
1 

 
 

 

INTROD

The re
is of gre
with the 
wavemak
drag of m
reduction
The fuel
estimated
approxim
frictiona
The skin
structure
flow. Va
drag-indu
several 
strategie
by Toms
of a high
can resul
Added l
energy o
and then
shear fl
freestrea
a signific
after wh
into pra
demonstr
reduction

It has
to the fr
various 
efficienc
4]. From
injection
necessar
hull surf
issues. A
method, 
They rep
reducing
coating. 
significa
various 
were phy
rise to a
associate

FDR-SPC

Global Co

DUCTION 

eduction of fric
eat importance 
development o

king resistance
most modern sh
n of the remain
l consumption 
d 2.1 billion b

mately 200 bill
al drag would l
n frictional drag
es, e.g. hairpin v
arious control s

ducing flow st
decades. One 
s is the polyme
s (1949). Toms 
h molecular we
lt in large (up t
long chain pol
out of the adjac
n releases the en
low. The turb
am and the near
cant skin frictio

ho discovered i
actice for the 
rating one of 
n.  
s been suggeste
frictional drag 

researches to
cy of polymer in

m the aspect of 
n is impractical 
rily requires the
face, which wou
As a feasible 
Yang et al. [5]

ported the relea
g agent leading

It was found 
ant drag reduct
lab tests. In th
ysically mixed
an increase in 
ed with the sol

A NOV
 (FRICTIO

ore Research

ctional drag of t
for the fuel e

of hull form opt
 has become le
hips. Therefore
ning frictional d
of global ocea
barrel/year [1]
ion US$/year. 
lead to saving 
g is closely asso
vortices in the t
strategies towar
tructure have 
of the most e

er injection, wh
(1949) found t

eight polymer t
to 80%) reducti
lymer molecule
cent flow by co
nergy by becom
bulent energy 
r-wall flow is th
on reduction. Th
t. The polymer
pipeline transp
the most effe

ed that the poly
reduction for 

o exemplifyin
njection in turb
implementation
for ship applic

e injection holes
uld cause signi
alternative to

] proposed a PE
ase of PEO, th
g to Toms effe

that the PEO
tion efficiency 
heir paint, how
d with the paint

surface rough
ubility of PEO

Euro

EL DRAG-
ONAL DRAG

Inwon Le
h Center for 

B

turbulent bound
economy of shi
timization techn
ess than 20% of
, the advantage

drag would be e
an shipping in 2
, which corres
Thus, 10% red
of 16 billion U

ociated with the
turbulent bound
rd the attenuati
been propose

effective drag 
hich was first in
that addition of
o a turbulent w
ion of skin fric
e extracts the 

oiling its chain 
ming stretched b

transfer betw
hus interfered, l
his is named To
r injection has 
portation of p
ctive examples

mer injection b
ships. There h
g the drag 

bulent boundary
n, however, the
cation. This is b
s to be installed
ficant structura

the polymer 
EO-containing 
e well-docume
ect, from the s
O-mixed paint 

in excess of 1
wever, the PEO

t matrix, thereb
hness and rapi

O in water. The

opean Drag R

-REDUCING
G REDUCT

ee, Hyun Par
Ships and O

Busan 609-7

dary layer 
ip. Along 
nique, the 
f the total 
e from the 
enormous. 
2003 was 
sponds to 
duction of 
US$/year. 
e coherent 
dary layer 
ion of the 
ed during 
reduction 
ntroduced 
f few ppm 
water flow 
ction drag. 

turbulent 
structures 

back in the 
ween the 
leading to 
oms effect 

been put 
petroleum, 
s of drag 

be applied 
have been 

reduction 
y layer [3-
e polymer 
because it 
d onto the 
al strength 

injection 
AF paint. 

ented drag 
surface of 
exhibited 

10% from 
O powders 

by giving 
id release 
se factors 

Reduction an

G COATIN
TION SELF

rk, Ho Hwan
Offshore Plan
735, Korea

may be de
performance

 
SYNTHESI

With a v
mixed paint 
synthesized i
such as PE
been utilized
Figure 1 illu
hydrolysis re
types of the
and the mole
process. The
for the sub
measuremen
using PIV 
reduction in
specimen, w
relative to th
1. Figure 2 
intensity and
turbulent qu
PRD3-1, cor
present FDR

Figure 1: Hy

d Flow Cont

March 2

G MATERI
-POLISHIN

n Chun 
nts, Pusan N

trimental to t
. 

IS OF FDR-S

view to overcom
in the previous 
in this study. T
GMA (Poly(et

d to participate i
ustrates the rele
eaction between

baseline SPC 
e fraction of PE

resulting SPCs
bsequent hydro
t. In a low-Re

(Particle Ima
n Reynolds str
with the maxim
he smooth surfa

shows the pro
d the Reynold
uantities signifi
rroborating the 

R-SPC. 

ydrolysis reactio

trol Meeting 

23–26, 2015

IAL :  
NG COPOL

ational Univ

the longevity 

SPC 

oming the draw
s research, a nov
The drag reducin
thylene) glyco
in the synthesis
ease mechanism
n the FDR-SPC

C monomers, th
EGMA were va
s were coated to
rodynamic test
eynolds number
age Velocime
ress was obser
mum drag redu
ace for PRD3-1
ofiles of the s

ds stress. It is 
ficantly decrea

presence of T

on of FDR-SPC

– EDRFCM 2

5, Cambridge

LYMER) 

versity,  

of drag redu

wbacks of the 
vel FDR-SPC i
ng functional ra
l methacrylate
s process of the 
m of PEO from
C and seawater
he molecular w
aried in the syn
o the substrate p
t for skin fr
r flow measure
eter), a signi
rved in a rang
uction being 1
1, as shown in 
streamwise turb

obvious that 
sed in the ca

Toms effect from

C  

2015 

e, UK 

uction 

PEO-
s first 
adical 

e) has 
SPC. 

m the 
r. The 
weight 
nthesis 
plates 

riction 
ement 
ficant 
ge of 
15.9% 
Table 
bulent 
those 

ase of 
m the 

 



2 

Table 1: Synthesis parameters and drag reduction effects  
for various SPCs 

Substrates 
PEGMA 
M.W. 

PEGMA 
mol% 

Drag Reduction 
(%) 

SPC 13  ‐  0  1.291 

PRD1‐1  A  X  1.741 

PRD1‐2  A  Y  2.557 

PRD1‐3  A  Z  0.117 

SPC 10  ‐  0  5.49 

PRD2‐1  A  X  8.54 

PRD2‐2  A  Y  12.82 

PRD2‐3  A  Z  15.42 

PRD3‐1  B  X  15.94 

PRD3‐2  B  Y  14.44 

PRD3‐3  B  Z  10.06 

 

HYDRODYNAMIC PERFORMANCE OF FDR-SPC 

In the high-Reynolds number flow measurement with a 
flush-mounted balance and a LDV (Laser Doppler 
Velocimeter), the skin friction of the present FDR-SPC is 
found to be smaller than that of smooth plate in the entire 
Reynolds number range, with the average drag reduction 
efficiency being 13.5% over the smooth plate. These results 
strongly support that the present FDR-SPC gives rise to the 
Toms effect based on chemical reaction at the surface of the 
coating. The FDR-AF (Anti-Fouling) coating manufactured 
from the present FDR-SPC exhibits drag reduction efficiency 
of about 20% over the conventional AF coatings, as shown in 
Fig. 3 
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(a) Streamwise turbulence intensity 

 
(b) Reynolds stress 

Figure 2: Comparison of turbulent quantities in low-Reynolds 
number flow for FDR-SPC
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(a) Streamwise turbulence intensity 

(b) Reynolds stress 
Figure 3: Comparison of frictional drag in high Reynolds 
number flow for FDR-SPC and FDR AF coatings
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