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In this study, a series of full-scale extrapolation procedures based on the Granville' s similarity scaling method, which was
employed by Schultz (2007), is modified and then applied to compare the resistance performance between two different
anti—fouling coatings, As an analysis example, the low frictional AF coating based on a novel skin—friction reducing polymer

named FDR-SPC (Frictional Drag Reduction Selfi—Polishing Copolymer), which had been invented by the present author, is

employed. The low frictional coating, which gives 25.4% skin frictional reduction in lab test, is estimated to give 18.2% total

resistance reduction for a 176k DWT bulk carrier.
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Table 1 Comparison of skin frictional drag between
uncoated (smooth) surface and FDR-SPC

Uncoated
U(m/s) (XFi%X_G) (smooth) FDR-SPC
Cr (x10%) Crt (x10%| DR(%)
4.0 6.85 2.977 2.700 9.30
6.0 10.28 2.829 2.471 12.65
8.0 13.71 2.708 2.363 12.74
10.0 | 17.14 2.646 2.246 15.12
12.0 | 20.56 2.580 2.212 14.26
14.0 | 23.99 2.491 2.132 14.41
16.0 | 27.42 2.490 2.087 16.18

Table 2 Comparison of skin frictional drag between
baseline AF and Low Frictional AF

Rey Baseline AF Low Frictional AF
U(m/s) 6 3 3
(X107°) Cr (x10°) Ct (x10°)| DR(%)
4.0 6.85 3.708 2.935 20.85
6.0 | 10.28 3.472 2.813 18.98
8.0 | 13.71 3.415 2.677 21.61
10.0 | 17.14 3.431 2.551 25.65
12.0 | 20.56 3.467 2.485 28.32
14.0 | 23.99 3.392 2.374 30.01
16.0 | 27.42 3.362 2.279 32.21
ooosd_____ 1Ew07 ¥ 2Ew7 3E+07
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Fig. 3 Comparison of frictional drag in high Reynolds
number flow for FDR-SPC and FDR AF
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Fig. 4 Comparison of frictional drag in high Reynolds
number flow for FDR-SPC and FDR AF coatings
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Table 3 Principal particulars of M/V pan bona for
design load condition

Item Symbol | Unit Value
apendcuis |l | I | 2220
Waterline length L [m] | 286.75
Moulded Beam B [m] 45.00

Draft, fore Tr [m] 16.50
Draft, aft Ta [m] 16.50
Displacement v [m?] | 176,682
Wetted Surface Area WSA | [m?] | 19,235
Bilge Keel Area Sex | [m?]| 147.2
PrOJectVev(it:rr”enae above Ar m?] | 830.0
Block Coefficient Cs 0.8432
Prismatic Coefficient Ce 0.8450

& A70l|A= 2,480 A=E Schultz (2007) HiHol| 2[st0d
Mot e zo| AM MES o|Saict 22l o] WHe &
E ool nlEER{A ol 7|HE & 2Ho|22 3T A
SE IAF ZuE= AY H80| o{Ect Fig. 3 off LERt
7|=£2(Baseline AF)2F MOFEEZZ(Low Frictional AF)e| =4~

OES&AS0| st EHe ﬂ?_’toeml ti$t Schoenherr
ZEA! (A (33))zf A2l %so”a* =2 2ol F=3101 kgt
22 FXlol| ofsto] MeEMEIE %3@'1}

1. Fig. 20 ZAIEl T2 AlHe| #MAMHETIE ZEHSL
Diavite DH-8 Stylus Gauges AFEsto] EME WHHEY| R
2 Baseline AFQ| A< 2.52 um, Low Frictional AFS| Z<
1.64 um 7} A=Y,

2. EME S00EEHEATE (cf)R 2 =1 2] (33)0l| 25t

0 S5t Reynolds 0ilA AHlAt==

AT (), Al HIBS ALk
3. flollM Atkel S2H|80ll Schoenherr DREFaRdA
0.242
\% OF

of Halet Ze mio| niEERAL () 2 Ak

— logo(Re,Cy) B B3lo] Lot 2ASH=HAIR|

4. 4] (25)2F (26)2 Ol Estof DRkt ASE ol ofet
|

AU ot T B AR T B Al

HHED|gE R, & STIHED
Colebrook H&Z[& AU =
R, ol Y™stH|EE Z510]

| k 2 wigsliof sk=tl, AUT 7t
(1/R)In(1+k") & 222
=Ct

ne

5. A1 (30)2} (31)2 OIBEIME EXE 2A0jES2{H 4o
T2 E AU 2F kT B ALKE £ UCt A 450l H ot
= ojReled AZ ol o3t gSu} 8l Jhssict

2ot 22 Hijol| ul2iM =& S7HHEY| k = Baseline
AF2| Z< 18.6um, Low Frictional AFe| Z< 1.50 ym 7t £&
=RUCE HEY| EYA2 B8 87| Zolof| 2=,
£ Aol AlHe| Zo|7}F 150mm 0|2 HEY| EXZHE 15
mm 2 9| 20| r, o SAEl ZARECt 2| LIt 7|1&E
T2 4P SIHHED| k =7.4R, E ASSIICE

SEX|2F Low Frictional AFS| Z<9= EMAHET|of of5t okt
Xt BIIE AMEkE Toms &2f7| 2E235104 DlEX{Elo| 245t
B2 Colebrook H&EZ1&8= AU =(1/k)In(1+k7) & 2H&
AZ17| 2IshM SIEARZ| & =0.92R, E ARSSIICE

Table 4 2t 5 = ZtZt Baseline AF2} Low Frictional AF2| &
SEMS IS LIER D Ch MEEMS}E A2 FAH EAIE

rm|

ANFSEEET 14 m/s of CisI0] F2 =AU F JX| gt
Holl 7|18k & AU 2 k' 7| Colebrook HEZ 8ot 2 &
xee & = Ut

Table 4 Resistance characterization results for

baseline AF

Rex (cf) R (¢) s (Cr) s (Cr) R

Y (3109 | (xi09) | (x10%) | (x10% | (x109)

4.0 6.85 3.708 | 2.663 | 3.123 4.350

6.0 10.28 | 3.472 | 2.500 | 2.921 4.056

8.0 13.71 | 3.415 | 2.394 | 2.789 3.979

10.0 17.14 | 3.431 | 2.316 | 2.692 3.989

12.0 20.56 | 3.467 | 2.254 | 2.617 4.024

14.0 | 23.99 | 3.392 | 2.204 | 2.555 3.932

16.0 27.42 | 3.362 | 2.162 | 2.504 3.892

Overall Method, Local Method,

Re Section 2.2 Section 2.3 | Colebrook
5 Correlation

(X109 1 x| avt | K | AU | A

Ea.(25) | Eq.(26) | Eq.(31) | Ea.(31)

6.85 3.431 4313 | 2.966 | 4.294 3.360

10.28 | 4.983 | 4.405 | 4.333 | 4.377 4.083

13.71 6.591 4837 | 5745 | 4.780 4.656

1714 | 8.259 5.391 7.206 | 5.301 5.134

20.56 9.959 5.925 8.692 5.804 5.540

23.99 | 11.494 | 599% | 10.052 | 5.869 5.860

27.42 | 13.079 | 6.182 | 11.452 | 6.044 6.151
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Table 5 Resistance characterization results for low

frictional AF ST = '
e o | o]
Rex (€)p | (e | (Chg (Cr)p e S|
U(m/s) -6 3 3 3 3 f amims | _"‘".-
(X107) | (x10% | (x10%) | (x10°) (x107) e i\ e |
4.0 6.85 2.935 | 2.663 | 3.123 3.443 b’f&
6.0 10.28 | 2.813 | 2.500 | 2.921 3.286 m";
8.0 13.71 2.677 | 2.394 | 2.789 3.119 ] \'.""\
10.0 | 17.14 | 2.551 | 2.316 | 2.692 | 2.966 e
xm Calculate ’
12.0 20.56 | 2.485 | 2.254 | 2.617 2.884 o I ]
14.0 23.99 | 2,374 | 2.204 | 2.555 2.752
16.0 | 27.42 | 2.279 | 2.162 | 2.504 2.638 Fig. 5 Program for granville’s similarity scaling
Overall Method, | Local Method,
R Section 2.2 Section 2.3 | Colebrook 0.005
©x Correlation i ®  TestResut
(x1079) + Ut + e Friction (Smooth)
k A k A AU N \| L -~~~ Friction(Rough)
Eq.(25) | Eq.(26) | Eq.(31) | Eq.(31) 0.04 i I-Pla‘egsMﬁi) .
I y R o
6.85 0.247 1.339 | 0.216 1.501 0.477 [ \ X\\ I|
10.28 | 0.362 | 1.660 | 0.319 | 1.796 | 0.675 0.003} N8 i
N \
13.71 0.472 1.611 0.416 | 1.745 0.849 ou' \\ i
~ b
17.14 | 0.575 1.422 | 0.510 1.565 1.005 0.002 \3,‘\
20.56 | 0.681 | 1.448 | 0.605 | 1.586 | 1.154 , \ ~N el
23.99 | 0.777 | 1.120 | 0.692 | 1.276 | 1.283 0001} ‘ : e
27.42 | 0.870 | 0.805 | 0.777 | 0.978 1.402

e o0z |H
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Ol ACyy = 4.197x10™" 2 Foixlct 3HH, XMolEER (Low
Frictional AF)2| A% Cpg = 1.493X10°, AC,g = 7.061%107
7t Ho{ZIck

Fig. 6 2 7 2 22t 7|=E& (Baseline AF) & XMoOEEZ
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Fig. 6 Granville’s similarity scaling result for baseline

AF
0.005
3 o Test Resuit
Friction (Smooth)
\\\ \ ! - - -~ Friction(Rough)
0004y \ ' LPlate (Mods) . -
NS '| —————— LPlate (Ship)
H \\ I
0.003 '.
u I NN i
o \\ l
~ l
0.002 S E
I R
i \ \\‘\
i [ N
0.001} \ S ==
Elog 10’ 10° 10° 10° 10" 10"
Fig. 7 Granville’s similarity scaling result for low

frictional AF

Table 6 2 £41o] 41201 14.8 knotsollf oilalels A1 &
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Cpyy = 3.580x10-5 7h ojxch o7l B7[xepis

A _ -
C=0.001—2 £ H2sln MMEXEPIS ¢, S CieT

S
20| 2x}Y 2hHol| ofsto] FHSICE

Table 6 Comparison of resistance coefficients with
different coatings at 14.8 knots

ltem Baseline AF Low Frictional AF
Crw (Model Test) 3.580x107° 3.580x10°
Crs 1.842x107° 1.493x107
Can 4.282X107° 4.282X107°
Crs 1.921x107° 1.572x1072
ACrs (%) - 18.2%
Crs= Cpgt C+ Cyy (35)

0{7[0llAM, 2EMB} AM Ajole] At £MAH == w2 2=
okt EX a3l offt EEAleE 2 =29 té.*-?—% B0}
1, AMel FHAHEY| 23t Yol AZE Granville AMEPEHY
HOZ Oy Ol Ol0| 124=(0] U7| mfZOlch
Table 6 off L{ERF ZAXME, 7|=E=Z(Baseline AF)2t X{ofEk
2 (Low Frictional AF)2| AM EXEHI$= 212 1.921%x107°
o} 1.572x10° 2 LIEfgton| XMoRTEE 7|ZL2 OfjH|
18.2%2| NEXZgnlE LIEM ZHo2 FH=ICt
ShH, 249l A 2| Mol Mol 28 Ho|E{7t sliE M
SlElol| ofsto F=RI=D USion, MA| T&e| Alsid o
g 2I5lod =8 EEo= M=0| M2kl 1SO19030 7|tk
M=l 8 QUCk Kim, et al. (2016)2] ghof| w2, =2M
M= i 7t RS0l E At 2ot o 24 =
oM ME2 10.2% S713Hon] HAZRATIR 48.1% Zast
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