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A study on the Erosion Characteristics of Ultrasonic
Transducer Horn Tip in Sludge Oil Environment

Ji-Sun Chung

Department of Ship Op eration System Engineering,

Graduate School, Korea Maritime University

Abstract

Sludge oils were unavoidably produced in ship's operations, therefore
it is necessary to manage the sludge oils inside the ship itself with the
view to prevent marine oil pollution from ship. The present study deals
with the ultrasonic breaking systems that recycle the sludge oil from
ships into usable oil to be burnt. Experimental studies were carried out
to investigate the homogenizing effect of the marine oils and the
erosion aspect of horn disc by repeated vibration of ultrasonic
transducer. The matrix structures of the environment of various marine
oils were interpreted to analyze the breaking and dispersion effects by
cavity. The erosion damages the horn disc SS41 with weight loss rate

and the irradiation time to maximum. Erosion rate were simultaneously
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examined according to the variation of the transducer amplitude, as well
as the oil temperature and the immersing depth of horn disc.

The important findings from this study are as follows.

1) According to the depth of horn disk is deep, the variation of
organization by cavity is less while the breaking effect of the particles
are vitalized according to the increment of oil temperature. In addition,
the effects of breaking and dispersion are prominent in proportion as
period of experiment increases.

2) The cavitation by the horn of the ultrasonic vibrator is insensitive
according as its depth increases in the oil, and the size of the bubble
is larger in the high density condition of SLO(sludge Iub. oil) than the
condition of SFO(sludge fuel oil). Accordingly, the amount and rate of
weight loss rate decrease according to the depth of horn, and the
degree of loss at SLO condition is bigger than SFO condition.

3) The amount and rate of weight loss rate by the erosion of horn
disk inclined to increase at the SFO condition in proportion as a
temperature of oil sludge increases while it decreases at the SLO
condition.

4) The difference of the maximum erosion rate of the horn disk
which has 50 of the amplitude of vibration decreases in proportion as
the depth of horn disk gets deep at the both SLO and SFO condition.

5) When the temperature of sludge is going up, the maximum erosion
rate of the horn disk which has 50 of the amplitude of vibration

inclined to decrease at the SFO condition while it increases at the SLO
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condition. In addition, the period of the maximum erosion rate at the
SLO condition is shorter than the SFO condition

6) With a point of view of the maximum erosion rate according to
the amplitude of horn disk, the maximum erosion rate at 50 of the

amplitude is more than double compare to the condition of 24

In view of the results so far achieved we could certificate
developmental possibility of the ultrasonic breaking systems to manage
the sludge oils inside the ship itself, and the experimental results can
be useful to consider a countermeasure for the prevention of erosion

damages.
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0.99 ,

380cSt/50 [34]
(bilge),
(sludge) ,
(oily water separator) (waste oil in-
cinerator) 5]

(oily water separator) IMO
MEPC.60(33) 15ppm
6 9]
(laminated disc type) [10,11]

(pre-treatment)

, (colloid) [12]

(waste oil incinerator)

,[13,14]
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(sludge oil), (bilge), (dirty oil)

(oily water separator)

[15]
(sludge tank) ,
[16]
(sludge fuel oil) (sludge
lub. oil) ( ) ,
(matrix) ,
[17]
(horn disc)
, (
) SS41(steel strength
41) 18] SS41

(50 24 ) ,



(incinerator) (oil fired boiler)

,[19.,20]
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2.1
2.1.1
(marine oil) )

[21] (MDO-marine diesel oil)

( 380 cSt/50 , 1.02 @15/4 )
) ; ; :

(bilge oil) [21],[22]

[21],[22]

(bilge oil)



(waste oil)

(SFO) ,

(SLO) ,

2.1.2
(drain)
, (bilge well)
(International
Tanker Cooperation : INTERTANCO) 0.5%
; ( )[23]

0.3%

[23]



(M/T) = K,CD

, Ki : 0015 -
C: (Ton/day)

30

» o [24]

8759 x 10* x BHP(PS) 0691]
Table 2- 1[25]

Table 2-2 H
[26] . Table 2-1

(ballast)

(day),

(¢ /Hour)



T able 2-1. Estimated volume of bilge and
sludge generation with gross tonnage. [25]

(unit : m/year)

Mean Fuel Lub. Engin Oil Oil
Gross 01l 01l g Fuel | Volume
T Gross Room | Volume .
onnage | o oo Con§u— Con§u— Bilee |in Bilge Sluge n
g mption | mption g g Sludge
Under 18 7 005 | 0.17 | 0.018 [0.0035| 0.0007
5 ton 0 . . . . .
520 119 30 0.17 08 0.06 0.015 0.005
20 55 105 | 06 3 0.18 | 0053 0011
100 . . . .
200
1,000 405 500 25 17 0.70 0.25 0.05
1,000
4,000 2,718 2,500 98 69 23 1.25 0.05
4,000
10,000 8,015 8,000 32 200 48 4.0 0.8
10,000
20,000 14,159 | 10,000 39 320 8.0 5.0 1.0
20,000
50,000 27,651 14,000 68 550 11.0 7.0 14
Over
50,000 ton 119,730 | 45,000 | 200 1,400 280 225 45




T able 2-2. Average volume of annual sludge generation.[26]

(Unit : /year)

Year
Ship Type
1999 2000
5302TEU
73933 588.0
(7 Vessels)
4024TEU
3884 354.0
(13 Vessels)
P-MAX
182.57 169.00
(3 Vessels)
BULK
35193 339.27
(10 Vessels)
27K BULK
64.2 61.1
(8 Vessels)
400TEU 40.0 37.9
LNGC 20.0 19.2




2.1.3 Spot test

[21],[22]

( : filter paper)

Fig 2-1[27] Nippon Yuka Kogyo Oil tester YT - 10
.1
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24

(ultrasonic cavitation)

129]
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24.1

(cavitation) ,

(cavitation erosion) ,

(cavitation erosion- corrosion)

(propeller)

24.1.1

P,2Pg, - AP,
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(

(cavity)

)
)

(

)

19



ap

4P, -

vV, :

Vi

24.1.2
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apC V,

= 0.118
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24.2

(cavity)

2421

materials)

1977

(cavitation){

(open beaker) 2

ASTM (American society of testing
G32 , 1992

(piezo)
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(horn)

ASTM 20+
0.5kHz ,
6 21kHz
( ) ,
16kHz
MDPR (Mean depth penetration rate) oc A ¢ A
, ( )
a 1.74, 1.85,

(Thirvengadam) 1.8, (Hobbs) 15
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3.1
(SFO) (SLO)
(matrix)
(DW-THN/1011)
; : - ; pH
(viscometer LVT), (specific gravity meter : range 0.7 185)

pH meter(CONSORT C832) ,
Table 3-1
, (filter paper, #93)

, (DW-THN/1011)

3 )

T able 3-1. Properties of each oil environment to be used in

experiments.

Specification If/lirslecznsai:;c Sglzz\clf;c 1;];;? Rj:igil TBN Viscosty
of oils ©St @40 )| (154 ) () Wi%) (mgKOH/g)| index
SFO 75.5 0.965 123 1.74 - -
SLO 152.7 0922 240 4.50 1.80 96
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3.2

3.2.1
SS41
Table 3-2
1200
(oil lapping)
(acetone) . 0.8 (rms)
(spanner)
Fig.3-1 159 , 6
) 10
[51]
(dryer) (digital balance : LIBROR AEX-200B)

T able 3-2. Chemical composition and mechanical properties of SS41.

Chemical C Si Mn P S Fe
compos tion 0.12 029 0.59 001 001 Balance
. Tensie strength Yield Elongation
Mechanical kef ) strength %)

properties kg’ )
424 25.8 32
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!q ®12 .=
(a) Horn tip
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— | —
I
of |1 |
g
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g |
| |
L ®15.9 J
(b) Disc

Fig.3-1. Schematic dimension of test specimen (unit :
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322

Fig.3-2 1992 ASTM-G32 [52,53]
, (piezoelectric element)
(transducer horn, )
( )
( )
20kHz , (constant
amplitude regulation) 50 24

(oil bath : OB-200 type)

(30 90 ) )
(3000 )
(beaker) 100
(*
3) :
(cavity) ,
( )
(cavitation)

- 28 -



! 8,
|”'?“| 0
o o
{
3
- ' 10 1
X 5 X 2
<]
4
: 5
w
B
a 7
I 8
11 9
" ./_\\, 1
.I |= 1
8 |pal 7 —
[e\

Fig.3-2. Schematic diagram of ultrason
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334

(@)

.[54]
(Energy flux : 1)
I=27"fpcAd” ergl - s

(Poer)

P ..« = 2xfocA

, P , C:

()

($)

E=1IxS=Y%7xf ocd *d’

Rocf’4 *d’ ,
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4.1.

4.1.1.

Photo 4-1

50

(SFO)

- 33 -

(SLO)

30



SFO(before testing) sLO(before testing)

SFO(testing time, &min)

SFO(testing time, 120min)

SLO(testing time, 120min)

Photo 4-1. Appearance of SFO and SLO homogenizing matrix
according to testing time in sludge oil.

(Oil Temp : 30 , Depth of Horn DISC : 3 , Amplitude : 50 )
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4.1.2

Photo 4-2
, 30

50

(SFO)
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(SFO)



SFO(hom depth, Gmm) .

SLOhorn depth, Hmm)

SFOthorn depth, 9mm) SLO(horn depth, Smm)

Photo 4-2. Appearance of SFO and SLO homogenizing matrix
according to depth of horn disc in sludge oil.

(Oil Temp 30 , Amplitude 50 , Testing Time :2 hours)
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4.

50

1.3

Photo 4-3

b

, 70

90

(SFO)

90

90
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(SLO)

I57]

50

, 70



T

T)

&

SFOloil temp., 45T) SLOoil temp., 4

SFO{oil temp., 68C)

SLO{oll temp., 66T}

SFO{oil temp., 851C) SLO ol

Photo 4-3. Appearance of SFO and SLO homogenizing matrix

according to temp. environment in sludge oil.

(Amplitude : 50 , Depth of Horn DISC :3 , Testing Time :2 hours)
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4.2

4.2.1 50 SFO
Fig4- 1 50 30 (SFO)
3,6 9
(Wt) (?)
20
Fig4- 1
Fig4-2 R =0 WiA 1)
15
3 9
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Fig.2-1 Weight loss vs testing time according to depth of horn disc
in 3FO environment(S0um amplitude).

Fig4-1. Total weight loss vs testing time according to depth of

horn disc in SFO environment(30 .50 =* 5%).
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Fig.2-2 Weight loss rate vs testing time according depth of hern disc
in SFO environment(S0um amplitude).

Fig.4-2. Total weight loss rate vs testing time according to depth
of horn disc in SFO environment(30 , 50 =+ 5%).
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4.2.2 50 SLO

Fig4-3 30 (SLO)
50
10 20
20

SLO

, Fig4-4

21

- 42 -



50 i
&— . 3mm
: - -
& 5mm D .
e & dmm g &
= 40 A
H!- o * F
=] 30 - ..'
e -
- Y
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E 20 F - i
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10 | .
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Q L 1 L 1 L L . L L L L
0 5 10 5 20 25 a0

Testing time, t (h)

Fig. 2-3 Weight loss vs testing time accoerding to depth of horn disc

im 21 M amnviFcemank BNivm & alilioAdal

Fig 4-3. Total weight loss vs testing time according to depth of
horn disc in SLO environment(30 , 50 =+ 5%).
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Fig. 2-4 Weight loss rate vs testing according depth of horn disc
in SLO environment(S0u amplitude).

Fig.4-4. Total weight loss rate vs testing time according to depth
of horn disc in SLO environment(30 , 50 =+ 5%).
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4.2.3 24 SFO

Fig4-5 30 (SFO)
(W)
12
27 3,6
12 3 6
3 6
SFO
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Fig.2-5 Weight loss vs testing time according to depth of horn disc

in SFEMN anvirnnmant! 24 m amalilooelat

Fig.4-5. Total weight loss vs testing time according to depth of
horn disc in SFO environment(30 , 24 =* 5%).
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Fig.2-6 Weight loss rate vs testing time according to depth of horn disc
in SFO envirenment(24um amplitude).

Fig.4-6. Total weight loss rate vs testing time according to depth
of horn disc in SFO environment(30 , 24 =+ 5%).
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24
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Fig.2-7 Weight loss vs testing time according to depth of horn disc
in SLO envirenment(24pm amplitude).

Fig.4-7. Total weight loss vs testing time according to depth of
horn disc in SLO environment(30 , 24 =+ 5%).
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Fig.2-8 Weight loss rate vs testing time according to depth of horn disc
in SLO environment(24um amplituda),

Fig.4-8. Total weight loss rate vs testing time according to depth
of horn disc in SLO environment(30 , 24 + 5%).
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4.2.5

Fig4-9

SLO

SLO

50

SFO

(SFO)

SLO

SLO

SLO

(SLO)
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26

i - S0umin 307 SFO
24 B - 50um in 30°C 5LO

22
20

18
15[
1.4 [
12|
10|
W) i
06 |

Max. erosion rate, R__(mg/h)

04|
02

ool

3 [ 8
Depth of horn disc, dp{mm}

Fig.2-9 Max, erosion rate vs space in sludge oil environment(S0um amplitude),

Fig.4-9. Max. erosion rate vs depth of horn disc in sludge oil

environment(50 amplitude).
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Fig 4- 10 (SFO) (SLO)

50

R o) (tner) 3,6 9

SFO

, SLO

SFO

, SLO

SS41
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M 50um in 30°C SFO
B 50um in 30°C SLO

Time to max. erosion rate, t_(h)

3 G g
Depth of horn disc, d#{mm‘_i

Fig.2-10 Time to max. erosion rate vs soace in sludge oil{50um amplitude).

Fig4-10. Time to max. erosion rate vs depth of horn disc in

sludge oil environment(50 amplitude).
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Fig. 4- 11
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70 50
24
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70 50
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Fig.3-1 Weight loss ve testing time according to temp. environment
for SFO(50pm amplitude).

Fig 4-11. Total weight loss vs testing time in various temp. of
SFO(S0 =+ 5%).
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Fig 4- 13
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Fig.3-3 Weight loss vs testing time according to temp. environment

for SLO(50um amplitude).

Fig 4-13. Total weight loss vs testing time in various temp. of

SLO(50 + 5%).
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Appendix

A-1. Total weight loss vs testing

horn disc in SFO environment (30

time according to depth of

.50 +5%) (Unit : mg/h).
Time(h)
Depth.(m 3 6 9 12 15 18 21 24 27
3 39 9.8 16 220 | 278 | 324 | 357 | 384 | 405
6 37 8.7 142 | 206 | 263 | 308 | 347 | 36.0 | 365
9 35 8.1 137 | 192 | 248 | 284 | 315 | 329 | 332

A-2. Total weight loss rate vs testing time according to depth of

horn disc in SFO environment (30 , 50 =+ 5%) (Unit : mg/h).
ime(h)

Depth.(m 3 6 9 12 15 18 21 24 27
3 1.30 1.63 1.78 1.83 1.85 1.80 1.70 1.60 1.50
6 1.24 145 1.58 1.72 1.75 1.71 1.65 1.50 1.35
9 1.17 1.35 1.52 1.60 1.65 1.58 1.50 1.37 1.23

A-3. Total weight loss vs testing time according to depth of
horn disc in SLO environment (30

, 50 *5%) (Unit : mg).
ime(h)
Depth.(m 3 6 9 12 15 18 21 24 27
3 5 125 20 295 | 375 44 47 50 513
6 44 9.7 158 | 228 | 315 | 383 | 44.1 | 456 | 464
9 38 8.4 135 | 196 | 252 | 328 | 395 | 43.0 | 446
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A-4. Total weight loss rate vs testing time according to depth of
horn disc in SLO environment (30 , 50 =+ 5%) (Unit

+ :mg/h).
ime(h)

Depth. (m 3 6 9 12 15 18 21 24 27
3 170 | 2.10 | 220 | 245 | 250 | 244 | 220 | 2.10 | 190
6 145 | 162 | 175 | 190 | 2.10 | 2.13 | 2.10 | 190 | 1.72
9 127 | 140 | 150 | 1.63 | 168 | 182 | 188 | 1.79 | 1.65

A-5. Total weight loss vs testing time according to depth of

horn disc in SFO environment (30 , 24 + 5%) (Unit : mg).
ime(h)

Depth.(m 3 6 9 12 15 18 21 24 27
3 0.8 1.8 32 48 6.8 9.0 11.6 144 149
6 0.7 1.7 3.1 5.0 6.3 8.3 11.0 13.0 14.0
9 0.6 14 2.7 4.1 5.6 7.4 9.2 115 13.5

A-6. Total weight loss rate vs testing time according to depth of

horn disc in SFO environment (30 , 24 + 5%) (Unit : mg/h).
ime(h)

Depth.(m 3 6 9 12 15 18 21 24 27
3 025 | 030 | 035 | 040 | 045 | 050 | 055 | 060 | 0.55
6 023 | 028 | 034 | 038 | 042 | 046 | 052 | 054 | 0.52
9 020 | 024 | 030 | 034 | 037 | 041 | 044 | 048 | 050
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A-7. Total weight loss vs testing time according to depth of
horn disc in SLO environment (30 , 24 + 5%) (Unit : mg).

Depth.gg?le(h) 3 6 o | 12 | 15 | 18 | 21 | 24 | 27
3 12 | 27 | 45 | 78 | 113 | 162 | 23.1 | 312 | 324
6 10 | 25 | 44 | 70 | 105 | 153 | 204 | 250 | 27.0
9 08 | 20 | 38 | 60 | 93 | 126 | 158 | 192 | 232

A-8. Total weight loss rate vs testing time according to depth of
horn disc in SLO environment (30 , 24 + 5%) (Unit : mg/h).

I)epﬂl(ﬁ?e(h) 3 6 9 2 | 15 | 18 | 21 | 24 | 27
3 040 | 045 | 050 | 065 | 075 | 090 | 1.10 | 130 | 120
6 032 | 042 | 049 | 058 | 070 | 085 | 097 | 1.04 | 1.00
9 028 | 034 | 042 | 050 | 062 | 070 | 075 | 0.80 | 0.86

A-9. Max. erosion rate vs depth of horn disc in sludge oil

environment (50 amplitude).

B ivin) oil 50 of SFO 50 of SLO
3 1.85 25
6 1.75 2.13
9 1.65 1.88
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A-10. Time to max. erosion rate vs depth of horn disc in sludge

oil environment (50 amplitude).
Oil
B, inin) 50 of SFO 50 of SLO
3 15 15
6 15 18
9 15 21

A-11. Total weight loss vs testing time in various temp. of SFO

(50 +5%) (Unit : mg).

Templ el | g 6 o | 12 | 15 | 18 | 21 | 24 | 27
30 39 | 98 | 16 | 2196|2775 | 324 | 357 | 384 | 405
50 42 | 102 | 162 | 23.16 | 285 | 333 | 378 | 42 | 432
70 45 | 114 | 189 | 24 | 2925 342 | 3885 | 432 | 459
90 51| 132 18 | 228 | 2775 324 | 336 | 336 | 35.1

A-12. Total weight loss rate vs testing time in various temp. of

SFO (50 * 5%) (Unit : mg/h).

Tompy el | g 6 o | 12 | 15 | 18 | 21 | 24 | 27
30 13 | 163 | 178 | 183 | 185 | 18 | 17 | 16 | 15
50 14 | 17 | 18 | 193 | 19 185 | 18 | 175 | 16
70 15 0 19 | 21 | 20 | 195 19 | 18 | 18 | 17
90 17 0 22 | 20| 19 | 185 | 18 | 16 | 14 | 13
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A-13. Total weight loss vs testing time in various temp. of SLO
(50 %= 5%) (Unit : mg).

Temp.(Time(h) 3 6 o | 12 | 15 | 18 | 21 | 24 | 27
30 5 | 125 20 | 295 | 375 | 44 | 47 | 50 | 513
50 35 | 76 | 1285 185 22 | 26 | 20 | 32 |3375
70 26 | 54 | 97 | 14 | 19 | 23 | 25 | 28 |3024
90 201 | 43 | 777 2| 15 | 184 | 2 | 23 | 243

A-14. Total weight loss rate vs testing time in various temp. of
SLO (50 < 5%) (Unit : mg/h).

Tompy el | g 6 o | 12 | 15 | 18 | 21 | 24 | 27
30 17 | 21 | 22 | 245 | 25 | 244 | 22 | 21 | 19
50 117 | 127 | 143 | 146 | 147 | 144 | 138 | 133 | 125
70 087 | 09 | 11 | 117 | 126 | 127 | 119 | 117 | 112
90 07 | 072 ] 086 | 093 | 10 | 102 | 105 | 096 | 09

A-15. Total weight loss vs testing time in various temp. of SFO
24 £ 5%) (Unit : mg).

Tompl e |y 6 9 2 | 15 | 18 | 21 | 24 | 27
30 075 | 18 | 3.05 | 48 | 675 | 9.0 | 1155 144 | 1485
50 09 | 21 | 36 | 54 | 825 | 108 | 1365 | 168 | 18.09
70 105 | 24 | 405 | 60 | 90 | 126 | 168 | 180 | 189
90 11| 27 | 45 | 66 | 855 | 108 | 1155 | 120 | 12.15
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A-16. Total weight loss rate vs testing time in various temp. of

SFO (24 * 5%) (Unit : mg/h).

Temp.(Time(h) 3 6 o | 12 | 15 | 18 | 21 | 24 | 27
30 025 | 03 | 035 04 | 045 | 05 | 055 | 06 | 055
50 03 | 035 | 04 | 045 | 055 | 06 | 065 | 07 | 067
70 035 | 04 | 045 | 05 | 06 | 07 | 08 | 075 | 07
90 037 | 045 | 05 | 055 | 057 | 06 | 055 | 05 | 045

A-17. Total weight loss vs testing time in various temp. of SLO

(24 £ 5%) (Unit : mg).

Temp.(ime(h) 3 6 o | 12 | 15 | 18 | 21 | 24 | 27
30 12 | 27 | 45 | 78 |1125] 162 | 23.1 | 312 | 324
50 12 | 252 | 405 | 60 | 825 | 108 | 147 | 192 | 243
70 105 | 24 | 36 | 516 75 | 99 | 1197 | 168 | 20.25
90 09 | 192 | 288 | 432 | 60 | 81 | 105 | 132 | 162

A-18. Total weight loss rate vs testing time in

various temp. of

SLO (24 + 5%) (Unit : mg/h).

Temp.(ime(h) 3 6 9 2 | 15 | 18 | 21 | 24 | 27
30 04 | 045 | 050 | 065 | 075 | 09 | L1 | 13 | 12
50 04 | 042 | 045 | 05 | 055 | 06 | 07 | 08 | 09
70 035 | 04 | 04 | 043 05 | 055 ] 057 | 07 | 075
90 03 | 032 | 034 | 036 | 04 | 045 | 05 | 055 | 06
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A-19. Max. erosion rate vs oil temp.

(50 amplitude).

environment in sludge oil

Tomp.( oil SFO(50 ) SLO(50 ) SFO(24 ) SLO(24 )
30 1.85 25 0.6 13
50 1.93 147 0.7 09
70 2.1 127 0.8 075
90 22 1.05 0.6 0.6

A-20. Time to max.

erosion rate vs

oil temp. environment in

sludge oil (50 amplitude).
Oil SFO(50 ) SLO(50 ) SFO(24 ) SLO(24 )
Temp.(
30 15 15 24 24
50 12 15 24 27
70 9 18 21 27
90 6 21 18 27
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