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Abstract

A project has started in order to develop a prototype paint for reducing frictional drag of a ship. The
paint releases polymer additives from the surface of ship’s hull to reduce the friction by Toms effect.
The development target of the prototype paint is to reduce the surface frictional drag by 10 %, which is
confirmed by two lab-scale experiments. The results of the project are summarized as follows:

i) Mechanism of polymer effect: The measurements of turbulent drag reduction by polymer aqueous
solutions have been carried out with a circulating water channel system with a porous plate wall for
blowing polymer solutions into the stream. The blowing polymer solution test, simulating the release
of polymer additives from painted ship hull surface, has also shown a high surface frictional drag
reduction by 15 %, demonstrating that supplying the polymer from the wall surface reduces the
turbulent drag. Direct numerical simulation of the turbulent boundary layer flow in an inhomogeneous
polymer solution has also confirmed this conclusion, and has suggested that the polymer additives
would stay near the wall and reduce the turbulent drag.

ii) Drag reduction characteristics of polymers: Frictional drag reduction characteristics of the
polymer solutions have been examined by measuring pressure drop in their tube flows. The molecular
weight of polymers in the solution has been measured by GPC-MALS system. The results imply that
the drag reduction rate significantly depends on the molecular weight, suggesting that the 10 %
reduction of the frictional surface drag would need molecular weight greater than several millions
g/mol and that the solution concentration should be higher than 0.2 ppm.

iii) Evaluation of prototype paints with polymer additives: Several paints containing polymer
additives have been prepared for elution examination for measurement of the frictional drag reduction.
As a result of the examination, the some prototype paints are selected for the precise investigation
using the concentric cylinder test unit. From the investigation, the selected paints are characterized by
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a physical property of controlling the amount of polymer release from the surface. Selected prototype
paints, which are self-polishing type paints with poly (ethylenoxide) with fine particle size, have
exhibited a significant frictional drag reduction more than 10 % by measuring with the concentric
cylinder equipment.

iv) Towing tank techniques for frictional drag measurement: The proposed method using a couple of
flat panels, one coated with the developed paint and the other with a conventional one, has shown
successfully good reproducibility and accuracy where the error in drag measurement would not exceed
1.0 %. The effective prototype paint was measured the performance of frictional drag reduction in the
external flow by this measurement apparatus. As a result of the performance test, the best prototype
paint has shown 27.2 % of maximum drag reduction compared with the conventional paint and
obtained 6.6 % of stability drag reduction, which corresponds to approximately 18.4 % reduction for a
100m ship estimated by considering the polymer accumulation along the ship’s hull from fore to aft.
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IO G MT, BEEAY v — AL
EHAOBEHELZITO, HERMA=0 1D
=Tt £T, FrRXNVHNICERNOERZHR~IT
T %, Tet = 0WIHIC T R COHEFEEIRN),
7000, 140000 U ~ —¥EH ZHE) 037 — 2%
T2, FERONHMLET., x. z FAITIE
FUXLATHY  y FANITIEERr T Em» L
BENT-MLETh D, HEEFZOYME N IIx-z KR
LECRATEARTRTH Y EROWIEE TR
FLLE COREBOEE LFH—CTho, HikEsR
EFLDETFTNANT A =X T k=30, 5" =40.5,
bt=36 L TW5,

72, RO KRKE F max =2, BROERE
=15 & L7z, IICT_RCOERLERBALLY
G (Tet =0), BHR I N(D) = 466944 T—ETH D,
AU ~—wH 2B LIZGE. BEHIT ¢+ = Tt
FCHRIBICHEIML, Z 0% T Efl(= 466944) &
b, REIFHE T, RREZHIITXTOT— 2R
THRETH 5,

BE [ BEBRAR IR Cr () DOWFRI (L& K 2-2-5 TR
ﬁ‘o 22T Cr(D = w0/ 12pU2 () TH D, 7t

B (¢ < 100000128V T Tet BN/hS W, H
FURE 2 BT R E v, ZAUTRIRBAEZ OB N T
B, BAERBENFE— L7725 £ = 14000 LIFE
VR B O PR AR T 5,

--- Newtonian — T"'—ﬂ

,m —T —'mon —r*—mm
. : ;

s} f,_. 'w e“ w w.w{iw! A }\q\ »ﬁm
5 1)

Tao00 5000 izm&;im'im&'im{:'im

2—2—-5 EBEEERFRHK 7 () OREZEL

Ry () /N, ()

=
in
L

)
e an

a0l M R R BRI R
0 2000 4000 BO0D BO00 10000

2—2—6 HEHIERE £ DFEHEIL
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FIT, BHE-OHZY OWPURHE REIZ OV
T 2—2—6 12", Z 2 CHEPUEBERIT Ro()
= (CiNewtonian — Cf )/ CiNewtonian « CiNewtonian I 78 U
YR EENTWRWE S OBEE BB, Gl
R~ —BEFENVDYEEOREHEEHESRHTH D,
PN T R TOEREZRALL Tt =0 OBFAIC
bR, BHE-oH- Y OBRPIERES BT, ¢ <
5000 (ZFW\TC Tt BHENTH1E N 5, 5
STHRI > —IFHERELZSGATIE, v
FHCREREPURBEDI RGO, 2RI K
PRI R A GO D, B, Tet = 0 & 14000
DT —Z &KL, R ~—FHIZEB T 5B
AT = AL HONTEET D, KEEH I
BEE R AR C, ] 13 R(2-2-100D & 5 1T/ iR &
o,

S L
b= [T
- Atk ]

[UJZ ot

I THOEEIFENSLIEICEREN, BRES
H, ILESE, BRICX2AMEHEFEGEGE Y
~—F ), FEFTLHGHETH D, £, BaT
T X x oz FIPCEBERE, IRATHE uo, 6. pr T
HERTTb, WAFIXET Sy, U TR RH
. Re(Z2UsIVIT SN 7 LA 2 V%, (] 135
S At =1170 TORFEEHE2ERT, M2—
2— 7 \ZHEEM BRI C NI2 B 1T D &% T 5O R
M2 ez R, Bl % 5ER0C, ] T L TRb R
EREGERG, EREBESHRL RS 2DICD
NEHREGENEDP LTS, $-F20MoEs
HERHFGHE, ) ~—%5HE, EERF5H)
Fh& < C, WA IFEICELT % 5 HOBA I &
DELCTWDLZ ERGND, vk, NI~v—FE5
FIFEDfiZR L, R(2-2-10 80 ¢, 2Hms+
LHEMICE Z ERnbns,

CHIE, RED WoOTF—XIZBWTRY v —

BRI LB HMEN) [ Fldy B#E2 5

HIHELHHT D,

LM FGEHEHOWRHOECHLEMF LA /LXK
WSS EK 2—2—8 \ZRT, LI T,
EAL VA VRIS S 5HIE Tet = 0D F5 8 Tet =
14000 LA LTEY, 2—2—17 OIERE
OB —8T 25, BHRITEICEmRIEG <
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30) [ZTEFET DA, T OMHEEZ T TR, BEND
BN 7-fEk DO EAAM LA VXIS B L, H
B v A I NVRIS OB PRI NS, ZO
D, BCERBEORICKRY ~—&2HET D
ZliZko T, HRBLIEBUEHRESD Z L
NiERTE 5,

NN (.
b I R T*‘J=0 T+~ Tukbulent ]
8.0 @

+ - k- —&— Laminar
1. =14000 - o Polymer -

ol e Pesteady
1] 4000 000 12000 16000 20000 24000 23000

2—2—1 EBEERFRHICETLIZ8FLIED
B Z b

0.7 e e et
T, =0 T, =140

w6t
F —+ —+ =0 ]
o 8 :r=1170
—h- —A— ; =2340 1
-

tr=3510

2—2-8 EHFMNLA/ LRI AH

Flo, EBHEBHREZH/LZDICHLE RN
V~—ORESEHETDIEDITH LA
DHFMERETVORS 1248252 LT, ik
WICH L TR ~—BNEDLIITEH LTS
FHERT D, K 2—2—9 12 E5pm M OY 167um A
VORI <w—%RMLESAE OO ENZ R
7

K 2—2-9 L0, KI~—EEINKENWHAEIC
X EORELZMFIL, R ~v—F IR/
LAIE, ELIICER LT ossE s i
HT 2B ELNT, AU ~—72 LIl THK
PUIE T 22 ¢R”o0nb, 20 b, R
~—RENPLEPURBEDERGEONDLIR ) v —D
HEEIToT-REREZX 2—2—10 12”7,

K 2—2—10 6 AR Y~ —72 L TOEEGRE
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8.0x103 % FHE & 72T A Y v —K & 50pm
UEREIZRDZ D05,

FELRYT—(5 um

EULRYT—(167 um

2—2—-9 RYI—RSLEARBOAEIL

100"
Ry<2—iL

0.0——— | T T T (N T SO SO NN T SO T NN S N1
0 50 100 150 200 250
Ryz—gSlam]

®2-2-10 RUYI—RESEEZRBDHEHE

3. REAHICTLEDIRII—NRORKBHE
D REE

JEE IR BRI RE 23 i < o BHCE S T D R
NV~ —%2BETHEHIC, HFHEORY ~—DFF
fii - BEFZEITV, BECEAT ORI ~— 2 BE
T5, ZDH, RAREHTEEDDTENRKE
SHEHPLROBAMERY ~—Z2@IRL, R U —=
VR ATV, R Y~ — I O BB &
179, T, BEESUKE RN H 5008 2 iR
T HTOIT, BEERHZFHI LN OE RN HE
LTWARI~—DONTREEBEOSHEIT),

31 RO )=V GRBRICKBKRY) v — DR
A7 Y == TRBEEEB LAY ~—1F, &
oy ®=2 8 1 ~1000 7 OFIPHAN CTH 722 28 &
BOKBUER) ~—52Hn5, 27U —=27K
BiCHWEERRY) ~—%2L Ficied,

(a) PEO : b =F L & B IA A v KEME
HMEAMERY) ~—TbhHv, BEHEKROS T
MEEZHFLTWVWDE, —BEEERT,
HO-[CH2-CH2-Oln-H TSI 5,

(b) Alkox, Polyox, Ucarfloc : =i Z4L, Wpk
{b%# T.2(Alkox), Dow Chemical #:(Polyox,
Ucarfloc)f o PEO 04 TH D, A
DFEICESET ITHEAZMNEL TV D,

(c) # dfti(others): PEO BHDO K U~ — Dz,
Carboxymethyl  Cellulose (CMC)
Dextrin (DEXi). Polyvinyl Alcohol (PVA).
Polyvinyl Pyrrolidone(PVP)., Polyacryl
Amide (PAA)D 5 FEOR ) ~—% HEL
Tn5,

IRHORY v —ik, HEROS TG L R
Poly(ethylene oxide )(PEQ) & = DD IR % H
TLHRY~—ICRELSGETE D, B, AWH
FREIFARHIAL T2 00, \EHUKEZIE L O
B & AT 2121, BWIRP TORE S T mNE
BHCThrizdb, A7 ) —=r 7B L 138 GPC
(Gel Permeation Chromatography; Prominence
GPC system, Shimazu Co.) & MALS
(Multi-Angle Light Scattering; Dawn Heleos,
Wyatt Technology Co.) % filAi& bz AT A
WL DB TROBEET>TND,

A7V —=v REBICER L %E (LT, v
VN ZAEE L ES) OIS K ORI E X 31
— LIS, U N AL E T RBRE IS N 6 mm,
E2E1ImONEEZELNINTLEZHEEZ2ET 5
LETHY, KBEHOWNDOENBEEKEZNEST D
LT, MPUREGN R A SR EICFEMT A FEN T
&5, ABRIARIL, EIRMIC X > THEESIE AT
BT, R 7Lz <o EMzER z i
WTHBRIIZIE L TWa, RBRHoNREERERE
EL LA 7RI Re ix, RBRES T H oS v
T FAHET H Z LT 8000 2B 22000 EFTE XD
ZEMTE D, BB, RY v —EROBRPUK R
DR %, KIiZEIT 2 EEESEE A &R ~— K
BT D EBEESRKL, 2T 52T, X
B1-DDOEIICERT D,

(38-1-1)

A,
DR = P £ x100%

W

(253)
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KR Y~ —DRORBPURBZ R & 5 7 & o B
R 3—1—2 1257, &R Y v —OEPUK =R IL
HEEE 10 ppm O —FRE R TR 21TV, Re %
EZTZWETRROBEHURBER Z BN L TV 5,
K 3—1—2imanNd LB, NI ~—DEHIK
WXy T & EMHBEBEERH Y T/ 100 )7
UTFORY = —TIE|RPURBITIZE A EHELNT,
100 T W REZnhTE2b 2R ) ~—TiX, &
FTENRELRDITHE > THEIUEEH R D KL
o TWb, LML, 4518 300 T Eo
AU ~=—"T T0%FREE OMPLI =R 122 LAgFn L
TWd,

‘ Air Compressor ‘ ‘ Control/Record PC ‘
- T 9
7 s ~.. FlowAd].
. { AP | ~<_ Valve
@XD L Pressure ~
4 Difference Sensor
GIS ,
1 , Flow meter
Il

Test Tube (d=6mm, L=1m) 1

T Polymer Solution
Sample
Drain

Temp. Control

Water bath
(typ. 25degC)

Sample vessel
(20L, max.1MPa)

3—1—1RBREE (TN REE) D

90 -

80 1

70 4 Yoo e o
L8044 i
E e
= 501 : ® Alkox
= 40 4 o Y O Ucarfloc
= . v ¥ Polyox
= 30 4 H v PEO

| ® Others

i

10 1 e’

0 Ph ..........................................................................................

10 + H . : . . . .

o] 1 2 3 4 s ] 7 8 -]
Measured Molecular Weight (Million)

S—1-2EREBMRE D FEDERF

53 F 8100 5Ll LD R E R IPURBRI R 2~ L
7= U ~—i% Alkox, Polyox, Ucarfloc T\ I
t PEO ThVH ., HEROS THELFFOWET
D, F . DTEI0TEZBELDARY ~—Tik,
ZTOHMPLRAZDZ TWD, Z OEBULHEL) T
1% Virk® Lo TR SR ) v — @ IKIC K Ik
OWPUEB RN R L IZIFREETH 5,

—7J7, others IZHINDHHRY =—TlE, 13 &
N EDRGFE 100 T T TH Y | HEHURBLR N
7200,

(254)

L&Y, others (T~ PEO KU ~v—%
L2 LR RERBEIUEEZIRALZHFTOND Z
LR TE B,

32 RYUT—KBBEOEREBEREDIRICRETH

FREOTE

A7V —=v RO RERE 2T, KER
ENIVELSEHALEZRIZTF Lo AFY NED
AU = —IZ oW T, \MIURHZD R DR HE T DR EE
FHOEMNIT D, TOREDIL, DTFEORLDLE
AR =F LAy NER Y ~— 0k 1 & #
IR A M E T 5B ICEERA L, KRR
DM E &b ICBEL T IREZBIT S, £
OBRIC, PR R E TR L TV HEEANDR Y
~—RBEEBRRL T, EBORY ~—DRE (4
T REEOMEMER) ZEEICHEST S, 202 &
IZ X T, EREREPUEI E A Y ~— RO R
BMREERT DI ENTE S,

(DData Logger @Inverter Motor Controller
@ Torque Amp. @Thermal Amp.

®Inverter Motor ®Torque Meter

(@MThermal Sensor ®Outer Cylinder

@Inner Cylinder {0Suction Point

3—2—1 EEMAFRREE DB

PR R 25T 57202, M3—2—11Z
sl s R R BR A i A 9 5, [Blds BB
SRR, AME (B 488 mm. i & 470 mm. AL
=8 k(A A K M 1.0~0.1
pnS/em)% 45.7 L & N (E £ 314 mm, & & 300
mm, ke = i) &2 AN IRRE T, dKIC R D,
AEICELHFEICHE LT, ELicbkaiED Z
LT, RBFFOLEROMAZ 22K +25 2 &
NTEDH, WEIEZ, BEIC KD 7 L OBIERiRER
OFBRMEZMWERT DD, FMEICH L CRic
BEIZRETED LI ROEICR—LT U
THEHELT, Iz L TTX2TW5b, Zhic
L0, B LRBREZIT o oS, TR R
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. 1%L T THD I &R LI, REFET, N
HEE—HZ—I12L > T 0~1000 rpm O #iPH CTlal
IRSEBZENTED, ARMPEILIRET, NE
DEEET 5 &2, AREE—F—2 B TWD
BOMICRET S ML IETRAVZ ZEHEIT S,
v E D5 fEREIE. 1.5x102 Nm TH 0 . /)
RN EFHTAHZLENTE S, SMERDKIE
. REHAZRE L CRHIT S, [mEEkk, hvo
FEOREOHEMEIZ. ZNENOT 7 &2 LT,
1 50T PC TRV A Te,
ARIEBRCOWMPURBR R 23 H 32 Hikix. W
EL by T O XY NEOBE W A KBS
A2 DEVEHT D, 22T, RIINFED
P12, HEIARFO®R S 2£T,

7 = (3-2-1)

Fm, TORONEOEREE uix, BER o
o TR(3-2-2 X W HEH L,

2rRw
u=
60

(3-2-2)

K(3-2-1) K N(3-2-2) L W W D EEEGRE Cr %
A(3-2-3) Lk vskrzd, 22T, p IIKOEEZFE

T (3-2-3)

B, KETORE OREBIEK C, &K Y
¥ —WIROG G OBESRE Cr, 2 IV T(3-2-4)
I &0 IRFURIZN R DR 2k 5,

pr=2"5 1000 (3-2-4)
c,

Wwio, NfE &S Eo~TEER 3—2—2 12RT,
AREBRTONGE EHMEOREIL, 87 mm & 72~ T
W5,

M7 ZRIET D HFEEZ, £ TCTORY < —IZxf
LT FRDOTFIETIT I,

(1)AR Y ~—# ARFIZ 500 rpm TD ~ L7 &3
MWL, Cr, 2 RDD,

(2)220 rpm TN Z [EHE S HR N SR Y ~—
IR FE A 100 ppm 272 5 X 9 ICR ) = —
457 g HFHAN (R = —R RN EENICH
—ZAAME R D01 3 B

(3)500 rpm T D[R A BAAA, N7 FHHI
, B A

(4)500 rpm TRIEEBALE 7 /05 I HME N O IRIR
ZEIO (R =—»20NKIZEMHEL TR <=
— ¥R A GPC-MALS Tl T % A 1k8)

(5)500 rpm TlEIEBALA 1 FFRZ AR NORE
(& 22310)

(6)500 rpm CaIHE5BH 44 2 BER]E2 IS AR N O 1A
(223516

Zl >

30

300

I
8 157 )

244 )
3—2—-2 REELNBEDTE (B : mm)

40

DTENLTEB2HR) ~—0n T BB
¥ o W 12 iE . GPC(Gel Permeation
Chromatography) & MALS(Multi-Angle Light
Scattering) Z fl A B bV AT ANEH I
TWwo, MEMRZORY ~—iE, 1 DO F&ET
13720 WAWARG T REERoI23 T334 L
FEAKLIVERINTWS, GPCHIEIZHEAHL
727 7 5 (OHpak SB-806 HQ, Sodex)i&. 47+ &
DHEBRIR AR 2x10° g/mol Db D 24 L. ¥k
e LTk, 5 %NaNOsiEi =i i3 5,

WIZ, ARV ~—% 8 LT-nAmoRs R %X
3—2—3 IR ¥, HAPICKROFEN S VDT &
DEEE1ELT, oy FEOFEGEZRLTWY
L, EDnbHICHTEIFIKRLS D, DBELEKRY
~— %X 3—2—4 2”7 MALS N O HARIZIE
WX L—W—ZRE L7 E XICRAET 5L
A& FIREIC 18 DR L A 4 — R THIES
L MESINTBELRE DBy TEEF L,
WBOEL S O F ¥ AE A & BOEL SR FE L 0 S P 2R
BT ITAXORBEIEHEHT S, 712, ¥
Oy T & SRR O A An K v I E e R D
R~ —DnFEmy RILT T2 had
WEAT B AT BRRA AT EHEST D
ENRTEX S, MALS OIERFAIL, /772 23 103
~10% g/mol T MEM: 22310 ~500 nm TH 5,
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VA
o ||\

MS/
0.00 L=t

8 10 12 14
Time (min)

Relative scale of intensity

3—2-3 HFENT

detection diode
molecule

/ “..
scattering light

3—2—4 MALS DR

HWEG L LAY ~—iL, Dow Chemical £k
(A-1~A-4). ACROS ORGANICS #:(B-1~B-3).
B b2 T2 (C-1~C-7), {EAH{b(D-1~D-5) %
@ 19 FE¥H D Poly(ethylene oxide) (PEQ) T 5,
#3-2-112, 19D PEO OAHY T EKL N
MERKyFEZEHRLEZbOZRT, ERLE
AU ~—OfRETIE, A 52 600 7 ~1000
7 glmol DAy EDKR Y ~—i%, FEHFT D &KX
TH 400 FRREDOFE 3 FE LRI R, 20D
LAy T RENE S TEN R HEERT
AL LTE., MELTWLIRY ~—RNRELET
HOLEOREREIZL TR ~—DFENE
ks EE2615,

19 fi¥H O PEO O R REfil > h v 7 % [Alfs [
B E CHE Lic, RN ~—0NKIZHEMLT-
BEDAME N ORI IE X 100 ppm (272D, £7-.
NE N EEEE 500 rpm DRED LA 7 L ZEE
7.1x105 CTH 5,

Wz, REEEE &R ENR 9 BEOKRY v —
(A-1,A-3,B-2,C-1,C-2,C-3,C-6,D-1,D-4) ® ~ v 7
DOEfRAEZM 3—2—5 17T, A ML, T & 500
rpm CHEE S H4ED T, BEERLET H72HIT 1
SEINNBTZD, 1 pUBEERLTND,

(256)

®3I-2—1 AEHRRAK) v —

Sample |2W T &E|HEN T &
Polymer No. | (x10* g/mol) | (x10* g/mol)
A-1 60.0 86.4
A-2 700.0 345.9
A-3 800.0 434.2
A-4 1000.0 357.9
B-1 30.0 12.8
B-2 60.0 74.7
B-3 90.0 88.7
C-1 8.0 9.7
C-2 70.0 112.8
C-3 110.0 181.6
C4 275.0 292.2
C-5 600.0 373.9
C-6 27.5 20.1
C-7 13.5 7.6
D-1 170.0 228.2
D-2 330.0 302.5
D-3 430.0 314.1
D-4 170.0 258.8
D-5 430.0 308.4
35 -----------
3.0 e
g LT e
Z . ,._:'/:"'::'dfff,,
<3 s P
& //"/,/ =
20 [f—
s A2 A3 -—-—-- B-2
Cl - == C2 —--—- C3
------- C-6 ———-D-1 D-4
15 b
0 40 80 120
Time ( min.)

3—2—5 FHEZBIZCED LI ELL

BRI BB L. 500 rpm TEEE LAA e T
7T FETIE, RV ~—0k+ 034N % A5 L C
W5 Z & EER LTS, 500 rpm TEIES LIAWD
TINUBENLRY ~—0R TIXIF E A SRR
NhEnoloZ e, THLUFIZH—RERY) v —
WikELTHY, &2TCORY ~—ix, FY~—n
KIS D OAREET b7 Bi/ME L 72 0 |
PEBBF & & B ML B REL RDMEBIZH D,
IOz X, BRI XD KRE REAOMEN RN
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ZEMB PEO THNIERI U L 9 @2 R+ b
DEEZLND, T, AT TFENLGH VR <
—IEE VIR ESL GTFEDNESLRDHITD
NTHRLINRREL STV DLZ ERNbNS, =
NoEOFENLBENLRY ~—ZEHT DIk
X, RY ~v—BNEROgNHORETHL & TS
NoH0T, WHURERRIZ & - TiX, FEFITTA
BREEEEZ LN D,

WIZ, BTORI~—D 74, 1 EFEC2
WER % OB O T 0y 18 LR RO G %E
Bl 3—2—6 12T, KEERII M3—2—-50D
7M. 1 EEE RO 2 BRI O vy AWK
(3-2-5) &V DRE=HIT 5,

50
<= | ® ©
< 40 42 o
2 L o)
é i (@] /
= 30 [
.2 L /ZA (3 .
° 3 o) O 7 minute
5 20 | -
3 )2 A 1 hours
o~
on 10 ¢ 2 hours |
A

0

0 100 200 300 400 500
Weight Average Molecular Weight
(10" g/mol)
3—2—6RALL-EEFEH L, FELERERD
K DHMERER

HEVESFED 10 5 g/mol YL FICA D &K
PURBD RN IFIFELS 720 10 7 g/mol LI EIC
2D LHEAEBIENRE LS D Z LK 3—-2
—6 KV D, EBEFYSLS & 300 7 g/mol
TP ER R KD 45% % /R L, Ll LEE
By F RN R E L o THIRPURRERIT 45%
TIEIE-TEERoTWVD, Thths 1 REEEO 2
R IV IRFUR O A& > T b, £ 2T,
ETNZENOHAEIC OV TEBRTHEBEBREHL &
@ U B & B 55 &I LT 7 0% 0EEE RO
JFAY 1 BRI R O 2 B ORI RISt~ T 1.5 %
FBERXREHTWS, Ko, EEFYS & 220
FNFERESAEZ 7TH%0 D-1, 1 HREED C-4 &
V2K ZDO D5 Dy T &M EN 3—2— TR
T THBOSFESAS 1 EER O 2 B O %5
TRESMICHT, WD TFRORGHEZN &
R LTWA,

ZOZENDL, BHEVHSFETIEDLNL RN
RERDTEN D TEOMAICRETSHZ LITL-

1.00
/7 | —— D-1(7min)

2 W === C-4(lh)

7] I SNl _

Z 075 [ D-5(2h) ||

= i [

) L \

o ' ! y

':—‘3 050 i {.' "'\

g [ ) B

£ 025 i

[} B .t iy

~ i / ’ R

0.00 L

Time (min)
M3-2-TRALEEFHAFEORKYI—DHTF

N

T, BHUERDEOE VAR AELZbDEEZ LR
5y TOREHRSTENELDFEFNE L TE, &
DO TIEAR Y ~—0 0 FHE L THRRE - T,
F O RERDFEICRS>TNDEED TRV EE
ZAbNDb, TOED, REEAKREBT IO T,
WHhESTERIESND I EICL T, K&
DIEER S TODEHOaNHE L, REEREE &
HIZTG T ESAADENEE > TND O TIER VD
tEZLND,

500

400

300

200

100

Molecular Weight (x1 o' g/mol)

Time(min)

3—2—-8 HERBIZIIEETFTHNFENELL

W2, 9 BEOKRY ~—IZxt L CEEVFY ST
BORBHELZX 3—2—8I1Z5RT, NI ~—iF
e A% & & BTy T &S 2 5 Em IS
b5, BEEVHSTENPNRENVR v —12FEE
ST REOBOPNBEICENT, FlIE. T D
BOERVS TN 434 FOR Y ~—(A-3)i%.
1 BHZICEREY S &2 289 5 g/mol (K
33 %BIK )LV 2 Bef%ICFEY S8 236 7
g/mol (9 45 %I P72 »>7=, ZDZ D, &
DRIV ~—1F, HBLEO XL %M OND

(257)
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ZET, BEEEHSTENET L THERPTR ) R
WINEL B EEZLND,

WIZ, BTORI~—0 745, 1 EFHEKR2
WF R 1% OS2 & A7z B RSP M 1R & AR R
FORGREK 83—2—9 IR, FEEELEME LR
220 nm LLFIZ7 5 EHRPUEREE RN T IE 2R <
720, 20 nm PL RiC7e B & BCHUR A K & <
DT ENGND, N 300 5 g/mol BL R
725 L AMEICIRPURIBRE N — B2 > T 5K 3
—2—6 AT, EEFHEMEEROLE T, K
WD BRI A S HREIC R S ey, Zh
ENOHBEIZ DN TERTEBERZH &, FH
U R PEME R T T koK R0 2n 1
WRE ] B OF 2 BERE] ORI B I bR T 1.3 fiFFRE K
E<HTVWD, ZhiE, EEVEHSTREREFL XK
HICEBTFHEME LR EETFHEE R CED
MBRWRKERIEEEROMENREL TWDH T
bhEEBEZLND,

50
@ S*P
< 40 Ao
(o]
§ 30 %
=
kel g0
Q
5 .
E 20 o 7 minute
o A 1 hours
g 10 —
a © 2 hours

0

0 100 200

Weight Average Radius of Gyration (nm)

32— 9RALE-EEFHEEFELERER
MROHEEE K

TR EGT BB EZHRET L0101, B
BHIEL A T REFN AV ~—RELZHET D24
ERHDH, K3-2-6KUK3—2—9D K HITH
MoREBIZL->T, R ~—RE (HTEEV
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_ Leaf Spring
Load Cell_’ﬁ %Towing Rod \
Test Plate
Side View

5—1-2 FHALRTLOERXE (EI@E)

x50—1—-1 EEONDEAR

Load cell SO00N % 2

Length 2250mm

Flat Depth 1160mm
plate Draft 760mm
Thickness 10mm

ST & MO0 W im 2 FFORi% OB,
T OEEBNTHERINL TS, 2Dk i

AREBRK 2 BRI 2 A 72 T ORI L+ 5
Z LT, S ERPER OVE ST EC LR A & & <
T 5, ZORBAFEROMREZK 5—1—-3127R7,
FLPRARME L, BT IRB VO ORTHE 2 D 65 mm D
AERBIZELE L7 —3 2 mm O 7 J5 1K % o0 i B B
T 10 mm MREICEEWICEL VT o, ELiRMEEN
DOZERMIE. T 7 U VRO REHEIR O A B
MBNOIZITOIATLZ T, Y AT TV 5,
FKIBROEAIC X D MBUEDO Z{L 2 MIET 5 7=
W, KIBZHBEHIEFTBNOFNFNAE S cm &
70 cm OALE THEEFFHIL TV 5,

ER BRI NGO RERRE . Y08
AR B AR (F X 150m. 1R 7.5m. /KiE 3.5m
O BMKHNZIBNTIT D,

REREERMIL, 0.5 m/s~4.5 m/s T. 0.5 m/s
MR CHEZET S 5, ML TIX, SLiRMEdE
DR ZMWR L., EADEROBEHEICHOWTH
YA fERT S, RBRICHWEERIE., AAH 5
EYRE—ftHEobD T, EmETA~A ML L
TEBEOT VI =0 AT D, EPLFHAE R
L Schoenherr X TR D 5 2 BEEEKIIRE %
LR A 5—1—412R”T, 22T 2D
AT s i & FA, FB TH L. 2 #loZ o
Wi r % PA, PB TET, EHICZOMAGDLYE
 FAPB L WoETERT, FHUBER»D

(262)

Schoenherr OfE L IFIFZE LWMEAZ R L TSR
0 R EOBEREHELIRIKE L o TV 5
LR TE D,

Water Line
Stimulator|
M| e E
£ 3
125mm 3 Test Surface = 125mm
i >
2000mm
. N
10mm
Leading Edge Trailing Edge
Bottom End Fearing
B5—1—-3 HEAFROER
0.005
0.0045 a N
0.004 @
0.0035 ==n
.| =< _ a
==--9_ o _o 2}
b 0.003 =
= 0.0025
o
0.002 e CT (FAPB)
00015 o CT(FBPA) | —
—— CF (Shoenherr)
0.001 — — CF%1.03
0.0005

0 . . . . .
0.0E+00 2.0E+06 4.0E+06 6.0E+06 8.0E+06 1.0E+07 1.2E+07
Re

5—1—4 EHETBIHER & Schoenherr M ER
ERFRH LR

B DY L BB VIT. R~ TH D D T,
AR THNITIRPLOZE T2 VI T TH DA, BlYE
B OVHL A N2 CRE BE L ELIRIE EE2E 8 O FL 0 1R BE
HEEA~ORY T RES»O|PEICENEL D
AREMEN D D, T 2T TLIRMEEEE OO\ 2
B OFEEERE N & 2 MO E O MR 5 O Fl
HEbEEEz ., FEIEEICKT D ER O EN
BEEAEANEZD Z LT, BRBO K CERD
RUVEAL S TR L 2R B~ DR IE DG EIZ L D
BrpatT 5, RBEPEICEAL TIX 156 CHHE
DHOTRT,

AR HE i & EROMAE DY EEZT-BE
EOPR B A AN 2 A O HBUE o FEHES SR
I 5—1—5 1T, I AR O 2 PiE
D7 (KE—F) LEATFROERFMEOFE LD
TRLTWVWD, ZO/MEND, R Z R X
0.2~0.4 %REDORIBFEOEN—FEL TAELT
WD ENERTE DL, TLTENN, BB
FB & FA OFEAWRBFOZEICEE L TWDZ LR
5 BT E ST D EL I



g L et sepris 9 10%E W35 (P22 ) Rams 41

H2mm, EX 750 mm WO ME WL DA
ITHRALEB L TWDD, 2O AT REEN
EELTWAEEZLND,

2.00%

A FBPA-FAPB

1.50% o FAPA-FBPB —

o FBPA-FAPB

1.00% ® FAPB-FBPA —

x x FAPB-FBPA
.

0.50%

o
o

0.00%

dR/R[%(15°C)]
x
.
x
EL
o
e
-

~0.50% x=

-1.00%

-1.50%

VIm/s]

5—1-5 EEFHROELEREDE

fEN T, #fk LT 10 [\, 4.0 m/s TV LK
BRAAT ST A RO REGUE O ZE D E
PEIZOWTHRETT 5, B0 LRBIE 15 o RkE
TATV ., FHAME T 1 B o BRI L7l &
BLimaERT 5, BOKLRBROMELK 5
—1—6 (R T, il SN2 EAEOZEDO IR
0.18 %D HFAPHIZ 3 Ai T 5

1.00%

0.80%

o FAPB-FBPA (4m/s)
0.60%

0.40% -
= L]

O 020% U

o

X o000% '

« 1 2 3 4 5 6 1 8 9 10
& -0.20%

©

-0.40%

-0.60%

-0.80%

-1.00%

Test Number

5—1-6 EEFROLEHRBEOENHYIERL

AR

WIZ, Z O E LRABROEEOF A & iz il
DEWPEEZK 5—1—7 1277, REHEO ST
OFPH L, B TH T 0.46 %, A M AT 0.45 %
Lo TWDE, 77 7% 025 EBMOETRES
NeFEFE, BHEPELLTNDZ ENGND,
DO ENDEADYRERFICFHT 52 L1
L0, FHlEORBREEOHENEIN, £H
EAROIEP LD E LD EFEICRIMMTE 5 2 &3
N5,

HLE L 4.0 m/s 12381 5 10 [E O 0 3 LBk
DOFERIL, EHOEEIOZEDOE(ITE B2 b
DT, EOWBIZEEPUED 0.18 DO HFIZE X FE
5. 2K DR —FAIR, [F—# B OB A H

91

009 o Left Plate (FAPB)
o Right Plate (FBPA)
908 |
90.7 2
S0 | .
2905 f °
=z
Z 904
90.3 s
902 | D .
901
% : . . . .
o 1 2 3 4 5 6 7 8 9 10 1

Test Number

5—1—-7 BYRLABRDOEERE

W AT o TR BLRHAI O BRIZ L U 7= 24 OB A
WOEPLZET, FLIEE OB Y £ IR E & & Teal
HERBNOBEGENEICL b O THD, £
T, EREMTELZ, RWTLHZEICEVETD
MELZFMT S, o, RBRAVEROEY O
Wy EAICHARE L TEOEPEOED L E
HWET D, TOMEER 5—1—-8I1Zm T, /=M
HOFNT — X HFHET D 3.0 m/s~4.5 m/s DHiH
ThgT 5,

0.50%
0.45% 0 FAPA-FBPB |~

0.40% D ] * FAPB-FBPA ||
0.35%

.
= 030% ¢ . ]
T 0.25%

o
 0.20%

0.15%
0.10%

0.05% [

0.00% . . . .
5.0E+06 6.0E+06 7.0E+06 8.0E+06 9.0E+06 1.0E+07

Re
5—1-8 EBFROXBICLDLERED
=

=71, 5—1—1 ofitdh dR/IR 11X (5-1-1) T
HzbNhb,

d7R Rlejt - Rright

- (5-1-1)
R %(Rlefﬁ + Rrighz )

R, ZEBNCIRY £ 72 AR 2 A

fi

Ryt ATBINCIRY 1 72 45 00 2

BMOEE 4.0 m/s ODF — &% T4 5% &, #iH
MOEFTHRAKTO0.39 %, &/NT0.28 %&ieoT
BY., ZoHAEORBH RO LML T T4 L
WX D EPEDOZEDOZLIT 2B D 0.1 %R E
Thd, ZOFERIT, 1 BB RO A
I LIcE 2D THEIOT, HLETHHE
F—H L LTHERT 5, UL, KEEDH KK
EORBRIIRDEEZLND,

(263)



42

R T =Rl JT(Th 2N N Y PN AR 2 TN A iR 7))
72 ST T RE LS 3 D s BE R R AR 2 1A A Y
EL. TOWGERREZAIT o2/ R, A OV x
FERFICET 2 Z ik, FHlEORBREED
FRIENREF S 4, 1 %I 72 2 Wb 2 o %
ZRINCE DRI TR E MR LI Z L 2B LT,

5.2 HEBKBIZEITIHEEHOERTM
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