAFe 59

s}7171 golsit). dAl elddouA] Al2wlel AMEE=

T B 50%E g ow F9o] Ho] 9tk Fig.
= Fig. 9()°1A PG 5o w2 549 54
st PG7F EAEA g dlge] 7Hed Ao
t}. Fig. 9(a)°lA PG:H07} &J7]2%=0l e} &
PG &5 ¢4 Jom=2 Fig 9(b)= 42| &7
o W} PG FEZ 5 ~ 10%S F7I2 FF 35t
A2 PG:H0E F2HA ghsth o& 9] 2%
ato] Bl el A Al=H

IS Ny o e
e
T A TG

i = AR ro B o1U K

L &

o 45502 g b

‘PG H]&]
60%:40% 312 F40] HaL, 50%:50% 24 52
o] 51X &t} -7 . 32T 2% 22 PG Fafol] uf
et s2xo] vEr fsd = A= T4
NFEOR PG FHS FUIR FHEE FAS WA 8]

Az &&S gl st

Table 1& /e BE5H FE=AGA] PG &
Aol gkoltt. -12, -19 2 25T 9] PG Alo] B-F 32 40,
50 2 60%=H] 33 A3S %o}oq 39.6, 50.7 2 60.1%
9] PG F=HS T AT

Fig. 112 PG T&A9] 2% W& PG & Y
AAEHATE  latm, 102Told PG ¥X%
65.4%(25L)2 B 5 40°C o Wil 9704 24
SAANZALE 25 L 7T/ BES "gAade] fAE &
FAZIHA 2EWsle] W PGEEE ZANch
102914 65.4%9] PG =gk 59 =71 -25T
7R A3 A 722%E FEFO] S7H8IAh ol&
PG AlM Alzgle] {A7E Sol7ke Aol AH (o
600cc)ll F-5d =7} A3t d4E PG YAk dxrt
Z7V8tel whet AAH o2 PG AN AZEE F%

A zﬂ (33

e

= (e}
=4&

g

80 100
— Antifreeze
1 90
60 |
80
. 40 70
g 0 =
e 1 X
327 5
I 5 E
) 0 2
o
£ 4 2
e
20 20 30
120
40 - -40
10

8

(a) Freezing point

80 100
—m—Sensor temperature(C)
——PG(%) 65 190
60 | —@—H20(%)

40

20 1 50

1 20
20 |
1 10
=32

-40 0
Experimental conditions

Temperature(C)

Concentration of PG(%)

(b) Control strategy
Fig. 9. Freezing point of PG and control strategy of
antifreeze concentration

Non-frozen
(-20C)

'- | H,0: PG
60% : 40% 50% : 50%

. H,0:PG

Fig. 10. Freezing characteristics for control strategy of
antifreeze concentration

Table 1. Concentration Control of PG according to
temperature
Temperature( C) Target PG(%) Control PG(%)
-12 40 39.6
-19 50 50.7
-25 60 60.1
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