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An Experimental Analysis of Ultrasonic Cavitation Effect on Ondol Pipeline
Management
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In the context of Korean residential heating systems, Ondol pipelines are a prevalent choice. However,
the maintenance of these pipelines becomes a complex task once they are embedded within concrete
E-mail : uklee@cku.ackr structures. As time progresses, the accumulation of sludge, corrosive oxides, and microorganisms on
the inner surfaces of these pipelines diminishes their heating efficiency. In extreme scenarios, this
accumulation can induce corrosion and scale formation, compromising the system’s integrity.
Received : July 9, 2023 Consequently, this research introduces an ultrasonic generation system tailored for the upkeep of
Revised :October 22,2023 Ondol pipelines, with the objective of empirically assessing its practicality. This investigation
Accepted : November 14, 2023  delineates three variants of ultrasonic generating apparatuses: those employing surface vibration,
external generation, and internal generation techniques. To emulate the presence of contaminants
within the pipelines, substances in powder, slurry, and liquid forms were employed. The efficacy of the
cleaning process post-ultrasonic wave application was scrutinized over time, with image analysis
methodologies being utilized to evaluate the outcomes. The findings indicate that ultrasonic waves,
whether generated externally or internally, exert a beneficial effect on the cleanliness of the pipelines.
Given the inherent characteristics of Ondol pipelines, external generation proves impractical, thereby
rendering internal generation a more viable solution for pipeline maintenance. It is anticipated that
future endeavors will pave the way for innovative maintenance strategies for Ondol pipelines,
particularly through the advancement of internal generation technologies for pipeline applications.

Keywords : ondol pipeline, ultrasonic wave, cleaning effect

1.ME

1.1 @70l i o =X

SR ) AL O 2 TS 25 who| Iekel S o] §ak HPH S Aeakal ik 25 Y uhALe A vhe} 2]
E &0 75 3% i Seha Ade] vl o] £Ae B2 BvbAA AUS gy o]k b ko] A9
Se)E Sl i 5402 Q18] 4K 5 A5 PSSP} 417 GOl A7IEALG-S St SR AL AT E,
S} E o] vz o] El2 s A thape] g L A Al %ol date] o5 R4, AAY Fo] BRI Q0]
7% GEH 1), T35} 245 AR F4RaH X o] 9L, 718 0 2 HAE sok ke o] IXIE,
vhe] o] sl S8a o] 2] thAste] B wh7hx ARGt QT3] v PARet B AS shel 1 sl v

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
By No by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © 2024 The Korea Institute of Building Construction, All rights reserved.



Al 2hold, Al &

e

=

a7 i oo 3). o1

[¢]

ok
QF

>

MM, 7]
He Q1A S

1

Jom, AAY FAH, vyt A, of

tha). 2712 HAH

AR

o]

A Hhal o 2 wilg ) =, A, 2 o

Al 2told 2 AnkEE

Lee, Ung-Kyun

P
T

T o W = —
koo o~ TN o BT
ﬂm.ﬂnw_ 7 oW ol M_.q_m.,_ﬁ T % d mp /@ o
_r,._OwAl,al H_H.W._‘W_w_o mo‘.m.c_l%ﬂ_ol ..AOOLWEUW,HAIID_.EU_WJAW\_HT
Rimy Hxp zHEE TS xpEecEBE
AT o T OE B g B oo o g ol
~ 2.1 ;QL T D_.E O_D ~~ o _ AE Jlo " B = E_.E % K
S s e Yo Jooms b W oo TR o K
iﬁeﬁow P op ™ oy T E750ﬂo_dMo._§ﬂﬂo]._
Hams = AZ N w%@ﬂﬁﬂﬂ%%ﬂ
X TR T XA moe o ™ Zu oo o W oy BB o Rw_v oju
G o T eI I e - - S M%E%%O_ngiﬁ
< o B o T oy e b= T Vwﬂuﬂiﬂuﬁuw}rmﬂ_l_mo
S TG xeT o e Me T T EEEEE N
T 5 B T = o ol B T ol mPa_y o
T 0 L B nz R H g
2o T alkx - ® Aﬂ%m%}ﬁﬂ;@
T ° 3= oA oD ﬂ_z_‘ wn = l o o|
ol EanBe e X LI S
| = o G T ™ ) o I @ o Io°
Mmmo,uh_&w E._M_ooo,mamdvmﬁw _Mﬂ_%_.u._,w%d_.o_a,_ﬂe%tm__m
OJIX“H O_,w.omﬂ,l_ﬁllﬂﬂﬂv” u_mryAﬂwm_l @ONE.JI;OO
‘_uq P NM jO ,mﬂ m_mo Jl E._ E_E _Il_ o o ar =0 D_.E q Z.E ,w_mo
CREoE N g ;WD Sl L BT W
oo mnog AR 8 L L B o P 2w Moo o
T om oM T TR S B E X o ® ﬂzﬂ%ﬂﬂ@ﬂioﬁ
P o5 w Waﬁ%g_%y% mo;mﬂﬂ%ﬁﬁur.w;
e TORETETE R
wEE® Zoglen®twl TS5 0% Y
® g o w_va%qm;t%am @H%ﬂﬂ;%oﬁ_ﬁ
Pheg zREZITNLTG DP o Eae® P
T gy o Wmﬂuw_eﬂﬂﬂ.&w% ﬁﬁwnHHZ+__o1awﬁo_euﬂ
5w o of oo WX R o e O ﬂd%ﬂu.a_ﬁa_.,mua_ew
oF op ®m T Ltﬂmﬂ%a_acfmﬂﬁ STwEE SRR R
B EEULELTS TE e wm o T
o) R BEK 5 X B T R AT R _gﬁuﬂEL_L%ﬂE,_ﬁl
H =z =<1 A Eamﬂ,mﬂmﬂﬂi_._im ﬂmagoqol%wmﬂ:lwav
T 0ok 3 N O s i ﬂﬁﬂmi;ﬁgmﬂw
o ™ %O T R o o = o Ek 2 X om R ~ 0
Aﬁﬂ%ﬂl@ ;ﬁxaﬂL_mlﬂLﬁL%ﬂﬂo i,__Lq_lm_x_ﬂa%atmrhdﬁa_ewﬁ
,muﬂﬁtw mﬂmﬂEﬂvmﬁ}mﬂ‘mo ;ﬂ,m.,_%ﬂ‘mﬁcaa7;oﬂ,mw_
T oo N WAﬁﬂa.L_n_%ﬂﬂo Eo%meo_upevewmomﬂﬂ
T o X T HT®L o X o_ax]7_§zﬁuea_eﬂ£1_
o) & = ,.ml_ of Lo wp e IR o :
T O RT o_u%ﬂiﬂo_aﬂumxmuﬂ _zetwt,mnvwa o F
ks T\ _imﬂ_,__,o_aﬂoo_uﬂ,_% 51 Mﬂm_m_gxw_lrmﬁumm
N RO Lt%ﬂwx:ozﬂﬂ =0 o doay M H o
jo 0_1_ —_ ~ = - _IT dr.._ T 7AL ‘_ﬂl _,AO Jl.A — ,U!.._
ﬂg%ﬁoﬂ‘@%%%%7ﬂgﬂh n_xﬁ%ﬁmﬂﬂmﬂ.wf%a% 1l
T FE o T oK, N X o oo g oF X T < _
i;ﬂE,E%oﬁ;f;@ﬂd;% Wm@wﬂo_wmmwri M
iumﬂmamMmﬂﬁo_gEMﬁgﬁA I7mqo_u_,_mon7n%y| g i+
(2Rgfgiiciozy Fliisiiiiic
— o s : le)
,m,b.,w”;i. WW%IIEAﬁﬂHXo_vLOELI ],Dluﬂl = __._w
__%%Lul.%waﬁomoﬂﬂwa_u_y R L L
¥ T " o M o = ~ BN o S ow T W - X ~
S B B R
®e m &I 2

2.1 HiZ MA 7|
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Table 1. Specification of the ultrasonic devices

Type Frequency of vibration(kHz) Output of maximum power(W) Size of device(mm)
A 40 150 530x480%450
B 40 900 180x57x57
C 51 8 169%x39x33

(a) Type A (b) Type B (c) Type C

Figure 1. Operational principles of the devices
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(a) Contaminant 1 (b) Contaminant 2 (c) Contaminant 3

Figure 2. Photographs of prepared specimens
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(a) Type A experiment (b) Type B experiment (c) Type C experiment
Figure 3. Experimental setup and apparatus by the type
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Table 2. Experimental outcomes

Types

Contaminant 1 Contaminant 2 Contaminant 3 Contaminant 2 Contaminant 3 Contaminant 3
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Figure 4. Images illustrating the process of image analysis
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Figure 5. Experimental finding for device type A Figure 6. Experiment finding for device type B

72 SRAZAIZEIX|



An Experimental Analysis of Ultrasonic Cavitation Effect on Ondol Pipeline Management

99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
9 o ° b N 3 = a2
98.6 99.9 99.9 99.9
-@-Contaminantl
- Contaminant2
-A Contaminant3 &-Type A
hemmmmm A A -+ Type B
. 134 -7
Ak 29.3 29.3 293 -A-Type C
10min 15min 20min 25min
Omin 5min 10min 15min 20min 25min
Figure 7. Experiment finding for device type C Figure 8. Results corresponding to contaminant 1
99.9 99.9
n n
99.9 99.9
99.9 99.9 &Type A
~+TypeB 54.3 54.3 54.3
i i
-A Type C
#Type A
+-Type B
M Type C
Omin 5min 10min 15min 20min 25min
Omin 5min 10min 15min 20min 25min
Figure 9. Results corresponding to contaminant 2 Figure 10. Results corresponding to contaminant 3

= jLE
wol A Aol FREIT. 22 F 2 F220] A9 2 wo] v A2S B4 AHe] SR P BHlseirt. g
B3 P O] AHS Bl URRE AHo] o oj A A ool AR L WA ekt
B AR AR o) Rol A HAIE 2 27} o o] I R Sof7hA] A|Fo] e uh o o] U7} 2
o] g

i
T
lo
H
=,
e
o
r,
o
i)
rr
i,
o
HL
8
B
=
2
1z
=)
o
=
=
4z
>
P
o
|
5
N
]
0%
ol
K=l
rd,
by
)
)
o
N,
o
i
B=)
o orr

5=
B 7Fs7d0] e Al R o 2 Al Ale st AlA 8AlS ARt efohA W o & il Al A2 shal ok 2 A
o

Journal of The Korea Institute of Building Construction 73



Lee, Ung-Kyun

=

Z5up A S Aljtekal 1L 7R S A |

TE AT 250 WA A= 37 R A, 2 A, o5 Y, Wi X

Zoltt. ¥l e dE2 LY 7HE, S9AE 7hE, W 2R ST 25t 2 o] ARt w2

gHelsta o, A2 A om| 2] 24 W& Foll AFEst AT A9 2, vl ool A HAYA 227t Gyt
1 251 JA FARE A AU A3l 25 i) 54 4 <5 2o =7t

= .
© = 7|ehEIck, 5 HiTH R A A O] S Bl F nfo] ekl

ok
rO
ol
KT
rr
i)
[
o
2
o,
30,
nw
T re
re

¢

QEEREE R ER S R e
of fA TN 91T A2 B AN RsF A0 S,

7|9E 2= IO|E, =30, MM St

Funding

This research was supported by Basic Science Research Program through the National Research Foundation of Korea

(NRF) funded by the Ministry of Education(2020R111A3064165).

Acknowledgement

This paper is developed version of an article that has been previously published in the 9th International Conference on

Construction Engineering and project Management.

ORCID

Ung-Kyun Lee, @ https://orcid.org/0000-0001-8625-3305

References

1. Cho JS. Performance assessment for pipe cleaning machine. Equipment Construction. 2000 Jan;119:71-83.

2. Moon GS. Development of maintenance & management technique for environment-friendly storage tanks and household pipes.
Annual report 1 Jun 2003-31 May 2004. Seoul (Korea):Ministry of Environment; 2004. 261 p.

3. Shin HJ, Cho JS. Application of shock wave pipe cleaning device. Magazine of the SAREK. 2001 Mar;30(3):35-42.

4. Yun DW, Park HC, Ham SY, inventors; Korea Institute of Machinery & Materials, Electromagnetic scale remover. Korea
patent KR101438765. 2013 Oct 17.

5. Cho SI, Her W, Kim JK. A study on variance of the transducer impedance by fluid condition in ultrasonic cleaning tank.
Proceedings of the Korean Society of Mechanical Engineers Conference; 2004 Apr 29-30; Pyeongchang, Korea. Seoul (Korea):
the Korean Society of Mechanical Engineers; 2004. p. 2005-10.

ol

74 SR AZAISEX|

r



An Experimental Analysis of Ultrasonic Cavitation Effect on Ondol Pipeline Management

11.

12.

13.

14.

15.

. Lee DY, Son YG. Sonochemial and sonophysical effects in heterogeneous systems. Journal of Korean Society on Water

Environment. 2019 Mar;35(2):115-22. https://doi.org/10.15681/KSWE.2019.35.2.115

. Yun DW, Park HC, Ham SY, Kim YT, Nam TS, Yun YS. Study on the induction coil type scale remover. Proceesings of the

Korean Society for Precision Engineering; 2021 May 12-14; Online. Seoul (Korea): the Korean Society for Precision Engineering;
2021. p. 375-6.

. Lee JH, Son JY, Oh JI. Effectiveness of house pipe cleaning for efficient management in the house pipe condition. Proceedings

of the Korean Society of Water & Wastewater and the Korean Society of Water Environment; 2015 Aug 27-28; Goyang, Korea.
Seoul (Korea): the Korean Society of Water & Wastewater and the Korean Society of Water Environment; 2015. p. 321-2.

. Jeong SK, Kim JD. Multifunctional water treatment unit technology. Magazine of the SAREK. 2015 Sep;44:36-45.
10.

Rim MY, Hong SG. A study on improvement of heating effect by removing internal scale of floor heating system. Journal of
Korean Institute of Architectural Sustainable Environment and Building Systems. 2017 Dec;11(6):527-35. https://doi.org/10.
12972 /jkiaebs.20170022

Kang HS, Yang WS, Kim Y1, Kim SH, Choi DH. A study on the performance of pipe scale cleaner using natural organic acid.
Korean Journal of Air-Conditioning and Refrigeration Engineering. 2017 Oct;29(10):530-7. http://dx.doi.org/10.6110/
KJACR.2017.29.10.530

Yeom SJ, Jung SD, Oh EH. A study on rust cleaning of various industrial equipment using cosmetic and food materials. Journal
of the Korean Applied Science and Technology. 2021 Feb;38(1):19-28. http://dx.doi.org/10.12925/jkocs.2021.38.1.19

Son SJ, Kim YH, Lee DH, Lee HD, Bae CH, Park JH. Comparison of utrasonic and vibration diagnostic techniques for the
inspection of pipes in CVD system. Journal of the Korean Society for Nondestructive Testing. 2003 Feb;23(1):1-6.

YunJY, Seong DJ, Shin YH, Lee JH, Moon DK, Kang SW. Comparision of ultrasonic and vibration diagnostic techniques for
the inspection of pipes in CVD system. Journal of the Korean Vacuum Society. 2006 Jul;15(4):421-6.

Jo JH, Park JM, inventors; ST Holdings Inc., Cleaning Method of Piping Using Ultrasonic Microbubbles. Korea patent
KR101515888. 2015 Apr 22.

Journal of The Korea Institute of Building Construction 75





