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Abstract : In this study, we developed a system that automatically removes the scale in the piping
by using electrolysis principle in order to solve the cooling performance of the refrigeration and air
conditioning system by acting as heat resistance in the heat transfer process by forming the scale in
the heat exchanger for refrigeration air conditioning. We want to check the performance through
experiments. Therefore, by circulating the treated water using the principle of electrolysis without
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stopping the system, Ca, Mg and SiO, are precipitated in the form of solids and discharged to the
outside of the pipe system, thereby preventing scale formation in the pipe and removing the scale.
Thereby maintaining the heat transfer performance of the pipe. As a result of the experiment, the heat
transfer rate of the scaled pipe was 86.66% when the heat transfer rate of the new pipe was 100, and
the heat transfer rate was recovered to 90.5% when the scaled pipe was operated for 1 month. The
heat transfer rate recovered to 97.86% when driving for two months and to 98.72% for three months..
It was confirmed that the scaling effect of the scale formed in the piping was understood in a
relatively short experiment period, and the heat transfer performance was also influenced.

Keywords * scale, cooling water, heat exchanger, heat transter, electrolysis

1. M E olgt Aaat Lx7telrt mAE 0] QrH4-8].
HAHEE fAle ex7F WelE
Ang)e ole] 717 Felz AdEo] sjsky LMl ek 440 gemE WslE. ol

A, AUEHE 59 FHI Azl 2 A9 2xrt AeotH 2sHEdrs WelrH
Ao, Y571, 371237 59 78 =okell o Hog whrst Aegtg AEsHA Hol ddwel
271742 1edY W Heddo] e 9l A4 ool AR iAo dwgh]oA
AREETL ok olet e d9duo agd A mEEe fdcte A We AR gt
S5l gaZoA dustr]e] HEFe dy Ry Z4(CaC0s),  FMFEBaSO),  itds
HS-S At glon, AAFLS FFAIAF]Y] (CaSOy), TAtH(Silica), E(Fe) oIt o5 o
At Rt I F AE 52 A8 1Ee FAHQ Zo] Ebdgoln, fauete] shde=
dugr|E JEstr] flof LA AFE Ayt Zgoles Esiy qlonz Fwghr|e] Wzt
I Qlek 2 A o FAdg myel gHbdE A
BE71g S|EmIo] LAY dudhs], = oIt maso] WA¥sHA HtH9-13]. Huehr] 9
oz Y2 25t HHoA L2dLe A AL85E FASH] felide 2d9 TS
71sh7] sl 3714 22 AR 371 €4 GAISAY HZAAIAHOF B, oFA7EA] o] et
go] Yol gl AS gy yzkrs Ahgst HEe AWES WHskA] Eokal e Al
£t o] ¥a= AFy AskE ol8she A o 2 @FelAde widd 2AL AsAAEA
o7} odubHoltH1-3]. ol Wzl A AR ofsf wEo1l AEeE 4 ARPES 2L
st W & Wz ok SE7|of|A] wjotol & Fd el &2 & 2AY AAES ut
AS WrhgolA Wz 7|ng o] Fpgold Fur ookl fisl vl JEW gt sy W = o
T vjito g Qlste] yZt4eo] ARyt glojzm o mHoA SAHE e EAEE A o=R
2 RE pEud BESojof gty HEuge Aitsto] AdsS& stefstuat gk
A&H oz AYenzg W] e HH =

el &2 479 2k =otA Hrt o|uf 2. WzZto| MEMSHE

okl Lo Yt e dudt dAoA 29

HEHE Tt 7MEHOREA 2= Ao 2.1, TEMSAE HX

Ha, A AR Aeols Y9 2| & 2 AFoA= 2AE AAFAE Fal THEo
AES Yoot JAAES 9 23 (&ALl 2 Az o8] AT &shEjo] A o]
g 3HS ALt ool FAEH duw AAE @] dEHsAELE Sl 2AY As
719 ddg Aol A FiaHATh & H AAN L] A5 afetstual sk WA AR
FAZEE 2L fARS 499 3L vE Aol A AJATE viTH(Case 1)) AGAASA AT}
W Ao=2A o] Y-ejHoA AHAHE TRl 1097 "o Fzro] HE AAYo] 7]

- 909 -



Vol. 34, No. 4 (2017)

U= BT (Case 2), Case 29| HjTE @AlA
2AD AFAA ZRNA ABiE A4S 14
4 43X Bl (Case 3), 270E £FA] wijF@
(Case 4), 371¥ <SAZ B (Case 5oz ZF
7y wjEe] @xdE APE ot AA Yol dut
U AAERE7TE Felstazt gt

Fig. 19] A== AEE mfo|ZE 7]&
APt 2E9 & FYsh & F=
(Water Chiiler : 5,000 kcal/h)E /35t
F 24 flot] AFE i dF S WEE
Axjgtt, wid Wel g9 f5F2 S5l {6l
EF=L2 GFAG0A, Magnet type)S A3t
Hizhe] dAEES S5ty flof A¥-E moj=
9Ho] 5|E](Heater : 3 kW)E 71, dGsk
zd 9 Z=Ao] "HQSt Power meter, Power
supplye gttt Zt ROl 2ot fako it
Data $5= $1°ll Data loggers AXx|gtet. v
e SFE Rt $Istd, AE§ mholmo]
ATLinet F5A4 4+Lp) ¥ 2FLound
2oty 2 ddolgE FHsto] wjE-S AAst A

°
2

Jo M Hu

—

Power supply
(or Sliducks)

Power meter

control |
he i @

for flow
Val

Circulation system

Ysvz7] Wiy AL AsAAEH ] a3

of

ARt
Fig. 2= A9-§ nfo]zo] dof djgt Aot}

F2& S5 fsto 4, &7 gdthE A
25k, vj @)=} Heater Alolo] €A 714
o7 AYE Fasict

2.2, M3
2A1Go] As] WAEoHA] 2 i AGA|
Argste] AA|do] AR vijEe] XHEE H]
AFE st wiHe] &+ 2= 5
Aot wje] EdEE F%g oelstr] $1s
FAWE P AH A, 2xE SHIAT
A g £2S FAst] wj@e] 9ite]| &
dstar, S|ElE o]-got] AE-G ntolzme] gt
ZF Bol 2urt dAHSHA =i ZAASEE

2 o7tz s ol BS £3HAIZITh
dAGE S92 8w ¢, E79 2k
EANE o|gste] FAeict wjTe] o] Wk

I

Lo R

&

[

lo

Fig. 1. Schematic diagram of test schematics and devices
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Fig. 2. Section of experimental pipe
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Table 1. Experimental conditions
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Conditions
Subject
water flow Input heat rate
New pipe 430 kg/h 1.0 kW, 1.5 kW, 2.0 kW
Pipe with a circulation of 1 month 860 kg/h | 1.0 kW, 1.5 kW, 2.0 kW
Pipe with a circulation of 2 month
Pipe with a circulation of 3 month 1290 kg/h 1.0 kW, 1.5 kW, 2.0 kW

Temp. . T
Estimated by first-order T, o
approximation according to e Q — hA AT
inlet and outlet temperature w— B
difference and each location i
. (Tw —Tp)
Tas
* 83 —
T Q=mc (Tour — Tin)
. B2
" Ta HDI'RL
T
> “tube outer wall temp. = tube inner wall temp.”
[ Measuring the water temperature along the length

longitudinal direction in the experimental pipe]

Fig. 3. Water temperature prediction and heat transfer formula using the length

in the experimental pipe
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Fig. 4. Comparison of the amount of heat
applied to the piping and to the water.
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Fig. 5. Temperature Difference of Inlet/outlet
according to water flow rate change.
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