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On experimental separation of ship resistance for thin ship

Hiroyuki ADACHI, Munehiko HINATSU, and Teruo KAMIKURA
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Abstract

The synthesized tests on a Wigley model (L=4m) are performed. These tests are

composed of

1) Resistance Test
2) Wave Analysis
3) Wake Survey

4) Hull Pressure Distribution Measurement.

Resistance test and wave analysis are done under the free (heave, trim are free) and

fixed (heave, trim are fixed) conditions. Furthermore, in the wave analysis, the influence

of the distance between wave height meter and ship is investigated. Also, the separa-

tion of ship resistance is performed by using the results of the above tests.

On the other hand, an attempt for the computational resistance separation is made. The

wave resistance is calculated by Guilloton’s method, and using these results, the frictional

resistance is estimated by the Tanaka-Himeno’s first approximation for the turbulent

boundary layer theory.

Both of the results, computational separation method and experimental one, show a

good agreement.
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JEREEZRE Fig. 1 IORLCBDOETAT S, C OB
A Body plan % Fig. 2 ICRT, T 7z HEp D5
{E¥sEE % Table 1 IiRd, BAUM T AR THY,
S.5.9': @& AIEMEERDOEE % 4 » VH51
cm ERTHA DTV, 24 v FOEZI 1mm
&E3mmD 2DODBEAIC DN TERET-> T 5,

3. Bl B K
HErOIREER, dipping B XU trim ZF L7,

Fig. 1 Coordinate system
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Fig. 2 Body plan of Wigley model

Table 1 Accuracy of manufacture of Wigley model
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~ -._ S.S. . |
g 1/4 1/2 3/4 1 2 | 3 4
LWL .010 .012 .012 .012 .006 .010 .004
. 004 . 004 .003 .002 0.0 .001 .004
— .007 .008 .008 .007 .003 .005 .003
’ .003 .004 .002 .002 .001 0.0 .002
AW L .004 .001 . 005 .004 0.0 .002 .002
) 0.0 .001 .001 0.0 .002 0.0 .002
S.S. 1 3
22 s 6 7 8 9 + o
p— .003 .001 .005 .001 .008 .011 .015
. 004 0.0 . 004 .004 . 004 . 001 .003
WL .001 .002 .004 .002 .007 .011 .014
) .003 .001 .004 .002 0.0 .003 .004
WL . 005 .003 .001 .002 .005 .007 .011
’ .003 0.0 .002 .002 .001 0.0 .002
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Table 2 Experimental conditions

} DATE W. TEMP. REMARKS
Resistance test Jan. 12. 81 11.8 (deg) Stud height 1mm, Free Condition
(A) With Velocimeter
Frn=0.08—0.40
Resistance test Jan. 14. ’81 11.8 (deg) Stud height 1mm, Free Condition
®) Without Velocimeter
Frn=0.08—0.40
Resistance test Feb. 12. '81 10.6 (deg) Stud height 3mm, Free Condition
©) Without Velocimeter
Fn=0.08—0.40
Resistance test May 8. ’81 15.5 (deg) Stud height 3mm, Fixed Condition
(D) Without Velocimeter
Frn=0.08—0.40
Wave Analysis Jan. 13. ’81 11.8 (deg) Stud height lmm, Free Condition
(B) Without Velocimeter
Frn=0.21—-0.40, Y=L/2
Wave Analysis May 13. '81 15.5 (deg) Stud height 3mm, Fixed Condition
63) May 14. ’81 Without Velocimeter
Fn=0.21—0.40
Y=0.729L, 0.5L, 0.833L
Wake Survey Feb. 3.7°81 10.6 (deg) Without Velocimeter
Feb. 10. '81 Free Condition, 1%L AFT, 50%L AFT
) F=0.250, 0.267, 0.289, 0.316
Pressure Mar. 26. '81 10.6 (deg) Without Velocimeter
Distribution Free Condition
Fr=0.250, 0.267, 0.289, 0.316

free condition & # 5EFF XMW fixed condition
D2 DODE/ICDONT, B & R T 21T -
7eo UD L, #%ifiatilE a0t free condi-
tion DELD AT -7z, HEIREEZ & T Table
21T T . BEREBRIAT, ZREE 2R K (400
m7/KH) Tirbitls,
4 H B HF &

S Uc RO FHEICOWT, DTIIAZE > TR
~N5b,

4-1 ERRE

BHEER L, Table 2 WWRTRIETHTD N, 1
TERORHIC, BAETERENEERA), B, Ok
UDEMESRC EiTT 3,

(16)

4-1-1 EER@)

HAMREEI free condition Th Y, EHENFIEHC
K BIEBUE, by sERic X AME R TR, FhicE
R FEEREHC X B IR BOEIC DWW TEHI R T2 20 &
TRl EEHD R 2 » M3 9. 1C 1em il TEE 1
mmé& L7z,

4-1-2 FEE)

FEERA)DIRIED & FLEEH 2RO e b O THE IR
ML Ui, MideTERWER—TH B, FEIRAE
X% Fig. 3 IK/R"9

4-1-3 EERO)

COERTIR, HEEERAORZ v FOFES 3mm
& Ufcn THIMESE (F<0.2) o EHEo
Ny EDORFEEBIELZLOT, DBORBRIIAT




17

24y FOEZZ3mmE Ui, oW THAMETERE), F&EMERTEICTS

4-1-1 EBD) 4-2-1 FZER(E)

Z DEBRTI, BHAEKE TE L LTV A IREEE BENREEL, £EQ), ®LRHE U THREHIBRNTDH
220 3B NEFEROTRBIHICEE L, WERRED %o WIEEHRIGE ZAHA T R & 0 RN B O
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R dition TH 3, E W R E &P EHCEOTY,

4-2 ETERRIR longitudinal cut #E&FWTEN U 7z, WEE&HD

WIEHENTIZ Table 2 IRTIRIETIT bhic. Ch HHESIRF.P. & L, REAORTICREEREK <

rL...nu._—I—l:_—_‘ A Analogue Dynamometer
ot B : Synchronyzed mark
E A E C : Clamp
b C D : Wave height meter
i i 1 E: Trim meter
1 — ﬂ r :
F.P. A.P.

Fig. 3 Experimental apparatus of resistance test and wave
analysis (free condition)

ol Il
F : 3-C Loadcell
G : Calibration Aparatus
P P mr oo G

A.P.

-
L—Jq

Fig. 4 Experimental apparatus of resistance test and wave
analysis (fixed condition)

L
‘u‘| ‘—iw:[/——‘ r[ H: 5-hole Pitot tube
L
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Fig. 5 Experimental apparatus of wake survey
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Fig. 6 Experimental apparatus of measurement of hull surface

pressure
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Fig. 7 Block diagram of pressure measurement system
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Table 3 Results of resistance test unde free condition
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Table 4 Results of resistance test under fixed condition

PP = 4,000m v = 01777 o
TemP.= 10,6 = P =101,930 L. cec?/n
K = 0,025 Vo= 1.2845x107¢ pn2/zec
Hao. u Fri T CL Cw
(7] (14 10 210°
1 0,501 0,080 0,127 4.50Z6 0.1718
Z 0.SE3 0,090 0,167 4.347%  0.1031
I OMEZE 0,100 0,197 4.1901 0.0345
4 0,689 0,110 0,235 4.0846 -0.0019
S 0,751 0,120 0,277 4.052 0. 0253
£ 0,214 0,130 0.Zz0 3. 0.0177
70,277 0,140 120 0LIE7 3. 0.0214
S 0.93% 0.1 LZ40 0415 3 0.0139
9 1,002 0,160 2.564 0.474 3 0. 0708
] 0,170 3.755 0,520 0,077
) a. 009 0L AL n, 1572
. 0. T 0o, 0. 15871
) . 4 0 0.2277
) 0 20 0. 3416
. . 3 0 0. 2279
] 0. 3
. 0 7
. ) 7
0 7
] >

(s N K aw W W)

Y=

(Rl
RO SN IS Bl B B e A0 AW s W'e 38 e A w 30w a0 RO I D) O I I B N N S P FA RN SN TR T

S bt b bt b bk bd bbb bea pek [
. . . e

] 2z
L5 2. 035
0.3 2.
0. 310 Z.z20
0.3 2
0. 2.3
o, Z. 983
0. 340 2, 5ed
0. 330 2,707
0,260 2,887
3,125
2,243 2,103
€.463  Z.384
2 €.463 3,427
0.400 8.903 4.128 5.4324
a.400 2,203 4,090 §,3824
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©), DHICDVTIEAL%y FOEIZ3mmé LTHER
RERZFT - 720 Fig. 10, Fig. 11 i€ Z DHERATRT -
DR, Fa<0.2 TONS v +RELEDOFERER
WEXN, 22 v FOEBLAEEERSERRROF
B CEESREERIILT0BC EMHEEINE,
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Fig. 8 Resistance curve
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~ Rt WITHOUT VELOCIMETER
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Fig. 9 Resistance curves
Ct= —R& FREE CONDITION
(1/2)pU°S

6 I .5 —o— Cv : WAKE SURVEY

(x10™) ... Cwp : WAVE ANALYSIS AT Y=1L/2
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Fig. 10 Resistance components
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_ Rt
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Fig. 12 Trim and mean sinkage curves
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Fig. 13 Comprison between heave force and buoyancy force
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Fig. 14 Comparison
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——: FREE Fn=0.267
----: FIXED Y=1.0

27{A*(5) 1?2
N w
I

[

|
0 30 60 8 (deg)

Fig. 15 Comparison of amplitude functions between free and
fixed conditions

4 — :FREE
(x10°% s :FIXED

3 Fn=0.289
. Y =1.,0
0
% 2
'
o~

1

3
0 30 60 6 (degqg)

Fig. 16 Comparison of amplitude functions between free and
fixed conditions

: FREE Y=1,0

/L ===~---: FIXED Fn=0,30
0.25sec

AN AN AN AN ANEAN
VARV AR AR w i w i

Fig. 17 Comparison of wave patterns betwee free and fixed condition

=0.267, 0.289 icxf L CEhZh Fig. 15 KU Fig. THEY, COISEHEROEIE » THEbIULTETY
16ITR U, BT, mEREEAE—HLTNS Bo COTERARHBITE VT ORAMIIIERIEBD
b, BB E 0 DN WECZ AT fixed condi- 72, (Appendix 2) Fig. 17 ICi3 Ik Tk
tion DIRIGEE DD free condition K HKHITH] OHBO—HER Ulce TNTHDB ETEE S
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(x107")
2 -

0.2 0.3

Fig. 18 Comparison of wave pattern resistances at different Y values

Y=1.0
: (10 T $Y=1.458
——— i y=1.667
L3k A Fn=0.267
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w2
“
1 b
—— 1
0 30 60 9 (deg)

Fig. 19 Comparison of amplitude functions at different Y values

—— :y=1.0

4 - ~---1Y=1.458

(x107%) —-—:Y=1.667

~ 3 2 Fn=0.289
- (FTXED)
%2
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1

1

0 30 60 0 (deq)
Fig. 20 Comparison of amplitude functions at different ¥ values
RROMHEERIZEAE—B LTS, IRiESHT

T fixed condition OHAVNK & T DG IET IEBER O Mz
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Table 5 Results of wake survey (F»=0.25, Lpp/2 aft)

Y (mm)
-2 -0~ | o | 20 | 4 | e | s | 100 | 120 | 40 | 160

g | 22| 27| 80| 80| 27| w1] 70| 41| 15[ 10| o2
.909 | .862| .834| .853| .859| .926| .961| .980| .985| .991| .997
o | 22| 32| 6| 80| 23] 22| m3| 36| o8| 06| -0z
.91 | .859| .828| .852| .883| .901| .945| 0.969| .986| .978| .990
e | 2| 0] sa] w1] 2| 21| 05| 22 06| oz -
.876| .834| .820| .s24| .&7| .963| .923| .990 | .99 | 1.001| —
e | 5| 47| 49| 469 4| o] 12| 36| 06| -02 0
788 | .810 | .775| .792| .853| .898| .930| .968| .982| .988 | .985
0 | 38| 87| 94| s8] 4| 205| 124 41| o3 o —0.4
869 | .818| .799| .802| .853| .005| .939| .968| .984| .986| .995
o | 1] w2| 40| 2| 23] w1| 68| 06 0 0 0
.882 | .834| .804| .851| .928| .018| .969 | 1.001| .997 | .989 | .989
o | 193] 26| el 4| 23| s8] 14] 03 0 0 0
877 | .857| .825| .s41| .o43| .970| .984| .980| .977| .972| .97
oo | 88| 9] 23] m2| mws| 42| 08 01 0 0 0
.934| .936| .865| .930| .957| .993| .997 | 1.001| .96 | .996 | .996
o | ~LO| 75| w3| ws| s8] -02| o1 0 ol —| -
1.005| .969| .933| .959 .982| 1.009 | 1.004| 1.007 | 1.007| —| —
TR L
200 —| 04| 23] 11| -~ —| —| —|] = 2K
—| .oe8| .90 | .e1| — < —| —| —| —| | ule

z (mm)
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Table 6 Results of wake survey (Fn=0.267, Lpp/2 agt)

Y (mm)
' y
Y- -0 o 2 | 40 | e | 80 | 100 | 120 | 140 | 160
oy | 20 303 67| so| 29| 26| 122 60l 16 ol 03
.872| .&71| .839| .842| .897| .910| .937| .965| .984| .9%0 | .986
| BT 1] w.9] 484 36| 254 140 55| 06 0 0
870 .844| .819| .817 | .880| .903| .939| .971| .995 6 .99 | 1.018
o | 36| 47| s3] s0.4| a6 268 156 46| o2 0 —0.4
8714 | .822| .781 .823 | .850 | .891| .921| .956 .98 | .982 | .982
g | 31| 99| sl 57| 45| 207 155 46| 04| 04] —0.2
.027| .804| .756 | .751| .809 | .854| .909 | .943 .967 | .990 | .991
o | 4| 47 55| s5.0| 421 27| 13.4] 45 09| 06| 06
856 | .824| .767| .777| .841| .889| .925  .967 .982 | .986 .98
o | B8] w7 2] w2 00| 16| s0| 02| —0.6 —04 0
.902| .ss2| .835| .838| .882| .933| .989 | 1.004| 1.01| 1.006 | 1.000
g | 163 38| 40| 89| 28| 0.7 26 os| o7 o1 o1
.955| .902| .875| .83 | .905  .958 | .987 | 1.003| .997 | 1.001 | 1.001
e | 78] 21| 37| 3al ws| 3] 04— =1 -1 —
.959 | .06 | .s87| .ss2| .921| .972| .994| —| — = —| -
o0 — =] 23| 71| ro| ol o0a —| —| | -
— |~ .e3a| .om1| .997| .o04| .994| —| —| —| —
_ 0 s S R IR 0 < 9
200 15| 36! 03 AL
— | .98 | .962 .980 e
z (mm)
2, BORERZRES MRS TRICT I > TF A - E1E-TN5,

TIFBERIRELEASR SNV, REXIEEESH
CHS L BOBEX FHOATHNA Fig. 28 TH 3,
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Table 7 Results of wake survey (Frn=0.289, Lpp/2 aft)

Y (mm)
2 -0 -0 o | 2 | 40 | e | s | 100 | 120 | 10 | 160
—20 38.6 45.8 55.7 53.9 45.2 3.2 19.6 7.5 2.8 0.4 —0.2
. 843 .822 .795 .784 . 822 . 862 911 . 955 971 . 980 .981
—40 42.6 52.5 59.8 59.0 49.5 37.2 21.8 7.8 1.3 0| —0.4
.837 L797 772 . 764 .798 .852 . 894 .944 . 965 .973 977
—60 45.6 58.6 64.2 62.1 50.0 38.9 23.1 8.9 1.1 03. | —0.1
.810 . 756 .725 734 .783 .821 . 876 .919 .955 .958 .963
_ 80 40.7 55.8 62.0 58.1 50.1 33.7 17.8 6.9 0.8 —0.2 0
.821 . 765 .755 . 763 .780 . 848 .906 .933 .961 . 966 . 965
—100 37.3 53.2 60.3 58.0 45.1 32.5 14.6 3.5 0.8 0.2 0.4
. 843 .789 . 766 . 759 .811 .84 .910 . 945 .953 .959 .957
—140 25.6 42.4 50.6 49.1 35.9 17.9 4.7 0.5| —0.3 0.1 0.3
. 895 . 835 .799 .795 .840 911 .943 .956 . 960 .961 .960
—180 18.3 34.3 42.2 38.6 22.2 8.0 —0.4! —0.2 0.2 0.4 0.2
.929 . 867 .831 . 860 .89 .930 . 966 . 962 .959 .959 .959
—9290 8.6 24.7 34.2 31.0 18.0 3.71 —0.2} —0.2 0.8 0.8 -
.955 .906 . 876 .871 .906 . 960 . 968 . 966 . 965 . 963 —
—260 - 7.9 22.2 17.4 5.5 0.1 0.3 — — — —
— .932 .890 .908 . 943 .957 .952 — - — —
ol o al T.H.L
—2g0 — 0 2.3 2.3 — — — — — — | (mm)
— . 965 . 946 .948 — — — — — — | #/Us
z (mm)
-------- WAVE PROFILE Fn=0.316
-------: WAVE PROFILE
mmaq Cp O
20 { 0.1 ; 0.05 0.1
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Table 8 Results of wake survey (Frn=0.316, Lpp/2 aft)

31

¥ (mm)
T2 e |~ | 0 | 20 | 4w | e | s | 100 | 120 | 140 | 160

g | 198] 33| a3| w9 25| 181 88| 59| 40 24 0
.019| 001 | .s87| .879| .o17| .942| .972| .987| .992| .997 | 1.008
Lo | 2| 58| s8] a9l 03] 29| 158 45| 05| 05| 0.2
.013| .894| .888| .891  .894 | .942| .970 | .939| 1.02| 1.02| 1.02
e | .7 sea| eLa| 08| ss5| w6| 222] 75 07| 03] 03
.892 | .873| .ss2| .882| .&76| .912| .95 | .999 | 1.02| 1.02| 1.03
g | 91| 39| 727| 7TL9| s0.5| 451] 26| 82| 04 ol 02
.884| .847| .e31| .815| .8 | .890 | .936| .986| 1.01| 1.01| 1.01
0 | SL2| 669 768 75.9| 60.7| 443 2.9 87| —0.4| —0.4| —0.2
.869 | .831| .819| .814| .82 .888| .945, .991| 1.01| 1.01| 1.01
o | ¥8| 628 75| 74| se0) 1| 80| 17 0 0 0
.904| .837| .803| .802| .8s8 .932| .986| 1.01| 1.01| 1.01| 1.01
g | 24 w09l er7| sl 360! 124] 203 0 0 ol —
.936 | .88 | .84 .85  .907 | .978| 1.00| 1.01  1.01| 1.00| —
g | 101 27| 53| 421 20| 42 -04 -02| 02| 08 —
.979| .910| .ss3| .870 .o22| .973 .982, .982| .978| .973  —
a0 —| 15.4| s22| 214 88 0 ol -1 —| - -
—| .e32| .o01| .906| .956| .981| .98, —| — = —| -

000 — ol wo| oo —| —| = =] ] —|TEX
—| | .om| om| —| —| —  —| —| —|ule

2z (mm)
5 — (% OF L/2)
— —O—— . EXP.By PRES. (FREE)
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Fig. 31 Comparisons of wave patterns along ship hull
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Table 9 Results of wake survey (Fn=0.25, Lpp/100 aft)

(32)

Y (mm)
z\\\g —40 | —20 0 10 20 40 60 80 100 120 140 160
51.9 72.9 92.20 850 73.5 53.00 34.9 16.7 5.4/ —0.1 0.1 —0.1
—20 .612  .460 .168 .319] .442 .605 .722| .837 .891 .931] .933 .941
. 050] — —.014] —.101] —.094| —.073| —.071 —.081] —.080| —.070| —.071| —.068
.070 —| .050| .044] .051] .071 .090! .096 .092] .083 .077| .070
51.9] 73.21 92.5] 84.6| 73.7| 55.00 35.7 17.9 5.5 —0.1 0.1 0.5
—40 .632] .464] .189] .349] .454] .606] .733 .835 .901 .873 .936] .937
.054| .065| —.064 —.117| —.100; —.076| —.079, —.080| —.078 —.070| —.065 —.063
.070] .057) .040; .039] .050, .072 .079 .084| .080; .073] .069] .065
49.6, 69.3 91.1] 83.1 71.2] 51.00 33.4 17.5 3.4 0.1 —0.1 0.3
—60 .651) .501) .247, .361 .483] .632| .745 .834| .912 .927] .936| .937
.056; .070, .003 —.105 —.093] —.079 —.079| —.076] —.073| —.060| —.059| —. 058
.074] .057] .030; .055 .058 .072 .077) .080, .072 .063] .060 .058
44.4) 65.3) 90.3] 81.8 67.6f 45.2 28.6 13.3 2.4 0.5 0.6 1.2
—80 .675 .519] .250 .354| .487, .660! .752  .843] .900, .913 .919 .920
.050] .064] —.049] —.117) —.099 —.082 —.088 —.080] —.072 —.060] —.059 —.058
.078 .069 .046/ .053] .064] .082 .082 .079| .073 .066) .063 .061
36.6] 56.9 86.7 76.01 59.2 37.9 21.5 8.9 0.3 —0.1 0.3 0. 6
~100 L7150 .598  .257| .439] .578 .701] .803| .863 .914 .919] .923 .926
.048 .065 —.018| —.111] —.093| —.076] —.077| —.073) —.063, —.056| —.055 —.053
.083 .077, .040| .060[ .069, .085 .085 .076 .067 .063] .061 .058|
16.9) 36.6/ 80.2 64.00 39.7 20.3 7.1 0.3 —0.3 0.1 — —
140 .831 .719 .321) .526/ .699] .807, .874] .922} .918 .925 — —
.033  .062 .038 —.126/ —.098/ —.072| —.068 —.058 —.051 —.047 — —
.089 .089 .023 .067] .086f .086 .080 .061 .062 .062 — —
5.5| 24.8 73.9| 45.4] 19.8 3.2 —0.3 —1.4 1.8 1.3 — —
—180 .912)  .794 .411] .675( .809 .905 .925{ .933} .921 .928 — —]
.021]  .041 .076| —.131] —.084] —.049] —.041] —.038 —.042 —.041 — —]
.080 .096, .036; .080] .087] .079] .067, .058 .063 .058 — —
1.6 4.7 59.8 14.6 3.9 -—1.6/ —0.5 —0.5 — — — —
—990 .934 .915] .524] .861] .903] .935 .931] .933 — — — —
.001 . 005 — —.111] —.039 —.027| —.029 —.033 — — — —
.074  .091 —{  .098! .085 .063 .060| .056 — — — —
0.9 0.7 0.7 2.4 0.3 —0.1 0.9 0.7 — — — —
—960 .047)  .943 .945 .929) .938 .941 .935 .938 — — — —
.008 .003 —.001 —.017] —.012| —.018 —.023 —.025 -— - — —
.065 .068 .077| .072] .066| .061 .056 .052 — — — —
z (mm) T.H.L
(mm)
M/Uoo
T)/Uoo
w/Us



Table 10 Results of wake Survey (Fu.-

=0.267, Lpp/100 aft)
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Y (mm)
\ y
z\ —40 | —20 0 10 20 40 60 80 100 120 140 160
57.5/ 80.8 103.6/ 91.1 81.6/ 60.8 39.5 21.8} 6.1 0.2 0 0
—20 .612] .438 .084, .318 .423 .578 .701 .800 .874 .903 909 912
.054) .067| .004| —.077 —.092| —.081] —.087, —.093 —.095 —.088 —.086/ —.084
.076| .062 .057 .103 .070, .082 .097| .090, .082 .074/ .065 .058
55.4/ 80.1] 102.1] 91.7 78.9] 59.1 38.4] 20.6 6.9 0 0 0.2
—40 .623  .432) .126) .290| .454 .581 .710] .797] .865 .900 904, .908
.057  .074 .064 —.074 —.101) —.090; —.089| —.092 —.092| —.081] —.079 —.077
.079 .066| .057| .133] .075 .085 .085 .083 .076| .067, .062 .055
53.20  76.1] 101.3] 90.6) 78.0) 54.5 37.1 18.2 4.6 0 0.2 0.4
—60 .651  .496, .203 .321] .466] .634; .736| .822 .882 .907 910 .914
.054| .070| —.016] —.075 —.096/ —.090| —.082| —.088 —.083 —.074| —.072| —.070
.072| .066) .035 .133] .052] .0700 .077) .073 .068 .059| .054] .050
44.7 69.8 98.7 86.7 72.7 49.1] 30.6| 15.9 2.9 ) 0 0.4
—80 .693 .540, .229) .347) .500, .653] .752 .822| .888 .895 904 .904
.057)  .071 .003] —.087| —.104] —.087] —.084| —.083, —.078 —.067] —.067| —.065
.076,  .069 .025| .151 .060] .073] .077, .066| .062 .053] .049] .045
34.8 60.6 96.8 83.7 64.8 41.7, 23.1 9.4 0.4 —0.2 0 0.4
100 .759,  .601) .280] .398 .577, .711) .804| .868 .907] .916 916, .921
.047)  .076] —.001] —.092 —.098 —.085 —~.080 —.079| —.070| —.067 —.063 —.061
.083 .079, .033| .154{ .068 .081 .078 .0720 .061 .056 053  .049
13.9 37.9) 88.8 63.1 42.7) 18.5 5.3 0 —0.2 .03 — —
—140 .856/ .743] .361 .525 .705 .837 .905 .927) .932 .933 — —
053] .085 .036[ —.106| —.076 —.046 ——.037 —.032 —.029 —.027 — —
.087 .085 .019] .130 .079] .087 .076 .066| .058 .056 — —]
7.6 28.4 84.8 46.5 19.2 2.1 —0.6 -—1.9 — — — —
—180 .897) .803 .409 .664) .857 .941 .956| .966) — — — —
.018 .018 —.0131 —.107 —.013] —.015 —.013] —.013 — — — —
.055  .059] .051 .116] .059 .072 .059, .051 — - — —
4.4 7.8 71.1| 15.5 6.5 —0.6 0.2 0.8 — — — -
—990 .9320 .918 .523 .873] .924 .967] .967] .966 — — — —
.022  .016 —.082] —.009 .001 --.002 —.003 - — — —
.066, .081 —{ .116/ .080 .056| .051] .048 — - - —
—3.2 2.4 2.2 4.0 1.5 1.5 0.9 0.5 — — — —
—960 .947)  .949 .957 .933 .964 .967] .970, .975 — — — —
.005 .001 .004/ —.011] —.014{ .010] .007 .005 — — — —
.057) .059; .070, .083 .056] .052] .048 .045 — — - —
2z (mm) T.H.L.
(mm)
M/Uoo
U/Uoo
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Table 11 Results of wake survey (Fn=

0.289, L;np/lOO aft)

(34)

Y (mm)
. -2 | -0 -20| 0 | 10 | 20 | 4 | 60 | 8 | 100 | 120 | 140 | 160
T~

72.4 97.0 121.6 1117 100.5 75.3 513 2.9 9.9 0.6 0 0.2

—20 .585 .415  — .3000 .366| .542 .669| .77 .854 .892 .898 .900
.064 0841  — —.085| —. 087 —. 058 —.050 —.051 —.057 —.050 —.049 —.050

.077 .08  —| .069 .073 .068 .070 .08i .082| .075 .068 .059

67.8| 96.2 119.4] 1111 945 69.1 47.8 2.1 1.0 L0 0.7 0.3

40 .627 440 .174| 334 .441] .508 .708 .794 .864] .903 .908 .913
.060| -083 .002 —.077| —.078 —.061 —.057 —.056 —.055 —.044] —.045 —.041

.080, .074 .077) .050 .068 .075| .075 .074 .073 .065 .06l .055

59.3| 89.6 117.00 105.0 89.4] 63.5 421 238 7.0 07 0o 0.2

60 .655 .450 .188 .373 .465 .620 .723| .809 .874| .900 .903 .90
.064 .083 .006 —.085 —.076 —.061 —.055 —.054 —.051 —.043 —.039 —.037

-084 081 .051 .066 .058 .073 .072] .065 .063 .055 .051 .047

50.90 78.9 114.4] 98.0 80.6) 549 349 17.9 44/ 07 02 0

8 705 .543| .238 .430] .528 .679 .770| .84 .892l .907 .915 .919
-058 079 .002| —.089| —. 087 —. 063 —.054) —.054 —.051 —.039 —. 036 —. 035

.002 .087 .051 .065 .077 .084| .078 .075 .066 .059 .056 .053

38.8 67.9 100.1 92.7 72.3 42.9 2.4 13 12 —01 02 0

100 .758 .610 .287 .461 .580| .728 .806| .861 .902 .907 .910] .914
-057  .076( —.007| ~.093 —.078| —.062 —.055 —.051 —.042 —.036 —.034 —.031

.09 .087 .040| .069 .075| .082 .081 .071 .060| .054 .051 .047

13.9 41.8 100.5 73.00 45.6 223 6.9 06 0 04 — = —

140 848 .734| .345 .585 .715 .813 .878 .905 .908 .909 — = —
.05 081 .028 —.101| —.076 —.048 —.043 —.034 —.030 —.024 ~— = —

.098 096 .029 .059 .088 .088 .079 .066 .059 .056 — = —

8.0 29.6/ 97.3 548 20.1 2.1 -11 -23 — — — —

180 .900| .810| .401 .700 .858 .929 .945 .98 @ — = — — = —
.03 052 .016 —.110] —.062 —.026/ —.022 —. 023 ~— = — = — = —

.080 .093| .04 .088 .093 .082 .070, .064 — — = — = —

43 85 845 19.00 7.1 -0.3 —0.1 LO — — — = —

090 .927 .909 .450 .876 .905 .954 .960| .96 — < — = — = —
015 .011|  —| —.081 —.014 —.008 —.010 —.011  — = — @ — = —

072 .085  — .101 .080| .071 .064 .060 —  — = —| = —

3.2 27 46 36 19 11 08 —-0.2 — — | —

060 934 .o .98 e G0 .86y Lo g6l | |
~.001] 007 0 —.009 002 o004 —  — - =

062 (065 .19 .o 068 o4 | o8 | — - =

z (mm) T.H.L
(mm)
M/Uoo
D/Uoo
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Table 12 Results of wake survey (Fn=0.316, Lpp/100 aft)
Y (mm)
. 7 40| -2 0 | 10 | 20 | 40 | 60 | 8 | 100 | 120 | 140 | 160
70.8 106.7 148.2 128.6 106.9 71.6) 44.1 20.7 3.7 11 0.1 —0.1
o0 7100 283 .242 .384 .537] .707 .809| .890 .952 .943 .955 .956
.071 1002 —.107| —.080| —.074| —.087 —.001| —.072 —.079 —.068 —.062
113 - o129, 136 .118| .110 .116| .111 .094 .002 .08l .071
75.0, 106.1 146.7| 124.0 105.7 78.3 53.7 27.8 5.8 —0.3 —0.1 —0.3
40 (602 .552| .241 .443| .542 .669| .773 1.012 .928 .950 .951 .954
-069 074 —.013 —.105 —.079 —.073 —.076| —.075 —.078 —.066 —.062 —.058
.106) 104 .15 .107 .109 .105 .104 .090 .091] .08 .073 .06
75.6 107.9 147.0/ 125.1 107.2] 74.6 5.1 266 7.2 0.6 0.4 0
60 .688 463 .269 .450) .bd2| .688 .774 .862 .923| .946 .948 .955
.069 .075 .005 —.101| —.088 —.083 —.085 —.084 —.080 —.068 —.064| —.060
.104 .100| .102 104/ .105| 110 .107| .105 .094| .084 .082 .075
67.8 99.9 146.6 123.6 101.7 69.7 42.5 23.4 4.6 0.7 —0.1 0.7
80 2725 591 .278 .464 .584| .726 .824| .887 .944 .956 .963| .964
.067 078 .012 —.107| —.082 —.075 —.077 —.075 —.071 —.060 —.057| —.053
.106 106 .093 .002 .106| .105 .102| .096 .085 .078 .073 .070
55.4/ 88.8 140.2 114.4| 86.8 57.6| 340 127 23 05 15 0.7
100 759 .622| .314 .506 .784 .755 .842 .907 .941 .950 .952 .957
.066) 081 —.040 —.102 —.080 —.073 —.072 —.072 —.063 —.055 —.051 —.049
(111 o115 .083 .06 .113| .110, .105| .095 .084 .078 .073 .070
26.3 55.8 128.3 93.0 60.3 30.6 1.3 1.3 05 03 —  —
140 .859 .750| .367 .608 .734 .846 .905 .941 .945 .95 — = —
[052 072 .026) —.111| —.083 —.062 —.062 —.055 —.050 —.046] —| = —
112 114 .063 090 .111| .11l 105 .08 .080| .075,  — = —
7.5 34.1 120.8 62.6 26.4 52 06 02 — — — —
180 .931 .844/ .409 .738 .865 .934 .9520 .91 —| @~ = — = —
.02 .056| .028 —.118 —.068 —.043 —.038 —.038 —| — @ — = —
.104 (111 .057 .104 .116| .100 .087 .079 — = — = —| = —
2.3 9.4 o974 171 69 -10 —0.2 -0.2 — @ — = — —
om0 944 .960| 951 .888 .933 .521 .924 .92 —| — = — = —
.014 006  — —.076 —.031 —.010 —.022 —.026 -~ = —| - = —
091 107 — 115 .103 .08 .07, .069 — = — — = —
2.6 24 26 15 05 07 01 07 — — - —
o0 936 .939 .958 .951 .941 .946 .951 .949 — = — = — = —
.002 .007 —.013 —.005| —.001 —.007| —.012 —.016] —  —| — = —
068 .073 .105 .084 .072 .068 .064 .060, — = — | = —
z (mm) | T.H.L.|
(mm)

M/Uao

D/Uoo

w/Uoo
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Table 13 Results of pressure measurement (F»=0.25, unit in mmaq)

o | 57.5 53.1
0 | 36.2 37.6 33.2
50 | 46.6 40.7 18.7 21.9 20.8 203 212 142 214 2.3
30 | 348 389 27.0 127 6.0 — 128 4.8 4.1 89 184 118
10 | 30.8 341 24.3 83 0.4 —1.4 82 —3.9 15 3.8 —85-10.5-14.6-12.1 2.1 4.3 3.7 01 1.6 3.0 5.6
~10 | 27.1| 25.5 21.8 6.6-13.6~15.3-17.2 —8.5 0.5 —2.2| —9.0—12.4—12.8 —6.0 —4.9 —3.4 —3.5 —5.5 —4.8 —3.9 3.6
-3 | — | - - —-211-183 -84 —0.9 —-124 —|-12.9 6.2 —4.0 27 — — — — —
—50 | 22.7| 20.2 16.5 5.9-12.0-19.8—16.4 —8.6 —1.6 —3.512.3-10.11—12.0, —6.8 —5.1 —2.7 —4.7 —5.9) —4.2| —3.8 5.2
-90 | 19.3 15.4 11.2 3.7 —9.1-16.4-13.9 —8.8 3.2 —5.4 —7.6/ —9.0—11.4| —7.0{ —5.7 —3.6| —4.5 —5.3 ~4.2 —3.0| 5.2
~130 | 15.5 1.3 7.3 0.2 —8.7-14.0~11.7 ~8.1 —3.7 —4.1 —5.7 —8.3 —9.4/ —7.6 5.6 —4.0{ —5.5 —6.1 —4.7 —3.4 4.4
~170 | 11.6 9.1 3.9 0.4 —8.3-12.8-11.0) ~8.2) —4.4 —4.4 —6.5 —7.1 ~7.2| —6.4| —5.4| —3.2 —6.2 —5.5 —5.2 3.2 2.8
-210 | 7.5 6.7 1.6 —0.6 —6.8—10.8 —9.6 —6.7 —4.3 —3.5 —4.9 —5.6 —7.8 —6.4| 4.9 —4.4 —5.3 —5.5 5.0 —2.2 17
~230 | 7.1 6.5 1.4 —1.9 —6.4 —9.8 —9.7 ~7.0| 4.5 —3.1 ~5.8 —6.5 —6.0| —5.4 4.7 —4.4 —4.9 —6.6| —6.0 —0.6] 1.3
BOTTOM| 7.9 2.1 2.9 14 —6.8 —6.8 —7.9 —7.2 ~3.8 —3.6| —9.3 —7.8 —7.6( —9.2 —4.5 —7.9 —4.1] —4.7| —0.7 —3.8 —2.3
Lo ooy op| o | sp 8 | rhl 7|6 |stls el a2l 2l 312

9¢
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Table 14 Results of pressure measurement (F»=0.267, unit in mmaq)

9 | 57.4 55.1
70 | 49.8 37.5 33.7
50 | 44.5 47.6 20.6 20.6 19.5 19.6) 20.5, 14.2| 20.2 18.3
30 | 36.9 43.2 331 185 5.1 121 1.3 4.8 3.8 4.4 17.1 10.4
10 | 32.2 36.0 30.4/ 16.00 0.1 —1.2( —4.4 —2.9 0.2 2.2 3.2—-15.0—15.0—19.4—24.0—14.9 4.1 2.2 3.4 2.0 7.3
~10 | 20.1 28.9 26.6| 12.8 —7.0—16.1—17.5—16.2 —1.7 0.6 —4.0 —7.7—12.0—12.0/—18.8 —6.1 —2.0| —1.4 0.0, 1.0 8.3
—30 — - - - —-221-25.3-163 -3.2 —| -7.5 ——12.6-12.5 —9.9 —5.6 — — — — —
—50 | 25.0 23.1 20.5 11.0| —7.5—20.8—22.2—15.7 —3.8 —1.3 —2.0| —6.1—11.5—12.5—10.7 —5.4 —3.5 —2.1 0.4 0.9 9.9
~90 | 2.8 18.1 14.5 7.5 —5.9—17.5—18.6—14.8 —5.4 —4.2 —5.0/ —5.8—11.0—11.7—10.6| —6.4 —3.6/ —2.0, —0.1] 1.3 9.
—130 | 17.8 13.6| 10.0] 3.0 —6.2—14.8—15.3—12.7 —5.5 —3.2| —3.5 —6.1 —8.8—11.6/ —9.8 —6.8 —5.1 —3.5 —1.3 0.2 8.7
~170 | 13.5 12| 6.1 1.8 —6.7—13.7—13.9—12.1 —6.0| —3.9 —5.2 —5.5 —7.5 —9.6 —9.1 —5.7| —6.1 —3.2 —2.3 0.2 6.6
210 | 9.0 85 3.3 1.2 —54-11.6—12.0 —9.6 —5.8 —3.1 —3.8 —4.5 —7.7 —9.1 ~7.9 —6.6| —5.0 —3.4 —2.4 0.9 5.3
—230 | 85 83 2.9 —0.4 —5.2—10.4—12.2 —9.8 —6.0 —2.8 —5.1] —5.7| —6.0 —8.1 —7.6{ —6.6| —4.3| —4.7 —3.6{ 3.0/ 5.0
BOTTOM | 9.4 3.2 4.4 3.2 —5.5 —6.9 —9.8—10.2 —5.1| —3.4 —8.8 —7.1| —7.7—12.6| —7.0—10.8 —3.4 —2.8| 2.8 —1.1 0.6
2819%9%9%98%87%765%54%432%—21—%—1%—;—711—

L8
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Table 15 Results of pressure measurement (Fr=0.289, unit in mmagq)

9 | 79.4 80.4
0 611 411 48.7

50 | 42.8 53.60 43.4 17.7 20.3 15.7 17.0 13.1 20.4 21.4

30 | 38.2 45.0 40.0 26.9 13.5 10.9 9.4 3.7 7.5 59 16.1 23.0

10 | 334 381 3.2 236 2.3 0.3 —40 0.8 —0.1 1.9 1.0 1.4 —0.6-146-16.9-13.0 0.3 —0.5 1.2 0.2 13.1

~10 | 3100 319 L0 195 1.2-16.3-20.9-18.9-10.0 ~3.3 ~2.7) ~2.1 ~5.3-113-14.7-12.7 —9.4 ~T.1 ~4.3 ~0.5 18.0

| | - - & o6 -s5-26-108 | 69 — -66-124-13.5-120 — —é o -

50 27.51 25.7 244 16.4 —1.4-18.7-26.924.6-11.6 —5.1 ~3.0 13 ~5.9~12.1—14.2 118111 —8.0; ~3.7 —0.7 12.3

90| 244 207 172 115 “L0-16.2-22.0-2.1-12.4 ~8.1 ~5.8 ~2.2 ~6.4-11.3-13.6-11.4-10.6 ~7.6 —4.4 ~0.5 111

130 | 2y mog 12.4} 5.1 —2.9-18.9-17.8-19.0 ~11.5 —6.4 ~7.7 3.5 —5.211.612.2-11.5-1.9 ~9.4 5.8 ~L8 9.5

~170 | 15.5 13.4) 7.9 4.4 —4.2-13.2-16.1~17.4—11.1 —6.7 —8.1 —3.6 —4.6 —9.4/~11.1-11.6~12.4 —8.5 —6.7 —2.0 6.5

~210 | 10.4 10.4 4.4 3.2 —3.5-11.2-13.8-13.6-10.0 ~5.4 —8.2 —2.8 —5.5% ~9.1) —9.7-10.2-10.3 —8.4| —6.4 ~1.0 4.6

~230 | 9.9 10.2: 42 1.1 —3.4 —9.9~13.9—13.7 —0.9 —4.6 —6.6 45 —3.8 —8.2 —0.5-10.2 —9.3 —9.9 —7.9 17 4.3

BOTTOM| 11.00 3.8 6.2 53 —42 —6.2~11.2~13.8 —8.6 —5.4—10.0 —6.5 —6.3—13.8 —9.0~15.3 —8.0 7.3 0.7 26 ~1.2
|

g 93 et og 9 skl 8 rpl 7 |6 | 5h| 5 | 4f| 4 3 2kl 2 1l |31 d

8¢
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Table 16 Results of pressure measurement (Fr=0.316, unit in mmaq)

|
90 55. 2 53.0;
70 62.8 63.7 58.1
50 45.2/ 56.8 50.20 34.7 25.8 35.9/ 13.6, 33.3 35.8 33.9
30 39.1] 48.3 46.1 36.00 21.6 8.2 7.6/ 21.90 13.1 16.4] 16.5 17.8|
10 35.5/ 40.8 39.7 30.6] 12.9 4.5| 4.4 0.1 0.7 —2.6/ 0.5 0.4 —1.7 —0.20 —1.00 —9.7| —0.8 —2.1 —0.6/ —1.8 3.3
—10 33.7 35.5 35.4 26.6/ 11.5—11.7—22.1—22.8—22.1/—15.0—10.6/ —5.6| —3.7 —4.7—10.1/—11.1|—10.8—11.7—11.4/—10.3| —3.5
—30 - — — — ——13.6/—32.5—34.9—24. 3 ——14.2 — —4.8 —5.6] —8.5| —9.4 — — — —] —
—50 30.9] 28.5 28.1} 21.7 7.01—14.0/—27.7—32.1—23.9—16.2/—18.8 —4.3 —4.4| —6.1| —9.5 —8.3/—12.9—13.4]—10.6—10. 7 0.1
-90 27.9 23.4% 21.2) 15.7 5.8*13.0~23.3—28.3—23.6I—18.9—14.0 —5.5 —6.0! —6.2{ —9.5/ —9.2—11.9|—12.3|—11.1] —9.6| 0.8
—130 23.4 18.9; 15.1 8.6 2.5 —11.4—19.1—24.1—20.7~15.00 —9.1 ~7.0 —5.0{ —7.7 —9.0{ —9.5—13.1|—13.8—12.0—10.2 0.7
i
—170 18.0 lG.Oi 9.9 6.9 —0.20—11.5—17.0—21.9/—19.0/—14.2—12.3| —6.8 —4.7 —6.0, —8.3, —7.4—13.8—12.4/—12.6; —9.3| —1.5
i
—210 12.1 12.8; 5.8 5.9 —0.5—10.1—14.7—17.1—17.0/—12°0, —9.0, —5.7| —6.3| —6.8 —7.7| —9.3—11.3/—11.8—11.8 —6.8 —2.3
—230 11.9/ 15.6 5.9 2.8 —0.5 —8.8—15.0—17.2—16.7/—10.7|—11.5| —7.6| —4.1 —5.6, —7.5| —9.5/—10.2—13.6|—13.5 —3.5 —2.0
BOTTOM | 12.9; 16.5 7.9 7.00 —1.7 —5.6/—11.7—17.2|—14.8—11.3—17.5| —9.9| —7.1|—12.5 —7.4|—15.7] —9.3|—11.0] —4.1) —9.8 —8.5
'z 3] g1 ] oL | 1 1 1 1 1 1 3 | 1| 1
< 5. S, QT 92 92- .9 82 8 72 7 6 52 5 42 4 3 22 2 12 1 vy 2 1

6¢
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Fig. 32 Comparisons of wave patterns along ship hull
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Fig. 33 Depthwise distributions of L plpd dy (S : Body plan)
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Fig. 34 Components of resistance

FHH & YT IC K D REMEIEDL & S BRI BRI
BROEED A 3TA B C LD ST,

7. H & N =

Wigley #AR% Tz, BANCHRNTREIS—EHD K
HEREE T, R R ST R AR LT,
BHEZ T2 oMt U TR EII/KIERER D /AF S
NicPlizdp g vivs, 2l FHo—ASE®a v
7 F e O CTRESHRETT > T 39, AHRED
PEMREFREREDOSDTHY, MOHAEREDHIFT
KBOTRERT—2MEoN0bDEEL T,

2 £ X &

-0.05 =

-0.10 |-

T
\
L

1) BEEL ; JEEICRN IO TR o MmE OB
FEFATICDONT, MEERI0E 45

2) BTHER ; WikT b OMEROBE, iR
v v R YA, BHRI4BE

3) Gadd, G.E.; Wave Resistance calculation by
Guilloton’s method T,R.I.N.A. Vol. 115, 1973

4) Erh—#, EFER; 3 RTALEREERE £
DISH, HAARGMFSHE, F1385

5) B#EERZ, HRER, REE; &®Ha 7+t
DOREHIMMAEE, MFHS, HI2EBB1S

6) Apacui, H, HINATSU, M; On methods of
the Separation of Resistance Components of
Thin Ships, Jour. of the Kansai Society of
Naval Arch., Japan Vol.183, 1981

Appendix 1 FEIC & 2 BUEEPUR 58S

Cp By GUILLOTON

Fn=0.316

N
o
)

-0.05

-0.05
-0.0

65

Fig. 35 Calculated pressure distribution
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Fig. 36 Calculated pressure distribution
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Fig. 37 Comparison of amplitude functions

SERTIT - TGRS i 2 BRI R BT L 0 AT
WIEEE U7z Bl K b Ak < i sky B
I3, FERNCIIIERN B RIS S oMk E D
Y OBkt LT Navier-Stokes @75 23l aHUERT
RN TS & RIS a2 st B dhidkE 2
BETH5, UL LIEHSEERCIMET DY DM
MHKTHST & 5L 5 Reynolds &5 DIRES,
BeA SRSEICER L, ChOBRERTETRIEY, &
o, KEHRERAMN TR 5 ki3, ISR
SOWEP, ML OBMFELTHNS ETRHE O
FLrELoh?, KBS EEviiLTEhER

(42)

MRNERENA D HBI D EBSHETH L EED
o,

AplE], &IPSR 1M Y,  Guilloton H:¥ %
Hwa o &ic Uk, CiZBHEISME OIERREM: DS
ERINTEORERD Michell SELE N3 &
DRBEINHELTH B EWRINT VD, Ml
BB ERIEOAEL BT i, T OEEENE
3RTEIBREREREROCCHE Uz, AnkEs:
BESHETHD, hTHRLMESHD - EFOH—
FUERYERWS C &It Lis, HMABHEICHANWD
i E UC, SEicab~<7z Guilloton 751 & UK




43

——: GUILLOTON (FREE)

p ===-t GUILLOTON (FIXED)
(FREE)
AT Y=L/2

Fig. 38 Comparison of amplitude functions
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Fig. 40 Stream lines
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Fig. 41 Stream line convergence K,
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Fig. 43 Geodestic curvature K,
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Fig. 45 Shape factor H
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